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THE DETERMINATION OF DIRECTION OF MOTION

STEREOTYPES FOR AUTOMOBILE CONTROLS

by
John McFarlane
Committee Chairman: Walter W. Wierwille
Industrial and Systems Engineering
(ABSTRACT)

This experiment examined the directional relationships for six types of automo-
bile controls: power mirrors, power windows, manual windows, stalks, generic controls,
and power door locks. Two hundred driver-subjects participated in the research.
Participants were divided into 4 groups of 50 each, and distributed according to age,
gender, and type of vehicle they drove (domestic or foreign).

During data collection subjects were instructed to perform various types of
control tasks. For each task the direction of control activation chosen by the subject was
observed and recorded. Frequencies of occurrence were then tabulated to grade the
strength of directional stereotypes. In addition, statistical tests were conducted to
determine the effects of age, gender, type of vehicle driven, and handedness on subject
behavior. Confidence limits were also calculated and tabulated.

In general, results showed that most control designs and configurations tested
displayed moderate to strong stereotypes. However, weak directional stereotypes did
occur whenever a control was angled away from the driver. Weak directional

stereotypes were also prominent for manual window and power door lock conditions.



For the power window the two controls mounted flush with the driver’s door resulted in
control selection problems (i.e., which control goes with which window), while the
push-pull power window control resulted in weak directional stereotypes. The most
salient result from the Chi-square statistical tests indicate that foreign car drivers utilize
their stalk controls differently than domestic car drivers.

Based on the overall results a list of design recommendations and direction for

future research is offered.
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INTRODUCTION

In the past two decades many changes have been made in the design of
automobiles. Advancements in aerodynamics, lightweight materials, computers, and
engine design now make it possible to drive a fuel efficient, yet surprisingly powerful,
automobile. Features that make the interior environment of the automobile more appeal-
ing also have become standard fare. Cruise control, power windows, power mirrors,
electronic sun roofs, multi-adjustable seats, and ultra-modern sound systems are some
items now available in many automobiles. These new and advanced options produce‘
instrument panels that are more intricate and crowded. Thus, the issue of control design
and placement presents a formidable challenge to engineers and designers of
automobiles.

Turner and Green (1987) pointed out that since 1969 approximately 48 non-
proprietary reports and papers had been written on automobile controls and related
topics. With all this research one might be led to believe that the human factors prob-
lems associated with designing automobile controls would be resolved by now. Accord-
ing to Turner and Green this is not the case. The principal reason is that much of the
previous research is not applicable to contemporary design problems.

The research described herein is concerned with expectancies drivers have for
the operation of various automobile controls. The preferred direction of control operation
is the primary point of interest for the study. When expectancies are found to be the
same in a large percentage of people, although there is no agreement about what
constitutes a large percentage, the expectancies can be termed population stereotypes.

For example, in this research if the directional relationship between a control movement



and its effect is expected by a large percentage of people, it can be called a direction-
of-motion stereotype. Human factors professionals realize the importance of including
population stereotypes when considering control design alternatives. In designing
automobile controls, it is important to take into account direction-of-motion stereotypes
because faulty expectations of control movements by drivers can induce actuation errors
and lead to increased driver confusion and workload.

Determining the strength of direction-of-motion stereotypes is not a straightfor-
ward task. Since control designs evolve constantly as new cars are introduced, empiri-
cal data must be updated to ascertain the strength of the stereotype. In addition, there
are cultural differences. In the United Kingdom, for example, light switches are switched
down for turning on the light, which is the opposite direction of switches in the United

States.



LITERATURE REVIEW

The scope of the literature pertaining to automobile control design is quite
extensive. Some research addresses specific automotive functions, and how they
should be controlled. For example, Mortimer and Post (1973) conducted an experiment
examining different switching modes for a 3-beam headlight system. Other reports
investigate a wider range of controls. Anacapa Sciences, Inc. (1976) issued surveys to
determine driver expectancies in locating various automobile controls. Studies also exist
on issues such as driver performance, driver preference, and control evaluation. The
research topic described in this report is concerned with driver preference for direction-
of-control operation, and therefore, this review will only elaborate on the literature
germane to this topic.

