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EXECUTIVE SUMMARY

Green, P., Paelke, G., and Clack, K. (1989). Instrument Panel Controls

: (Technical Report UMTRI-89-
15). Ann Arbor, Mi: The University of Michigan Transportation
Research Institute, July.

Background

Contemporary automobile design is customer-driven. People are more likely
to buy products that have been designed to suit them. The experiment described in
this report examines driver preferences for controls in a sedan.

The University of Michigan Transportation Research Institute (UMTRI) has
produced two previous reports on this topic. In the first (Green, Kerst, Ottens,
Goldstein, and Adams, 1987, Driver Preferences for Secondary Controls) data was
collected on a instrument panel for a future sports car. The instrument panel had
pods near the steering wheel on which controls could be placed. The content of the
second report is indicated by its title (Green and Goldstein, 1989, Eurther Analysis of
Driver Preferences for Secondary Controls).

)

This report examines a second instrument panel design not considered in the
previous two reports, namely a flat (conventional) instrument panel commonly found
in sedans. It also examines why drivers have particular preferences. Understanding
why is important if the results of the research are to be generalizable.

Questions Addressed
Specifically, this report examines the following questions:

1. Where do drivers want controls on conventional instrument panels? What
types of switches do they want? What methods of operation do they prefer?

2. What reasons do drivers give for their preferences?

3. How do the preferred locations and switches differ from the controls in
participants cars?

4. How do preferences differ for controls on pod-based versus conventional
instrument panels?

5. How do driver characteristics influence their preferences for locations and
switches?

How the Data Were Collected

A total of 54 drivers participated in an experiment carried out at UMTRI. Nine
men and 9 women were drawn from each of 3 age groups: 19-29, 30-54, and 55-77.
Drivers sat in a mockup of a 1985 Chrysler Laser with a bench seat, no center
console, and an instrument panel modified to represent a sedan Chrysler is
designing. All of the surfaces where switches could be mounted were covered with
Velcro®. Several controls for which a consensus had been identified in a previous
study (horn, turn signal, beam switching, beam flashing) were installed in the
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mockup. Surrounding the driver were panels on which 245 different types of
switches (stalk controls, rocker switches, etc.) likely to be found in current production
cars. Multiple copies of each switch were provided in some cases. All surface-
mounted switches had a Velcro® backing.

Drivers selected the switches they preferred for 9 functions (cruise on/off,
cruise set, dome light, front windshield washer, front windshield wiper, hazard,
headlights on/off, ignition, panel brightness). Drivers also placed the switches
where they wanted them and stated how the switches should operate. (This is
referred to as the "Potato Head Method," after the toy, since drivers construct
instrument panels in a manner analogous to how children construct faces.) Drivers
also said why they preferred particular switches, locations, and methods of
operation. To stimulate their thinking, an abbreviated list of reasons was in view.

After the data were recorded by an experimenter using a computer, drivers
reached for each of the controls while operating a driving simulator. Problems
drivers had in using their own design were reviewed with them and drivers were
allowed to change their preferences.

There was no predominant reason why drivers preferred particular locations
for controls. Familiarity/expectation was the most common reason (just under one
out of five responses). In fact, sometimes people did place switches in locations
matching those in their own car. Other reasons often cited included handedness
(balancing the workload across hands) and frequency of use. These ideas--putting
controls where people expect them, balancing the workload across the hands, and
putting the most frequently used controls closest to the driver--are established
human factors principles.

For switches, the most common reason was again familiarity/expectation.
Other reasons included aesthetics (it looks nice), clear labelling, and lastly, actuation
forces (properties of operation). Switch sounds, thought by many in industry to be
an important characteristic, were rarely mentioned. Unlike location selection, people
usually did not pick switches that were similar to those in their own cars.

Switches mounted on pods in the pod control study were redistributed to a
wide variety of locations. For example, in sedans, there was a greater preference for
dome light switches on the roof, hazard switches on the column, and washer
switches on a stalk.

Finally, driver characteristics had almost no influence on driver preferences
for control locations or switches. While there might have been male/female
differences, the small sample size puts the results of the statistical test in doubt.
Exp_e(ience with particular types or numbers of vehicles had no impact on driver

ecisions.

Surprisingly, people with larger torsos (greater standing height, seated head
height, seated eye height) were more likely to prefer switches that required grasping
than people with shorter torsos. In contrast, anthropometric measures were
unrelated to where drivers wanted switches.
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Driver preferences for the functions examined are shown below.

Table 1. Summary of Preferences for Conventional Instrument Panels

Function
Cruise On/Off

Cruise Set

Dome Light

Front Washer

Front Wiper

Hazard

Headlights On/Off

Ignition

Panel Brightness

Pooled Zone (%)

Switch & Motion (%)

Spokes (46)

(right preferred)
Stalks (20)

(left preferred)
Spokes (57)

(right preferred)
Stalks (28)

Center Ceiling (26)
Front Ceiling (26)
Low, L Panel (24)

Left Stalk (30)
Right Stalk (28)
Left Stalk (30)
Right Stalk (28)

Column (33)
Low, L Panel (24)

Low, L Panel (50)
Left Stalk (24)
Column (61)

Low, L Panel (56)
High, L Panel (20)

pushbutton/surface - push in (24)
rocker - push in (22)
stalk - push right (11)

pushbutton/surface - push in (35)
stalk - push right (15)

rocker - push up (11)

pushbutton - push up (9)
push-pull (15)
stalk -push right

(
stalk - push left (1
stalk - pull out (11

22)
3)
)

stalk - twist + & - y (28)
stalk - twist + & -y (19)

rocker - push down (9)
rocker - push in (14)

push-pull (24)
pushbutton (11)
stalk - twist + & - y (24)

key - twist +&-Y (63)
push-pull - twist + & - x (17)

knob twist + & -x (13)
no clear preference
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Implications for Future Vehicle Design

If preferences are the sole basis for selecting switches and locations for
controls in sedans, then these data indicate the cruise controls should be on the
steering wheel hub (rocker or pushbutton for on/off, pushbutton for set), the wiper
and washer functions should be stalk-mounted, the hazard switch should be a
rocker on the column, the ignition should be on the column, the panel brightness
and headlights should be located low on the left side of the instrument panel, and
the dome light should be a rocker switch on the ceiling, although a lower left panel
location (using a push-pull rotary switch) could also be considered.

In most cases preferences were not clear cut. Most locations were preferred
by less than half of those responding, and those preferences are for common
controls. When switches were included, the most preferred combination was
selected by only one out of four people. However, a clear message that came from
driver comments was that instrument panels should be designed based on
established human factors principles. Those principles should be considered in
concert with the preferences described here.
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INTRODUCTION

Background

This report concerns the design of secondary controls such as switches for
the windshield wipers, headlights on/off, and so forth. Customers want those
controls to be easy to use. To provide information engineers and designers need to
achieve that goal, the Chrysler Corporation has supported a series of studies at the
University of Michigan Transportation Research Institute concerning that topic.
Specifically, this report examines the types of switches drivers want for secondary
controls, where drivers want them, and how they want them to operate. It also
examines the reasons for those preferences.

There were three reports in the previous initial effort. The first report (Turner
and Green, 1987) reviews every document in the open literature (except for one
recent discovery, Okada, Tsuda, and Kurata, 1985) concerning human factors and
the design of secondary controls. Over 40 documents are examined in detail in that
306 page report. Topics covered include:

. 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?

. How should specific controls be designed?

Distributed throughout that report are several documents that concern
preferences or expectancies for control operation. While those studies are briefly
summarized in the section that follows, readers are encouraged to retrieve the
Turner and Green (1987) review for additional details.

The second report in the series (Green, Ottens, and Adams, 1987) describes
a survey of 1986 model year cars. A total of 236 cars were examined, representing
90% of the new car models sold in the United States for that model year. Switch
types, locations, method of operation, and labelling were recorded for 31 secondary
controls. Thus, this report catalogs contemporary design practice.

The third report in the series (Green, Kerst, Ottens, Goldstein, and Adams,
1987) identifies the results of an initial study concerning driver preferences for
secondary controls. A total of 103 drivers sat in a mockup of a sports car with a "pod-
like" Velcro® covered instrument panel. While a transmission shift lever was not
provided, the configuration of the car led drivers to believe it would be mounted on
the transmission hump.

_ Drivers designed instrument panels by placing switches they preferred for 24
functions in the locations they desired. There were 255 switch designs (stalk
controls, pushbuttons, etc.) to choose among. Drivers also identified the motion
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used to operate each control and provided comments. When the panel design was
complete, drivers reached for each control while operating a driving simulator. The
development of the test procedure, the "Potato Head" method, was a major
contribution of this experiment. This name has been used because of the similarity
of how children play with a toy (using parts representing eyes, ears, and so forth to
construct a face on a potato) and adults build an instrument panel (by placing
switches on a surface resembling a production car).

The results from the first preference study were grouped by control, each
having four pages associated with it. The first page contained text describing
preferences. Associated with the text and appearing on subsequent pages were
figures showing the preferences for location, switch type, and method of operation.
For each function, only the overall preferences for method of operation were given
(e.g., for the front windshield washer, 45.6% thought the switch should be pushed
into the instrument panel). However, the motion that is preferred very much depends
on the type of switch chosen (e.g., rocker switch vs. stalk) and its location (on the
panel face vs. its left side). Examining that question was not part of the charter for
that project. A summary of the preferences follows.

