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ABSTRACT

The Presentation of Information in Cars

MARGARET GALER

Considerable effort has Been put into the development of display
technologies such as liquid crystal displays, vacuum flourescent
displays, CRTs and so on. In the aviation field in particular, much
ergonomics effort has been expended on specific aspects of tﬁe
display technology such as the contrast ratios, effects of glare,
font and so on. However, very little is known about the ergonomics

aspects of new display technology applications in cars.

In a series of experiments reported in this thesis three electromic
digplay designs for a car instrument panel comprising speedometer,
tachometer and minor gauges were tested by potential users. The

experiments comprised:

Study 1 - laboratory tests in which a range of deslgns were presented
to drivers in photographic form using projection

tachistoscope techniques

Study 2 - tests of dynamic models of the display designs in a

computer generated vehicle simulator

Study 3 - road trials with the pre-production prototypes in cars in

normal driving conditions.

The electronic digital display was read most accurately an& pfeférred
by drivers on a number of criteria in all three studies: . The
response to the other electromechanical and electronic displays was
varied according to the test conditions and tasks undertaken.

The ergonomics information arising from the studies and from the
literature has been collated and structured into a design guide for

designers of electronic displays. The design gulde is also

presented.
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The three studles and the development of the design guide reported in
this thesis were contracted to the Institute for Consumer Ergonomics
by the Advanced Research Group of Ford Motor Company. The author was
the principal investigator in all the contracts but the work was
cdnducted in association with many other researchers in the Imstitute

| E for Consumer Ergonomics.

Study ! wag conducted with Nigel Claridge and Tim Moore. Study 2 was
undertaken with Ann Baines and Tim Moore, and Study 3 with Ann Bailnes
and Julie Spicer. A number of other people assisted with the data
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CHAPTER 1

1.1

INTRODUCTION: THE STUDY IN CONTEXT

In-car information - a revolution in progress

Information on the status of various vehicle components and
systems has been presented to drivers since the adventlof
the car. This information has been presented formally as
visual displays and informally as audible feedback. In the
earliest cars the amount of Information presented was
limited by the availability of transducers to monitor the
various functions. Vehicle road speed, fuel level and
coolant temperature were among the first to be commonly
displayed. The displays were invariably electromechanical
circular dials. As Fowkes (1984) points out in an
historical review of information presentation in cars..
"Over the last 80 years vehicle systems and measuring
transducers have in general become more sophisticated.
However, until recently the basic means of presenting this

information visually have changed very little.’

Over the last fifteen years there has been a technological
revolution which has fundamentally changed concepts of
information presentation in cars. The revolution arcse
from a number of sources and has found expression in the
presentation of information in cars. A great deal of
research in the automotive industry has gone into the
development of new methods of monitoring the condition of
vehicle components and vehicle performance. The Society of
Automotive Engineers has a range of special publicatilons
dealing with the application of electronics in the
automobile. For example SP 536 (1983) deals with sensors
and actuators; SP 540 (1983) deals with electronic engine
and drive train comtrol. As Grimm et al show in SP 565
(1984) the temptation to present the output from the
vehicle monitors to the driver becomes irresistible. A
1985 advertisement describes a BMW trip computer as
presenting the driver with 120 pieces of information about

the vehicle or the journey.




Research and development in the telecommunications field
has produced flexible information transfer systems which
can also be applied in vehicles. For example, cars can now
act as an electronic mailbox; the vehicle information
system can act as an electronic diary and message centre;
teleconferencing can take place in vehicles and in-car
telephone and recording systems are now commonplace.
Moreover the developments in telecommunications have also
meant that drivers can receive information about the
traffic environment (Sandell 1981) and about the journey

such as route guidance (Becker et al 1981).

Research and development in electronics engineering has
meant that major advances have been made in display
technology for both audible and visual displays. The |
automotive industry haé been quick to realise the potential i
for applying the new display technology in vehicles and the

special requirements of the automotive environment,

temperature ranges, lighting conditions, power supply and

so on have been actively addressed. The Society of ‘
Automotive Engineers publication P103 (1982) describes a

number of studies to address these special requirements.

The application of these and other areas of development in
new technology to vehicles means that the driver can now
receive information about the state of the vehicle and its
components; about traffic conditions and other aspécts of
the environment in which the vehicle is Being used; and
information unrelated to the vehicle but of relevance to
the driver such as messages from the office. The
information can be presented to the driver in a variety of
forms. as the design constraints inherent in
electromechanical systems are to a great extent no longer
applicable. Although it had been.possible in the past to
move away from the classic circular dial displays and
produce linear displays or fixed pointer moving scale
speedometers these novel electromechanical designs were

very much in the minority. It is only since the



development of electronics display technology that it has
been possible seriously to contemplate novel display
~design concepts such as linear or curvilinear scales,
dynamic pictograms and so on. Digital displays also
changed from the rotating drum counter to segmented or dot

matrix numerals.

In the post war period a great deal of ergonomics research
was carried out on visual display design and almost
entirely on electromechanical displays. This Interest
arose particularly for aeronautical applicaticns and
examined many aspects of the effectiveness of reading
displays that could be applied appropriately in
automobiles. For example, Baker and Vanderplas (1956),
Barber and Garner (1951), Reynolds and Grether (1968)
looked at the design of scales and instrument panel
Kg.ighting. Some of the ergonomics principles can be applied
. équally to the design of electronic displays but many

queries are left unanswered.

Where the advent of electronics display technology has
removed many of the constraints on the designer, its
application has also produced many queries for the designer
and the ergonomist. The basic question asked by designers

and ergonomists alike 1s ..sen

"If we can now design displays in almost any form, what is

the most appropriate form for the user?”

The very rapid developments in vehicle systems monitoring
devices and.telecommunications; together with the advances
in display technology have fundamentally changed the nature
of the interaction between the user (the driver}, the
machine (the vehicle) and the environment. The adv;nces
have been so rapid that only a limited amount of
fundamental ergonomics research has been possible, and
frequéntly, as the display technologies have developed and
improved, the research findings become rapidly out of

date.




1-2

The structure and focus of the thesis

The automotive industry has been quick to apply the fruits
of the technological revolution in vehicles. This
application has frequently gone ahead without due
consideration for the requirements and capabilities of the

user (the driver).

The basis of this thesis 1s a series of studies carried out
for Ford Motor Company Ltd. which examined driver response
to novel electronic vehicle instrumentation. It was
refreshing and far sighted of the company to ask
fundamental ergonomics questions about the suitability of
the novel display designs for the range of people who were
likely to use them. The research studies were structured
in such a way that the novel designs were evaluated in
experiments which simulated reality to different degrees.
Hence, the effectiveness of the reseérch methods, the
le;els of simulation, in predicting reality could also be

investigated.
The thesis has two main themes:
A Driver response to novel electronic display désigns

B The effectiveness of different levels of simulation as

evaluation tools.

In Chapter 2 the literature on display design is reviewed.
Those principles, developed in relation to
electromechanical displays which are equally relevant to
other display technologies are highlighted. The literature
relating to ergonomics aspects of electronics displays
tends to be concerned with technical factors such as
contrast ratios and glare. There is also a very small body

of literature based on user response to electronic displays




and it 1s this area that the thesis particularly addresses.
The thesis has provided one of the few scientific studies
of user response to certain aspects of electronics
technology in the vehicle environment. In addition, the
debate over the appropriateness of analogue or digital

displays in automobiles 1is also addressed.

The effectiveness of different levels of simulation in
training has been well researched and reported in the
literature {(Stammers 1983). However, simulation as used in
evaluation exercises has been less well reported.
Simulation is an important part of systems design and
development and it is in this area that the thesis is wmost
appropriate. Chapter 3 reviews the research methods used
in the studies. It is not often that researchers have the
opportunity to try out different research methods within
the same programme, particularly different levels of
simulation, given the constraints imposed on commercial
research. It {s hoped that the findings of this thesis
will provide insight into the effectiveness of different
levels of simulation in product evaluation. Chapter 3 also
addresses other 1issues relevanf to evaluation methods such
as conducting user trials, experimental design and control

of variables.

Chapters 4, 5 and 6 describe three studies carried out to
assess driver response to three novel designs of electronic
instrument panels. In Study l, reported in Chapter 4, the
simulation was carried out by using photographic
representations of the instrument panel designs tested In
controlled laboratory conditions. As drivers' response to
these novel designs was likely to be influenced by the
dynamic properties of the designs, working models of the
instrument panels were installed in a computer controlled
vehicle simulator and tested in laboratory conditions.

This second study 1s reported in Chapter 5. The working



models used in Study 2 did not employ the same electronics
technology as would be found in production instrument
panels, hence liquid crystal displays (LCD) were installed
in cars and tested under normal driving conditions. This
third study most closely approximated to reality in many
respects but the level of control over a number of
variables was reduced or non-existent. Study 3 is

described in Chapter 6.

Chapters 7 and 8 take the two main aspects of the ﬁhesis
and discuss the implications. Chapter 7 is concerned with
the findings from the evaluation studies and their
implications for electronic display design. The
interaction between the objective measures of accuracy and
speed of use of the designs and the subjective measures of
driver preference, perceived ease of use and so on is
explored for each of the three levels of gimulation. The
particular characteriétics of the display designs which
have influenced the research findings are discussed.
Chapter 8 discusses the advantages and disadvantages of the
three levels of simulation used in the studies. It also
assesses the usefulness and predictive abilities of each
type of simulation. The chapter also takes a wider view
and examines the role of simulation in the product/system

development process.

Chapter 9 draws conclusions from the studies in terms of
the twoAmain themes of the thesis, the driver response to
novel electronic display designs and the effectiveness of
different levels of simulation as evaluation tools. The
need to draw together ergonbmics information on electronic
display design to assist designers 1s discussed and the
development of a guide for designers 1s presented as a
conclusion to the research programme. The conclusions also
examine the contribution made by the study to ergomomics ' ‘
and the motor industry. Future developments 1in the
presentation of Information in cars is also speculated

upon.
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CHAPTER 2 DISPLAY DESIGN AND AUTOMOTIVE APPLICATIONS

2.1 Introduction

Display design has been a fundamental component of
ergonomics since the Second World War and the amount of
published literature on the subject is overwhelming. A
npumber of enthusiastic ergonomists have, undaunted by the
task, drawn together excellent design guidelines based on
the literature (Balley 1982, McCormick 1976, Van Cott and
Kinkade 1972). The vast majority of the literature reports
research on electromechanical display devices such as
moving pointer/fixed scale displays and rotating drum
digital counters. The ergonomist has addressed in detail
scale design, scale selection, interval values, scale
interpolation, scale layout, zone markings, pointer design,

w various forms of coding, and other aspects.

‘ . The ergonomics information provided tends to fall into two

main categoriles

- performance criteria

~ technical specifications.

Hence a performance criterion may state "designers should
ensure that numbers and letters on indicator dials, panels
and consoles are as clear as possible, taking into account
space restrictions and range of illumination” (Bailey
1982).

A technical specification adopted to achieve that criterion
may recommend "The width of all numbers should be 3/5 of
the height, except for the '4' which should be one stroke
width wider than the others, and the '1l' which should be
one stroke width wide. In addition, the stroke width
should be from 1/6 to 1/8 to the numeral height™ (Bailey
1982).

;— 9



The main emphasis in this thesis is on electronic display
designs although the bench mark design against which the
electronic designs were assessed was an electromechanical
design. A review of the ergonomics literature indicates
that the amount of research reported on the ergonomics
.design criteria for electronic displays by no means matches
that for electromechanical displays. The majority of
ergonomics research has been reported on dispiays for
aeronautical application or CRT displays rather than on
other forms of electronic displays such as liquid crystal
(LCD), light emitting diodes (LED) and vacuum fluorescent
displays (VFD). As the work on CRT displays has been
almost exclusively for VDU applications in offices and
similar enviromnments rather than automotive applications
the literature will not be discussed in detail. There are
a number of reasons for this imbalance in reported research
data. The most obvious one 1is that electromechanical
displays have been available for research for several more
decades and continue to be of value in wmany aspects of
equipment design. Moreover, the basic format and
engineering of electromechanical displays has not changed
significantly over the last forty years or more. There has
been ample opportunity for ergonomics research to be

conducted and valued.

The situation regarding electronic displays is dramatically
different. The display technologiles are changing and
improving all the time. The development time has been
extremely short and in less than two decades electronics
disp}gys have become commonplace in many diverse
aﬁplications. Another major difference 1s the great
diversity of display technologies which the ergonomist has
to.address. Not only are there LCDs, LEDs, VFDs and so on
but there are many variants on each display type. For
Aexample there are dichroic LCDs and twisted nematic LCDs,
each with different properties which effect the legibility
of the displays. Furthermore, these various electronic
display technologies can be extremely expensive to produce

in small numbers for ergonomics research purposes. For

10



2.2

example, the curvilinear LCD panel used in the road trials
of Study 3 cost Ford Motor Company 250,000 dollars to
produce. The rate of development of the display
technologles 1s also extremely fast and it could be argued
that ergonomics specification data would be out of date

before the work was published.

As mentioned previously ergonomicé information tends to
fall into two main categories, performance criteria and
technical specifications. It could be argued that in terms
of performance criteria there is very little which needs to
be changed to accommodate electronics technology. Displays
should still be visible, intelligible, easy to read and so
on. It is only the technical specifications which need to
be amended to take account of the particular

characteristics of electronic display technologies.

Classification of displays

The purpose of a display 1s to transmit information from
the machine to the ﬁser in an appropriate manner. A good
display is one which allows the best combination of speed,
accuracy and sensitivity when transferring the ihformation

from the machine to the user.

There are two main sorts of display mode, visual and
audible and a great'variety of display types within these

two modes.

Generally displays present information in one or more of

the following ways:

Quantitative information ie information giving exact
numerical values. Visual quantitative displays may
indicate a digital or scalar readout, én audible display
may emit a set nunber of sound impulses or speak the

value.

11



Qualitative information ie judgements about the approximate
value, trend, rate of change or direction of deviation from
a desired value. Visual qualitative displays may indicate
the response by the inclination of a polnter on a scale or
by a direction indicator arrow. Audible qualitative
displays may indicate the response by a change in frequency

of a tone or by speech.

Audible displays can be tonal or noise signals such as
warning sirens or buzzers, or can be speech communication
such as volce synthesis messages. Audible displays are not

considered in this thesis.
Visual displays can be classified in the following way:

Analogue displays: these are so called because the positiéﬁ
of the pointer or indicator on the scale 1is analogous to
the value it represents (quantitative). Ap analogue
display can also be used to convey qualitative informationm,
as when a red portion of the scale signifies danger.
Analogue displays include circular dials, linear scales and

curvilinear combinations.

Discrete displays: these are analogue displays where the
readings are discrete rather than continuous. Discrete
displays can give quantity information but not in such
detail or with such accuracy as the scalar displays
described above. The display is formed as discrete

gections or segments.

Digital displays: the information is presented directly as
a numﬁer. The changing values are indicated by the
rotation of drums as with electromechanical counters or by
the change of shape of electronic dot matrix or segmented

digits.
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2.3

Alphanumeric displays: these displays consist of

information presented as messages in full or abbreviated

form.

Representational displaYs: these provide the user with a
working model or mimic diagram of the process or the
machine. They enmable the user to observe the function of
each part in relation to the whole, and to locate items

quickly.

The displays described in this thesis are primarily
concerﬁed with the presentation of vehicle road speed
information, although other information such as engine
revolutions, vehicle miles, fuel and temperature level were
also included in the instrument panels. The
electromechanical dial displays are analogue circular dial
displays providing scale values by the position of a
continuously variable pointer. The electronic dial and
curvilinear displays are discrete analogue disblays
providing scale values by the position of the last lit
segment in a cumulative 1lit arc. The electronic digital
display is a seven segment multiple digit display which
indicates the display value by illumination of segments to
form numerals. Alphanumeric displays are not considered in

this thesis. (For further details see Appendix 1).

Electronic displays

There is a vast body of technical literature concerned with
the physical properties of electronic displays, the drive
requirements (Horikiri et al 1981), microprocessor control
requirements (Muller 1981, Wilson 1981), brightness control
(Stricklin et al 1982), operating temperature range
(Riordan 1980), multiplex drive (Riordan 1980) and so on.
These aspects are only of interest to the ergenomist in as
far as their satisfactory performance or otherwise may
affect the application of the displays. Hence further

reference to these aspects will not be made in the thesis.



In addition to the literature on the physical propefties of
electronic displays there is also literature, although in
much smaller volume, on the aspects of the technology which
affect the user. This is of considerable iInterest to the
ergonomist but great care must be taken in the acceptance
of the data available. In a recent study carried out by
the author {Simmonds and Galer 1984) to review the
literature prior to developing a guide to ergonomics for
designers of electronic displays (Galer and Simmonds 1984) .
it was found that much of the published literature was
based on tests with very small samples of people often the
authors and their colleagues only. Furthermore, much
folklore had grown up and had become accepted as fact when
the evidence was not readily available to substantiate

certalin claims.

..Electronic displays tend to fall into two main categories

- Passive displays such as LCDs which control or modify
the passage of externally generated light.

- Emissive displays such as LEDs and VFDs which have
light generating or emitting properties.

The relative merits of passive and emisgive displays have
been excellently reviewed (Shepherd and Beatty 1981) with
particular reference to automotive applications. A more
general overview of the gqualitites of electronic displays
has been produced by Balley (1982). Snyder (1980) has
developed a flow chart which should result in the logical
elimination of unacceptable techneologiles or devices. At
each of .the decision points, design variables are used in
the flow chart to eliminate candidate technologies/devices
based upon design requirements. The design guide referred
to earlier (Galer and Simmonds 1984 ) degcribes, from the
literature and from in-house resegrch, the ergonomics
specifications for presentation method, types of display,
intelligibility and installation. Physical characteristices
including brightness, coutrast, glare, resolution, percent

active area, character size, character width and height,
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2.4

character spacing, font and colour are also presented in

the design guide with design recommendations. The methods
of character generatidn and the varlous types of display
such as dot matrix, segmented, and raster displays are also
covered.. Attention is also given to the characteristics of
the display technologies including LED, LCD and VFD in

terms of thelr particular performance including maximum

‘viewing angle, luminance and so on. In view of the fact

that the design pulde was written by the author and is
presented in Appendix 1 it is not considered appropriate to

repeat the information in any greater detail.