One of the first steps taken in the study was the effort to secure all recent cita-
tions relevant to direction-of-motion stereotypes for automotive controls. At Virginia
Polytechnic Institute and State University a computerized search was conducted on
aufomobile control stereotypes using the DIALOG Information Retrieval Service. An
on-line search was carried out using the Compendex database. Compendex reviews
the abstracted information from engineering and technical literature found in the Engi-
neering Index. In addition, three indices accessed through CD-ROM were searched:
NTIS (a version of the printed index Government Reports Announcements and Index),
PsychLIT (a version of the printed index Psychological Abstracts), and GDCS
(Government Documents Cataloging Service). Key words were identified and used in
different combinations to search each index for relevant articles. Although many articles

were cited, most were not on directional stereotypes per se. Recent journals such as



Human Factors and Ergonomics were searched manually for pertinent studies. Letters
were also sent to 35 individuals at organizations where related research was likely to
have been carried out. The letters requested abstracts and, if possible, reprints of the
relevant work. In addition, interviéws were conducted with personnel from NHTSA
(National Highway Traffic Safety Administration) to obtain information on applicable
research.

In the general discussion of direction-of-motion stereotypes, Gibbs (1951)
outines two sources of stereotypes. Some stereotypes stem from normal spatial‘
relationships, and, thus, may be called "natural.” For example, when drivers turn a
steering wheel to the right, it is expected that the vehicle will move to the right. Gibbs
points out that this type of stereotype is related to eye-hand coordination practiced from
birth. Other stereotypes may stem from manifestations of customs inherent to different
cultures. Gibbs terms these latter stereotypes "expected,"” "preferred,” or "dominant.”
The example of "down-for-on" light switch in the United Kingdom and "up-for-on" in the
United States illustrates this stereotype. In complex control environments of automo-
biles it is important to consider both stereotypes (natural and expected) to ensure a well
human factored design.

The amount of research that directly addresses direction-of-motion stereotypes
with regard to automobile drivers is limited. The most recent work appears to be that
carried out by Jack (1985). In this research, a series of direction-of-motion stereotype
studies was conducted to determine how tactile coding schemes, switch orientation, and
labeling influenced drivers’ choices of initial control movement direction with rocker

switches. The results of Jack’s studies indicate that tactile coding such as bump/dimples



and serrations influence which side of a rocker switch is pushed to obtain a desired
action. Not surprisingly, by adding on/off labeling the likelihood of driver's success in
actuating the correct side of the switch is increased. Combined cues (up is on and push
raised side for action) and adding cues appear to enhance the chance of success and
strengthen the desired response, respectively. Finally, Jack points out that if a decision
on control design is made based on the direction-of-motion research, the population
used in the study should be the same as the end users to ensure consistent behavior.
Jack’s study, however, is limited in that only one type of automobile control, the rocker
switch, was studied.

An investigation by Black, Woodson, and Selby (1977), collected driver expec-
tancy data with regard to control location and operability for 10 functions. Functions
analyzed were: windshield washer, windshield wiper, cruise control, headlights on/off,
headlights high/low beam, hazard, interior fan, temperature controls, defrost/defog, and
radio volume. Approximately 900 drivers were showni a two-sided sandwich board
containing 20 panel mounted controls on one side, and 10 steering column mounted
controls, or stalk controls, on the other side. Drivers were asked to select a control
which they felt matched a function. Once selected, subjects then were asked to indicate
perceived control location and method of operation. Accompanying the hardware and
instructions was an exterior picture of a car in which the hypothesized controls were to
be found. This was done to determine if the drivers were influenced in their expec-
tancies by the kind of car they were visualizing. Subjects tended to associate chromed

controls with domestic vehicles and dull black controls with foreign vehicles.



Location and operational expectancies were considerably stronger for panel
mounted controls than for stalk controls. The salient results indicate that subjects
expected the headlights on/off and windshield wiper/washer controls to be panel
mounted (approximately 3:1). When mounted on the panel, a round knob that is pulled
was expected for the headlight on/off switch. When the headlight on/off was located on
a stalk control there was no strong agreement on the location (left or right column
mounted) and mode of operation. For both the windshield wiper and washer, use of a
panel mounted round knob had the highest expectancy. The knob was to be turned
clockwise for the wiper and pushed in for the washer.

In analyzing high-low beam controls, only stalk controls were considered.
However, it was indicated that most subjects expected the beam control to be located on
the fioor left of the brake pedal. When using a stalk for the high-low beam control,
subjects preferred the left over the right, and pulled the stalk towards the driver for
high-beam activation.

| in general for the climate functions such as fan, temperature, and defog, slide
controls were expected by most subjects. To increase or turn on the climate controls,
subjects preferred moving the slide either up or to the right. The radio volume was
expected to be controlied by a round or irregular round knob, and it was rotated clock-
wise to increase the volume.

An advantage of the Black et al. study is that expectancy feedback is obtained on
three criteria: type of control, location, and method of operation. However, Turner and
Green (1987) have pointed out that a weakness in the research was that final assign-

ment of the control type, control location, and method of operation did not involve the



instrument panel as a whole. This is best illustrated by the fact that the data show a
button on the left stalk had the highest expectancy percentages for both washer and
cruise controls, even though a combination of these controls on a single stalk is probably
not feasible.