Table 2. Summary of Preferences from the Previous Experiment

Function Preferred Location
Auditory Horn Steering wheel zones
Beam Select Left stalk
Climate Center console
Cruise switches  Steering wheel zones
Dome Light Ceiling zones
Below pods
Front Washer Right stalk, left stalk, right pod
Front Wiper Right stalk, left stalk, right pod, below pods
Hazard Switch below pods
Headlights On/off Left pod, left stalk, zones below pods
Ignition Right side of column
Optical Horn Zones below pods

Panel Brightness Zones below pods, left pod
Power Door Lock Driver's door armrest
Power Seat Lower left side of driver's seat
Power Windows  Driver's door armrest

Center console

Radio Center Console

Rear Defrost Upper portion of center console, right pod, below pods
Rear Washer Upper sections of center console, right pod, below pods
Rear Wiper Upper sections of center console, right pod, below pods

Steering Adjust  Dash below pods

Steering wheel
Suspension Adjust Below pods, low on center console
Turn Signal Left stalk

Those preference data were examined in greater detail in Green and
Goldstein (1989). In particular, Green, Kerst, Ottens, Goldstein, and Adams (1987)
presented mostly univariate and bivariate statistics. (For example, for the wiper
function, how often was a stalk control preferred?) Green and Goldstein take the

8
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analysis one step further (e.g., For the wiper control, how often is each particular
type of switch preferred as a function of location. For those switch /location
combinations, what motions do drivers prefer to use to operate the switches?)
Those questions were examined for nine secondary functions examined in the initial
preference experiment for which there was not an overwhelming consensus: beam
flash (optical horn), beam select, cruise on, cruise resume, cruise set, front wiper,
front washer, headlights on/off, and panel brightness.

Research Issues

There are two shortcomings with the previous preference studies. First, they
do not examine why particular switch types, locations, and methods of operation
were preferred. Without that information, the automotive industry will be faced with
supporting a never ending series of studies to identify driver preferences for controls
for every possible instrument panel shape and package geometry. By providing
reasons for preferences, some rules should emerge that will allow engineers and
designers to generalize beyond the specific data collected.

The second shortcoming is that the effect of shift lever location was not
considered. Because of the package geometry of the 1985 Chrysler Laser mockup
in the initial preference experiment, it is believed that participants assumed the shift
lever would be floor-mounted. There clearly was space available for it in that
location but not on the column. The shift location issue was discussed while that
experiment was being designed but the sponsor decided not to explore it at that
time.

While both of these issues could have been explored at an earlier time,
adding them in would have made the experiment so complex that it would have
been difficult to manage. As a consequence, costs would have risen considerably.

The research described in this report was originally intended to answer two
questions:

1. How does the location of the shift lever affect driver
preferences for controls and switch designs?

2. Why do drivers prefer particular switch designs and locations
for controls?

The original plan called for simply replacing the steering column from the
previous study with one with a shift lever (for an automatic transmission car) and
making no other changes to the mockup. However, the sponsor (Chrysler) later
decided they were more interested in preferences for a conventional instrument
panel found in a sedan. Therefore, it was decided to replace the bucket seat used
previously with a bench seat, remove the pods used as mounting surfaces for
controls, and remove the center console. With these changes is was no longer
possible to explore the effect of shift lever location alone. Further, it was also
decided to try to collect additional data on participants to see if it was possible to
predict driver preferences for controls from a description of them. Hence, this study
explores the following questions:
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1. Where do drivers want controls in sedans? What types of
switchgs do they want? What methods of operation do they
prefer?

2. What reasons do drivers give for their preferences?

3. How do the preferred locations and switches differ from the
controls in participants' cars?

4. How do preferences differ for controls on pod-based versus
conventional instrument panels?

5. How do driver characteristics (i.e. sex, age, stature, etc.)
influence their preferences for locations and switches?
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TEST PLAN

Test Participants

A total of 54 licensed drivers, 27 men and 27 women, ranging in age from 19-
77, participated in this experiment. Specifically, nine men and nine women were
selected within each of the following three age groups: 18-29 years, 30-54 years,
gn? 5&':;77 years. All completed the experiment satisfactorily and no data was
eleted.

As requested by the sponsor, only people who drove a 1985-model year or
later vehicle as their primary means of transportation were tested, though one
person who drove a 1982-model car slipped through the screening process. (See
Appendix A for a complete listing of the vehicles participants drove.) This makes the
sample used in this study somewhat different from that in Green, Kerst, Ottens,
Goldstein, and Adams (1987) and Green and Goldstein (1989). (In that study there
were no constraints on their vehicles.)

Because the effect of body size was potentially thought to be related to control
placement, an effort was made to select participants uniformly from ten height
percentiles, each of which represents ten percent of the adult population. This was
also a change from the previous research. (In fact, considerable anthropometric
data, along with information concerning their experience with a wide variety of
vehicles was recorded. It is summarized in Appendices B and C.)

Most drivers were recruited from lists generated by previous studies of the
UMTRI Human Factors and Biosciences Divisions. Some were recruited from flyers
handed out at the College of Engineering and by word of mouth, especially for the
people in the youngest age group.

The majority of people participating in this study lived in the local Ann Arbor-
Saline-Ypsilanti (Michigan) area. The combination represents a broad socio-
economic mix of well-educated professionals, blue-collar factory workers, and
farmers. The sample included a pharmacy worker, a free-lance artist, an automotive
engineer, three teachers, a bus driver, a secretary, a photographer, a nurse, a
printer, and one person who claimed to be a "retired housewife." The authors want
to emphasize that while the experiment was conducted at the University and while
there were a few students in the sample, the overwhelming majority of the sample
were not students. As a result, this group should be considered a reasonable
sample of the U.S. adult population.

Finally, participants were paid $15 for a session, which typically lasted an
hour and a half. All subjects (except two-- #5 and #45) were videotaped during the
portion of the experiment where they were seated in the mock-up. A person was
videotaped only when he or she gave written consent. These tapes were useful
records of each session's data collection. One participant (#45), whose entire
session was videotaped was paid $20 since her session lasted approximately two
hours. This full-length videotape was intended to be a record of a typical
participant's experience.

11
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Test Equipment and Materials

The general arrangement of the equipment used in this experiment is shown
in Figure 1 and described below. There was a mockup of a sedan, a collection of
nearly 1000 switches, a computer system for data acquisition, another computer
system to run the driving simulator, two video cameras, a video recorder and monitor
system, and other miscellaneous items.

1985 Chrysler Laser Mockup

All tests were conducted with the driver seated in an A to B pillar metal
mockup of a 1985/86 Chrysler Laser, modified to represent a sedan Chrysler is
designing. Figure 2 shows two pictures of the mockup. Figures 3 and 4 contain the
dimensioned drawings.

The car had a finished interior which included a tilt-column steering wheel, an
automatic transmission lever, and a bench seat. It should be noted the mockup was
fitted with standard three-point restraint unit, a dome light, and two functional foot
pedals. (In Green, Kerst, Ottens, Goldstein, and Adams, 1987, a non-tilt steering
wheel was used instead of a tilt-column, bucket seats were used instead of a bench
seat, and a floor-mounted shift lever was assumed. Furthermore, in the 1987 study,
the lower portion of the center console was present. All of these modifications were
made at Chrysler's request.)

One Sears model #3950 1/2" drill chuck was mounted on the left side of the
column to accept and allow for movement of any size stalk control. A custom-
designed bracket was used to allow for placement of a stalk control on the right hand
side of the steering wheel. The steering wheel was linked by ropes to bungee cords,
giving the system a spring-centered feel.

Switches

A collection of 245 different switches was painstakingly prepared for use as
secondary controls in the initial preferences study (Green, Kerst, Ottens, Goldstein,
Adams, 1987). Multiple copies of some switches were provided so that the same
switch design could be used for several different functions. Most of these switches
were taken from interesting designs uncovered in the survey of 1986 cars (Green,
Ottens, and Adams, 1987), though several were unique prototypes. For example, a
collection of push surface switches were created in various shapes (arrows,
squares, the arc of a wiper sweep) to allow drivers to choose futuristic switches.

In order to guarantee adequate hand/finger clearance between the switches
and to avoid inadvertent operation, most switches were mounted on plexiglass
bases. Bases were sized so that switches would have hand/finger clearances
between them recommended in Military Standard 1472C (1 inch between hand-
operated controls (knobs), 1/2 inch between finger-operated controls (buttons and
rocker switches). In each case it was assumed the clearance would be split
between adjacent controls, so knobs had 1/2 inch skirts and buttons 1/4 inch skirts.
The Velcro® backings were glued onto those skirts so the switches could be easily
placed on the Velcro® surfaces within the vehicle mockup.

Most of the switches were identical to those used in the initial control
preferences study (1987). Twelve switches originally used were deleted while two

12
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new switches were added to the selection of switches used in the present
experiment. Only 107 of the 245 styles of switches were actually selected and used
by people in this experiment. Styles not selected are indicated in the complete
switch listing which appears in Appendix D.

Four large boards were used to hold the switches. The boards were
positioned in and around the vehicle so that the participant could reach the entire
collection of approximately 1000 switches. (See Figure 5.) The largest switch board
(Figure 6), located by the driver's door, had an extensive collection of rocker
switches, thumbwheels, knobs, and stalks. A second switch board (Figure 7),
positioned on the passenger seat and leaning against the passenger's door,
contained a large collection of push surfaces, and push buttons. A third, smaller
board, on the dashboard above the console (Figure 8), contained various forms of
slide switches. Another smaller board, the fourth, located on the seat next to the
driver, contained push-pull switches, toggle switches, paddle switches, and other
miscellaneous switches. A fifth board containing the secondary control function
labels, information about the questions to be answered about each function label,
along with a one-page list of reasons to aid in defining vague responses, was
located directly in front of the participant.

13
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Computer for Recording Preferences

The experimenter recorded the participant responses (preferences for each
switch, its location, its method of operation, and the reasons for each) on a
Macintosh SE computer for participants 1-3 and 5-8. Because the software ran too
slowly on the SE, responses for other participants were recorded using a Macintosh
lIx computer with an Apple color monitor. A custom routine written in HyperTalk for
the HyperCard environment was used on both the Macintosh SE and lIx. Figure 9
shows a sample screen in which data for the Cruise Control On/Off function has
been entered. In real time, the software caught many errors made by the
experimenter (entering nonexistent zone numbers and method of operation codes,
mismatches between switch type and number, etc.) This quality control procedure
made the computer-assisted data collection considerably less error-prone than
using a paper and pencil method. In addition, this software was much easier to use
than the software for the initial experiment, and had additional error-checking.

p@ﬁ&ﬁ;@ E@ﬂ@l HH (] Override

Switch Type Location Method of Op.