Automotive applications

Electronics displa} technology has been applied
successfully in many diverse flelds including CRT/VDU
displays in offices; electronic clocks and watches;
electronic displays on photocopiers and wasﬁing machines;
in industry and commerce. One area in which electronics
display applications have been advancing very rapidly is in
aeronautics and a great deal of research has been
undertaken to optimise the applications of electronic
displays Iin that particular environment. Another major
area in which electronics display technology is now being
applied is in the automotive field. Only in recent years
have the frults of research been manifest in vehicle
instrument panels. Many companies claim to have produced

the first vehicle with electronic instrumentation. The BL

Maestro and Montego high series vehicles were the first to

make an ilmpression on the mass market, and as late as

1982/83.

A typleal éutomotive panel is required to indicate road
speed, engine speed, fuel level, cooling system
temperature, and a tbtal vehicle mileage count as
continually changing values. Supplementary instrumentation
showing oil pressure, battery voltage, trip mileage, etc.

may also be included. In addition a considerable nunber of
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on or off lights of varying colour for failure monitoring,
direction indication, main beam and accessory useage are
incorporated. The motor ﬁehicle environment is

" particularly harsh. The display must be able to withstand
wide variations In temperature and humidity. It must be
inherently robust to permit handling and installation, and
it should be unaffected by vibration. Tt must also
maintain its legibility in both day and night time ambient
11lumination (Smith and Shepherd 1977).

Initially the electronic displays in vehicles were small
discrete displays dedicated to supplying supplementary
information as an additional component to be mounted
alongside conventional electromechanical imstruments.
Commonly these devices gave a digital display, the earliest
application being a clock. Electronic displays then made
an appearance replacing electromechanically displayed
functions item-for—-item. Now whole instrument panels are
produced as single or modular unlts using electronics
technology. Sometimes the panels are entirely of one
technology others are hybrid, employing the most
appropriate technology according to the requirements of the
display. For example VFD bar graphs are commonly used for
fuel and temperature gauges, LCDs for circular speedometer

and tachometer displays.

Once the industry moved away from replacing displayed
functions item~for-item a re-asessment of display format
was possible. Each display could be assessed as to whether
an analogue or digital display would be most.appropriate.
Certain displays such as the odometers are clearly best
displayed digitally. However, debate has raged long and
hard over whether fuel level, temperature, road speed and
engine speed should be analogue or digital presentation.
There is considerable pressure for technical reasous to
present Information digitally because this is easiest for
all electronic display technologies. The appearance of the

electronic digital displays is also much more acceptable

lé




aegthetically than electromechanical drum counters. There
are counter arguments for quasi-legal reasons against
digital displays for functions such as fuel level and
temperature. - The argument is that pe0p12?¥ake the digital
readings as exactly accurate, unlike analogue readings, and
may endeavour to sue the manufacturer if the readings are
not exactly correct. The debate on the presentation of
road and engine speed has been more on functional and
aesthetle lines and a great deal of strong feeling has been

expressed.

Let us now consider the presentation of road speed, the

subject of the experiments reported in this thesis.

It is generally acknowledged (Bailey 1982, Van Cott and
Kinkade 1972) that analogue displays, particulafly of the
fixed scale and moving pointer variety, are best suited to
convey rate or trend information and for check readihg.
Digital displays are considered most useful for fast and

precise reading, particularly of more static data.

Evidence from car driving research (Denton 1967) suggests
that there is a tendency, in the absence of a display, to
underestimate speed when decelerating and to overestimate
speed when accelerating. These tendencies are likely to
become more marked over a long journey and with the
magnitude of the speed change. To counteract this the well
designed speedometer should be clear and easy to read by
virtue of good contrast, optimal gcale configuration and
numbering, lack of clutter, lack of ambiguity and
compatibility with other displays on the instrument panel.
Branton (1977) has shown for train drivers and Denton
(1967) for car drivers that a variety of information
sources are used to judge speed, change of speed, and the
rate of change. These sources include visual information
from the outside environment; auditory information from the
vehicle, wind noise and so on; kinaesthetic information

including vibration; as well as from inspection of
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appropriate displays. In the car driving environment
however, Denton (1969) indicates that the vehicle speed
display is rarely referred to except when driving on _
motorways as distinct from at the turn off points. Studies
by Reason (1974) substantiate the views that drivers use
two main sources of velocity information: the 'mental’
speedometer, which is subjective and based or his/her
perception of the world outside and on best guesses; and
the objective display inside the vehicle. 1In using the
display as a check reading instrument the driver needs to
have great confidence in its mechanical and ergonomic
quality, otherwise he/she reverts to the 'mental'

speedometer in an emergency (Shipley and Branton 1977).

The ergonomics literature, therefore, leads one to suppose
- that analogue displays are most appropriate for the
gpeedometer because they provide rate of change
information, check reading is facilitated and if well
designed, should be read accurately. Digital displays
would be lacking in the first two criteria but would be
read very accurately provided that the update rate of
digits did not render the display illegible. However, it
has already beea argued (Reason 1974) that drivers use
other sources of veleoeity informaticn and Denton (1969)
suggests that the vehicle display may only be a secondary

source of information.

Although a considerable amount of ergonomics research has
been carried out comparing the qualities of amalogue and
digital electromechanical displays there are few references
to comparisons of the two types of display when produced as
electronic designs. Sineclair (1971) in a review of
analogue and digital time displays considered that digital
time displays had their disadvantages. Zeff (1965) found
that with respect to speed and accuracy of reading and
logging it took 3% to 4 times longer to read from an
analogue time display compared with a digital display.

However, the user's requirements of time displays are not
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necessarily comparable with user’s requirements of speed

displays. Ishii (1980) reported a comparison of analogue

and digital displays in automoblles where a seven segment
21.5 mm character helght vacuum fluorescent display was
tested in road trials under controlled road and weather
conditions. It was found that the visual recognition time
of the digital display was on average 0.l sec. faster than
the analogue display. The analogue ﬂisplay was not
described in detail but was most likely to have been an
electromechanical dial. Armour (1985) reporting a study
carried out in the early 1970s showed speed reading times
" of 1.04 sec. for a 25 mm character height digital display
compared with 1.10 sec. for a 6.4 nm digital display, 1.62

gec. for a circular dial and 2.07 sec. for a strip

indicator.

Analogue displays come in a variety of formats, typically
fixed scale and moving pointer circular or linear displays;
or moving scale fixed window or pointer displays. The
analogue electronic displays in the studies reported in the
thesis can most closely be described as being of the fixed
scale moving pointer variety except that the 'pointer' was
the edge of a cumulative band of 1lit segments. Hence
angular displacement information was not provided by the
line of the pointer but by the arc of the segments,
(However, the curvilinear design became linear at 50 mph}).
Linear displays tend to take longer to read than circular
displays as the amount of scanning required to locate the
pointer is greater because linear scales tend to extend
over a greater area for the same scale range as circular
designs. Graham (1956) reported that in a comparison of
horizontél,'vertical and circular scales, the vertical
scale was clearly less easy to read than the other two
displays. The success of the circular scale may.be
attributable to the fact that it presents a smaller area to
be scanned. Sleight (1948) attributed the differences
between the linear and circular scales used in his

experiment to the variation in their 'effective' area; the




larger the area to be scanned the less accurate the

reading.

The majority of the literature concerned with electronic
digital displays has been with CRT generated displays or
more recently segmented and dot matrix numerals.
Vartabedian (1971) carried out a study to determine the
influence of various fonts on legibility using CRT
generated displays. Radl-Koethe and Schubert (1371) tested
discrete readouts of different font, technology, intensity
and colour. It was observed that subjective and objective

ranking differed markedly.

~ Simpson (1971) compared the legibility of three different
types of electronic digital display, under varying ambient
light levels and viewlng ﬁositions. He found a
significantly poorer performance for the side illumination
display. ‘A number of studies (Ellis 1378, Van Nes and
Bouma 1978, Payne et al 1981) have also investigated the
readability of segmented numerals and other forms of

presentation (Cornog and Rose 1967).

Details of characfer size, font, character stroke width‘to
height ratios, and other factors influencing the legibility
of digital displays are given in Galer and Simmonds {1984},
see Appendix 1.

No studies have been found where drivers' preferences as
opposed to their performance with electronic analogue or
digital display designs as speed indicators in vehicles
have been reported. The series of studies reported in this
thesis may fill a gap in the ergonoﬁics literature with
information on driver performance in terms of speed and
accuracy of reading and check reading; and driver
‘preference in terms of ease of reading and check reading,

attractiveness, choice and so on for two forms of analogue
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electronic display and a digital electronic display for
vehicle speed readings. In addition these data can be
compared with identical data for an electromechanical

eircular dial display.
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CHAPTER 3 THE RESEARCH METHODS

3.1

3.2

3.3

Introduction

The Ford Motor Company Ltd required information on driver
responses to a number of novel electronic instrument panels
for cars. The literature available at the time, 1378, had
not provided the company with the information they required
and this 1s discussed in more detail in the preceding
chapter. A programme of research was devised which would
provide the company with information on which they could
make decisions about the future design and development of

vehicle instrumentation for their cars.

Aims

e To compare the performance of drivers using three
electronic display designs with their performance using
an electromechanical display; in terms of the accuracy

of using the instruments for speed readings.

® To obtain drivers' preferences and opinions regarding

the instrument panel designs.

The programme was essentially an exercise to evaluate a

range of product designs from an ergonomics point of view.

The structure of the research programme

The, research programme comprised three studies separated in
time by months and extending over several years from 1978

to 1981. The studies were sequential and the conduct of

each study depended on the outcome of that preceding.



3.3.1

3.3.2

Study 1 Photographic simulation

In the first study an investigation of drivers' response to
photographic simulations of five instrument panel designs
was carried out. These were two electromechanical dial
displays, an electronic dial, an electronic curvilinear
display and an electronic digital display. The display
designs were presented in the form of slides using a
projection tachistoscope. The speed readings on the
displays were static and did not fluctuate in response to
driving conditions. Seventy five drivers read tﬁe speed
shown on the speedometer and stated whether a speed was
within a specified speed limit. Measurements were taken 6f
driver accuracy in completing these tasks. These two
objective measures provided data on the accuracy of using
the various display designs. Drivers also gave their
opinions about the display designs and these were noted
using subjective measures. All drivers saw all five

displays.
Study 2 Dynamic in-vehicle simulation

In the second study tests on the ease and accuracy of use
of four instrument panel designs under simulated driving
conditions were carried out. Dynamic models of the four
instrument panels were installed in a computer controlled
vehicle simulator. The readings on the speedometers and
tachometers responded to the operation of the simulator
controls by the driver. The displays were similar in
design to those tested in Study l. One of the
electromechanical designs was omitted. One hundred drivers
read the speed shown on the speedometer and stated whether
a speed was within a specified speed limit. They also used
the displays to drive to a speed target. Each driver saw
all four display designs. Measurements of driver accuracy
of completing these tasks were taken, and drivers' opinions

recorded.
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3.3.3

3.4

Study 3 Road trials

In the third study tests were carried out on the ease and
accuracy of reading four instrument panel designs broadly
similar in design to those tested in Stddy 2. The _
instrument panels were installed in Ford Granada cars. In
three sets of road trials an LCD electronic dial display,
an LCD electronic curvilinear display and an electronic
tungsten filament digital display were compared with the
electromechanical dial display. The readings con all the
instruments responded to the operation of the vehicle
controls, as in normal driving. The same tasks were
carried out by the driver as in Studies 1 and 2 except for
driving to a speed target. The display designs were tested
by a total of 204 drivers in either day or night time
lighting conditions., The ease and accuracy of reading the
displays was recorded and drivers also gave their opinions.
In each test only one electronic display design was

compared with the electromechanical display.

The results for each study were noted and compared with the

preceding studies.

The experimental designs

The purpose of the studies described in this thesis was to
assess driver response to various designs of instrument
panels with a view to indicating which design(s) would be
most easy to use and most acceptable. From this purpose a
number of indicatlons for the experimental design can be
identified. These are, firstly that the tests should
involve users (drivers); secondly that comparisons are to
be made between different designs of the same product (the.
instrument panels); thirdly that the criteria on which the
designs are to be assessed include both objective
performance measures {eg accuracy of use) and subjective

preference measures (eg acceptability).
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3.4.1

The choice of appropriate users to act as measuring tools
in product evaluation 1s most important. Typically, in
product evaluation a panel of subjects is chosen to use and
assess the product (Rennie 1981). The sample should be
drawn from the population most likely to use the product.
In the studies reported in this thesis the subjects were
recruited from the general driving peopulation by.local
advertisement. In Study 1 the subjects were recruited to
reflect the age and sex distribution of drivers generally,
as described by Sheppard (1971). However, it was noted
that the numbers of female drivers 1in the over 50 years age
group was small, as there are few in the driving
population. In Studies 2 and 3 drivers were recruited such
that there was an equal number of men an& women 1in each of
three age groups. Apart from the age and sex distribution
the only other specificatlon was that drivers should have
held a full driving licence for a year or more; and in
Study 3 for insurance reasons, that they should bé over 21
years of age with no endorsements on theilr driving licence.

Within these broad criteria the sample then provided a

. variety of physical and psychological characteristics

including stature {and hence angle and distance of view of
the displays), eye sight, colour vision, reaction time and

preferences.

Relatively large sample sizes were employed in the studies,
Study 1 75 subjects, Study 2 100 subjects, Study 3 total of
204 subjects. Subjects were only allowed to take part in
one study. The sample sizes were largely dependent on the
time and resources available within the commercial

constraints of the contract.
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- 3.4.2 The tasks the users are given should be selected according to a
task analysis; and should follow a logical sequence (Rennie
1981). 1In these studies the number of tasks which the driver
carried out were strictly limited although there was some
variation as the tests allowed. The main tasks given to the

drivers were:—

Read the speed

Drive to a speed target (Study 2 only, omitted from Study 3 for

Check read the speed against a speed limit
‘ safety reasons).

y These tasks were repeated within each test and practices were

also given, the results for which were discounted.
‘ -
| Study 1 Study 2 Study 3

No of speed readings

} per subject per display 15 10 10 DAY
10 NIGHT

‘ No of check readings
per subject per display 15 10 10 DAY
| 10 NIGHT

In Studies 1 and 2 reading tﬁe speed was the first task and
‘ check reading was the second task for each display. In Study 3
the order varied according to the requirements of the test

‘ route.

‘ Although there 1s considerable debate about what drivers
_ actually use speedometer information for, it was considered
essential that drivers should as a minimum, be able to read,

and use the instruments for check reading, both accurately and

easily.




3.4.3

3.4.4

3.5

The order of presentation of products for evaluation should
not 1ntroduce any bias into the findings. In Studies 1 and
2 the subjects saw each display design according to a
prescribed order, such that each display had an equal
chance of appearing first, second and so on. In Study 3
each subject saw either the electromechanical display or
one of the electronic displays first. Each display had an

equal chance of being seen first.

The responses made by subjects were on topics which were
the same throughout the three studies, with some additions
as were appropriate to the tests (see Section 3.5).
However, in Study 1 the drivers saw all five display
designs and compared them in thelr responses; in Study 2
similarly the drivers saw all four display designs; in
Study 3 the drivers only saw one électronic display design
and compared it with the same electromechanical design
throughout that study. For ease of comparison of results
it would have been preferable for Study 3 to be designed
along the same prineciples as Studies 1 and 2. However,
this was not possible for two main reasons. TFirst, in
order that the display characteristics could be assesQed
under a variety of road and lighting conditions the test
route took approximately 45 minutes to cbver for each
display. Hence, if drivers tested all four designs the
experiment would have been of about four hours duration
including introduction and questionnaire completion.
Experiments of this length have inherent problems such as
subject fatigue, subject recruitment difficulties and so
on. The second reason was that the display designs were

not all available for test at the same time.

The measurements

The principle measuring tool in these studies was the user,
although in Study 2 it was posaible to take physical
measures of response time. The criteria against which

products are evaluated should be fair and realistic (Kirk
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and Ridgway 1970} such that the conditions under which each
product is tested should simulate as realistically as
possible the likely conditions of use in everyday life. As
mentioned in section 3.4.2 the primary criteria against

which the displays were tested were:
- the displays should be read easily and accurately

- the displays should be used for check reading against a
speed limit easily and accurately.

However, as the designs were to be marketed in the real
world 1t was also reasonable to expect the designs to be

acceptable to users in terms of for example,

- percelved ease of reading _

- perceived ease of use for check reading

- perceilved distraction from the driving task
= attractiveness

- choice for own car.

The user was required to perform two main tasks, reading
the speed and check reading the speed against a speed
limit. These two tasks, formed the basis of the users
controlled experience with the display designs. They also
gained informal experience of the designs during the
duration of the tests. From the performance of the two
tasks a number of measurements were possible. These

measurements were in two categories:-
Objective performance measures
- accuracy of speed reading

- accuracy of check reading the speed against a speed
limit
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3.5.1

Subjective preference measures

~ ease of use for speed reading

- ease of use for check reading

- attractiveness of design

= choice of design for 6Wn car

- ease of keeping to a speed target (Study 2 only)
- general preférence (Study 3 only).

The only physical measure which was possible was response
time in Study 2. The mean response time was calculated as
the time from the stimulus to the experimenter pressing a
single known key on the computer keyboard. It, therefore,
included subject response time, display reading time and
experimenter reaction time. The response time was fixed in
Study 1, and in Study 3, real driving, response time could
be influenced by the traffic environment and would be an

unreliable measure on which to assess display designs.

The objective measures were relatively straightforward to
record but differed in detail according to the constraints
of the test conditions. In Study l the displays were
presented as static, photographic representations. Hence
the correct reading was known in advance. The subject's
response was recorded on the response sheet and errors
noted. As the displays were static the criterion for
accuracy of speed reading was that the correct response and
the subiect's response should co-incide. It was also
possible to 1nvestigate the nature of the errors in more
detail as the correct response was known and the subjects
were responding to a static display (see Table 4.2 in
Chapter 4).
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In Study 2 the displays were presented as dynamic models
which responded to the vehicle simulator controls as in
normal driving.. The vehicle simulator's computer
controlled and recorded the speeds shown on the speedometer
and the experimenter keyed into the computer the subject's
speed reading responmse. In this study the displays were
dynamic hence 1t was not possible to be certain of the
speed shown on the speedometer when viewed by the subject.
As some subjiects were slow to respond to the stimulus
sound, the speed reading may have changed between the time
of the stimulus and the subject's response. The computer
noted the speed at the stimulus and recorded it until the
response key was pressed by the experimenter. The average
of the speeds between the stimulus and the response time

was considered to be the 'correct' reading.