Other studies on driver expectancies for controls do exist. However, the primary
concern for each is where drivers expect controls to be located, with little or no data on
control operability. The most comprehensive research in this area was conducted by
Anacapa Sciences, Inc. The results are detailed in three technical reports. The first is
an early progress report (Anacapa Sciences, Inc., 1974), that indicates how expectancy
data should be collected. Two methods were tested. In one condition, subjects placed
adhesive backed controls in expected locations on a blank instrument panel mounted in
an untamiliar full-size American car. In the second condition, subjects marked a sketch
indicating their location expectancies with the same controls used during the in-car
phase. The results from the survey showed that the expectancy distributions obtained
from both methods (paper and pencil, in-car) were quite similar; thus, the simpler and
less expensive paper and pencil method could be used for test purposes.

The study conducted by McGrath (1974) for Anacapa Sciences, Inc., reports
control expectancies from a survey of 219 European and Japanese drivers. In general,
McGrath found that European expectancies did not depend on whether the vehicle was
European or American made. In addition, while most differences between left-hand and
right-hand drive cars showed mirror image location reversal, some control locations were
not reversed. For example, drivers expected the cigarette lighter on the right panel of a

left-hand drive car and the left panel of a right-hand drive car, while-they expected to find



the defroster on the right panel of both types of cars. Lastly, McGrath showed that each
nationality had its own set of distinct expectancies concerning locations of certain
controls. Thus, no single design could be perfectly-suited for world wide sales.

The last report by Anacapa Sciences, Inc. (1976) was a continuation of the
progress report mentioned earlier. Expected locations were marked for 14 controls on a
mail-back questionnaire by 1,708 drivers. Five versions of the questionnaire were
distributed. Two were for full-size American sedans, one for compacts, one was for light
weight trucks and vans, and one was for smaller foreign cars. An important finding from
the surveys was that the vehicle a person drives does indeed have an influence on
expectancies.

Driver preferences for controls is another area in which several studies have
been conducted. Unfortunately, most of the driver preference research is concerned
with preferred control configurations or preferred type of control. In these studies
different controls are utilized for the decision making process by the driver. However,
the driver does not have the option to choose how the control is operated, or that
information is already given. Thus, no data are available on preferred direction. A
recent report by Green, Kerst, Otters, Goldstein, and Adams (1987), does however take
preferred direction of motion into account. In their study, 103 participants designed
instrument panels by placing the controls they preferred for 24 functions where they
wanted them, not expected them. There were 255 control designs (i.e., stalks, push-
buttons, switches, etc.) from which to choose. In addition to control selection and
placement, drivers identified control motion, and when the design was completed,

reached for each control while operating an elementary driving simulator.



The Green et al. (1987) study is reasonably comprehensive in its examination of
driver preferences for control type and location. Graphical illustrations and response
percentages make the document easy for designers to read and use. In addition,
participants in the study were told to design a dashboard for cars of the 1990’s. This
future-oriented frame of reference is applauded. However, the data for preferred motion
are limited. For any given function, the subjects first chose both control type and loca-
tion before indicating the method of operation. This technique reduces the significance
of the directional percentages because the "sample size" for each configuration is
reduced as more control type and control location choices are made. In addition, for
some functions such as power door locks, power seat, power windows, and climate
controls, data regarding method of operation was not collected.

Despite the limited volume of direction-of-motion stereotype data concerning
automotive controls, ample research exists on the effects of directional relationships
between common controls and displays. Loveless (1962) conducted a review of the
literature to assess the relative strength of various stereotypes. One effect considered
was body position. According to Loveless, when direction-of-motion is described it may
be related to some standard frame of reference or to the orientation of an operator’s
body, and the two do not necessarily coincide. If a discrepancy exists between these
fwo frames of reference it may affect direction-of-motion stereotypes. Humphries (1958)
illustrates this point with an experiment in which a vertical joystick, mounted in a horizon-
tal plane, is used to control vertical and horizontal movements of a display mounted in a
vertical plane. Results of the experiment showed that stereotypes were altered when

operators moved from a normal frontal position to positions which required viewing the
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display over the right or left shoulder. Note that the control and display movement
reference planes do not coincide in the above example. In a second part of his study,
Humphries changed the presentation of the joystick so that both the control and the
display plane were vertical. For this case, stereotypes were not altered for different
operator positions (i.e., frontal view, side view).