Function No. Name Codes No. Descr. Codes  No. Descr. Codes
002 | rocker (2.03 81|Wheel [4.01,12.0§ 01|Fx 1.01
CRuise Set 1.01 1.01 1.01
DOMe light 1.01 1.01 1.01
Front WAsher 1.01 1.01 1.01
Eront Wliper 1.01 1.01 1.01
HAZard 1.01 1.01 1.01
HEaDlamp on/off 1.01 1.01 1.01
IGNition 1.01 1.01 1.01
PAnel Brightness 1.01 1.01 1.01

Switch
"]
Location |Gonvenient, easy. to reach so I dom't have to take my hands off the wheel .. |

to oBerate T TTrTrTrTTIIIII=—=——~.

1. would expect to push it in to turn it on.

Operation

Figure 9. Sample Screen Used in Data Collection
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Coding Forms

A Master Code List was placed next to the Macintosh computer to help in the
data entry procedure. This Master Code List consisted of a Zone Diagram, a Method
of Operation Table, and an Experimenter's List of Reasons.

To create the Zone Diagram (Figure 10) the interior of the mockup was
partitioned into several regions, and each region was further partitioned into many
zones. The partitioning followed a standard method adopted from Malone et al.

1972). The same basic scheme has subsequently been used by Anacapa

ciences (1976) and Friedman and Schmidtz (1981). These zones are also
identical to those used in the survey of secondary controls of 1986 production cars
(Green, Ottens, and Adams, 1987) and the initial study of driver preferences (Green,
Kerst, Ottens, Goldstein, and Adams, 1987).

The primary regions included: left panels (locations 4, 5, 6) lower left panels
(locations 7, 18, 19), right panels (locations 10, 11, 12), lower right panels (locations
9, 20), console (locations 31-36, 41-46), steering column (locations 24-27), ceiling
surfaces (locations 61-78), stalks (locations 26, 27), and the steering wheel surfaces
(locations 81-85). All locations were covered with Velcro® so that switches selected
during the experiment could be mounted quickly and easily.

In this study, zones 1-3 and 13-17 were not used because they represented
the side and underneath portions of a pod design, which was not present in the
instrument panel for this study. Likewise, zones 47-53 were not used because there
was no center console extension on which switches could be mounted. Also, the
door panel and lower seat surfaces were not used by any participant as they were
blocked by the large switch board.

The Method of Operation Table (Table 3) identified the direction of the force or
torque participants used to operate a control. It should be noted that all directions
were relative to the vehicle and not the specific surface on which a control was to be
mounted. The Method of Operation Table (Table 3) and associated figure (Figure
11) were derived by applying the right-hand rule for a driver seated in the mockup.

The right hand rule was applied to twisting motions (typically knobs or stalk
switches) through torques around the appropriate axes. This was determined by
curving the fingers of the right hand in the direction of the motion desired. The
resulting axis was that on which the right thumb pointed in accordance to the curving
fingers. (e.g. twisting a stalk toward the front of the car would point the thumb to the
left, corresponding to the y-axis in Table 3) This was recorded as a twist right/left (+/-
Ty) motion since it was a torque around the right/left (y) axis.
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The Front Dome Light Switch Locations

64 65 66

Headliner Headliner

61] 62 |63

Front Windshield

The Rear Dome Light Switch Locations

To the Rear
of Vehicle.

The Dome Light

To the Front
of Vehicle.

Figure 10 (continued). Locations Where Controls Could Be Mounted
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Table 3. Method of Operation Codes

# Vector Motion Name

|# Vector Motion Name

1 Fx pushin
2 Fy push right
3 Fz pushup

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

4 -Fx pull out
5 -Fy push left
6 -Fz push down

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

7 +/-Fx push in/pull out
8 +/-Fy push right/left
9 +/-Fz push up/down

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

10 Fx&y push/pull in/out, left/rt. -
11 Fx&z push/pull in/out, up/down
12 Fy&z push/pull left/rt., up/down

13 Tx twistin
14 Ty twist right
15Tz twistup

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

16 -Tx twist out
17 -Ty twist left
18 -Tz twist down

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

19 +/-Tx twist in/out
20 +/-Ty twist right/left
21 +/-Tz twist up/down

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

22 Tx&y twist in/out, left/rt.
23 Tx&z twist in/out, up/down
24 Ty&z twist left/rt.,up/down

25 force not along axis
26 torque not along axis
27 multiple (twist & push)

99 not fitted

7/

-y - C
(left)
/
/
N

(ou)
(backward)

7/

Ay
!

(down)

Figure 11. One Directional Operating Codes
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List of Reasons

The original list of reasons was developed by experimenters, who were
familiar with comments made by participants in the first UMTRI preference study
("Potato Head I"). The developers were also familiar with other literature on the
subject. The list was compiled by asking several people to describe any reasons
they could think of as to why a person would choose a particular switch/location/
method of operation. The list was modified based on data from several pilot
subjects. Throughout the experiment, there was an "other" cate_?ory to handle any
responses considered unique and not represented on the list. The experimenters'
list is shown in Table 4.

The participants were given a similar but abbreviated one-page list. (See
Table 5.) This list helped participants express why they preferred particular
switches, locations, and methods of operation. The need for a list and what form it
should take was explored in pilot studies. When no list was provided, people were
vague in their initial responses ("l like it", "It's simple”, "It's easy to use") These
responses were too general to be useful. It was evident from the discussions with
participants that they had more specific reasons in mind ("l want to operate the
switch with my right hand without removing my hand from the steering wheel.") but
had trouble in expressing them. When the full list (the experimenter's list) was
provided, participants found it to be overwhelming. Experience showed that
providing the abbreviated list but not pushing participants to use it helped stimulate
thinking without leading them too much.
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Table 4. Experimenters' List of Reasons

1. Familiarity/Expectation
.01 That's the way it is in my car
.02 | saw it in a friend's car
.03 | would expect it to look like this/be here
.04 | expect up/right/clockwise to be "ON"
.05 Convenient *****note why or other reasons
.06 | have a similar switch in my home/office/other like that
.07 It's usually like that although it's not what | expect
.08 Everyone knows how to use it
.09 That's an industry standard
.10 Common/T éplcal ina forelgn country
.11 It's a "Car Company” ( hrysler,Ford) Standard
2. Aesthetics
.01 | like the way it looks**note why or other reasons*
.02 1t looks different/hi-tech/fancy/modern/nice design
.03 It looks simple/straight forward to use
.04 | like a simple layout
.05 The instrument panel looks balanced
.06 Other areas too cluttered with other controls
3. Partiality/General Preference
.01 1 like that type of switch/location/method of operation
*****note why or other reasons*****
.02 | don't like any of these switches but this would be the best
.03 | like multi-function switches

kR

.04 | like __ switch for application (ie. knob vs. slide for temp.
control, etc.) *****note why or other reasons*****
PERSON-PHYSICAL

4. Body Restrictions
.01 It is an easy motion to make
.02 | have a physical handicap which prevents me from operating other
types of switches
.03 | can't see well, but | know how to operate this/find it there.
.04 | have short arms, but | can reach it there
.05 Hard to push or turn the other switches that far

S PERSON'S OPINION ON SWITCH PROPERTIES
5. afety
.01 This is the safest type of switch/location/method of operation.
.02 | wouldn't want ___ because | or someone else might be hurt in an
accident
.03 Those other switches are dangerous
6. Avoiding accidental use/Inadvertent operation
.01 I don't want to accidentally turn it on/set it off
.02 It shouldn't be able to be operated without thinking
.03 When | use it, it's important not to make a mistake
7. Feedback
.01 | should be able to sense when its activated/operated--needs to give
good feedback
.02 | don't need to know when its activated/operated
.03 It should give feedback for intermediate positions
.04 It doesn't need to give feedback for intermediate positions
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12.

13.

14,

15.
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SWITCH

Labelling/lllumination
.01 Switch labelling matches proposed function
.02 It is easy to see/read
.03 It is well illuminated
.04 It is easily illuminated
Durability
.01 It looks well-built
.02 These types of switches don't break
.03 These switches never fail
.04 It should last because it is so simple
Properties of operation
.01 The type of switch/method of operation is a good representation of

the actual function
.02 It should move easily (with little effort)
.03 It shouldn't be too easy to move
.04 1t is easier to use than
.05 It feels right when you move it
.06 It should shut itself off
Grasping/Touching
.01 | can use it while wearing gloves/mittens
SURFACE
.02 The surface is smooth
.03 The surface is rough
é);tzTEhe surface is rough enough to prevent hand slippage
.05 It is big enough to easily grasp while driving
.06 It is big enough to easily locate while driving
.07 The other switches available are too small
.08 The other switches available are too big

SWITCH RELATION TO OTHER SWITCHE

Relation to other controls '
.01 | need to operate it while keeping my hand on the steering wheel
.02 | don't want to confuse it with control
Part of system (e.g. radio/windshield washer-wiper)
.01 and should be same type of switch/location/method of operation
.02 and should be different than other switches/locations/methods of

operation
Sequence of use
.01 This other control is used right before/after/simultaneously

PANEL SPACE CONSIDERATIONS
Space Restrictions
.01 It's the only place left to put a switch
.02 It won't stick out and get in the way (due to location/size)
.03 It fits in the space available .
04 | would have picked a but you don't have one.
.05 | would have put it somewhere else but | can't do that for this
experiment
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17.

18.

19.