However, the displays were different In the amount of
information they provided for speed reading. The
electromechanical dial display was continuous in that the
pointer could indicate any speed to any degree of accuracy
within the scale range. The electronic dial display was
discrete in that it could only provide speed reading
information in 2% mph segments, le one unit was 2% mph.

The electronic curvilinear display was aléo discrete and
could only provide gpeed information in 2 mph segments ie
one unit was 2 mph. The electronic digital display
presented speed in digits of one unit only, this unit being
1 mph. The criterion for accuracy‘of.speed reading was
that the subject's response should be within one unit of
‘the correct respense. The correct response was the average
of the speeds recorded between the stimulus and the
response time. Hence the electromechanical dial display
and the electronic digital display responses were
considered 'correct' if the subject's response was within
i_l mph (one unit) of the correct response. The electronic
dial display responses were considered 'correct' if the
subject's reponée wag within + 2% mph (one unit) of the

correct response. The electronic curvilinear display
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responses were considered 'correct' 1f the subject's
response was.within.i 2 mph (one unit) of the correct
response. The implication of this is that certain display
designs presented the driver with fewer opportunities for

error when making their speed readings.

Electromechanical dial display - range 0-140 mph,
continuous readings, but assume 1 mph units, 140

opportunities for error, 10 opportunities per 10 mph.

Electronic dial display = range 0-120 mph, 2% mph units, 48

opportunities for error, 4 opportunities per 10 mph.

Electronic curvilinear display — range 0-130 mph, 2 mph
units, 65 opportunities for error, 5 opportunities per 10

mph.

Electronic digital display - range 0-140 mph, 1 mph units,
140 opportunities for error, 10 opportunities per 10 mph.

It could, therefore, be argued that the electromechanical
dial display and the electronic digital display should be
the most difficult to read because tﬁey present the user
with the greatest number of opportunities for error. The
electronic curvilinear display would be easier to read
and the electronic dial display easlest to read. 1In the
studies the accuracy of reading scores have not been
weighted for. opportunity for error as it was considered
more useful to examine the results in uncorrected form.
In Study 2 the subjects' responses were elicited by a
stimulus sound from the computer at set times into the

experimental period.

In Study 3 the LCD displays were installed in vehicles and
responded to the controls as in normal driving. Hence the
experimenter had no control over the speeds adopted by the

drivers and subsequently shown on the instrument panel.
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The experimenter manually recorded the speeds shown on a
digital readout linked directly to the vehicle spéedometer,
and also recorded the subjects' responses. As in Study 2
the displays were dynamic hence it was not possible to be
certain of the speed shown on the speedometer when viewed-
by the subject. The experimenter noted the speed at the
time of the verbal stimulus and recorded the vehicle speeds
until the subject's response was noted. As in Study 2 the
average of the speeds between the stimulus and the response
was considered to be the 'correct' reading. The same
concept of opportunity for error applies to the display
designs in Study 3. The only difference is that the range
of the electromechanical dial display was less, ie 0-120

mph hence the opportunities for error were reduced.

The criterion for accuracy of check reading the speed
against a speed limit was that the subject's response
should co-incide with the correct response, namely above or
within a speed limit. (When a speed reading was thé same
as the speed limit subjects were instructed to consider it
to be within the speed limit). The criterion was the same
in all three studies. However, the method of presentation
of the speed limit was different in each study. In Study 1
the experimenter preseﬁted the speed limit verbally before
the display slide was exposed. In Study 2 the speed limit
was presented visually on the video monitor together with
the road scene. In Study 3 the speed limits were those in
operation on the test route. As it was noted that subjects
rarely knew the current speed 1limit it was also presented
verbally to the subiect by the experimenter. This also
ensured that any errors of decision making were due to
misreading the displays rather than lack of knowledge of
the speed limits. '

It is possible that some bias may have been introduced into
the results from the different methods of presenting speed
limits. However, it is not clear how the bias would

operate and what effect it would produce., On the road the
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speed limits are presented visually as digits on a road
sign, hence it could be argued that this visual
presentation favoured the digital speedometer design, as
the mode of presentations could readily be compared, digits
with digits. However, drivers also check their speed
against speed limits at times when the speed limit sign is
not visible. Hence drivers must hold a mental image of the
current speed limit. It is not known whether this mental
image is held visually as an image of the road sign, or as
a mental 'verbal’ note of the speed limit; nor whether each
driver holds an image in the same way. As was noted during
Study 3 some drivers clearly have no idea of what are the

current speed limits.

The objective measures used in the three studies provided
information on the accuracy with which each of the display
designs could be used by a variety of subjects,_fbr reading
speed, and for check reading speed agalnst a speed

limit.

The prime reason for going to the user to evaluate
subjectively a product is that the user can be considered
the important fimal judge (Dunecanson 1970). For ease and
comfort and general acceptability of a product the user's
expressed opinion 1s the direct evidence (Kirk and Ridgway
1971).

The objective measures described in section 3.5.1 above
provide information which reflects the abilities and
characteristics of users but is not greatly influenced by
their opinions. It is not enohgh in consumer product
evaluation, to know how easlly or accurately a product can
be used. The users' opinions of the perceived ease of use,
attractiveness and so on will greatly influence the
acceptability of that product. This concept is more than a
marketing guide. Tt has been shown that no matter how

satisfactorily a product performs its function, if it is
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- subjects found this to be a very difficult task. They knew

not acceptable to the user then it runs the serious risk of

not being used at all (Galer et al 1975).

The users'® opinlons were sought on the ease of using the
displays and also on certain aesthetic qualities of the
display designs such as attractiveness. The question of
whether or not the subject would choose the display design
for their own car was considered to be a synthesis question
in which the subject welghed all the gqualities of the

designs.

At the end of the experiment the subjects completed a
questionnagire shown in the appendices to this thesis. In
Study 1 this meant that the subjects had seen all five
display designs, in Study 2 that they had seen all four
display designs and in Study 3 that they had seen one
electronic display design and the electromechanical dial

display. In all studies the questions were of the form |

"Which of the desigas did you find most ....."
“Which of the designs did you find least ....,.”

The purpése of using this form was to identify both the
positive and negative poles of the scales. The data were
then analysed in terms of the numbers of subjects who
considered which display to be the best/worst on each
scale. In the pilot study to Study 1 an attempt was made
to use a ranking technique such that subjects ranked each

display on each topic. It was clear, however, that the

which of the designs were best or worst but could not
readily use the middle of the scale. This meant that the
reliability of the data concerning the middle ranks was
low, and the experiment took a long time to complete as
subjects spent a digproportionally long time over the
decision making for the middle ranks.




The form of subjective response may well have had an
influence on the results, particularly for the less
spectacular or novel display designs. The electronic
curvilinear display design was novel, unusual and

_ colourful. The electronic digital display design was
novel, unusual but otherwise rather plain in design. Many
subjects mentioned that the electromechanical dial was one
with which they were familiar and the electronic dial
design was considered to be rather ordinary. Hence when
asked which design was best or worst on a topic the more
ordinary designs may have been someﬁhat neglected. This
was clearly not always the case, however, as on all
cccafigons. each of the display designs is mentioned by the
subjects. In Study 3 the electronic display designs are
cqmpared singly with the electromechanical design. Thig
meant that each design had the opportunity to be compared
directly with the standard. However, as none of the
subjects 1n Study 3 saw all four of the designs it was not
possible to address directly.the question of which of the
three electronic designs was the most satisfactory. The
answer could only be inferred from the relative strength of

response to each of the separate designs.

.The positive and negative poles of the two scales were
investigated by direct question. This can alsc be done by
inference from a single question. However, it was clear
that certain designs, particularly the electronic
curvilinear display; generated strong positive and negative

responses (see Table 3.7}.

Some of the subjective preference measures were a
reflection of the tasks which the subjects had carried out,
and for which objective performance data were also

avallable. These were:
- eage of reading

- ease of check reading against a speed limit

- ease of driving to a speed target (Study 2 only)
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In effect this latter measure is only interesting as a
subjective measure as the results showed that all the
drivers were capable of driving to speed targets regardless
of the display design. For safety and other practical
reasons this test could not be carried out in road trials.
As Kirk and Ridgway (1971) note "it 1is always valuable to
have confirmatory evidence in the form of directly

expressed opinion”.

However, directly expressed opinion does not always
accurately reflect the outcome of performance measures.
Galer and Simmonds (1985) reported that in a simulation
study of drivers' response to five colours of instrument
panel lighting the performance measures showed no
difference between display colours in terms of accuracy of
use. However, the subjective measures showed significaht
-differences between drivers' preferences for the colours on
a number of criteria. Chapter 7 assesses the conformity

between the performance and preference measures.

Other subjective measures were based on drivers' responses
to the aegthetic qualitles of the designs and these were

repeated in each of the three studies. These were:

- attractiveness

- cholce for own car

It was therefore possible to Investigate the change in’

drivers' perception of the display designs from the static
designs of Study 1 to the dynamic designs in Study 2, and
in the varfous traffic and lighting conditions of Study 3.

The concept of distraction while driving was of great
concern particlarly due to the discrete nature of the
electronic display dynamics. It was not possible to assess

this aspect of the design in the static conditions of
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3.5.3

Study 1. However, in Studies 2 and 3 1t was possible to
question the subjects on their perception of distractiom.
Physical measures of the times that the drivers eyes were
attracted to the displays, of.away from the road would have
been possible in Study 2 as there were no éafety
consequences. _However,'it was considered éxtremely
difficult to separate out the variables assoclated with
ease or difficulty of reading the displays, namely long
'eyes-off-road' time and those assocliated with distraction.
There is also an attention component of distraction as well
as a visual component and this would also have been very
difficult to investigate. As the equipment available at
the time to measure eye movement was large and intrusive it
was decided to abandon any physical measures of distraction
and concentrate on drivers' opinions concerning
distraction. As Kirk and Ridgway (1971) conclude
"...although physiological observations may often be
capable of producing decisive information in brand
comparison tests, it is sometimes expedient to avoid them

because of the complexities involved”.

The subjective measures used in the three studies provided
information which could be used to supplement the objective
measures, and information on drivers' responses to novel

methods of presenting speed information in cars.

The only physical measure taken in the studles was that of
response time in Study 2. Even this was a conglomeratiom
of times including subject's reading time and
experimenter's reaction time. The results did indicate a
difference between the display designs in terms of speed of
response for reading the displays. However, due to the
design of the electronics this can only be considered a

comparative rather than an absolute measure.
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3.6

3.7

The concept of design verification:

Deéign verification is more likely to be carried out when
designing and evaluating complex systems where the main
purpose is to determine by testing whether the system will
perform as required under operational conditions. Meister
and Rabideau (1965) suggest that the design verification
stage begins ﬁormally when the first prototype equipment is
installed for testing and ends when the last production
model is turned over to the customer. In the context of
this thesis the design verification stage started when the
first instrument panel design had been produced as a
drawing by the company stylists and was completed, as far
as the company was concerned, when the results of the last
user assessment were known. Further evaluation of the
designs in production has not been attempted by the

author.

One argument which is put forward in the thesis is that
design verification can usefully be carried out at an early
stage in the design process, before design flexibility has
to be compromised by the specification of hardware, and by
the financial investment necessary for the production of
prototypes. An essential element in the success of

the design verification process is the suitability of the
simulations of the real environment which can be produced

for the tests.

Simulation

Simulation can be defined as an attempt to reproduce the
characteristics of a system {...or product...), situation,
event or phenomenon in a setting other than the one in
which the original occurs (Meister and Rabideau 1965).
Studies 1 and 2 in this thesis can be described as tests
using two levels of simulation. Study 3 is almost real |
life. The structure of the research programme also enables
a comparison of the usefulness of different levels of

simulation.
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3. 7.1

3.7.2

A high degree of simulation requires that equipment
personnel and procedures as well as the feedback from the
environment are as nearly identical as possible to those
which will eventually be foﬁnd in real life. Chapters 4, 5
and 6 describe the degree of simulation in each study and

also describe in detail the conduct of the experiments.

There are certain parameters which must be reproduced in
order to represent the system or product for assessment.
These include the environmental inputs which influence the
performance of the product, the intermediate responges to
these inputs consisting primarily of user actions or
behaviour, the responses of the product to the user
behaviour and the user's perception of that respoanse,and

feedback from those responses.

The different levels. of simulation used in the studies
addressed these parameters more or less effectively. To
provide a meaningful reproduction of the operational
gituation, certain conditions must be met concerning the
equipment used in the simulation, the tasks or procedures
carried out by the test subjects, the cheice of test
subjects and the environment in which the tests are

conducted.

The equipment used in the studies closely resembled the
production displays in some respects but was quite unlike
in others. In all three studies the display design
concepts were the same, fhey were two or three (Study 1)
forms of analogue dial display, an analogue curvilinear
display énd a digital display. The design details were the
gsame throughout; with the exception of the curvilinear
display, the display colours remained the same; and the
slze of the displays {(in terms of angle subtended at the
eye) was the same throughout. As the designs used 1h Study
3 were as near the production item as possible this
indlcates that in these respects the primary equipment

closely resembled the production displays.
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3.7.3

However, in other respects the equipment was dissimilar.
In Study 1 the displays were static and produced as
photographic (slide) representations. In Study 2 the
displays were dynamic models produced using LED technology
rather than LCD hence the illuminatfon properties were
different.

The test equipment other than the displays also differed
markedly in the three studies. 1In Study 1 the display
slides were projected on to a screen using a projection
tachistoscope where they were viewed by groups of five
subjects. The subjects were sitting on office chairs. 1In
Study 2 the display models were installed in a Ford Granada
vehicle simulator the interior of which closely resembled
the Ford Granadas used in Study 3. The subjects sat in a
vehicle seat and could opefate pedals and steering wheel.
The vehicle simulator was computer controlled. In both

studies the pace of the experiment was set externally. In

Study 3 LCD production displays were installed in Ford

Granada cars and the subjects adopted a normal driving
position. The pace of the experiment was set partly by the
subject (who was driving) and partly by the experimenter in

response to external environmental cues.

The tasks of procedures carried out by the test subjects
were chosen from the many tasks and procedures which make
up driving a car. The tasks were chosen for their direct
relevance to the performance of the productslunder test,
the vehicle speed displays. The tasks chosen were reading
the speed shown on the speedometer; check reading the speed
against a speed limit and deciding whether or not that
limit was being complied with; using the instruments to

drive to a speed target (Study 2 only).
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Many other tasks are carried out while driving, most of

which are often more important to the succesgful fulfilment
of the driving task than reading the speedometer (Brown
1962). These additional tasks were reproduced to different

degrees in the three studies.

In Study 1 the subject's main activities were watching the
screen on which the display designs were projected,
observing the speed readings on the speedometer and noting
them on a response sheet as actual readings or as a
decision as to whether the speed was within a speed limit.
Nothing more was demanded of the subject except the
completion of a questionnaire at the end of the

experiment.

.In Study 2 some aspects of driving and the road.environment
were reproduced in the vehlcle simulation. The subject's
main activity was driving the vehicle simulator along a
computer generated road scene. The road scene had random
fluctuation so that in order to stay on the reoad, attention
and steering activities were required. When the subject
drove off the road an unpleasant buzz noise occurred. In
addition the subject was required to operate the primary
controls, brake, accelerator, clutch, gear selector, hand
brake and steering wheel as if in a normal car. As far as
the subject was concerned the tasks associated with using
the instruments were secondary to the main driving

activity.

In Study 3 subjects drove a car aldng a test route on
ordinary roads. The main difference from normal driving

was that the subject was required to read and use the

instruments at the experimenter's instigation.




3.7 .4

The experience of the display designs gained by the
subjects varled In each study. In Study 1 all subjects saw
all the display designs showing exactly the samé range of
speed and tachometér readings. These were predetermined
and strictly controlled. 1In Study 2 each subject could
drive the simulator as they wished hence the speed and
tachometer readings seen by ;he subjects varied greatly.

In addition the rate of change of the readings was

determined by the driving style of the subjects. In Study

3 each subject drove the vehicles in their normal way but
had to respond to traffic conditions. Although an attempt
was made to keep the traffic conditions as similar as
possible for each subject by avolding known peak traffic
times, there was still considerable variation in
conditions. Driving style and traffic conditioms clearly
influenced the experience the subjects gained of the
displays both in terms of indicated speeds and rate of

change of readings.

The subjects who took part in the studies were recruited
from the local driving population. At the time of the
studies very few cars were installed with electronic
instrumentation, hence the subjects were all naive but
potential users of the equipment under test. (For further
details see section 3.4.1). There was no reason for any
difference between the subjects who took part in each of
the studies. Because it was thought likely that experience
of the display designs in one stud& could influence the

raesponses obtained in another study, subjects could not

take part in more than one study.




3.7.5

The environment in which the tests were conducted was
markedly different in each of the studies. In Study 1 all
the display slides were presented in a darkened room, to
optimise the visibility of the slides. There was no
opportunity for the displays to respond to the ambient
illumination, nor was it appropriate for this form of
preséntation. There were no other visual aspects of the
environment which were related to driving. The experiments
took place in a blacked-out laboratory. The displays were
always projected at the same distance from the subjects.
There were no audible or proprioceptive aspects of the
environment which were related to driving, nor were there
any driving related distractions or attention diversions.
Two experimenters conducted the experiments, but apart from
the prescribed establishment of rapport with the subjects
interaction was minimal. There was always one male and one

female experimenter.

In Study 2 some aspects of the driving task were
introduced. The experiments were all conducted in a
darkened room with illumination from the monitors and
instruments. The display illumination was optimal under
these conditions. However, as the LED technology employed
to produce the dynamic models was not the same as the LCD
production displays there was no advantage in testing the
displays in a variety of lighting conditions. The
subjects drove along a road scene projected to infinity by
an aspheric collimating lens. The road scene provided
visual information in forward vision about the rate of
movement relevant to vehicle speed'estimation. There was
no movement in peripheral vision, although the subject
could view the darkened laboratory through the simulator
windows. The subjects had to refocus from infinity (the
road scene)to 750 mm to read the instruments, as they would
have to do in normal driving. There was no proprioceptive

feedback, the simulator was entirely static, however, there
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was an engine noise which was linked to gear position and
accelerator depression. Some drivers in the pilot studies
found it extremely difficult to drive the simulator without
the engine noise., The englne noise provided information

on the rate of change of engine revolutions. The subject's
attention was focused on the road scene in order to stay on
the road. If the vehicle was driven off the road an
unpleasant buzz nolse sounded for the duration of the time
off the road. Apart from fluctuations in the road scene
which required steering adjustments there were no visual
distractions, however, the off road buzz and the stimulus
beep may have been slight audltory distractions. There was
only one experimenter present and interaction was limited.