The compatibility between controls and displays has also been documented in
classical human factors texts geared towards equipment design. Salvendy (1987) points
out that if movement and perception stereotypes are taken into account, decoding steps
and mental processing work will be minimized for the operator. Thus the safety of the
system is increased due to a reduction of the response time and learning phase.
Salvendy lists some recommendations for the direction of controls and the function or
response of the technical system. This table is reprinted and shown in Table 1. Control
movement recommendations have also been documented for specific types of controls.
Figure 1 shows the guidelines listed by SAE (1977) for "on" or "increase.”" The two sets
of recommendations given above are similar to those outlined by other authors (McCor-
mickand Sanders, 1982; Woodson, 1981). Research by Warrick (1947) presented
guidelines for rotary controls and linear displays in the same plane. Warrick’s Principle
can be described as the expectation that the pointer on the display will move in the same
direction as that side of the control which is nearest to it. This principle applies only
when the control is located to the side of the display. One of the main questions of
interest for this research is whether the recommendations above should be modified for

controls utilized in an automotive environment.
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Table 1

Recommended control movements (Salvendy, 1987).

Function Control Action

On Up, right, forward, pull (switch knobs)

Off Down, left, rearward, push (switch knobs)
Right Clockwise, right

Left Counterclockwise, left

Up Up, rearward

Down Down, forward

Retract Rearward, pull, counterclockwise, up
Extend Forward, push, clockwise, down
Increase Right, up, forward

Decrease Left, down, rearward
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Figure 1. SAE recommended movements for "on" or "increase” (SAE, 1977).
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Another issue of concern in directional stereotypes is that of handedness.
Depending on the situation, such as operator position or control location, operators may
not be able to use their preferred or dominant hand for control operation. This is espe-
cially true in automotive design where controls are located on both sides of the driver.
Chapanis and Gropper (1968) comment that most population stereotypes reported are
right-handed relationships. With this in mind, is there an effect on direction-of-motion
stereotypes between use of the preferred on non-preferred hand? The review by
Loveless (1962) does not disclose concrete evidence documenting there is an effect. In
fact, Loveless states, "on the present evidence, it would seem that as long as well marked
stereotypes are used, there is little risk in assigning controls to the left hand.” Since left-
handed individuals live in a predominantly right-handed world they are subject to right-
handed biases, and, therefore, respond in a right-handed manner. This conclusion is
supported in a study by Boles and Dewar (1986). In their experiment, individual differ-
ences in movement stereotypes for controls on common household appliances were
examined. Samples of both right- and left-handed subjects from three countries
(Canada, United States, Australia) were used. In general, results showed that direc-
tional stereotypes were stronger for right-handers. However, in no instance were
stereotypes for left-handed subjects in the opposite direction of those for right-handers.
Boles and Dewar concluded that there was no need for special consideration of left-
handed people in the design of the appliances tested.

The research by Chapanis and Gropper (1968) is not consistent with the findings
above. Their study utilized an apparatus with a scale that could be oriented horizontally

or vertically with scale values that could be made to increase in either direction for both
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the horizontal and vertical layouts. In addition, the linkage between the control knob and
hairline was reversible so that a clockwise rotation of the knobs could be made to move
the hairline toward either end of the scale. Results showed that the performance of
right-handed and left-handed operators was significantly different for some control-
display (C-D) arrangements. The results also suggest that the effects of a given C-D
arrangement on response time, reversal movements, and initial direction of movement
should be considered independently. A possible shortcoming of the Chapanis and
Gropper study is that the significant arrangements were “far-fetched,” in that they
violated commonly accepted C-D relationships. This may have had an adverse effect on

subject performance, thus reducing the applicability of the results.



RESEARCH OBJECTIVE

It has already been stated that the research literature is dated, incomplete, or not
applicable to many current automotive designs. Thus, a new experimental investigation
was undertaken with the objective of providing as much information as could be obtained
from one project. The specific purpose was to determine the nature and strength of
automobile direction-of-motion stereotypes for as many present-day controls as
possible.

The selection of controls, their locations, and their orientations was based on
current usage, prevalence, and feasibility of incorporation in the study. To determine
prevalence and location of various types of controls a survey of recent model automo-
biles was reviewed (Moore and Wierwille, 1990). After reviewing the results of the
survey and discussions with the SAE Displays and Controls Committee, it was decided
that six studies would be performed, one involving each of the following: power mirrors,
power windows, manual windows, stalk controls, generic controls, and power door locks.

In each of the above six studies, various types of controls and control configura-
tions were tested to determine those factors that affect the strength of directional
stereotypes In addition, analyses were conducted to determine if subjects responded
differently due to age, gender, handedness, or the type of vehicle they drove. In the
sections that follow the methodology of the experiment is outlined in greater detail.
Results are then summarized and discussed, conclusions are drawn and recommenda-
tions made.

The manner of presentation for this thesis was chosen with designers in mind.

The reader can refer to a specific control configuration, and then review the results to
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