20.

21,

22.
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Handedness/balance of use

.01 | can operate/reach it with my right hand

.02 | can operate/reach it with my left hand

.03 | can operate/reach it with either hand

.04 Too many controls being used by the left hand
.05 Too many controls being used by the right hand
Surface-Orientation Characteristics

.01 | want it on a flat surface

.02 | want it on a vertical surface

.03 | want it in this general area

Field of view

.01 It's easy to see in that location

.02 | have to see it to use it

.03 I don't have to see it to use it

.04 1t will stand out and be seen

PROPERTIES OF FUNCTION CONTROLLED
Frequency of use
.01 | use that control often
.02 | don't use that control often
.03 It's the most commonly used control of a system
Imperativeness of use
.01 | use this control in emergencies
.02 | use this control only when not moving/driving
Time Requirements
.01 | need to find it quickly
.02 | need to operate it quickly
.03 | need to operate it without thinking

MISCELLANEOUS
No reason/Arbitrary/l don't know
.01 Not sure
.02 Picked it at random

Added during the experiment to the list:

23.

Other

.01 | want a passenger to be able to reach/use it.

.02 | don't want a passenger to reach it.

.03 | can feel it in the dark.(category 11)

.04 The shape lets me know what it is/does.(category 11)

.05 I'll be able to see the keys if | drop from there.

.06 It's accessible from outside the car.

.07 lt's a different method of operation than a nearby switch (12.02/13.02)
.08 It's easy to reach (4.01)

.09 Gives good precision/accuracy when adjusting (7.01/7.03)
.10 Don't want to activate the wrong control.(12.02)
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Table 5. Participants' List of Reasons
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I'm familiar with that.
GENERAL 1. FAMILIARITY T expect it to be like that.
REASON It's convenient
2. APPEARANCE I like the way it looks. (simple, modem, fancy, hi-tech)
3. GENERAL PREFERENCE 1 like that switch/location/method of operation.
I don't like any of these but this is the best.
It's an easy motion to make.
R BB 4. MOVEMENT RESTRICTION [ pave trouble with other locations/operating other switches.
TIONS (because of physical handicap/sight loss)
This switch/location/method of operation is the safest type.
WIT 5.SAFETY I wouldn't want ___ because someone might get hurt.
PROPER- | 6. AVOIDING I don't want to accidentally set it off.
TIES \ It's important not to make a mistake.
ACCIDENTAL USE It shouldn't be able to be operated without thinking.
7. FEEDBACK I need to know/don't need to know if it's been actvated.
I need/don't need feedback for intermediate positions.
It's easy to see/read/illuminate.
8. LABELS/ILLUMINATION  Switch labelling matches proposed function.
WIT This switch is durable/won't break.
CHARAC- 9. DURABILTY 1t should last because it's so simple.
TERISTICS 10. SWITCH OPERATION This type of switch/method of operation represents the control well.
' It moves easily.
It shouldn't be too easy to move.
11. GRASPING/TOUCHING I can use it while wearing gloves/mittens.
SURFACE 1 like the feel of the surface.
SIZE It's big enough to grasp/locate easily.
1 don't want to confuse it with the control.
12. OTHER CONTROLS 1 need to operate it while keeping my hand on the steering wheel.
%ELATT}_IIEQ 13. PART OF A SYSTEM Therefore, switch/location/method of operation should be the same.
CONTROLS Therefore, switch/location/operation should be different.
14. SEQUENCE OF USE This other control is used right before/after/simultaneously.
It's the only place left to put a switch.
15. SPACE RESTRICTIONS Tt won't stick out and get in the way.
CAR It fits in the space available.
1 would have picked ____but you don't have one.
[INTERIOR 16. HANDEDNESS/BALANCE I can cperate/reach it with my left/right/either hand.
Too many controls for the left/right hand.
17. SURFACE ORIENTATION I want it on a flat/vertical surface.
I want it in this general area.
18. FIELD OF VIEW I do/don't have to see it to use it.
This type of switch/location will stand out and be seen there.
T use that control often.
WHAT 19. FREQUENCY OF USE I don't use that control often.
FS[%NIETT It's the most commonly used control of the system.
CONTROLS 20. IMPORTANCE OF USE I use this control only in emergencies or only when not driving.
21. TIME REQUIREMENTS I need to be able to find/operate it quickly or without thinking.
MISCEL- [ 22. 1 DON'T KNOW Not sure, picked it at random
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Driving Simulator

A Commodore 64 computer was connected to a color video projector to
generate the simulated road scene. An UMTRI-developed proprietary assembly
language program loaded by a BASIC language I/O program generated the road
image. A color monitor used with the Commodore computer displayed a duplicate
copy of the road scene to the experimenter. Figure 12 shows this arrangement.
Those interested in a further description of the software should see Green and
Clack, 1988. From the driver's perspective, the simulator was similar to that
employed in the previous controls preference experiment. However, a number of
changes were made to the user interface to make it easier to operate.

BMC BMAU919U
13" COLOR MONITOR

e

e

—
—

[

Figure 12. Driving Simulator

The road scene was projected onto a 4 by 6 foot screen in front of the vehicle.
Six pairs of rectangles simulated road edge markers for a single-lane road as it
would appear at night. (See Figure 13.) A 6 x 9 inch black paper rectangle was
attached to the lower center of the screen to eliminate confusion regarding steering
of the simulator. This symbolized the car which the driver was steering, making the
driving simulator easier for drivers to understand and operate.

The driving simulator portion of the experiment was conducted in a
windowless room with the lights off to simulate night driving. Some illumination was
provided by a desk lamp with a 25 watt bulb located behind the driver's right
shoulder (to provide simulated panel illumination). The experimenter's worklight

located behind the screen, and the scatter from the projection video display also
provided some lighting.
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Figure 13. Picture of a Simulated Road
Miscellaneous

The subject was videotaped throughout the portion of the experiment
conducted in the mock-up car. A Special Effects Generator enabled a split-screen
using two video cameras linked to a synch-coupler unit and powered by an AC
adapter. The image was monitored via a color monitor and recorded by a video
cassette recorder. A time/date generator showed the time elapsed at the bottom of
the screen. Audio was picked up by a cordless microphone on the experimenter
and a microphone secured to the dashboard of the mock-up for the participant, both
connected to an audio mixer. The equipment (excluding cameras) was mounted on
a cart and is identified in Figure 14.

Test activities completed outside the mock-up car began with a vision test
conducted on a Titmus Vision Tester (Model OV-7M Orthorater). A near point (14")
test was given in which the participant's score represented the finest detail he/she
could identify in symbols of decreasing size. The test was performed following the
product instructions and equated to a Snellen ratio.

Anthropometric measurements listed in Table 6 were taken for each person
using an anthropometer from a GPM Anthropometric Tool Kit. The measurements
taken are listed in Table 4. People were weighed using a doctor's scale
(Continental Scale Health-O-Meter).

31



- Introduction -

Table 6. List of Anthropometric Measurements

1 Standing Head Height
2 Seated Head Height

3 Seated Eye Height

4, Shoulder-Elbow Length
5. Elbow-Wrist Length

6. Hand Length

7 Index Finger Width

8 Weight

9 Visual Acuity

Test Activities and Their Sequence

Each driver was recruited either by phone or in person using the instructions
in Appendix E. One test session was conducted for each driver. Test sessions
lasted about an hour and a half. Experimenters were provided with a complete set
of written instructions to assure the test procedure was consistent. The instructions
described both what the experimenter was to do and say. A copy of these
instructions appears in Appendix F.

The experimenter began the session by outlining the experimental procedure,
at which time the participant was asked to sign a consent form required by the
University. A copy can be found in Appendix G. The participant then provided the
background information requested on the form found in Appendix H. This
information was useful in identifying the participant's driving experience, types of
secondary controls used in other types of vehicles, whether corrective lenses were
worn while driving, and whether they had any physical restrictions which would
interfere with using controls.

The participant then entered the mockup and positioned the seat as would be
comfortable for driving. The seat position was recorded from a ruler attached to the
door well. (The position with the seat all the way forward was called zero.) The
driver then grasped the steering wheel as they normally would while driving and the
clock positions of their hands was recorded.

Next, the experimenter explained the purpose of the experiment and what
would be required of the participant during the experiment. Then, the experimenter
described the 9 functions selected by Chrysler (Table 7), giving examples of how
each control was used if requested.
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Table 7. Secondary Controls Tested

1. Cruise Control On/Off
2. Cruise Control Set

3. Dome Light

4. Front Washer

5. Front Windshield Wiper
6. Hazard Lights

7. Headlights

8. Ignition

9. Panel Brightness

The basic procedure used here was identical to that used by Green, Kerst,
Ottens, Goldstein, and Adams (1987). In this procedure drivers selected the
switches they preferred for instrument panel functions from a large collection of
switches and placed them on a Velcro®-covered instrument panel at locations they
prefer. This procedure is commonly referred to as the "Potato Head Method"
because of the similarity between how children construct faces from parts (eyes,
ears, noses, etc.) using a children's toy called Mr. Potato Head (made by
Playskool®) and how drivers develop instrument panel designs when given a
collection of switches.

While the cost of fabricating a collection of switches and a mockup for "Potato
Head" method studies is considerable, the data collection process is extremely
straightforward, and participants have no problems in understanding what they are
to do. Further, the procedure provides them with an opportunity to exercise their
creative energies, which they enjoy, and often identifies control designs, which may
be marketable, that no one had ever thought of before. Many participants
commented they wished they could do this when buying a new car. For additional
discussion of this method, see Green, Kerst, Ottens, Goldstein, and Adams (1987).