Unlike Study 1 the maln task was perceived as 'driving' and

reading the instruments was secondary.

In Study 3 the LCD displays were installed in a normal car
and driven along ordinary roads. The lighting environment
varied in the tests to enmable assesgsments of the
performance of the LCD technology. Tests were conducted in
daylight and at night. The daylight ambient illumination
varied according to the season and the weather. The night

time illumination included 1it streets, unlit streets and

various positions of headlamps from other vehicles. Times

of day when the illumination changed over the duration of
the test, such as at dusk, were avoided. The LCD displays
responded according to the ambient lighting environment.
The wisual envirohment varied throughout the duration of
the test but was controlled as far as possible between
subjects., The visual environment included shops and
houses, trees and fields. The route, and hence the general
visual environment was the same for all subjects. Visual
infermation relevant to vehicle speed estimation such as
rate of movement was as in normal driving. Proprioceptive
information was as in normal driving although the Ford

Granadas used in the tests were luxurious cars with a
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smooth drive. The engine and wind noises were as expected
from a luxurious car and hence somewhat quieter than that
found in less expehsive vehlicles. Drivers not used to
driving such vehicles occasionally remarked on the
quietness. There was much in the visual and traffic
environment to hold the driver's attention. The primary
task was clearly driving the vehicle safely in the variety
of traffic conditions. Reading the instruments was much
lower in priority for the subjects than in Studies 1 and 2.
There was an experimenter in the near side rear passenger
seat who initiated the instrument reading tasks. An expert
driver, introduced as the person who would provide initial
instruction and then route guidance, sat in the front
passenger seat. The presence of two relative strangers in
the vehicle may have influenced the driving behaviour of
the subjects but it is not clear how this Influence would
be manifest in terms of reading the Iinstruments. To,
balance the sex ratlo during the tests the experimenters
were female and the expert drivers male, hence there was
always one male and one female plus the subject in the

car.

In many respects Study 3 could be considered to be real
1ife conditions and generally in this thesis will be
treated as such. However, there were some important
differences which may influence the long term real life
response to electronic instrumentation in cars. The main
point is that although the tests were conducted in a real
car on real roads nevertheless clearly a test was being
conducted, The subjects were unfamiliar with the test
equipment, sometimes with the test environment. There were
two strangers in the car during the test and the subjects
were being asked to read the instruments and give
responses. Moreover, no matter how indifferent the

experimenters may be to driving performance the subjects
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often remarked that their driving performance was under
scrutiny. No opportunity has arisen to conduct long term
non-intrusive studies of driver response to electronic
instrument panel desipgn, hence the influence of this high

level simulation, Study 3 cannot be adequately assessed.
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CHAPTER 4 STUDY 1 DRIVER RESPONSES TO PHOTOGRAPHIC SIMULATIONS OF
FIVE DESIGNS OF INSTRUMENT PANEL

SUMMARY

In the first stage of an investigation of drivers' responses to
electronic instrument panel designs, tests on readability and ease
of use were carried out. Photographic simulations of five
instrument panel designs were evaluated. These were two
electromechanical dial displays, an electronic dial display, an
electronic curvilinear display and an electronic digital display.
The display designs were presented to the subjects in the form of
slides using a projection tachistoscope. The readings on the
displays were static and did not fluctuate in response to driving
conditions. Seventy-five drivers were asked to read the speed
shown on the speedometer and also to say whether a speed shown was
within a specified speed limit. These two objective measures
provided data on the readability and acéuracy of use of the
different display designs. The drivers also gave their opinions

about the displays and subjective measures were taken.
CONCLUSIONS

® The three electronic display designs performed better than the

two electromechanical displays on the objective measures.

@ The subjective measures did not clearly discriminate between

electronic displays and electromechanical displays in general.
@ The digital display performed better than the other two
electronic display designs, particularly when drivers were asked

to read the speed.

@ The digital display was the most preferred on all the subjective

measures.
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4.1 Introduction

The Ford Motor Company Limited, in 1978, was considering
alternative technologles feor instrument panels and in
particular it wished to evaluate the acceptability and
effectiveness of electronic displays. The technology
employed in such displays and the form in which the
information is displayed are likely substantially to
influence the effectiveness of the displays in

conveyling information.

4.2 Aim of Study 1

To evaluate Instrument panel designs from an ergonocmics

point of view, under static conditions in the laboratory.

4.3 Preliminary studies

Two preliminary studies were carried ocut prior to the main
experiment to provide information which was not available
from the literature.

4.3.1 Preliminary Study 1 - aim

This study was carrled out to obtain data on the range and

pattern of speedometer readings over a typical journey.
4,3.2 Preliminary Study 1 - subjects
Twenty subjects took part. They were all drivers who had
driven within the last year. There were equal numbers of
men and women and a range of ages were included,
4,3.3 Preliminary Study 1 - equipment
A recording sheet was used to note the readings shown on the

speedometer. A stop watch was used to indicate when the

readings were to be taken.
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4.3.5

4.3.6

4.3.7

_Preliminary-Study 1 - procedure

A route was devised whicﬁ included a small town (30 mph
speed 1imit), rural roads (60 mph speed limit), dual

carriageway (70 mph speed limit) and a village (40 mph speed

limit). Each subject was instructed to drive normally along
the route, accompanied by an experimenter. At 15 second
intervals throughout the 18 minute journey the experimenter
noted the speed shown on the speedometer and the speed

limit.
Preliminary Study 1 - results

The readings indicated the speeds travelled by 20 cars over
a specified route and over certain speed limits. These data
were used in the specification of the pattern of speeds

shown on the speedometer displays in the main experiment.

For the experimental design a range of speedometer readings
which conformed to the patterns observed were allocated for
Task 1 - Reading the speed. Speedometer readings for Task 2
~ Whether the speed was above or below the speed limit, were
allocated to give an equal number of readings above or below

the three speed limits 30 mph, 50 mph and 70 mph.

Preliminary Study 2 - aim

To obtain data on the illumination levels in cars under
day time and night time illuminatiom levels for comparisen
with those obtained in the main experiment.

Preliminary Study 2 - experiment

A recording sheet was used to note the illumination levels.

A Hagner photometer was used to measure the illumination

levels in cars under various lighting conditions.




4.3.8

4.3.9

4.4

4.1

Preliminary Study 2 - procedure

Using the Hagner photometer luminance readings were taken of
the instrument panel from the drivers' seat (approx 750 mm
from the fécia), and of the amblent light levels inside the
vehicle. This procedure was repeated under day time and

night time conditions.
Preliminary Study 2 - results

The data were to be used to compare the illumination levels
during the main study with actual conditions of day light
and night time. However, because of the 1llumination
requirenents of the projection tachistoscope, it
subsequently proved impossible to simulate the different
levels of illumination in the laboratory. In the event, the
main experiment was carriled out in dark conditions similar

to an unlit street (approximately 70 lux).

Pilot study

Pilot Study — introduction

One -of the critical aspects of the experiment was the length
of time for which each slide was presented to the subjects.
Originally it was expected that the exposure time for each
glide would be related to the length of time that drivers
normally look at the speedometer during driving. The
Transport and Road Research Laboratory has developed
equipment to measure the time taken to read a speedometer
(Armour 1972). However, the only reference to any
measurements taken was in a TRRL leaflet (Armour 1975) which
gave a maximum measufement of 5.76 seconds and a mean of
3.38 seconds. These data were clearly not suitable for use
in the present study as they were extremely long. The
literature on the readability of alphanﬁmeric characters
provided data which were used to specify the range of

exposure times for test in the pilot study. A number of
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ba4.3

references (Anderson & Filtts (1958), Buckler (1977),
Christensen (1952), Cornog & Rose (1967), Kerchaert & Sauter
(1972), Radl-Koethe & Schubert (1971)) indicated that the
critical exposure time would be between 1 gecond and 300
milliseconds. The studies reported in this thesis were
mainly concerned with simple displays with little
information content compared with those described in the
literature above. In addition, it was essential that the
subjects made errors while attempting to read the displays
so that comparisous could be made between error rates for
the different display designs. Hence a pilot study was
conducted to speclfy the critical exposure time for the

slides, to be used in the main experiment.
Pilot Study — aims

To identify the critical exposure time for the slide
presentations. The critical exposure time should
discriminate between display designs in terms of reading

error rates.

To check the experimental method; the illumination levels;
the timing and duration of the experiments; the sampling
procedures; the response sheet and questlonnaire design and

the usé of vision tests.
Pilot Study — experimental design
The instrument panel designs included in the study were:-

Electromechanical dial display - original
Electromechanical dial display -~ revised*
Electronic dial display

Electronic curvilinear display

Electronic digital display.

* The revised version of the electromechanical dial display
was designed and included in the tests as a comparison
between the electromechanical diai design and the electronic
dial design. The scale graduatious and markers of the
revised electromechanical dial design were identical to the

elactronic dial, only the 'pointer' was different.
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Fach display was tested under two conditions. These were:—

speedometer only

speedometer, tachometer, fuel gauge and odometer.
These two conditions were included in order to investipate
the effects of additional information on the ease of reading
the displays. The instrument panel coatent and design were
specified by Ford Motor Company.

A complete block design was used such that:~

1. All subjects saw all five display designs under both

conditions.
2. Each design occurred first, second, third, fourth and
fifth in order of presentation an equal number of

times.

3. Each of the two conditlons occured first or second in

order of presentation an equal number of times.
There were ten experimental conditions. These were:-
Cl ELECTROMECHANTCAL DIAL (ORIGINAL) SPEEDOMETER only

C2 ELECTROMECHANICAL DIAL (ORIGINAL) SPEEDOMETER,

tachometer, odometer,

fuel gauge
C3 ELECTRONIC DIAL SPEEDOMETER only

C4 ELECTRONIC DIAL SPEEDOMETER,
. tachometer, odometer,

fuel gauge



€5 ELECTRONIC CURVILINEAR SPEEDOMETER only

C6 ELECTRONIC CURVILINEAR SPEEDOMETER,
tachometer, odometer,
fuel gauge

C7 ELECTRONIC DIGITAL SPEEDCMETER only

C8 * ELECTRONIC DIGITAL SPEEDOMETER,

tachometer, odometer,

fuel gauge
C9 ELECTROMECHANICAL DIAL (REVISED) SPEEDOMETER only

€10 ELECTROMECHANICAL DIAL (REVISED) SPEEDOMETER,
- tachometer, odometer,

fuel gauge.

Twoe tasks were carried out by the subjects during the
experiment. These were each repeated for 20 slides. The
results for the first five_slides of each task were regarded
as a practice and were not included in the analysis. Task 1

always preceded Task 2.

Task 1 - Note on the recording sheet the exact speed shown

on the speedometer.

Task 2 - Note on the recording sheet whether the speed shown
on the speedometer was within a speed. limit spoken

out before each slide.

The speeds shown on the épeedoweter in Task 1 were based on
the results of Preliminary Study 1 (see Section 4.3). The
speeds shown on the speedometer in Task 2 were specified

such that:-

the speed limits 30 mph, 50 mph and 70 mph were included




4.4.4

4.4.5

five slides were shown for each speed limit plus five

practice slides

within each group of five slides associated with a
particular speed limit there were, overall, an equal number

of readings above, below and equal to the speed limit.

The experiments were all conducted under night time

illumination levels (approximately 70 lux).
Pilot Study - subjects

Fifty-five subjects took part in the pilot study. All the
subjects were drivers who had driven within the last year
and were representative of the ages and sexes of drivers
found in the poﬁulation {Sheppard 1971, Galer & Dillon
1974).

The experiments were conducted using groups of five subjects
at a time. Each group was representative, as far as
possible, of the age and sex of the general driving

population.
Pilot Study - equipment

The instrument panel displays were made up of photographic
simulations Iin the form of slides. There were forty slides
for each of the ten conditions. Each subject viewed 400
slides. '

The display designs are shown in Appendix 2.

Two carousel slide projectors projected the display designs
on to a screen. One projector showed an example of each
display design for demonstration purposes. The other
projector was used in conjunction with a projection

tachistoscope to present each slide for a fixed response time.




4.4.6

The Snellen chart for distance vision and the shortened
version of the Ishihara test for colour vision were used to

assess subjects' eye sight.

Arresponse sheet was designed on which subjects noted the
speed (Task 1) and whether the speed was within a speed
limit (Task 2)., Each presentation was numbered (1-80) and a
bold line divided each five.presentations, to enable rapid
checking that the subjects were noting their responses in
the correct space. Each subject received five response

sheets (one per display design).

A self-~completion questionnaire was designed to obtain
information on the subjects’ age, sex, driving experience
and other demographie data; and the subjects' opinion about

each display.

A Hagner photometer was used to measure the ambient

illumination levels.
Pilot Study - procedure

The study was described briefly to the subjects and they
were given standard instructions. Subjects' eyesight was
then tested using the Snellen and Ishihara tests. Groups of
five subjects at a time were shown the photographic
simulations of the instrument panel designs as slide
presentations and were instructed to complete Task 1 for 20
slides, then Task 2 for 20 slides. The first five slides in
each task were a practice. There was a short break between

each display presentation (80 slides).

The exposure time for the glides was systematically varied
for each group of subjects. The exposure times used in the
pilot study were 1 sec., 600 m secs., 500 m secs., 450 m
secs., 400 m secs., 300 m secs. The order of presentation
of the displays was also varied for each test., This meant

that a large number of pilot tests had to be carried out
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4.,4.7

before the critical exposure time could be reliably

specified.

The ambient illumination levels in the laboratory were

varied to achieve daylight and night conditiocas.

The questionnaire, response sheets, instructions, and

eyesight tests, were assessed during the pllot studies and

amended where appropriate.

Pilot Study — results

The results from the pilot study indicated that:-

1.

The critical exposure time for the slides was 450 m
secs. At longer exposure times the number of errors was
small, and did not c¢learly discriminate between
displays. At shorter exposure times the subjects were
clearly under stress during the experiment, which was
consldered unsatisfactory, and the error rate was very

high.

A satisfactory response time for the subjects to write

down their answers was 4 sec. 550 m secs.

The response sheet and the vision test recording sheet

required no amendment:.

The questionnaire required the re-wording of some
questions to avoid ambigulty and a small number of

questions added.

The experimental procedure was altered to enable
sub jects to familiarise themselves with the display
designs prior to presentation of the slides. The

display designs were shown to the subjects and standard

information on the scale characteristics and the method



4.5

4.5.1

4.5.2

4‘5-3

4.5.4

of reading the sbeed was presented verbally.

6. It wag found to be impossible to simulate the effects on
the displays of different ambient illumination levels
using slide projection techniques. The majority of the
pilot tests were,‘therefore, conducted under night time

conditions.

The findings from the pilot study were incorporated into the

main study.

Main Studz

Main Study — introduction

The extensive pilot study enabled the main study to run
smoothly., The slide exposure time and response time were
specified and the equipment had been tested. The main study,
therefore, concentrated on obtaining comparative data on the

different instrument panel designs.

Main Study - aim

To evaluate five Lnstrument panel display designs from an
ergonomics point of view, under static conditions in the
laboratory.

Main Study - experimental design

The experimental design was the same as that used in the

pilot study (see Section 4.4).
Main Study - subjects
Seventy-five subjects were used in the main study. 4ll the

subjects were drivers who had driven within the last year

and were representative, as far as possible, of the age and




sex groups within the driving population (Sheppard 1971
Galer & Dillon 1974).

The experiments were conducted using groups of five subjects
at a time and each group represented, as far as possible,
both sexes and a range of the ages in the general driving

poepulation.
4,5.5 Main Study — equipment
Instrument panel designs in the form of slides.

Forty slides per condition, a total of 400 slides.
(See Appendix 2 - Display designs).

Two carousel slide projectors, a projection tachistoscope,

and an electronic switching device.

A Snellen chart and the Ishihara colour test and recording

sheet.

Response sheets and questionnaire.

(See Appendix 3 ~ Study 1 Experimental materials).
The equipment is described in more detail in Section 4.4.
4.5.6 Main Study - procedure

Groups of five subjects at a time took part in the
experiment; The project was described briefly to the
subjects and they were then given standard lnstructions.
Each subject was then teéted using the Spellen test for
distance vision, and the Ishihara test for colour vision.
The vision tests were conducted both with drivers wearing

the spectacles they normally used for driving and with

drivers not wearing their spectacles.




Subjects were Instructed to wear their driving spectacles

during the experiment.

The five designs were shown to the subjects prior to the
start of the experiment and standard information on the
scale characteristics and the method of reading the speed

was presented verbally.

In the experiment the designs were shown to the subjects
using one of five orders of presentation as described in
Section 4.4.3 Pilot Study - Experimental Design. The
subjects completed Task 1 for 20 slides and then Task 2 for
20 slides. The first five slides in each task were regarded
as a practice and the results were not included in the
analysis. There was a short break between each display
presentation (80 slides). Each slide was presented on the
screen for 450 m secs. The subjects then had 4 secs 550 m
secs to write down the response on the response sheet.

There was one response sheet per display.

All 75 subjects saw all five displays under both conditions,
{.e. speedometer only and speedometer, tachometer, odometer

and fuel gauge.

At the end of the experiment the subjects completed the
questionnaire shown in Appendix 3. The questionnaire
obtained demographic data about the subjects, and also their
opinions and comments about each display design. The
subjects were shown the demonstration slides to remind them
of the characteristics of each display while they completed

the questionnaire.

One complete test with five subjects took approximately 1%

hours. (See Figure 4.1 - Sequence of operations and Figure

4.2 = The experiment in progress).
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4.5.8

4.5.8.1

Main Study — data handlihg and analysis

The responses for each subject were compared with the
correct responses and the following scores were computed by

hand.
For each subject:-

l. Sum of errors by condition 1 - 10 (excluding 2 and 3
below)

2. Sum of don't knows by condition 1 - 10
3. Sum of missed responses by condition 1 - 10
4, The extent and direction of errors.

The raw data were transposed from the response sheets and
questignnaires on to coding sheets using transparent overlays

and hence to a data file.

The data were analysed using the computing packages
"Statistical Package for the Social Sciences™ (SPS5) and
GENSTAT.

Main Study - results
Introduction

The first stage of the programme of research to evaluate
driver responses to electronic instrument panel designs
consisted of experiments conducted in céntrolled laboratory
conditions. The limitations of such experiments are
outlined below, in order to put the main findings into

context.

The displays were photographic simulations of the instrument

panel presented as slide projections and did not show
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fluctuations in speed or engine revs during the presentation

as they would do in normal driving.