In the initial study of driver preferences, drivers were very consistent in
identifying where the horn, turn signals, beam select, and beam flashing controls
should be located and how they should operate. Since they were unlikely to be
affected by shift lever location or other differences between this and the previous
study, those preferences were used here. (The horn was a large touch surface in
the center of the steering wheel. The other three controls were on the left stalk.
These were all clearly labelled so the participant would not forget.) However,
participants were told they could combine these functions on another switch or stalk
If they wanted. (A generic black stick with a label was all that was provided initially
on the left stalk. They were allowed to change it to a different stalk.)
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The experimenter identified the various switches available, both verbally and
by demonstration. Participants were instructed not to feel restricted to select certain
switches due to switch labelling or color (i.e. a red switch labeled "hazard") but to
select switches based on their shape and functionality (i.e., a round pushbutton) and
that any desired alterations in switch appearance or operation should be reported to
the experimenter. Additionally, multiple switches were allowed for one function (i.e.,
one switch to turn a control on and one to turn it off) and multiple functions could be
assigned to one switch.

A list of six questions regarding the selection of each function's location,
switch, and method of operation (Table 8) was presented and explained to the
participant. Also provided at this time was a list of possible reasons (Table 3) to
stimulate responses to the six questions. The participant read the list to become
familiar with the ideas. In response to the questions, the driver was asked to first
state whatever came to mind, and then refer to the list if necessary. The purpose of
the list was to trig?er specific reasons behind often general or vague answers (i.e.
"It's convenient”, "l like it that way"). Both the list of questions, and the list of possible
reasons remained in front of the participant throughout the experiment.

Table 8. Six Questions Asked for Each Control

S e e e v S S G S S S G S . G S S S S S S S S S S S— = S S S S S Y S S P S S S S S S S S S S ST S S . S S S— . S— —— ——
e e e s S e S S S S S S s R S W S S S S S S S S S S o S S— S T S " S S S S — T S S " G " —— " — S ——— —— — —— —

FOR EACH OF THESE FUNCTIONS ON YOUR RIGHT
YOU WILL BE ASKED THE FOLLOWING QUESTIONS:

1. WHICH SWITCH DID YOU CHOOSE FOR THAT FUNCTION?

2 WHY DID YOU CHOOSE THAT SWITCH?

3 WHERE DO YOU WANT TO PUT THE SWITCH?

4.  WHY DO YOU WANT TO PUT IT THERE?

5 HOW DO YOU WANT THE SWITCH TO OPERATE?

6 WHY DO YOU WANT THE SWITCH TO OPERATE IN THAT MANNER?

———— o e —— —— — —— — S S S— — — g —— - — = S S = G = G S S S S G G S " S — S S S S S S S S S S S— — — = — — — . T — —
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The driver was reminded that the controls being selected were for use in a
vehicle to be produced in the 1990's. It was stressed that selections for each
function should be made with this perspective in mind. The participant was then
encouraged to ask any questions he or she may have before beginning the task.

With these preliminary steps completed, the participant selected switches for
the nine function labels in any order and place them on the Velcro® surfaces within
the mockup. For each function, the same procedure was followed. The participant
was asked to announce the function that he or she intended to work on. Information
about that function was collected in the following order, uniess the subject preferred
otherwise. (A few people chose to follow a different order.)

First, the switch number was entered into the Macintosh. The participant was
then asked why he/she selected that particular switch. As they responded, the
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experimenter entered the verbal response followed by the associated code from the
full list of reasons (Table 4).

The participant placed the switch onto the Velcro®-covered panel where
he/she preferred. The location of the switch was identified based on the zone chart,
and entered accordingly. The driver's reasoning behind selecting a particular
location was recorded in the same manner as that for switch selection.

The method of operation was discussed, including how the driver would turn
the switch on or off, and any intermediate positions desired. Using the Method of
Operations Table, the experimenter recorded the specified method. A description of
the method of operation and orientation of the switch was also recorded. The
driver's reasoning for method of operation was entered in the same manner as for
switch type and location.

In the next portion of the experiment, the UMTRI driving simulator was used.
The participant was given one-minute practice runs until feeling comfortable with the
simulator operation. During this time, the experimenter gave the driver feedback
regarding steering. When participants had difficulty, the experimenter stood next to
the car and told the participant which way to turn the wheel.

Once the participant understood the simulator operation and was comfortable
driving, the experimenter asked the participant to operate the controls one at a time.
("Now turn on the windshield wiper.”) This was done while driving the simulator.
The experimenter waited five seconds after the driver finished operating one control
before presenting the next one. The order in which these controls were operated
appears in the instructions in Appendix F. Although there was no formal error
collection, the experimenter made note of any difficulties the participant may have
had operating or locating the switches.

Operating the selected controls while driving was a critical step. It
emphasized to drivers that aesthetically pleasing designs may not be easy to use.
Further, one can't always make a good judgement about a design's ease-of-use
without first using it in a representative situation, such as simulated driving. This was
supported by the data. Many people made changes in their designs after the
simulated drive.

After the driving session, participants were encouraged to discuss any
problems they experienced while using the controls. The experimenter prompted
the discussion with comments on observed difficulties with the driving task, which
often led to modification of the original dashboard design. Changes were usually
made because some controls were hard to reach, awkward to operate, confused
with other switches, or drivers had forgotten where the controls were located. All
changes were recorded by the experimenter using the software running on the
Macintosh Ilx (or SE) computer. Since the basic design was typically very similar, no
driving session was conducted using the new configuration.

Once the participant was satisfied that his/her instrument panel was set up the
right way, the experimenter asked him/her to step out of the car. The participant was
then seated at a Titmus Vision Tester. The instructions read to the participant can be
found in Appendix F. Results were recorded as a Snellen Ratio. This test
determined the participant's near vision, relative to being able to see and read
switches in a car.
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Several anthropometric measures were then recorded following the standard
procedures described in Lohman, Roche, and Martorell, 1988. The participant
removed his or her shoes and their height (in cm) and weight (in Ibs) were
measured. The person put their shoes back on and sat on a flat wooden table,
which allowed their feet to dangle freely. Measurements of seated head and eye
height were taken. Details concerning the anatomical landmarks used appear in the
instructions (Appendix F). The length of the arm from the shoulder to the elbow and
from the elbow to the wrist were measured and recorded, as well as the hand length
and the index finger width at the knuckle closest to the finger nail. All length and
width measurements were taken were taken with the anthropometer. Weight was
measured with the doctor's scale.

The last part of data collection took place in the participant's vehicle. For the
nine functions studied, the type of switch, location, and method of operation were
recorded as they appeared in his or her car. The make, model, and year of the car
was also noted. Forms for recording this information appear in Appendix H. The
information and reference materials were similar to those used in the UMTRI survey
of 1986-model cars (Green, Ottens, and Adams, 1987).

Upon completion of the test session, the driver was paid and thanked for their
contribution to the research. Also, each driver's design was photographed with a
35mm camera. Rear view, right side, and left side shots were taken with a driver
nameplate (name, subject number, and date) in clear view to identify the design.
Photos for two typical and two unusual designs appear in the Appendix .

After the conclusion of the data collection, some inconsistencies were
discovered in the coding of data, particularly for the first eight subjects. In order to
correct these inconsistencies, the videotapes and photographs for all 54 subjects
were examined to verify and re-code (if necessary) the location and switch coding
for every function. The reasons drivers gave for their preferences were re-coded as
required using the text saved with the data. This re-coding was done by one
individual after conferring with the other experimenters. A consistent coding scheme
emerged from these efforts. If this type of experiment is done in the future, a longer
experimenter training period is recommended, and modifying the coding scheme
should be considered.
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RESULTS AND DISCUSSION

Examined here are driver preferences for controls and a wide variety of
factors which may influence them. This unit is divided into five sections. The firstis a
summary of driver preferences for location, switch, and method of operation
aggregated across all functions, except ignition. Ignition was excluded because
there was interest only in the location of the switch, which varied little. Including
ignition data with the other eight functions would be misleading. The reasons
drivers stated for choosing overall locations and switches are also discussed.
Second, driver preferences for locations, switches and methods of operation are
examined for each specific function studied (except ignition), with attention given to
why drivers said they preferred locations and switches. Third is a discussion of the
preferred locations and switches for specific functions versus those in the drivers'
current cars. The fourth section compares the control preferences reported here (for
a conventional instrument panel-sedan) with a pod-based design (for a sports car)
examined in the previous driver preference study (Green et al, 1987). The fifth
section discusses how driver characteristics may have influenced location and
switch preferences.

Driver Preferences and Reasons For All Functions

This section provides a general overview of the locations, switches, and
methods of operation preferred for all of the functions studied, except ignition. The
driver preferences are described on two pages of text followed by two pages of
diagrams (one showing general preferences, one showing switch/motion
preferences by pooled zones). The original location coding sheet (Figure 10 in the
Test Plan) was reorganized into pooled zone locations to aid in data analysis. The
pooled zones are a sensible approach because driver performance in operating
controls degrades when a control is more than six inches from where it is expected
(Turner and Green, 1987), or, of course, on a different plane. The pooled zones are
areas that fit that dimensional constraint. Figure 14 shows the instrument panel
locations (pooled zones 1-8), Figure 15 shows the Stalk Control and Steering
Column zones (pooled zones 9-11), and Figure 16 describes the ceiling panels
(pooled zones 12 & 13).

The following coding scheme was used on the first diagram (general
preferences) to show the popularity of specific locations. As indicated, larger dots
represented a larger consensus of overall preferences. The scale for the dots is
slightly different from that in Green et al, 1987. The low end of the range of the scale
has been expanded since most responses are in that portion. The most preferred
location and method of operation were each indicated by a circled "M" (as in Most).

The overall reasons drivers gave for preferring locations and switches are
also included in this section, with the information about location appearing first. The
text explains trends and interesting points found, followed by three pages
graphically representing the common responses.
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Individual zones on instrument panel
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Figure 14. Instrument Panels, Consoles, and Steering Wheel Pooled Zones
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Stalk Locations
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Figure 15. Stalk Control and Steering Column Pooled Zones
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This section provides a general overview of the preferences over all of the
functions. It is hoped that this information will be used as a general idea of
secondary control preferences and may provide insights for controls not tested.
Also, it contains the aggregate data on which the overall reasons for control
selections were based. For insight into the specific controls tested, use the
information for each individual control found in the next section of this report, not this
general overview.

Location Preferences

The following two pages show the combined preferences for all functions
studied, except ignition. The preferred overall location was the lower left corner of
the instrument panel (selected by 16% as shown by the circled block 'M' on the next
page. This specific location was part of the lower left panel area (pooled zone 4)
which was most preferred (24%) of the 13 pooled zones, as shown in the second
drawing. The steering wheel spoke locations (pooled zone 2) were also popular for
all of the combined functions (16.7%). Drivers also selected stalk locations often,
preferring the left stalk more than the right (14.2% vs. 9.7%). Interestingly, this is
opposite the trend of the steering wheel, where the right spoke was preferred over
the left, perhaps showing the drivers' need to balance the driving task load.

The driver's left side of the instrument panel was favored over the right side
(32% vs. 17%), even though there were twice as many right side panel zones.
Therefore, the preferred instrument panel design would be unbalanced with a
greater number of controls to the left of the driver. Regarding ceiling locations,
drivers equally preferred the front (pooled zone 12) and center (pooled zone 13)
locations. These pooled zones were used for one function, dome light.

Switch Preferences

The overall switch preferred was the stalk control (25%) since this switch was
required for both of the stalk locations, which, as mentioned above, were often
selected. The rocker switch was also commonly preferred (23%), and could be used
in almost all of the locations. It was the preferred switch for every panel zone
(pooled zones 1, 2, 3, 4, 6 & 8) except the upper console (pooled zone 7) which itself
was not a commonly preferred zone. Pushbuttons (12%) and the similar push
surfaces (7%) were often selected, and were typically the second choice to rocker
switches for use on the instrument panel. (Many drivers misinterpreted push
surfaces to be pushbuttons, therefore the values should be considered accordingly.)
Push-pull switches were chosen one-tenth of the time, especially for the lower left
panel (preferred location). Another regionally preferred switch was the combination
switch (8%) which was often placed on the panel and console locations to the right
of the driver.
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Method of Operation Preferences

The overall preferred method of operation was definitely a push in (forward)
motion (42%). This resulted primarily because of the popularity of the rocker switch
and pushbutton/surfaces, which required this motion when placed on the instrument
panel and console locations. The second-most popular method of operation, a
twisting motion around the horizontal (+/- y) axis (11%) was typically used with stalk
controls. Twisting around the +/- x axis (6%) was often used for knobs or the knob-
like portion of push-pull switches, which also favored a push in-pull out method (6%)
depending on the function for which it was used. A push right-left (8%) or push up-
down (7%) motion was also somewhat common overall, especially for thumbwheels
and slide switches.

Combined Preferences

A push in motion was highly favored for the pooled zones 1-8, as this region
was the predominant location for rocker, pushbuttons, push surfaces, combination
and other switches requiring this motion. The preferred location, switch and method
of operation were therefore often dependent upon one another. For instance, a
rocker switch positioned directly in front of the driver (pooled zones 1-8) required a
push in motion, whereas the same switch located on the steering column (pooled
zone 11) used a push left or push down motion, depending on its specific location
on the column. If located on the ceiling panels (pooled zones 12 & 13), the same
rocker switch would imply a push up motion. Therefore, the drivers' preference for
method of operation was basically a default which depended upon the preferred
location and switch.

43



- Results and Discussion -
All Functions-

preferred locations, switches and methods of operation
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All Functions*

Overall Switch / Motion Preferences by Pooled Zones

(n =431 total observations)
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. stalk push left 1.9
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Why Locations Were Preferred

The following three pages summarize drivers' reasons for choosing locations
over all of the functions tested except ignition, which was located almost entirely due
to expectation. Familiarity/expectation most influenced drivers' location preferences
for instrument panel controls (17%). In general, people wanted controls to be placed
in locations similar to their current vehicles, and often commented that this made the
controls easier to find and use. This was particularly true for the lower left panel,
stalks, steering column and front ceiling (pooled zones 4, 9, 10, 11 & 12) which
accounted for two-thirds of the overall responses.

Body restrictions, implying an easy motion to make, was the second-most
common reason (14%) for overall location choice. This reason was often cited for
the left panel, right panel, and center ceiling locations (pooled zones 1, 3 & 12), and
was of some importance for every location. Many people also considered
handedness (which hand should operate the control-11%) in location selection.
Depending on the function, some drivers preferred using either their left or right
hand. Related to this was the idea of enabling the hand that operated the control to
be kept on or near the steering wheel, which involved the relation to other controls
(9%). Attimes it was difficult to determine with which of these two categories
(handedness or relation to other controls) driver responses should be associated.

The frequency with which a control was used also helped determine the
preferred location (9%). This reason was cited for less common locations, primarily
those to the right of the driver, such as the lower right panel, upper and lower
console, steering column, and center ceiling (pooled zones 6, 7, 8, 11 & 13) where
less frequently used controls (hazard, dome light) were preferred. The field of view
reason was also cited when positioning controls (7%). First, many drivers chose
locations in which the control would be easy to see. This supported all panel and
console areas (pooled zones 1, 3, 4, 6, 7 & 8), and was also important for the hazard
function, so it could be easily located in an emergency. In contrast, controls used
regularly (cruise control, windshield washer/wipers) were often located on stalks and
the steering wheel (pooled zones 9, 10 & 2) because drivers felt they didn't need to
see the controls in order to use them. Another reason affecting the cruise control,
windshield wiper/washer, and lighting controls was the tendency to view individual
functions as part of a system (7%) locating them together, often on the same switch.
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Left Panels and Steering Wheel

Reasons for choosing pooled zones 1, 2, & 4 as locations for all functions
(n = 949 total observations, of which 425 are in the shown regions)

Zone 1: Left Panel (n=69)

n

Reason

12

Body restrictions
Easy motion to make

11

Part of system
Same location as rest of system

- W u;m

Field of view
Easy to see in that location
Don't need to see it to use it
Need to see it to use it

Handedness/Balance of use
Can operate with left hand

Frequency of use
Control not often used

Aesthetics
Instrument panel looks balanced
Other areas too cluttered

17

Other

Zone 4: Lower Left Panel (n=207)

Zone 2: Steering Wheel (n=149)

n

Reason

33

Relation to other controls
Keep hand on wheel when using|

23

Body restrictions
Easy motion to make

20

w &5

Handedness/Balance of use
Can operate using right hand
Can operate using either hand

Can operate using left hand

17

- NN O ®

Familiarity/Expectation
Similar to subject's car
Convenient
Car manufacturer standard

Expects control to be there

12

(3, 0}

Field of view
Don't need to see it to use it
Easy to see in that location

10

o &

Time requirements
Need to find it quickly
Need to operate it quickly

Need to operate without thinking

o

Frequency of use
Control used often
Control not often used

Other

n Reason
38 Familiarity/Expectation
12| Similar to subject's car
11| Expects control to be there
8| Feelsit's an industry standard
5] Convenient
2| Similar to a friend's car
26 Handedness/Balance of use
21| Can operate with left hand
3| Can operate with either hand
1| Too many controls for left hand
11 Too many controls for right hand|
24 Frequency of use
23| Control not often used
1 Used the most in that system
17 Body restrictions
__Easy motion to make
16 Part of system
14| Same location as rest of system
2 | Different location than rest
14 Field of view
11| Easy to see in that location
2| .Don't need to see it to use it
1] Needto seeittouseit
12 Space restrictions
10| Won't stick out or get in way
2| Unable to put it where preferred
60 Other

Overall reasons for

location preference n %
Familiarity/Expectation 161 | 17.0
Body restrictions 130 | 13.7
Handedness 106 | 11.2
Relation to other controls 82| 8.6
Frequency of use 81| 85
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Right Panels, Consoles, and Ceiling

Reasons for choosing pooled zones 3, 6, 7, 8, 12, & 13 as locations for all functions
(n=949 total observations, 224 observations in the shown regions)

Zone 3 Right Panel n=34 Zone 7 Upper Console n=24
n Reason n Reason
13| | Body restricitons 5 Body restricitons
8| Easy motion to make Easy motion to make
2| Eyesight limitations 3 Part of system
2| Can reach it with short arms Same location as rest of system
1| Physical handicap limitations —»|3 Frequency of use
5 Field of view 2| Control used often
4 | Easy to see in that location 1| Control not often used
1] Needtoseeitto use it 13 Other
16 Other
Zone 8 Lower Console n=61
1 7 n Reason
10 Body restrictions
Easy motion to make

8 —— 10 Field of view
8| Easy to see in that location
2| Don't need to see it to use it

Zone 6 Lower Left Panel n=58

- 9 Handedness/Balance of use
n_| Reason Can operate with right hand
8 Field of view 9 Part of system
Easy to see in that location 5| Different location than rest
7| | Body restrictions 4 | Same location as rest of system
Easy motion to make 7 Frequency of use
7 Frequency of use 5| Control not often used
Control not often used 2| Control used often
4 Properties of operation 3 Sequence of use
Easier to use than others Used in sequence with others
4 Space restrictions 13 Other

Won't stick out or get in way

4 Part of system

3| Same location as rest of system
Different location than rest

4 Time requirements

3| Needto find it quickly

—

1] Need to operate it quickly Zone 13: Center Ceiling (n=24)
201 Other n Reason
Zone 12: Front Ceiling (n=23) 5| |Body restrictions
CENTER CEILI Easy motion to make
n Reason 5 Other
8 Familiarity/Expectation Passengers can reach it also
3| Similar to subject's car 4 | |Frequency of use
3 Expects switch to be there “m Control not often used
2| Convenient FRONT CEILING 4| | Familiarity/Expectation
3 Body restrictions 3| Expects control to be there
Easy motion to make 1| Convenient
2 Handedness/Balance of use 3 Part of system
Too many controls for left hand Same location as rest of system
10 Other | 3 Other
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Stalks and Steering Column