The display designs were viewed under ideal conditions with
ample coatrast and brightness. Slide'projection techniques
cannot replicate the differences in illumination at the
facia of electronic displays compared with the
electromechanical diéplays, nor can they replicate the
differehces between display technologies under different

ambient lighting conditions.

Unlike normal driving the ‘'driver' had only one task to

carry out at a time.

The slides were presented for a fixed exposure time of 450 m
secs, whereas, in normal driving, the driver sets the
instrument reading time. The exposure time was set at a
critical level in order to produce errors, whereag a driver

can adjust his/her reading time to reduce errors.

The subjects did not need to re-focus their vision from
effective infinity (the road) to 730 mm (the instrument
panel). They looked from effective infinity (the screen) to

the response sheets {approx 300 mm).
The subjects did not have any cues from the vehicle or from
the environment to indicate what the speed was likely to be

prior to presentation of the displays.

OBJECTIVE MEASURES

Reading the speed

Table 4.1 shows the number of errors made by subjects for

each display design when reading the speed.
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Table 4.1 The number of errors made when reading the speed

DISPLAY ERROR(1) | MISS(2) DON'T TOTAL CORRECT
KNOW ERRORS

freq % freq % | freq % | freq % | freq 7%
ELECTROMECHANICAL DIAL
(ORIGINAL)
. (4)
Speedometer 292 26| S5 - 5 -] 302 27 | 823 73
Speedometer plus (3) 372 33 | 29 3 8 1 {409 36 [ 716 64
ELECTROMECHANICAL DIAL
(REVISED) ‘
Speedometer 425 38 7 1 0 O | 432 38 | 693 62
Speedometer plus 279 25 19 2 0O 0} 298 26 | 827 74
ELECTRONIC DIAL
Speedometer 123 11 17 2 13 1 {153 14 ( 972 86
Speedometer plus 119 11 18 2 2 - 1139 12 | 986 88
ELECTRONIC CURVILINEAR
Speedometer 245 22 iz 3 5 ~ | 283 25 | 842 75
Speedometer plus 190 17 59 3 14 1 | 263 23 | 82 77
ELECTRONIC DIGITAL
Speedometer 19 2 0 O 3 - 22 2 11103 98
Speedometer plus 23 2 2 - 1 - 26 2 |1099 98

- Total number of responses per display = 1125

See Figure 4.3.

(1) Error — an error was recorded when the response was not exactly the same
as the speed shown on the speedometer. :

(2) Miss - a miss was recorded when the subject gave no response.
(3) Speedometer plus - this refers to the condition in which the speedometer,
tachometer, odometer and fuel gauge were shown. This was the 'cluttered’

mode.

(4) A '-' means that the percentage is less than 1 but not O.




It

can be seen from Table 4.1 that:—

There was no significant difference between the accuracy of
reading the displays in the 'cluttered' and 'uncluttered'
conditions, with the exception of the two electromechanical

dial displays original and revised.

The electromechanical dial dispiays were clearly more

difficult to read than any of the electronic displays.

The electronic digital display produced least errors (2%)

when reading the speed compared with the analogue displays.
There was no difference between the two conditions for the
digital display. It was noted that the majority of errors

were made by one person.

Although the electronic dial display and the
electromechanicai dial display (revised) were apparently
similar inldesign there was a considerable difference In the
number of errors. The electronic dial display produced 11%
errors in both conditions whereas. the electromechanical dial

display produced 38% (uncluttered) and 25% (cluttered).

The trends were reversed for accuracy of reading the
electroﬁechanical displays when considering the conditions.
The original design was easier to read when in the
uncluttered mode and the revised design was easier to read

in the cluttered mode.

The error scoresg are a reflection of the total error scores

in that the 'missed' and 'don't know' responses do not alter

the pattern established by the error scores.
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4.5.8.3 The nature and extent of the errors made when reading the

speed

The nature and extent of the erors made when reading the
speed varied according to whether the speed indicated was on
a numbered graduation, on an unnumbered graduation, or ‘

between graduations.

Table 4.2 indicates the number of errors made, and the range ‘

of erroneous scores.

The complete distribution of errors are given in Tables 4.13, ‘
| 4.16, 4.19, 4.22, 4.25.

Table 4.2 The nature of the errors made when reading the speed

DISPLAY NUMBERED - UNNUMBERED BETWEEN |
‘ GRADUATION GRADUATION GRADUATIONS
| No of(l1){Range of [No of {Range of |[No of {Range of |
‘ errors |errors errors |errors errors jerrors
‘ freq % nph freq 7%{ mph freq #%{ mph ‘
ELECTROMECHANICAL - . |
DIAL (ORIGINAL) |
Speedometer 5 7 -2 to ¥2{ 9 12 | =5 to +15| 51 68 [-10 to +13

Speedometer plus | 8 11 |-28 to +3[25 33 |-20 ro +18] 57 76 |-27 to +9

ELECTROMECHANICAL |
DIAL (REVISED) _ }
Speedometer 4 5 -3 to +8|10 13 }-10 to +25{ 45 60 [-26 to +2 ‘

Speedometer plus 3 4 }-10 to +5] 9 12 |-16 to +20) 48 64 | -8B to +2

ELECTRONIC DIAL ‘

Speedometer o 0 - 22 29 | -2 to +l0{ not possible
Speedometer plus 0 0 - 15 20 { -2 to +12 by design ‘
ELECTRONIC ‘
CURVILINEAR _ ‘
Speedometer 14- 19 -4 to +5 no | data 25 33 | -2 to +4

Speedometer plus 16 21 |-10 to #2|11 15 | -2 to +l4 no | data




Table 4.2 (continued)

No of I{Range of
DISPLAY errors Jerrors
' freq %| mph
ELECTRONIC CURViLINEAR
Speedométe;'— below 30 mph (green) 25 33 -6 to +10
Speedometer plus - below 30‘mph (green) _ 20 27 | =10 to +10
Speedometer - above 30 mph within 10 (green & amber) 16 21 =11 to +10
Speedometer plus - above 30 mph within 10 (green &
amber) 10 13 -2 to +19
Speedometer - above 30 mph over 10 (green & amber) 26 35 -8 to +4
Speedometer plus - above 3CQ mph over 10 (green & amber)|l2 16 -7 to 2
ELECTRONIC DIGITAL
Speedometer - including digit '4' (45) (2) 1 1 -9
Speedometer plus - inﬁluding digit '4' (43) 1 1 -1
Speedometer — including digit '1' (31) 1 1 ~21
Speedometgf plus - including digit '1' (61) i 1 ~17
Speedometer ~ single digit (5) | 1 1 miss
Speedometer plus - single digit (7) : 11 -1
Speedometer — two digits (45) 1 1 -9
31y [1 1 -21
Speedometer plus - Ewo digits (43) | 1 1 -1
| (61) 1 1 -17

Total number of responses per display = 75
(1) Errors include missed responses.

(2) Actual digits shown in brackets.
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It ¢can be seen from Table 4.2 that:-

1,

The greatest pumber of errors with the electromechanical
dial displays and the curvilinear display occurred when
the speed shown was between graduations. In the case of
the electromechanical dial displays between 60% and 76%
of the errors were made when intefpolating the speed
between the graduations. There were considerably fewer
errors with the electronic curvilinear display (33%).
The electronic dial display design did not show readings

between graduations.

The speeds shown on unnumbered graduations were more
accurately read than speeds between graduations
producing between 12% and 33% errors. The
electromechanical dial displays produced the greatest

range of errors.

Reading the speed when the pointer was on a numbered
graduation caused difficulty to very few people, and no
errors were recorded for the electronic dial display.
The electronic curvilinear display produced the greatest

number of errors (19%-21%).

The range of errors made by subjects when reading the
speed was variable both across displays and within
displays. However, with the exception of the errors
made with speeds on unnumbered graduations, the tendency
was to under-read the speed ie to report the gpeed was
less than was actually the case. This trend was
reversed on almost all displays when speedé on
unnumbered graduations were presented. 1In this case
drivers tended to over egtimate the speed and report

that it was greater than was actually the case.

The electronic curvilinear display speedometer had green
segments up to 30 mph and amber segments from 30 mph
onwards. (The tachometer segments were amber |
throughout). When the results were analysed to take the

colour changes into account there was little difference
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between the error scores below 30 mph (green) and above

30 mph by more than 10 mph ie 40 mph and over (green and

amber).

Both error scores were higher than when the

reading was above 30 mph but within 10 mph ie 30-~40 mph.

In this case the major part of the display would be

green and only a maximum of five segments would be amber.

6. The data for the digital display were analysed in terms

of the number of digits displayed, ie one or two;

whether the digits included a 'l'; and whether the
digits included a ‘'4'.

This was because the digits 1

and 4 are considered to be more difficult to read with

segmented displays due to their configuration (4) and

spacing (1) (Radl-Koethe and Schubert 1971).

was made when reading any of the digits.

inaccuracy from -21 to -1.

person with poor eyesight but a driver.

4.5.8.4 Deciding whether the speed was within a speed limit

Only one error
These ranged in

The errors were all made by one

Table 4.3 indicates the number of errors made by subjects

when deciding whether the speed was within a speed limit.

Table 4.3 The number of errors made when deciding whether the speed
was within a speed limit

DISPLAY ERROR MISS DOR'T TOTAL CORRECT
KNOW ERRORS

freq % | freq % | freq % | freq % freq %
ELECTROMECHANICAL
DIAL (ORIGINAL)
Speedometer 9% 9 0 011 - 97 9 | 1028 91
Speedometer plus 64 6 { 23 215 - 92 8 | 1033 92
ELECTROMECHANTCAL
DIAL (REVISED)
Speedometer 125 11 | 12 110 0§ 137 12 988 &8
Speedometer plus 16 1 (| 10 1]0 0 26 2 1099 98
ELECTRONIC DIAL
Speedometer 30 3 )1 111 -] a2 4 | 1083 9s
Speedometer plus 20 2 10 1]0 o { 30 3 1095 97




Table 4.3 (continued)

DISPLAY ' ERROR MISS DON'T TOTAL CORRECT
KNOW ERRORS .

freq % | freq 4 | freq % | freq 7% freq 7%

ELECTRONIC

CURVILINEAR

Speedometer 14 1 5 - {1 - 120 2 1105 98

Speedometer plus 57 5 7 1 9 - ] 65 6 | 1060 94

ELECTRONIC DIGITAL

Speedometer 22 2 1 - 1 -1 24 2 | 1101 98

Speedometer plus 12 i 1 - 15 - 1118 2 1107 98

Total number of responses per display = 1125

See Flgure 4.4

It can be seen from Table 4.3 that:-

1. With the exception of the revised version of the

electromechanical dial display there was no difference

in error rates between the displays in the 'cluttered'

and 'uncluttered’ mode. The electronic curvilinear

display performed slightly worse when additional

instruments were presented.

2. With the exception of the electromechanical dial

(revised) in the 'cluttered' mode the electronic display

designs produced marginally less errors than the

electromechanical display designs.

3. The number of errors made by subjects in this aspect of

the test was very low (2%~12%) regardless of the display

design,

4., Very few 'missed' or 'don't know' responses were made by

subjects in this test, (maximum 2%).
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4,5.8.5 The nature of the errors made when deciding whether the

speed was within a speed limit

The nature of the errors made when decliding whether the
speed was within a speed limit was expected to depend on the
extent of the discrepancy between the speed indicated and

the speed limit.

Table 4.4 indicates the number of errors made for each display

with varying degrees of discrepancy from the speed limit.

Table 4.4 The numbers of errors made when deciding whether the speed was
within a speed limit with varying degrees of discrepancy from the
speed limit

DISPLAY SPEED SPEED SPEED SPEED SPEED
ON SPEED ABOVE ABOVE BELOW BELOW
LIMIT WITHIN MORE THAN WITHIN MORE THAN
10 mph 10 mph 10 mph 10 mph
NUMBER OF ERRORS
freq 7% freq %4 freq % freq 7% freq 7%
ELECTROMECHANTICAL
DIAL (ORIGINAL)
Speedometer 3 4 1 1 1 1 1 1 1 1
Speedometer plus 19 25 5 7 2 3 2 3 1 1
ELECTROMECHANICAL
DIAL (REVISED)
Speedometer 4 5 9 12 2 3 2 3 3 4
Speedometer plus 3 4 1 1 1 1 0 0 1 1
ELECTRONIC DIAL
Speedometer 5 7 2 3 0 0 2 3 1 1
Speedometer plus 2 3 0 0 1 1 0 0 g 0
ELECTRONIC
CURVILINEAR
Speedometer 1 1 1 1)y 2 3 1 1 1 1
Speedometer plus 6 8 7 9 1 1 1 1 1 1
ELECTRONIC DIGITAL
Speedometer z 3 2 3 2 3 1 1 3 4
Speedometer plus no data 1 1 2 3 1 1 1 1

Tetal number of résponses per display = 75

69




1t can be seean from Table 4.4 that:-

1. The proportion of errors made for all display'designs on

this test was very small.

2. The greatest number of errors occurred when the speed
shown was exactly equal to the speed limit. (The
subjects were instructed that in this case the speed was
within the speed limit). The error score probably
{ndicates that, under the test conditions, the decision
was difficult to.make. This would probably not be the

case when actually driving.

3. With the exception of the condition where the speed was
actually equal to the speed limit, there was little
difference between the number of errors made and the

extent of the discrepancy from the speed limit.

4. There was little difference between display designs on
the number of errors made when deciding whether the
speed was within the speed limit, regardless of the
discrepancy between the speed shown and the speed

limit.

SUBJECTIVE MEASURES

The subjects were asked to state which of the five display
designs they considered easiest and most difficult to read;
to decide whether the speed was within a speed limit; the

most and least attractive; and which they would choose and

avoid for thelr own car. In addition, the subjects made

comments about each display.




4.5.8.6 The display designs considered by the subjects to be easiest

and most difficult to read the speed

Table 4.5 The display designs considered by the subjects to

be the easiest and most difficult to read

DISPLAY EASIEST TO READ|MOST DIFFICULT |RANK ORDER
TG READ BY EASIEST
freq % freq %
ELECTROMECHANICAL 6 8 16 21 3
DIAL (ORIGINAL)
ELECTROMECHANICAL 13 17 3 4 2
DIAL (REVISED)
ELECTRONIC DIAL 2 3 14 19 4
ELECTRONIC CURVILINEAR 2 3 41 55 4
ELECTRONIC DIGITAL 52 70 1 1 1
TOTAL 75 100 75 100
See Figure 4.5 Aroks: ||9.43  YZows: 7187
AZevir =94 -49 pco-os pLo.of

1,4
ae It can be seen from Table 4.5 that:~—

1.

Only 17% and 8% of subjects thought the
electromechanical designs {revised and original
respectively) were easiest to read. 217% thought the

electromechanical dial was most difficult to read.

The electronic digital display was considered easiest to
read by 70% of the subjects compared with 17%, the
highest score for any of the analogue displays

(electromechanical dial revised).
The electromechanical dial designs were considered

easiest to read by a larger proportion of subijects (17%
and 8%) than the electronic dial design (3%).
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4. The revised version of the electromechanical dial design
was considered eagiest to read by 17% of subjects

‘ compared with only 8% for the original version.
‘ 5. There was no clear difference between electronic and

| electromechanical display designs when subjects stated
\ which designs they considered most difficult to read,

the responses were very varied within display type.

6. The electronic digital display was considered mast
difficult to read by ounly one subject (1%).

7. The electromechanical dial (revised) was considered most
difficult to read by only 4% of subjects whereas the
original version was considered most difficult to read

by 217% of subjects.

8. The electronic curvilinear design was considered most
difficult to read by the largest group of subjects
(55%).

4.5.8.7 The display designs considered by the subjects to be the
easiest and most difficult to decide whether the speed was
within a speed limit

Table 4.6 indicates the number of subjects who considered
each display to be the easiest and most difficult to decide

whether the speed was within a speed limit.




Table 4.6 The display designs considered by the subjécts to be the
easiest and most difficult to decide whether the speed was
within a speed limit

DISPLAY EASIEST TO DECIDE MOST DIFFICULT TO{RANK ORDER
WHETHER WITHIN LIMIT|] DECIDE WHETHER BY EASIEST
WITHIN LIMIT
fregq b4 freq (1) Z
ELECTROMECHANICAL 5 7 23 31 5
DIAL (ORIGINAL)
ELECTROMECHANICAL 16 21 9 12 2
DIAL (REVISED)
ELECTRONIC DIAL 3 11 9 12 4
ELECTRONIC CURVILINEAR{ 11 15 28 38 3
ELECTRONIC DIGITAL 35 47 5 7 1
TOTAL 75 100 75 100
(1) 1 missing response “Xtobs = VIS %20bs : 117-24
See Tigure 4.6 p(o\oS' Pv:_o-of

“KLCV“’=-4?~4q
oAF ¢ %

It can be seen from Table 4.6 that:-

1. Only 7% of subjects considered the electromechanical

dial (original) easiest to decide whether the speed

was within a speed limit, whereas 31% considered 1t the

nost difficult.

revised version easlest for speed limit decisions.

21% of subjects considered the

With the exception of the electronic digital display there

is no clear difference between electromechanical and

electronic display designs on this measure.

2. The electronic digital display was considered easiest

for this task by nearly half (47%) the subjects.

3. The original electromechanical dial display performed

worse (7% easiest 31Z most difficult) than the other

dial désigns. The revised electromechanical dial

design performed best (21% easiest 127 most difficult)
of the dial displays. '
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4. The electronic curvilinear display was considered most
difficult for this task by 38%Z of the subjects, even
though the 'pointer' segments changed colour at 30 mph.

5. The electronic digital display was considered most
difficult for this task by only 7% of subjects.

The subjects' comments on the curvilinear display
indicate that they considered it easy to tell whather
the speed was above or below 30 mph but at 50 mph and 70
mph speed limits it was considered difficult to.use.

4,5.8.8 The display designs considered by the subjects to be the

most and the least attractive

Téble 4.7 indicates the number of subjects who considered

each display to be the most and the least attractive.