Reasons for choosing locations for all functions by pooled zones 9, 10, 11
(n = 949 total observations, of which 302 are in the shown regions)

TOP VIEW

Steering Column

9 10
r Steering Wheel

Zone 9: Left Stalk (n=114)

n

Reason

31

Familiarity/Expectation
Similar to subject's car
Feels it's an industry standard
Convenient

__Expects control o be there

21

Handedness/Balance of use
Can operate with left hand
Can operate with either hand

16

Body restrictions
__Easy motion to make

15

Relation to other controis
Keep hands on wheel when using
Won't confuse with other controls

10

- W o,

Field of view
Don't need to see it to use it
Easy to see in that location
Need to see it to use it

Part of system
Same location as rest of system

13

Other

STEERING COLUMN
CROSS-SECTION

11

49

3

Zone 10: Right Stalk (n=78)

n Reason

21

Familiarity/Expectation
14| Similar to subject’s car

7 | Expects control to be there

15

Relation to other controls
Keep hands on wheel when using

12

Handedness/Balance of use
Can operate using right hand

Too many controls for left hand

10

o

5

Aesthetics

5

Body restrictions
Easy motion to make

Instrument panel looks balanced |

5

Field of view
Don't need to see it to use it

15

Other

Zone 11: Steering Column (n=110)

n Reason

3

Familiarity/Expectation
13| Feels it's an industry standard
8 Similar to subject's car

7 Convenient

3 Expects control to be there

1 Similar to a friend's car

1 Everyone knows how to use it

14

Body restrictions
Easy motion to make
1 Can reach it with short arms

1

Frequency of use
9 Control not often used
2 Control used often

Space restrictions

6 Wont stick out or get in way
1 Only place left to put a switch
1 Unable to put it where preferred

Properties of operation

Avoiding accidental use
Don't want to accidentally use

Handedness/Balance of use
Can operate with right hand

Other

Easier to use than other areas
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Why Switch Types Were Preferred

The following three pages show the most common reasons why drivers
preferred various types of switches for all functions, except the ignition. For ignition,
a key switch was always selected due to driver expectancies and industry
standardization. As with location preference, drivers sometimes selected switches
that resembled those in their current vehicles--that is, switches that were familiar or
expected (15%). This was especially true for the stalk control (most preferred
overall) and push-pull switches. Affecting both location and switch choice was body
restrictions (7%), cited for switch preferences where drivers wanted an easy motian
to make.

Many of the physical characteristics of switches were considered by drivers in
making their selection. Aesthetics were commonly mentioned (14%), where people
chose switches that looked simple to use, or those for which they liked the overall
appearance. References were also made to the labelling/illumination qualities of
the switch (12%) despite specific instructions from the experimenter to ignore
labelling. Aesthetics and labelling influenced the selection of rocker switches,
pushbuttons, and push surfaces, which represented over a third of the switch
responses. Combination and slide switch selection was also highly attributed to
labelling qualities. How often labelling was cited depended upon the function.
Switches for the hazard, windshield washer, and windshield wiper were selected
due to labelling much more often than for the cruise control or other functions.

About 10% of the reasons given for switch preferences were attributed to
switch properties of operation. For on/off controls, a switch requiring a deliberate
movement was often preferred (rocker, push-pull), while controls used for setting or
adjusting (panel brightness, windshield wiper) were better suited by switches for
continuous adjustment (thumbwheel) or multiple discrete positions (stalk). Another
physical characteristic highly recognized was grasping/touching. Drivers usually
wanted switches that were big enough to easily grasp. This issue was especially
important to older drivers with arthritis. The need to use controls while wearing
gloves or mittens was also acknowledged by some drivers, as was the benefit of
textured contact surfaces to avoid slipping.

Overall, drivers tended to view switch and location preferences together. For
example, when asked why a particular switch was chosen, they typically gave a
response which led to or included their intended location. The connection between
switch and location was unavoidable in stalk control/stalk location selection.
However, other locations were also linked with certain switch types or vice versa.
People selecting the steering wheel spoke locations typically assumed rocker
switches and pushbutton/surfaces to operate the control.
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- Results and Discussion -

Stalk Control; Rocker & Paddle Switches

Reasons for choosing types of switches for all functions
(n = 913 total observations, of which 449 are shown)

Stalk Control (n = 244)

Reason

ooz X

Familiarity/Expectation
Similar to subject's car
Expects switch to look like this
Convenient
Similar to a friend's car

Feels it's an industry standard

—-—r
o

Labelling/lllumination
Switch labelling matches function
Switch is easy to see/read

W o 00

Properties of operation
Switch represents function well
It feels right when you move it
Switch should move easily
_Easier to use than others

Body restrictions
Easy motion to make

18

LS I W (o]

Aesthetics
Switch looks simple to use
Subiject likes the way it looks

Instrument panel looks balanced

17

- W o1

Grasping/Touching
Rough surface prevents slipping
Big enough to easily grasp
Can use while wearing gloves

Switch surface is rough

13

Part of system
Same switch as rest of system

12

NS

Relation to other controls
Keep hands on wheel when using
Won't confuse with other controls

1

N &~

Time requirements
Need to operate it quickly
Need to operate without thinking
Need to find it quickly

Other

Paddle Switch
(n=5)

Reason

Body restrictions
Easy motion to make

Relation to other controls
Keep hands on wheel when using

Other

51

ET

Rocker Switch
(n = 200)

Reason

-t
o

Aesthetics
Switch looks simple to use
Subject likes the way it looks

Nice design/looks unique

k> & 0

Labelling/lllumination
Labelling matches function
Switch is easy to see/read
Switch is easily illuminated

Switch is wellilluminated |

19

W s

Properties of operation
Switch represents function well
Switch should move easily
It shouldn't be too easy to move
Easier to use than others

It feels right when you move it

18

- = O

Familiarity/Expectation
Similar to subject's car
Expects switch to look like this
Similar to a friend's car
Convenient .
Have similar switches elsewhere
Everyone knows how to use it
Car manufacturer's standard

17

Feedback
Should sense when activated

15

El e - 4l

Grasping/Touching
Big enough to easily locate
Big enough to easily grasp
Switch surface is smooth
Switch surface is rough

Rough enough to prevent slipping

12

Body restrictions
Easy motion to make

11

N

10

Partiality/General preference
Subject likes rocker switches
Doesnt like it, but feels it's best

Part of system

Same switch as rest of system

38

Other

Overall reasons for
switch preference n %

Familiarity/Expectation
Aesthetics
Labelling/lllumination
Properties of operation
Grasping/Touching

133
130
107
95
85

14.6
14.2
117
10.4

9.3




- Results and Discussion -

Push Surface, Thumbwheel, Knob, Toggle Switch, & Lever

Reasons for choosing types of switches for all functions
(n = 913 total observations, of which 151 are shown on this page)

Push Surface* Thumbwheel
(n = 66) (n = 26)
n Reason n Reason
1 Aesthetics 8 Properties of operation
4 | Subiject likes the way it looks 4 | Switch represents function well
3| Switch looks simple to use 3| Switch should move easily
2 | Other areas too cluttered __ |1 | Easier to use than others
1| Subiject likes a simple layout 5| [Aesthetics .
1| Instrument panel looks balanced 3| Nice design/Looks unique

P - 1| Subject likes a simple layout
Familiar
0 %ir:millgr':g/sﬁg'?g? 1] Other ares too cluttered
Convenient 4 Body restrictions

Have similar switches elsewhere Easy motion to make

. p 4 Grasping/Touching
10 Grasping/Touching Can use while wearing gloves

v wwm

4 | Big enough to easily gras 2 :
3 Ot%er swgches are )t/o% big 2 | Big enough to easily grasp
2 | Other switches are too small
1 | Can be used while wearing gloves
5 Body restrictions Knob
Easy motion to make (n = 42)
5 Relation to other controls -
Keep hands on wheel while using
5 Safet
3 | Safest type of switch available n Reason
2 | Other switches may hurt 16| | Grasping/Touching
5 Properties of operation 6| Big enough to easily grasp
2| Switch represents function well 4| Canuse while wearing gloves
2| Switch should move easily 4| Big enoughto easily locate
1| Switch surface is rough 1| Rough surface prevents slipping
1 | _Other switches are too big
9 Properties of operation
Switch represents function well |
Toggle Switch 5 Familiarity/Expectation
(n=12) 3| Similar to subject's car
1| Similar to a friend's car
1| Expects it to look like this

n Reason
3 Aesthetics
Switch looks simple to use
2 Body restrictions Lever
1 | Physical limitations on others (n=5)
1 | Other switches hard to use
2 Grasping/Touching n Reason
1 Can use while wearing gloves e

) . 2 Space restrictions

1| Big enough to easily grasp pUnable to put where desired

2 Field of view
Switch will stand out and be seen

*Note: Drivers may have confused push surfaces with pushbuttons.
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- Results and Discussion -
Pushbutton, Push Pull, Combination, and Slide Switches

Reasons for choosing types of switches for all functions
(n = 913 total observations, of which 313 are shown on this page)

Pushbutton Push Pull Switch
(n =105) (n=91)
n Reason n Reason
24 Aesthetics 16 Familiarity/Expectation
12| Switch looks simple to use 10| Similar to subject's car
9| Subject likes the way it looks 3| Expects switch to be like this
2 | Nice design/looks unique 2| Feelsit's an industry standard
1 | Instrument panel looks balanced 11 __Convenient
16 Labelling/lllumination 15 Aesthetics
10| Labelling matches function Switch looks simple to use
5| Switchis easy to see/read 12 Grasping/Touching
1| Switch is well illuminated 7| Canuse while wearing gloves
13 Relation to other controls 3| Big enough to easily grasp
11] Keep hands on wheel when using 1 Switch surface is smooth
2 | Won't confuse with other controls 1| Big enough to easily locate
10 Familiarity/Expectation 1 Properties of operation
4 | Similar to subject's car 4 | Switch represents function well
4 | Expect switch to be like this 4| Easier to use than others
1| Convenient 3| Switch should move easily
1 | Have similar switches elsewhere 9 Part of system
8 Properties of operation Same switch as rest of system
51 Switch represents function well
2 | Easierto use than others —
1| Switch should move easily ¢ Combination
8 Field of view n m grem— i
4 | Easy to see in that location Al Switch
3 | Switch will stand out and be seen - (n=71)
1| Don't need to see it to use it
n Reason
15 Lafﬂé‘:ng/lllumigaticfwn
. 8 abelling matches function
Slide Switch 7 | Switch is easy to see/read
(n=46) 14| |Aesthetics
6 | Subject likes the way it looks
4 | Instrument panel looks balanced
n Reason 2| Nice desigrnvlooks unique
15| | Labelling/lllumination 2 | Switch looks simple to use
6| Labelling matches function 10 Familiarity/Expectation
5] Switchis easy to see/read 8| Similar to subject's car
2| Switch is well illuminated 2 | Have similar switches elsewhere
2 | Switch is easily illuminated 6 Body restrictions
5 Aesthetics Easy motion to make
Switch looks simple to use 6 Properﬁes of operation
5 Properties of operation 4 | Switch should move easily
2| Switch represents function well 2| Switch represents function well
2| Switch should move easily
1| Easier to use than others
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- Results and Discussion -

Driver Preferences and Reasons for Individual Functions

The locations, switches, and methods of operation preferred for each of the

functions studied are examined in this section in alphabetic order. Reasons drivers
gave for their preferences are also summarized. This information is displayed
individually by function using the following eight page format:

Pages 1-2. These two pages of text highlight the overall preferences for
locations, switches, and methods of operation. A summary of preferences is
provided at the end of the text.

Pages 3-4. These figures show driver preferences described on the
previous two pages. To keep things simple, they are not numbered. (In fact,
none of the figures in this section are.) The left page shows the locations
where drivers placed controls. Scaled dots were placed on each location to
show the percentage of preferences in that area. The most preferred area
was marked by a circled block "M" (majority). A key to dot size is given
below. The switches were ranked in order of preference, and the most
preferred was boxed and the typeface set to bold. The preferred methods of
operation were both listed and shown on the direction of motion axes used
throughout the experiment.

The right page gives switch and method of operation preferences based on
pooled zone locations (See Figures 10-12 for location-pooled zone
relationships). The combinations are ranked by preference, and contained in
boxes corresponding to their represented zone. The width of the borders of
the boxes represents the percentage of responses for each location shown.
Border widths are shown below. Note that due to round off errors, the
percentage given in the top of each box may not equal the sum of the
percentages for responses contained within the box.

Key to coding used for preferences

Scaled dots for specific location and
method of operation preferences

>0-2 >2-6 >6-10 >10-15 >15-23 >23-34 >34-45 >45-60 >60-80 >80-100

percentages
@ majority

Border widths for switch/motion by pooled zone preferences

0-15% >15-30%
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- Results and Discussion -

Pages 5-6. These two pages of text describe why people said they preferred
certain locations and switch types, supported by direct quotes from
participants. A summary of reasons for preferences is provided at the end of
the text.

Pages 7-8 These two pages graphically represent the most commonly
stated reasons for driver preferences: The left page contains reasons for
location selection, using the pooled zones for reference. The right page
shows why certain switch types were preferred. The format of these diagrams
is similar, with the most common locations/switches shown in boxes of
increasing border width based on the number of responses for that
location/switch . The reason shown in bold (i.e. Familiarity/Expectation,
Aesthetics, etc.) is the general category from the experimenter's coding sheet
shown in Table 4. The left-most bold number shows how many responses
from that category supported the particular location/switch. The plain text
reason (indented) is the specific reason stated by the driver (i.e. Similar to
subject's car, Looks simple to use, etc.) which was given by the plain-text
number associated with it. Overall reasons are summarized on both pages.
These numbers represent all of the participant responses and may not equal
the sum of the individual switch or location responses shown on each page,
as the individual responses are shown only for the most common reasons.
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- Results and Discussion -

Cruise Control On/Off

Location Preferences

As shown on the following two pages, the preferred location for cruise control
on/off (indicated by the "M" on the following left page) was on the right steering
wheel spoke. This location was chosen by 24% of the respondents. Almost as
many preferred the left spoke (20%). Jointly these two locations account for over
44% of the 54 responses. In addition, as shown in the pooled zone table on the
right-hand page, there were a few people who wanted the switch on the bottom
spoke. Hub mounting, (pooled zone 2) as indicated by the thick border around the
text on the following right page, was preferred over the second (lower left panel,
pooled zone 4) and third choices (left stalk, pooled zone 9) by 3 to 1 margins. Given
the nature of responses in these experiments, this is a fairly high level of agreement.

Switch Preferences

No single switch type was preferred by a majority of the participants, though
rocker switches were preferred by 41% of them. A similar switch, the pushbutton,
was the second choice (20.4%), and a push surface was also commonly selected
(14.8%). However, when push surfaces were selected, they were generally quite
small (1cm x 1cm), and for all practical purposes were identical to pushbuttons in
both functionality and physical appearance. According to comments made
throughout the study, most participants intended the push surfaces to be small
pushbuttons flush to the steering hub surface. Therefore, the values for push
surfaces and pushbuttons should be pooled for the cruise control functions,
increasing pushbutton preference to 35%.

Method of Operation Preferences

There was an extremely strong preference (81.5% of those responding) for
pushing the switch in (forward) to operate it. Although method of operation
preferences tended to have higher percentage rates (compared to preferences for
switch or location), this value was the largest in this experiment. All switches
selected by drivers for the cruise control on/off, except stalk controls, utilized this
push in motion.

Combined Preferences

As noted in the pooled zone figure (the right page), a pushbutton switch
mounted on the steering wheel spokes (pooled zone 2) was preferred by 24% of
those responding. Almost equally common in this location was a rocker switch
(22%) which used a similar push in motion. Rocker switches were also the primary
switch selected for the lower panels (pooled zones 4 and 6). The push in method of
operation was preferred for all switches and locations except the stalks.
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- Results and Discussion -

Location:

Switch:

Method of

Operation:

Summary of Preferences

steering wheel spokes,
right side preferred over left

no dominantly preferred switch
rockers slightly more than pushbuttons

push in
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- Results and Discussion -

Cruise Control On/Off
(n = 54 total observations)
TOP VIEW
Steering Column Switches Preferred
Switch %
pushbutton or |35.2
push surface*
stalk 204
thumbwheel 1.9
paddle 1.9
Locations Preferred
% of switches in each zone
e
1.9
Y [
3.7 19
° o
@74 e 19 1.9 3.7
. z(up)
815 ‘X
(in)
f rd .
®(( orward) Methods of Operation Preferred
y (axes relative to the driver)
/
1.9 / 1.1
<+ -+ *"G"Q"’ push in
-y 110 +y
(left) / 87 (ight — | push right 11.1
// Y
Y —\——)— |twist +&-y | 3.7
-x 7/ i
out h right & | 1.
(baE: kw?ard) . ~a—p |push right & left] 1.9
(down) -&— |push left 1.9

*Note: Most drivers misinterpreted the push surface to be a flush-mounted pushbutton.
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Zone: 9 n=8 (14.8%)

- Results and Discussion -

Cruise Control On/Off

Switch / Motion Preferences by Pooled Zones
(n = 54 total observations)

Switch | Motion %
stalk push right | 11.1
stalk push r&l] 19
stalk twist r&1| 19

...........

TOP VIEW
Steering Column

Zone: 10 n =3 (5.6%)

Zone: 4 n=9 (16.7%)

Switch Motion | %
pushbutton | pushin 9.3
rocker push in 74

10— Switch | Motion | %
_ stalk twist r&1}5.6
Wheel
Zone:2 n =25 (46.3%)
Switch Motion | %
pushbutton or| pushin |24.1
push surface*
rocker pushin |22.2
paddle pushin 1.9
7
8
Y

Zone:6 n=3 (5.6%)

Zone: 8 n=3 (5.6%)

Switch | Motion | % Switch Motion | %
rocker |pushin |5.6 rocker pushin 3.7
thumbwheel | pushin | 1.9

Pooled Zones

with less than
5% Preference

Zone| n

%

31 2

3.7

*Note: Most drivers misinterpreted the push surface to be a flush-mounted pushbutton.
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Why Locations Were Preferred

The following two pages of graphics show why drivers wanted the cruise
on/off control in various locations and preferred various types of switches. Readers
are reminded that the total number of responses can exceed 54 because there was
no limit as to how many reasons each participant could offer as to why a particular
location, switch, or motion was preferred. As noted earlier, data on method of
operation is not presented because once the switch and location (in particular the
mounting plane) were selected, the method of operation was highly constrained.
Further, comments about method of operation tended to be uninformative. In
describing why particular locations and switches were preferred, the two types of
responses were often intertwined for the cruise on/off function.

There was no single dominant reason why particular locations were favored.
The most commonly chosen reason (18% of the participants) was the desire to keep
one's hands on the steering wheel while driving (see the following left page). As
one participant commented, "It's easy to reach without taking my hands off the
wheel." This reason was given for locating the switch on the steering wheel hub.
Related to that were nine people who cited handedness as a reason for selecting
spoke-mounting. One driver explained, ". . .it seems convenient to use with the left
hand; | want to keep my right hand on the steering wheel." Comments about
handedness were also mentioned with regards to stalk controls. Fin