Table 4.7 The display designs considered by the subjects

to be the most and least attractive

DISPLAY MOST ATTRACTIVE [LEAST ATTRACTIVE |RANK ORDER
BY MOST
freq(l) % freq(2) % ATTRACTIVE
ELECTROMECHANICAL 4 6 14 19 4
DIAL (QRIGINAL)
ELECTROMECHANICAL 20 27 11 15 3
DIAL (REVISED)
ELECTRONIC DIAL 4 6 8 11 -4
ELECTRONIC CURVILINEAR 22 30 30 41 2
ELECTRONIC DIGITAL - 23 32 11 15 1
TOTAL 75 100 75 100
(1) 2 missing responées ‘X"obS: 2593 “Aobs = 2013
{2) 1 missing response )
See Figure 4.7 PCO-OS PCO 23
Aleriv ~ A4
af.a4 -
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4.5.8.9

It can be seen from Table 4.7 that:—

1-

Only 6% of subjecté considered the original
electromechanical dial display the most attractive
design, whereas 277%2 of subjects considered the revised
electromechanical dial display the most attractive.
Only 6% of subjects considered the electronic dial
display most attractive compared with the electronic
curvilinear display (307%7) and the electronic digital
display (32%). Hence there 1s no discernable
difference between the electromechanical and electronic

displays as groups, on attractiveness.

The electronic digital display was considered the most
attractive by the largest number of subjects (327)
closely followed by the electronic curvilinear display
(27%). However the electronic curvilinear was
considered the least attractive by the greatest

number of subjects (41%).

The eleétronic dial display and the original
electromechanical dial display were considered
attractive by the smallest number of subjects (6%).
The other display designs both electromechanical and _
electronic were considered attractive by approximately

30% of subjects.

The display designs which the subjects stated they would

choose and would avoid for their own car

Table 4.8 indicates the number of subjects who stated they
would choose and would avoid each of the display designs.




Table 4.8 The display designs considered by the subjects to .
be the ones which they would choose and would

avold for their own cars

DISPLAY WOULD CHOOSE WOULD AVQID RANK ORDER
BY WOULD
freq(l) 2% freq{2) Z% CHOOSE
ELECTROMECHANICAL 7 10 12 16 4
DIAL (ORIGINAL)
ELECTROMECHANICAL 18 25 6 8 2
DIAL (REVISED)
ELECTRONIC DIAL 9 12 7 10 3
ELECTRONIC CURVILINEAR 6 8 43 59 5
ELECTRONIC DIGITAL 33 45 5 7 1
TOTAL 75 100 75 100
(1) 2 missing responses Ytohsz 38 TX*obssT1-0%
(2) 2 missing responses P(_o.o§ P 0.05
See Figure 4.8
i Eerike 2444
o A

It can be seen from Table 4.8 that:¥

l. There is no clear difference between electromechanical
designs and electronic designs as groups. There is
considerable variation within the groups. 10% to 25%
of subjects would choose the electromechanical designs,
and 8% to 4574 of subjects would choose the electronic.

designs.

2. The largest group (45%) of subjects would choose the
electronic digital display for their own car, followed
by 25% who would choose the revised electromechanical

design.

3. Of the dial designs the revised electromechanical
display performed best in that 25% of subjects would
choogse 1t for thelr own car. Only 10% and 127 -
respectively would choose the other electromechanical

and electronic dial displays.
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4. Only 8% of subjects stated that they would choose the

electronic curvilinear design whereas 597% stated that

they would avoid that display for their own car.

5. The smallest number of drivers (7%) stated that thej
would avold the electronic digital display for their

owWn car.

Table 4.9 is a summary table indicating the relative scores

of each display on both the objective and subjective

measures.

Table 4.9 SUMMARY TABLE indicating how the displays scored

on each of the tests

ELECTROMECHANICAL ELECTRONIC

_ORIGINAL | REVISED DIAL 'CURVILINEAR | DIGITAL
OBJECTIVE MEASURES
Reading the speed o e ® LA R L AL BN B YT XN}
Is the speed within ® P evee | o oe csoee®
a speed limit?
SUBJECTIVE MEASURES
Easlest to read eoe cooee |0 LI LA XN
Easiest for speed ° LE N E BT e e e YT
limits ‘
Most attractivé o0 oo e Seoee Yy Y
Eggtéld choose for own; o o 0000 (0o e . cesee

The more dots the better.

The scale 1is based on‘rank orders.

Only the positive side of the scale 1s shown in this table.




4.5.8.10 Characteristics of the sample
Seventy five subjects took part in the main study and they
were selected to reflect the age and sex distribution of

the general driving population.

Table 4.10 indicates the age and sex of the subjects

included in the main study.

Table 4.10 Age and sex of the subjects

AGE SEX TOTAL
(years)
Male Female
freq % freq % freq(l) %

17 - 30 19 26 10 16 29 39

31 ~ 50 15 20 9 12 24 32

i 51 and over 17 23 4 5 21 28
TOTAL 51 69 23 31 74 100

(1) 1| missing response

A comparison with the figures found by Sheppard (1971)
indicates that the sample in the present study had
slightly more females and a slightly lower proportion of
people in the age group 31 - 50 years. This Is probably
due to the relative availability of subjects for daytime

tests.,

The subjects' eyesight was noted using the Snellen
distance test and the Ishihari colour test. The majority
of people in the sample performed satisfactorily on the
Snellen distance test when tested under the same
conditions as normal driving, ie wearing driving
spectacles 1f appropriate. Two people had very poor
distance vision, but were included as they did drive.

Where the results are markedly affected this is noted.




The results of the Ishihari colour vision test indicated
that 11 people (15%) had some form of defect in colour
vision. All but one were male. None of these people
reported any difficulty in seeing the photographic
representations of the display designs. Forty people wore
spectacles during the experiment. Of these, 10 people had
bifoecal lenses in their spectacles. The effects of
bifocal lenses on the ability to read the displays was mot
apparent in this study because the displays were projected
on to a screen at a distance of 2 m fme the subjects,
rather than at 750 mm as in a car. Bifocal lenses are
focused to infinity for distance viewing and about 300 mm

for close viewing.

The electromechanical dial display (original) used in the
study is available in a number.of Ford models and it was
thought that famillarity with this type of display might
bias the subjects' responses. Only eleven subjects had
Ford cars. In addition, a large number of people
allegedly recognised one or other of the electromechanical
displays as one which was in their own car or had been in
a previous car. Therefore, it provéd impractical to
obtain reliable data on the subjects’ previous experience

with the electromechanical dial display (original).

Table 4.11 indicates the numbet of years since the people
in the sample had passed their driving test. These data
give-an approximate indication of driving experiencé and

also can be compared with existing data (Sheppard 1971).




4.5.8.11

Table 4.11 The number of years since the subjects had

passed their driving test

TIME SINCE TEST PASSED freqg %
Less than 1 year — 4 5
1 - 3 years 8 11
4 - 8 years 12 16
9 - 17 years 726 35
18 - 34 years : 13 17
35 years or over 12 16
TOTAL 75 100

It can be seen from Table 4.11 that:~

1. The majority of people had been driving for 9 years or

more (68%).

2. Only 5% had been driving for less than a year, and 11%

had been driving for between 1 and 3 years.

A comparison of the data from the present study with that
quoted by Sheppard (1971) indicates that the present
sample contained less people who had been'driving for 8
years or less and more people who had been driving for 9
years or more. This is surprising considering that the
proportion’of younger people, who would probably have been
driving for a shorter time, was slightly greater in the
present sample than in the study quoted by Sheppard.

The test results for each display design
In the preceding sections the test results have been

presented in terms of the performance of each display on a

particular criterion. In this section all the results for

each display are presented.




results

Table 4.12 Electromechanical dfal display (original) - objective

measures
OBJECTIVE MEASURES SPEEDOMETER SPEEDOMETER PLUS(l)
freq % Rank(2)| freq Z  Rank
Total no. of errors made when 302 27 8 409 36 9

The electromechanical dial display (original) test
reading the speed ‘

Nature of the errors made when reading the speed (3)

Numbered graduation 5 7 8 11
Unnumbered graduation 9 12 25 33 :
Between graduations 51 68 | 57 76

|
Total number of errors made 97 9 9 92 8 8 |

when deciding whether the speed
was within a speed limit

No. of errors made according to discrepancy from the speed limit

Speed on speed limit 3 4 19 25
"Speed above, within 10 mph 1 1 5 7
Speed above, over 10 mph 1 1 2 3
Speed below, within 10 mph 1 1 2 3
Speed below, over 10 mph 1 1 1 1

(1) Speedometer plus = Speedometer, tachometer, odometer, fuel gauge

(2) Rank order 1 = best, 10 = worst

{3) See Table 4.13 for details




‘ Table 4.13 Electromechanical dial display (original) - nature of the

errors made when reading the speed

NATURE OF THE ERRORS (MPH) SPEEDOMETER SPEEDOMETER PLUS(1)
freg %(2) freg 4
NUMBERED GRADUATION
- 28 - - 1 1
- 15 - - 1 1
- 5 - - 1 1
- 2 1 1 1 1
-1 - - 1 1
Correct 70 93 67 89
+ 1 1 1 2 3
+ 2 1 1 - -
+ 3 - - 1 1
Missing response 2 3 - -
TOTAL 75 100 75 100
UNNUMBERED GRADUATION
- 20 - - 1 1
- 15 - - 1 L
- 10 - - 1 1
- 9 - - 1 1
- 5 1 1 1 L
- 3 - - 3 4
- 2 - - 2 3
-1 - - 5 7
Correct 66 a8 50 67
+ 1 - - 1 1
+ 2 3 4 - -
+ 3 2 3 - -
+ 3 - - 3 4
+ 10 i 1 - -
+ 14 - = 1 1
+ 15 1 1 - -
+ 18 - - 1 1
Missing response 1 1 4 5
TOTAL 75 100 75 100




| Table 4.13 {(continued)

| NATURE OF THE ERRORS (MPH) SPEEDOCMETER SPEEDOMETER PLUS(1)
\ freq Z(2) freq A
‘ BETWEEN GRADUATIONS
- 27 - - 1 1
- 12 - - 3 4
- 10 1 1 1 1
- 7 1 1 1 1
- 6 2 3 1 1
- 5 2 3 - -
-3 - - 1 i
- 2 3 & 5 7
- 1 30 40 21 28
Correct 24 32 18 24
+ 1 - - 14 19
+ 2 1 1 3 4
+ 3 2 3 - -
+ 4 4 5 - -
+ 5 2 3 1 1
+ 7 - - 1 1
+ 9 - - i 1
+ 13 1 - -
Missing response 2 3 3 4
TOTAL 75 100 75 100

{1) Speedometer plus refers to the condition in which the speedometer,
tachometer, odometer and fuel gauge were presented.

(2) Percentage figures have been rounded to the nearest unit and do not
always sum to 100%.

Table 4.14 Electromechanlical dial display {original) - subjective

measures
SUBJECTIVE MEASURES freq(2) % Rank(l)
Easiest to read 7 6 8 3
Most difficult to read 16 21
Easiest to decide whether speed was 5 _ 7 5
within a speed limit
Most difficult to decide whether 23 31
speed was within a speed limit
Most attractive display 4 6 4
Least attractive display 14 19
Would choose for own car 7 10 4
Would avoid for own car 12 16

(1) Rank order 1 = best, 5 = worst

(2) Sample size = 75




The electromechanical dial display (original) - summary of

results

The electromechanical dial display was included in the study
to act as a bench mark against which the test results for
the three electronic display designs could be assessed.
There are a number of features about the display design
which were indicated by the test results and in particular,

by the drivers' comments. These are reported below.

1. The electromechanical dial display (origilnal) performed
poorly compared with the other display designs. 1In
terms of accuracy of reading the speed, 1t ranked 8 (no

clutter) and 9 (clutter) out of 10.

2. The electromechanical dial display (original) also
performed poorly compared with ather display designs
when check reading the speed against a speed limit, 1t
ranked 9 (no clutter) and 8 (clutter) out of 10.

3. The majority of speed reading errors occurred when the
pointer indicated a speed reading between graduations.
The second largest number of errors occurred when the

speed reading was on an unnumbered graduation.

4., The electromechanical dial display (original) was
considered easiest to read by only 8% of the subjects
and most difficult to read by 21%. Subjects mentioned
that the intervals marked only at 20, 40, 60... mph made
the display more difficult to read compared with the
revised version which had numbered graduations at each

10 wmph.

5. The display was also considered most difficult to use
for check reading the speed against a speed limit by 31%

of the subjects and ranked 5 (out of 5). The most usual




speed limits in Britain are 30 mph, 30 mph and 70 mph.
These speeds are not indicated on the scale markings,
therefore the driver has to Iinterpolate between wide
scale markings when check reading the speed against

speed limits.

The alectromechanical dial display (original) was
considered the most attractive display by only 4
subjects (6%). Subjects reported that the kph and the
odometers positioned inside the scale made it look

cluttered and unattractive.

Only 10% of drivers stated that the? would choose this

display for their own car although even fewer stated

they would choose the electronic curvilinear display.



| : The electromechanical dial display (revised) test results

| Table 4.15 Electromechanical dial display (revised) - objective measures

OBJECTIVE MEASURES ' SPEEDOMETER SPEEDOMETER PLUS
freq % Rank freg Z  Rank
Total no. of errors made when 432 38 10 298 27 7

reading the speed

Nature of the errors made when re?ding the speed (1)

Numbered graduation 4 5 3 4
Unnumbered graduation 10 13 9 12
Between graduations . - 45 60 : 48 64

Toﬁal no. of errors made when
deciding whether the speed was
within a certain speed limit 137 12 10 26 2 . 4

No. of errors made according to discrepancy from the gpeed limit

Speed on speed limit 4 5 3 4
Speed above, within 10 mph g iz 1 1
Speed above, over 10 mph 2 3 : 1 1
Speed below, within 10 mph 2 3 0 0
Speed below, over 10 mph 3 4 1 1

(1) See Table 4.16 for details




Table 4.16 Electromechanical dial display (revised) - nature of the

errors made when reading the speed

NATURE OF THE ERRORS (MPH) SPEEDOMETER SPEEDOMETER PLUS
freq z freq %

NUMBERED GRADUATION
- 10 - - 1 1

- 3 1 1 - -
Correct 71 95 72 96
+ 1 2 3 - -
+ 5 - - 1 1
+ 8 1 1 - ~
Missing resbonse - - 1 . 1
TOTAL 75 100 75 100

UNNUMBERED GRADUATION

- 16 - - 1 1
- 10 1 1 1 1
- 4 2 3 1 1
- 2 - - 1 1
- 1 - - 2 3
Correct 65 87 66 88
+ 1 5 7 - -
+ 2 1 1 1 1
+ 20 - - 1 |
+ 25 1 1 - -
Missing response -~ - 1 1
TOTAL 75 100 75 100
BETWEEN GRADUATIONS
- 26 1 1 ~ -
- 20 1 i ~ -
- 18 1 1 - -
- 8 - - 1 1
- 6 - - 1 1
- 3 1 1 2 3
- 2 5 7 4 5
- 1 26 35 27 36
Correct 30 40 27 36
+ 1 7 9 11 15
+ 2 2 3 1 1
Missing response 1 1 1 1

TOTAL 75 100 75 100




Table 4.17 Electromechanical dial display (revised) - subjective measures

SUBJECTIVE MEASURES freq 4 Rank
"Easiest to read _ 13 17 2
Most difficult to read 3 4

Easiest to decide whether speed was 16 21 2

within a speed limit

Most difficult to decide whether 9 12

speed was within a speed limit

Most attractive display 20 27 3
Least attractive display 11 15
Would choose for own car ' 18 25 2

Would avold for own car 6 8




The electromechanical dial display (revised) - summary of

results

The electromechanical dial display (revised) was included to
enable a more equal comparison between the electromechanical
and electronic dial displays. The scale markings on the
‘electromechanical dial (revised) and the electronic dial
were the same. This display was not included in Studies 2
and 3.

1. When reading the speed the largest number of errors
(38%) were made when reading the electromechanical dial
(revised) speedometer only. Reading accuracy improved
to 27% error when the speedometer was shown with other
instruments. The majority of errors were made when

subjects were reading speeds between graduations.

2. A similar pattern emerged for check reading the speed
‘against a speed limit although the number of errors was

much less.

3. The electromechanical dial display (revised) was
considered easiest to read by 177 of subjects and ranked

gecond only to the electronic digital display.

4. This display ranked second to the electronic digital
display also for ease of check reading the speed against

‘a speed limit.

5. Over a quarter (27%) of the subjects considered the
electromechanical display {(revised) to be the most

attractive display and it ranked third.

6. A quarter of the subjects stated that they would choose
this display for their own car, second only to the
electronic digital display. Subjects reported that they
liked the scale graduations at every 10 mph and they
considered the pointer long and coloured for good

legibility. Also the kph and odometers had been moved

from the (mner scale.




The electronic dial display test results

Table 4.18 Electronic dial display - objective measures

OBJECTIVE MEASURES SPEEDOMETER SPEEDOMETER PLUS
freq % Rank freq %  Rank
Total no. of errors made when 153 14 4 _ 139 12 3

reading the speed

Nature of the errors made when rering the speed(l)

Numbered graduation 0 0 0 0
Unnumbered graduation . 22 29 15 20
Between graduations(2) Not possible by design
Total number of errors made 42 4 6 30 3 5

when deciding whether the speed
was within a speed limit

No. of errors made according to djiscrepancy from the speed limit

Speed on speed limit 5 7 2 3
Speed above, within 10 mph 2 0 0
Speed above, aver 10 mph 0 0 1 1
Speed below, within 10 mph 2 3 0 0
Speed below, over 10 mph 1 1 0 0

(1) See Table 4.19 for details

(2) The electronic dial display has been designed such that all the
segments are aligned with graduation marks.




Table 4.19 Electroniec dial display - nature of the errors made when

reading the speed

NATURE OF THE ERRORS (MPH) SPEEDOMETER SPEEDOMETER FPLUS
freq % freq %
NUMBERED GRADUATION :
Correct 75 100 75 100
UNNUMBERED GRADUATION
- 2 7 9 8 11
-1 2 3 - -
Correct 54 72 60 80
+ 1 3 4 1 1
+ 2 2 3 4 5
+ 10 1 1 - -
+ 12 - - 1 1
Missing response 6 8 1 1
TOTAL 75 100 75 100
BETWEEN GRADUATIONS Not possible by design(l)

(1) See note 2 Table 4.18

Table 4.20 Electronic dial display — subjective measures

SUBJECTIVE MEASURES freq A Rank
Easiest to read 2 3 4
Most difficult to read ' 14 19

Easiest to decide whether speed was 8 11 4
-within a speed limit

Most difficult to decide whether 9 12

speed was within a speed limit

Most attractive display 4 6 4
Least attractive display 8 11

Would choose for own car 9 12 3
Would avoid for own car 7 10




The electronic dial display ~ summary of results

1.

When reading the speed shown on the electronic dial _
display only 147 (speedometer only) and 12% (speedometer
and other instruments) errors were made. In this
respect the display performed reasonably well being

ranked 4 and 3 respectively.

No errors were made when subjects read the speed on a
numbered graduation. All the errors occurred on
unnumbered graduations as it was not possible for the

display to show a reading between graduations.

Very few errors were made when check reading the speed

against a speed limit.

Only 2 subjects considered this display the easiest to
read and 20% considered it the most difficult.

This display was rank 4 (out of 5) for check reading the

speed against a speed limit.

More subjects considered the electronic dial display to
be the least attractive (8) than considered it the most

attractive (4).

Only 9 subjects would choose this display for their own
car, but no great negative response was found either as
only 7 stated that they would avoid it. Subjects

reported that the speedometer and tachometer were easily

confused.




The electronic curvilinear display test results

Table 4.21 Electronic curvilinear display - objective measures

QOBJECTIVE MEASURES ' SPEEDOMETER SPEEDOMETER PLUS
freq % Rank freq Z Rank
Total no. of errors made when 283 25 6 263 23 5

reading the speed :

Nature of the errors made when regding the speed(l)

Numbered graduation 14 19 16 21

: Unnumbered graduation no data(2) 11 . 15
Between graduations 25 33 no data{2)
Below 30 mph {green) 25 33 20 27
Above 30 -mph within 10 mph 16 21 ‘ 10 13

(green and amber)

{green and amber)
Total number of errors made 20 2 2 65 - 6 7

when deciding whether the speed
was within a speed limit

No. of errors made according to discrepancy from the speed limit

Speed on speed limit 1 1 6 8
Speed aboﬁe, within 10 mph 1 1 7 9
Speed above, over 10 mph ya 3 1 1
Speed below, within 10 mph 1 1 1 1
Speed below, over 10 mph -1 1 1 1

(1) See Table 4,22 for details

(2) These data points did not occur in the presentations

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Above 30 mph over 10 mph 26 35 12 16 |
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|




Table 4.22 Electronic curvilinear display — nature of the errors made

when reading the speed

NATURE OF THE ERRORS (MPH) " SPEEDOMETER SPEEDOMETER PLUS
freq o freq F4

NUMBERED GRADUATION

- 10 - - 1 1
- 4 1 1 2 3
- 2 9 12 10 13
Correct 61 81 59 79
+ 2 1 1 1 1
+ 5 1 1 - -
Missing response 2 3 2 3
TOTAL 75 100 75 100

UNNUMBERED GRADUATION

- 2 . 5 7
- 1 3 4
Correct no data(l) 64 85
+ 14 1 1
Missing response 2 3
TOTAL ' 75 100

BETWEEN GRADUATIONS

- 2 ' 3 4

Correct ' 30 . 67
' no data(l)

+ 1 6 8

+ 2 11 15

+ 4 2 3

Missing response 3 4

TOTAL 75 100




Table 4.22 (continued)

NATURE OF THE ERRORS (MPH) SPEEDOMETER SPEEDOMETER PLUS
freq freq %
BELOW 30 MPH (green})
- 10 - - 1 1
- B - - 1 L
- b 3 4 1 1
- 5 - - 2 3
- 4 3 4 - -
- 2 3 4 6 8
- 1 7 9 - -
Correct 50 67 55 73
+ 1 1 1 1 1
+ 2 4 5 2 3
+ 4 1 1 2 3
+ 10 1 1 - -
Missing respouse 2 3 4 5
TOTAL 75 100 75 160
ABOVE 30 MPH, WITHIN 10 MPH (green and amber)
- 11 H 1 - -
- 2 2 3 3 4
- 1 6 8 2 3
Correct 59 79 65 87
+ 2 - - 1 1
+ 6 2 3 - -
+ 10 2 3 1 1
+ 12 - - 1 1
+ 19 - - 1 1
Missing response 3 4 1 1
TOTAL 75 100 75 100
ABOVE 30 MPH, OVER 10 MPH (gteen and amber)
- 8 ' 1 1 - -
- 7 - - 1 1
- 6 2 3 1 1
- 4 2 3 - -
- 2 & 5 4 5
Correct 49 65 63 84
+ 1 5 7 - -
+ 2 4 5 4 3
+ & 2 3 - -
Missing response 6 8 2 3
TOTAL 75 100 75 100

{1} These data points did not occur in the presentations




Table 4.23 Electronic curvilinear display - subjective measures

SUBJECTIVE MEASURES freq Z Rank
Easiest to read 2 3 4
Most difficult to read 41 55
Easlest to decide whether speed was 11 15 3
within a speed limit
Most difficult to decide whether 28 38
speed was within a speed limit
-Most attractive display 22 30 2
Least attractive display 30 41
Would choose for own car 6 8 5
Would avoid for own car 43 59




The electronic curvilinear display - summary of results

1.

About a quarter of the speed readings made were
erroneous and no difference was found between the
speedometer only condition and the speedometer with
other instruments. The number of errors made was
slightly less when the speed reading was within 10 mph
of 30 mph where the segment colour changed from green to

amber.

Very few errors were made when check reading the speed

‘ against the speed limit.

Only two subjects considered the electronic curvilinear
display easlest to read, and a strong negative response
was noted as over half (55Z) the subjects considered

this display the most difficult to read.

Although 15% of subjects considered that the electronic
curvilinear display was easiest to use for check reading
the speed against the speed limit, a greater number
(38%) considered it to be the most difficult. Subjects’
comments indicated that although the segment colour
change at 30 mph made that spéed limit easier the 50 mph

and 70 mph were not enhanced.

Thirty per cent of the subjects considered the
electronic curvilinear display to be the most attractive
and it ranked 2. However, a larger number (41%)
considered it to be the least attractive. Subjects
remarked that the display was novel ‘and colourful but
some also considered that the variety of colours used

seriously reduced the legibility of the displays.
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Only 6 subjects stated that they would choose the
electronic curvilinear display for their own car. A

much larger number 43 (59%) stated that they would avoid

" that display. Subjects reported that the green segments

below 30 mph were insufficiently bright, that the amber
tachometer segments over the whole range of the scale

were too bright and attracted attention from the

speedometer.




The electronic digital display test results

Table 4.24 Electronic digital display - objective measures

OBJECTIVE MEASURES SPEEDOMETER SPEEDOMETER PLUS
freq % Rank freq %  Rank
Total no. of errors made when 22 2 i 26 2 2

reading the speed

Nature of the errors made when regding the speed(l)

Including digit '4'(2) (4531 1 (43)1 1
Including digit 'L’ (3151 1 (e1)1 1
Single digit (5) 1 1 (7)1 1
Two digits (45)1 1 (43)1 1
Total number of errors made 24 2 3 18 2 1

when deciding whether the speed
was within a speed limit

No. of errors made according to discrepancy from the speed limit

Speed on speed limit 2 3 no data(3)
Speed above, within 10 mph 2 3 1 1
Speed above, over 10 mph 2 3 2 3
Speed below, within 10 mph 1 1 1 1
Speed below, over L0 mph 3 4 1 1

{1) See Table 4.25 for details
(2) Actual digits shown in brackets

(3) These data points did not occur in the presentations




Table 4.25 Electronle digital display - nature of the errors made when

reading the speed |

NATURE OF THE ERRORS (MPH) SPEEDOMETER " SPEEDOMETER PLUS
freq pA freq )3

INCLUDING DIGIT '4'(1l) (45) (43)

- 9 1 1 - -

-1 - - 1 1
Correct 74 929 74 99
TOTAL 75 - 100 75 100
INCLUDING DIGIT '1° (31) (61)

- 21 1 1 - -

- 17 - - 1 1
Correct ' 74 ‘ 99 74 99
TOTAL 75 _ 100 75 100
SINGLE DIGIT (5) (7)

-1 - - 1 1
Correct 74 99 74 99
Missing response 1 ]. - -
TOTAL 75 100 75 100
TWO DIGITS | (45) (43)

- 9 1 1 - -

-1 - - 1 1
Correct 74 99 74 99
TOTAL 75 100 5 100

(1) Actual digits shown in brackets




Table 4.26 Electronic digital display — subjective measures

SUBJECTIVE MEASURES freq % Rank
Easiest to read : 52 70 1
Most difficult to read 1 1

Easliest to decide whether speed was 35 47 1

within a speed limit

Most difficult to decide whether 5 7
speed was within a speed limit

Most attractive display 23 32 1
Least attractive display 11 15
Would choose for own car 33 45 1
Would avoid for own car 5 7

10l




The electronic digital display - summary of results

The electronic digital display was a 7-segment array with
the digit '1' generated from the right hand segments.

1. When reading the speed only 2% of the readings were

erroneous and most of these were made by one subject.

2. When check reading the speed against the speed limit

only 27 of the responses were erroneous.

3. Seventy per cent of the subjects congidered the
electronic digital display easiest to read and it was

rank 1.

4. Nearly half (47%) of the subjects considered the
electronic digital display to be easiest for check
reading the speed against the speed limit and was
rank 1. Only five subjects considered it to be most
difficult for this task.

5. About one third (32%) of the subjects considered this
display to be the most attractive and again it was

rank 1.

6. Nearly half (45%) of the subjects stated that they would
choose this display for their own car, and again 1t was
rank 1. Only five subjects stated that they would avoid
this display. Subjects considered the digits large
enough to be clear and easy to read. They also remarked
that the colour coding of the speedometer (amber) and
tachometer (Elue) differentiated well between the two

sets of digits and drew attention to the most jmportant

of the two instruments, the speedometer.




4.5.9

4.5.9.1

Main study - discussion

The discussion in this chapter will be concerned only with the
main points of Study 1. Chapters 7, 8 and 9 discuss the whole
programme in detail. ‘ '

Discussion of the results

The objective measures of accuracy of reading the speed and

. accuracy of check reading against a speed 1limit indicate that

the electronic digital display was read more accurately (93%
correct) than any of the analogue displays. The majority of
the errors on the digital display were made by one driver with

poor eyesight. The high score was in accordance with

‘expectations based on the literature, as in this test the

digital display provided information in exactly the form

required for an accurate response.

The data also iIndicate that the electromechanical analogue
displays were more difficult to use for reading the speed shown

on the speedometer. This may be due in part to the fact that

‘the electromechanical displays could indicate an infinite

variety of speedometer readings within the range 0 - 140 mph.
The electronic digital display could only present unit

readings; the electronic curvilinear display presented the

speed readings 1n units of 2 mph; and the electronic dial
display presented speed readings in units of 2% mph. The
opportunities to ﬁake an error are, therefore, very much
greater with the electromechanical displays compared with the
electronic displays, particularly the electronic analogue

displays.

With the exception of the electromechanical dial (revised)
display with additional instruments the electromechanical
displays produced slightly more errors than the electronic
displays, when deciding whether the speed shown on the

speedometer was within a speed limit. There was no marked
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effect of discrepancy between the speed shown and the speed
limit on any of the displays. The electronic displays scored

equally low numbers of errors.

The electronic dipgital diSplay performed equally well
regardless of the number of digits presented (one or two), and
the two digits 'l' and '4' which were considered most difficult
to read produced very few errors. Where the speed was on a
nunbered graduation the electronic dial display scored no
errors compared with one error in every five presentations with
the curvilinear display. However, when the speed was on an
unnumbered graduation the error scores for both displays were
relatively high. (This is not applicable to a digital
display).

Theoretically, the digital displays should be more difficult to
use when deciding whether the speed shown was within a speed
limit. This is because a digital display requires a form of
arithmetic calculation, whereas a analogue display, such as the
dial or curvilinear display, only requires a comparison of
'pointer' position relative to a particular point. However,
the digital display still scored the least number of errors
(considerably reduced if one subject's scores are removed)
compared with the curvilinear and dial displays. None of the

electronic displays scored more than 5% errors.

The electronic curvilinear display segments changed c¢olour from
.green to amber at 30 mph. This feature was designed to assist
drivers when deciding whether the speed was within the 30 mph
limit. Although the drivers consldered this to be a useful
feature the proportion of errors was stili slightly higher than
with the digital display when speeds limits of 50 mph and 70

mph were also taken into account. The effect of additional
instruments was marked with the curvilinear display. The '
tachometer segments were amber throughout and appeared to

distract the drivers attention from the speedometer. The

colour coding of the tachometer was considered to be an '
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4.5 ‘9 l2

artefact in the experiment and so the results for the
curvilinear display cannot be accurately interpreted. The
curvilinear display may perform better 1f the colour of the

tachometer was changed. -

On the basis of the objective measures the digital display
performed better than the electronic dial or curvilinear
display. This was most apparent when reading the speed shown
on the speedometer. There was little to choose between the
displays when deciding whether the speed was within a speed
1imit. The error scores for the digital display could be
considerably reduced by removing the scores of one subject; and
the curvilinear display may perform better if the colour of the

tachometer was changed.

The subjective scores indicate a preference for the digital
display on all topics. The digital and the curvilinear
displays were considered to be the most attractive by an almost
equal number of people (32% and 307 respectively). However,
the curvilinear display was considered to Be least attractive
by a larger proportion (41%) of the subjects. With the
exception of attractiveness the electronic digital display
scored consistently higher than any of the analogue displays.
The electronic curvilinear display scored consistently highest

on the negative scales.
Discussion of the research method

The nature of the experiment may have influenced the results in
favour of the digital display. The displays were presented for
a fixed brief exposure time (450 m sec) which had been
established as one at which subjects made errors which
discriminated between display designs. However, the digital
display could be read so rapidly that at 450 m secs very few
errors were made but subjects could not cope with reading the
analogue displays at a faster exposure time. In the pilot
studies at.exposure times of 200 m secs subjects were still

reading the digital display accurately. (The tachistoscope




became unreliable at faster than 200 m sec).. Under normal
driving conditions, where the driver can determine the time
for which the displays are viewed the number of errors on the
analogue displays may decrease. However, the driver would
_probably take his/her eyes off the road for a longer period of
‘time than that required to read a digital display accurately.

The tachistoscope presentation method did not attempt to
simulate driving conditions. It was an attempt to obtain an
overview of the ease of use of different display designs. At
first the notion of simulating glanceé from driving to read the
instruments was contemplated but the literature indicated that
'eyes off road' time while driving was so varied and in many
cases very iengthy that this proved an unsatisfactory

approach. At average 'eyes off road' times drivers did not
make any errors when reading the speedometer. When driving the
driver wishes to obtain an accurate reading of the speedometer
hence he/she adjusts the reading time accordingly. As the
purpose of this study was to discriminate between designs the
'eyes off road' time had to be abandoned and a fixed rapid

exposure time introduced.

There were a number of other factors which could have produced
a higher accuracy score than would be found in driving. Unlike
driving, the only task the subject had to carry out was reading
the speedometer (and noting down the speed). There was no
‘other tasks to hold the driver's attention, All the tests were
conducted under night tlme lighting conditions when each of the
displays was of equal brightness and contrast. (They were all
projected slides). In driving the displays would be viewed 1in
a variety of lighting conditions and they would alsc be at
different'brightness. The diSplayé were static and did not
change as they would do in normal driving. This was considered
particularly important as the ease of reading of the digital
display may be related to digit update rate, The subjects did
not have to refocus from infinity to read the speed at facia

distance.
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4.5.9.3

Some features of the experiment may have produced a higher
error score than would be found in driving. The main feature
was that there was no auditory or visual feedback from a
vehicle to indicate to the subject what band of speed reading
may be appropriate. This was important for the analogue
displays and the curvilinear display in particular because this
meant that the whole scale had to be scanned to identify the
correct reading. In driving, the driver would have an idea
from vehicle and road data what vange of speed was likely and

hence where to aim a glance on the scale.

The advantages of using this method of simulation were that it
was possible to conduct trials with large numbers of people
relatively easily as they could be tested in groups. The‘
projection tachistoscope equipment was inexpensive and readily
available. The displays were produced as artwork and then as
slides. This was a time cbnsuming activity as 400 slides were
required. However, it was very cheap and quick compared with
the development of prototype dynamic displays. This method
clearly can be used to obtain objective dgta concerning the
accuracy of use of different display designs. The usefulness
of this method for obtaining subjective preference data was not
so clear. However, the subjects were able to respond to |

questions concerning percelved ease of use, attractiveness of

" the design and choice for own car (if the displays were real

instrument panels).

The major disadvantage is that the displays were static and
hence no information on ease of use and preference in dynamic
conditions could be obtained. This was a particular
disadvantage for the electronic displays where the update rate

of the leading segments or the digits was of great interest.
Discussion of the display designs
In this study all the display designs were produced as

photographic representations. There was no difference, except

in style between the 'electromechanical' and 'electronic’
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~amber tachometer segments clearly attracted the driver's eyes

displays. Hence it can be considered that this simple
tachistoscope presentation in which many features of the
displays including 1llumination, information content and
viewing times could be controlled reflects a true difference in

ease of use between display designs.

The two electromechanical designs were continuous scale/pointer
designs which means that a reading could be given at any point'
on the scale. The two electronic analogue displays were
discrete and hence a reading could only be made at the ends of
the 1it segments namely every 2 mph for the curvilinear display
and every 2% mph for the dial display. The digital display
only gave readings in whole units with a maximum of 3 digits

and a usual range of 2.

The display colours (except-for the electronic curvilinear
display) were specified by Ford Motor Company but could be
controlled iﬁ the experlment such that for example the
speedometer was always the same colour across designg. The
electromechanical designs were blue-green with amber pointers;

the electronic dial was amber for both speedometer and
tachometer with amber odometers and green fuel gauge; the
electronic curvilinear design contained four colours, green
scale and segments 0-30 mph, amber segments 30-130 mph on the
speedometer, blue scale and amber segments on the tachometer,
blue surround and symbol and red indicator on the fuel gauge,
green and blue odometers; the electronic digital display had
amber speedometer and odometers, blue tachometer

and green fuel gauge. The use of colours clearly influenced
subjects' objective and subjective responses to the displays.

This was most apparent with the curvilinear display where the

to the tachometer rather than the speedometer. The brightness
of the amber also‘made it difficult to read the green and blue
segments and scales. The amber speedometer on the digital
display with blue tachometer was. considered an advantage

because the speedometer was brighter and hence attracted the

eyes more than the tachometer. The electronic dial display
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which had both dials amber wag considered unsatisfactory
because the driver could not readily discriminate between the
speedometer and tachometer particularly as both were the same

style. The amber pointer on the electromechanical designs was

" considered clear and easy to read and produced a usefﬁl colour

contrast.

The display designs contained three styles of amalogue dial, an
analogue curvilinear design and a digital design. Some
comparisons can be made between the results for these designs.
The results are very design specific however. They would not
apply to all digital speedometer designs or all curvilinear
designs. Under static conditions the objective measures
indicated that the digital display can be read most accurately
(98% correct)}). The electronic dial next most accurately (87%
av.) and the electronic curvilinear next (76% av.). There is
the possibility that these results reflect not the ease of
reading but the probability of error. For example the
electromechanical designs can be read to any accuracy because
they are continuous, the electronic dial can only be read to an
accuracy of 2% mph. Hence 1f the figures were weighted the
results may be more evenly distributed. However, this does not
reflect the relative ease or difficulty of the decision making
process .in that for example the subject knows that when reading
the speed on the electronic dial the response can only be 2%,
5, 7%, 10 mph etc.

The literature indicates that linear displays are more
difficult to read than dial or digital diplays (Sleight 1948,
Graham 1956). This 1s mainly because of the increased scanning
time required to locate the pointer on the scale. In this
experiment the curvilinear design performed marginally better
than the two electromechanical dials (if the results for the’
clutter and no clutter conditions are taken together). This

may be because the scale markings are much clearer on the

curvilinear design.




There was very little difference between display designs when
deciding whether the speed was within a speed limit, all were
accurate to within 10%Z. The curvilinear design segments
changed colour at 30 mph from green to amber. Although the
subjects considered that this feature made the display easier
for check reading at a 30 mph speed limit this was not
corroborated by the objective data. Subjects did not make
feﬁer errors when check reading for 30 mph speed limit. There

was no advantage at 30 mph and 70 mph.

The design of the scales with numbered and unnumbered
graduations at 5 and 10 and 20 mph intervals made a difference
to the accuracy of reading the displays. The level of accuracy
decreased from readings on numbered graduatioﬁs (range of
errors 0%-21%) to unnumbered graduations (range of errors
12%-33%), to readings between graduations {(range of errors
33%-76%Z). The original electromechanical dial only had scale
markings at 0, 20, 40, 60 mph ...., the revised version, the
electronic dial and the electronic curvilinear displays had
scale markings at 0, 10, 20, 30 mph .... The unnumbered
graduations were at every 5 mph (and 10 mph for the original
electromechanical design). However, the curvilinear design
segments were in 2 mph units hence they did not correspond with
the 5 mph scale markings, giving 4 or 6 mph readings only.

This variation in scale marking design makes the direct
comparison of display styles more complex and it is difficult
to draw conclusions based only on one aspect of the overall
"design. The small number of errors made when reading the
digital display'were analysed in terms of whether the digits
"1t or '4? appeéred, as the literature (Van Nes and Bouma 1978)
indicates that these digits tend to cause most problems. Only
two errors were recorded with the digit 'l' and two with the
digit '4'. The errors appear to be random and not related to
the digits themselves. The results were also analysed as to
the nature of the errors made when one or two digits were
presented. Again there appears Eo be no pattern to the errors

relating to the digits presented, and only four errors were
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made. (The errors were all made by one person with poor

eyesight but a driver).

The question which appeared to synthesise the subjects'
preferences for the display designs was 'which display design
would you choose for your own car?’. This was intended as a
question to bring out the balance between ease of use and
aesthetic appeal. 457% of drivers would choose the digital
display for their own car and 59% would avoid the curvilinear

. display.
4.5.10 Main Study — conclusions

The first stage of the research programme to investigate driver
responses to electronic instrument panel designs addressed
itself to two main questions. These were concerned with
whether electronic instrument panels have advantages from an
ergonomics point of view over electromechanical instrument
panels, and also the comparative merits of the different
electronic display designs. The main conclusions from the
first stage of the research programme are presented in this

section.

4.5.10.1 Are electronic displays preferable to electromechanical

displays from an ergonomics polnt of_view?

The speed shown on the speedometer was read more accurately
from the electronic displays than from the electromechanical

displays.

The subjective measures did not clearly discriminate between
the electronic displays and the electromechanical displays.
However, the electromechanical dial (original) was less well

1iked than the electrornic displays.

From an ergonomics point of view the electronic displays have

advantages over the electromechanical displays under these test

conditicns.




4.5.10.2 Which of the electronic displays performed most satisfactorily,

from an ergoﬁomics point of view?

Subjects made least errors when reading the speed shown on a

digital speedometer.

When deciding whether the speed shown on the speedometer was
within a given speed limit, subjects made slightly fewer errors
with the digital display.

The majority of subjects (70%) considered it was easieét to
decide whether the speed was within a given speed limit using a
digital display. Thirty eight per cent of the subjects
considered that the curvilinear display was most difficult for
this task and 31% thought the electromechanical dial (original)
was the most difficult.

The digital display was considered most attractive by the
largest number of drivers (32%). However, it was closely
followed by the curvilinear display (30%) and the
electromechanical dfal (revised) (27%4). Although 30%Z of the
drivers thought the curvilinear display ‘the most attractive,
41% considered it to be the least attractive.

The digital display was the display which the largest number of
the drivers (457%) stated they would choose for their car.
Fifty nine per cent of the drivers stated that they would avoid

choosing the curvilinear display for their car.

The digital display performed better than the other two
electronic displays on the objective measures, particularly
when reading the speed. There was little to choose between the
electronic displays when deciding whether the speed was within
a speed limit. The subjective scores indicated‘a preference

for the digital display on all the topics investigated 1n the

study.




CHAPTER 5 STUDY 2 DRIVER RESPONSES TO FOUR DESIGNS OF INSTRUMENT
PANEL TESTED IN A VEHICLE SIMULATOR

SUMMARY

In the second stage of an invgstigation of drivers' responses to

electronic instrument panel designs, tests on the ease of reading and using
four designs in simulated driving conditions were carried out. Dynamic
models of the designs were installed in a computer controlled vehicle
simulator. The designs comprised an electromechanical dial display, an
electronic dial display, an electronic curvilinear display and electronic
digital display. The speedometer and tachometer responded to the vehicle
gimulator controls. One hundred drivers tested the displays and measures
were taken of the accuracy of reading the speed and of check reading
against a speed limit. Drivers also gave their opinions about the ease of

use of the displays and made comments on the designs.
CONCLUSIONS

® The electronic digital display performed considerably better than
the other displays on accuracy of reading the speed and deciding

whether the speed was within a speed limit.

@ The majority of drivers considered that it was easiest to use to
read the speed; to decide whether the speed was within a speed

limit; and to keep a speed target using the electronic digital display.

@ The electromechanical dial display was considered the least

distracting of the displays when driving.

@ The electronic curvilinear display was considered most attractive by the
largest number of people. However, about a third of the drivers thought
it was the least attractive and a further third thought the electronic

digital display was the least attractive.

® The electronic digital display was the one which most drivers
stated they would choose for their own car. About a third of the
drivers said they would avoid choosing the electronic curvilinear

display.
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5.1

3.2

Introduction

The results of Study 1 showed that the electronic display
designs could be counsidered to have advantages over the
electromechanical designs tested. However, the results for
the three electronic designs indicated that the choice of
electronic design was not.clear. Within Ford Motor Company
there was a strong preference for the curvilinear design.
and a reluctance to accept the possibility of adopting a
digital display. The performance of the electronic
displays in dynamic conditions was also unknown. Hence all
three electronic designs, slightly amended, were included

In the test programme.

In the second stage of the research, user trials were
conducted in a purpose built vehicle simulator. One
electromechanical dial display and three electronic
displays were built as dynamic models and tested by drivers

under more realilstic conditions than pertained in Study 1.

Alms of Study 2

Under simulated driving conditions:-—

l. To¢ compare the driving performance of subjects using
three electronic displays with their performance using

an electromechanical dial display.

2. To measure the error rate of reading the instruments

whether to gauge the current speed or to decide if a

speed limit was being exceeded.

3. To obtain drivers' preferences and opinions about the

instrument panel designs.




5.3 Pilot studies

Prior to the commencement of the main experiment, the
following brief pilot studies were conducted; the alms of

which were:~

1. To establish the optimum duration of each task and the

task related practices.

2. To determine the length of driving practice time
required for the subjects to become familiar with the
vehicle simulator and to establish the level of
competence with the simulator needed to complete the

experiment..

3. To assess the questionnaire design and the method of

presentation and response.

4. To test the experimental method; the illuminmation
levels; timing and duration of the experiment; the
sampling procedures; the eyesight tests; the inter-

experimenter variability in response time.

Sixteen subjects took part in the pilot studies. All the

subjects were drivers who had driven within the last year.

The results of the pilot studies were used to design the

main experiments.

5.4 Experimental design

The instrument panel designs used in the study were:-

Electromechanical dial display
Electronic dial display

Electronic curvilinear display

Electronic digital display




The instruments included on the display designs were a

speedometer, tachometer, odometers and a fuel gauge. The
speedometer and tachometer responded to the vehicle
controls, the odometers and fuel gauge were static. The

instruments were specified by Ford Motor Company Limited.
A complete block design was used such that:

1. All subjects drove the vehicle simulator with all four

display designs.

2. Each display occurred first, second, third or fourth in

order of presentation an eqﬁal number of times.

The main task as far as the subjects were aware was driving
the vehicle simulator. While driving, each subject carried
out three other tasks. These were commenced at a stimulus

nolse from the computer.

Task A - state the speed shown on the speedometer as
quickly and as accurately as possible (10 readings

per driver).

Task B - state whether the vehicle's speed was within a
speed 1limit shown on the TV monitor, as quickly
and as accurately as possible {10 readings per

driver).

Task C - adjust the vehicle's speed to remain as c¢lose as
possible to a speed target shown on the TV
monitor, and rate the ease or difficulty of the

task with each display.

The tasks were repeated in the same order with each of the
four displays. Each 3 minute task was controlled by a

computer program which at specified intervals activated a

stimulus signal, displayed and changed speed limits,




5.5

recorded responses via the keyboard; and recorded

performance readings from the vehicle controls.

The speed limits shown on the screen in Task B were 30 mph,
50 mph and 70 mph., The speed targets shown in Task C were
30 wph, 40 mph, 50 mph and 70 mph (specifications of the
tasks are given in Figure 5.1).

The experiments were conducted under night time lighting
conditions (approximately 100 lux). The lighting was not

controlled.
The following measures were taken during each experiment:

Time from the start of each task

Actual speedometer reading

Actual tachometer reading

Stimulus time

Subject's response (speed reading (Task A), Yes/No (Task B))
Response time

Driving error (whether the subject had driven off the road
during the time sampled) |

Speed limit (Task B)

Speed target (Task C).

Readings were taken automatically by the computer at 1
second intervals throughout the experiment, with the
exception of the subjects' responses which were typed in by

the experimenter via the computer keyboard.

Sub jects

100 subjects took part In the main study. They were all
drivers who had driven within the last year. Subjects wﬁo
took part im Study 1 were excluded from Study 2, as their
previous experience with the display designs may have

influenced their opinions.
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5.6

5.6.1

Equal numbers of men and women attended and there were also
equal numbers in each of 3 age groups: 17-30 years, 31-50

years, 51 years and over.

The subjects were tested singly and the experiment lasted
1%-2 hours.

Equipment

Computer based simulator

An Apple II computer controlling the simulator was

responsible for the following functions:-

1. The production of a dynamic picture of a road as viewed

from inside a vehicle moving along that road.

2. The Interpretation of signals produced by the vehicle's
controls and the modification of the road picture

accordingly.

3. The production of random deviations in the vehicle's
apparent path, to simulate buffeting by the wind, so

that steering actions were needed to compensate.

4. The sending of signals to the speedometers and
tachometers, so that they behaved realistically and in

response to the vehicle's controls.
5. The control of the experimental tasks.

6. The collection of data on the subjéct's performance and
the storing of data in a suitable form for subsequent

analysis.

To improve the speed at which programs were interpreted and
to reduce storage space occupied by the programs, it was
necessary to program the computer in the Assembler code of

Apple II.
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5.6.2

5.6.3

Vehicle simulator

The subject was seated in the vehicle simulator based on a

Ford Granada bodyshell. The simulator was fitted with the

usual controls and these controls operated as they would in
an ordinary car. The controls were connected to

transducers as follows:-

steering wheel - potentiometer reading angle

accelerator - potentiometer reading position

brake -~ pressure transducer

clutch - position switch

gear lever - four position switches (no reverse gear)

The transducers were connected to the computer via
electronic circuitry introducing lags, scaling the signals
appropriately and enabling the dynamic properties of the
simulator to be varied to match the performance of a real
vehicle. Subjects heard a simulated engine nolse which
varied in tone according to engine speed and gear

selection.
Collimating lens

The computer produced the road plcture on a standard
monochrome TV monitor. Since the monitor was of limited
size, it had to be placed fairly close to the subject.
However, in such a position, the subject saw the 'road' and
the displays at approximately the same distance from the
eves and had no need to refocus when moving between them.

A 500 mm diameter focal length aspﬁéric collimating lens
was placed in front of the monitor. This had the effect of
projeﬁting the road picture to infinity. A stand was
designed and built to support the lens at the correct

angle.

The vehicle simulator and road picture are shown in

Appendix 5, Figure 5.2.




5.6.4

Instrument panel designs

Four instrument panels were built and tested in the
experiment. The three electronic designs were prototypes
and were built from drawings provided by Ford Motor Company
Limited. The instruments included in the designs were a
speedometer, a téchometer, odometers and a fuel gauge. The
speedometer and tachometer were dynamic and the odometers

and fuel gauge were static.

The electromechanical dial display was based on an R-module
desizn and the speedometer and tachometer were activated

using continuous motors.

The electronic dial display and the electronic curvilinear
display were produced by silk screen printing the scales,
segments, odometers and fuel gauge patterns on to polarised
plastic face plates. LEDs were built up into patterns to

correspond to the segment arrangements of the instrument

panel signs. The segments were fastened to the face plates

and activated via specially designed electronic circuits.
The display components were coloured as shown in the
photographs in Appendix 2. The scales, fuel gauge and
odometers wére back 1lit by specially designed light packs.

The electronic digital display panel was produced in a
similar fashion to the electronic dial and curvilinear
displays by back lighting a screen printed face plate. Two
sets of two 25 mm tungsten filament digits were inset into
the face plate. The digits formed a speedometer and a
tachometer, and were activated directly by the computer.
The rate of change of the display digits varied according
to the rate of acceleration or deceleration based on a

sampling rate of four samples per second.

The iighting packs and the LED arrays were powered by a 12

volt battery.




5.6.5

5.6.6

5.7

Questionnairer

A questionnaire was designed to collect demographic details
about the subjects, such as age, sex, driving experience,
and to collect data on the subjects' preferences and
opinions regarding the four instrument panel designs.
Subjects were asked to rate which of the designs was best
and worst on criteria such as ease of reading and
attractiveness. They were also asked to give their
comments about the designs based on their experience whiie
using the displays during the experiment. A pilot study
had assessed the possibility of completing parts of the
questionnaire via the computer, but this was found to be

unsatisfactory.
The questionnaire is shown in Appendix 3.
Other equipment

MAVIS Master Vision Screener

ISTHARA colour vision test

Anthropometer to measure sitting eye height

Stopwatch '

Recording schedule for hearing test and Task C (see
Appendix 3)

Recording schedules for MAVIS and the Ishihara test (see
Appendix 3).

Procedure

The project was described to each subject emphasising the
driving aspect of the project rather than the instrument
panel designs. The following measurements were then

taken:

-~ near and distance vision, and stereopsis using the MAVIS

Master Vision Screener

- colour vision using the Ishihara test.




5.8

The results were noted on the recording schedule shown in

Appendix 3.

A test was also carried out to ensure that the subject

could hear the sound effects used in the experiment. These

werei—

engine noilse
beep - stimulus

buzz - vehicle off the road.

After instruction in the use ¢of the vehicle simulator, each
subject practised driving the simulator for a 5 minute
period. Most subjects were competent after this practice,
but some drivers were given a second practice of 3 minutes
duration. Those subjects who could not master.the vehicle

gimulator after two practices were not tested further.

The subject drove the vehicle simulator with each of the
four display designs in turn, carrying out Tasks A, B and C
for each display. The driving part of the experiment took
between 45 minutes and ome hour to complete. The subject
then completed the questionnaire refering to a flash—card

contalning photographs of the designs.

Data handling and analysis

Data on the subjects' preferences and opinions, and
demographic data collected by questionnalre were analysed
by hand.

Data on the subjects' performance were collected and stored

automatically on floppy disc by the computer during the

experiments.




The performance data analyses comprised:—

Task A — mean of actual speed and actual engine rev.s

between stimulus and response
= direction and extent of speed reading errors

- number of 'kerb hits' (time off road) between

stimelus and response
~ response time

Tagsk B -~ mean of actual speed and actual engine rev.s

between stimulus and reponse
- response error

- pumber of 'kerb hits' between stimulus and

response
- response time

Task C — mean of actual speed and actual engine rev.s in 10

second sampling blocks for each speed target
~ 'kerb hits' within the sampling blocks.
These data were analysed for each instrument panel design
for each subject. The data were then amalgamated to

provide data for each design.

Drivers' comments on the display designs were recorded and

classified.
5.9 Results
5.9.1 Introduction

The second stage of the programme of research to evaluate
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driver respomses to electronic instrument panel designs
consisted of experiments conducted under controlled
laboratory conditions, in a vehicle simulator. The
limitations of such experiments are outlined below, in

order to put the main findings into context.

Unlike normal driving, the vehicle simulator presented few
distractions to the subjects, and was less demanding of '
thelr attention. Therefore, the subjects could direct more
attention to the displays than in normal driving. However,
there were also fewer cues as to the speed of the vehicle

so the subjects were more reliant on the instruments.

The electronic displays used in the experiment were models
produced using techniques different from those which would
be employed in the 'production' instrument panel designs.
The electronic dial and curvilinear displays were produced
using LED segments with backlit scales. The electronic
digital display used 25 mm tungsten filament digité. In
the production displays, Ford Motor Company Limited
intended to use LCD technology. The technical and visual
properties of the displays used in the tests were not
representative of LCD technology. However, as far as the

subjects were concerned, the displays looked 'electronic'.

The display designs differed in the amount of information
presented to the subject. The electromechanical dial
display pointer could indicate any speed on the scale; the
electronic digital display showed the speed in units of 1
mph; the electronic curvilinear display segments 1lit up in
units of 2 mph; and the electronic dial display segments
l1it up in units of 2% mph- Therefore, the opportunities
for making errors were reduced by a factor of 2 for the
curvilinear display and 2% for the dial display compared
with the digital display.
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5.9.2 Objective measures

5.9.2.1 Reading the speed
Table 5.1 indicates the accuracy with which éubjects were
able to read the speed for each display design.
Table 5.1 . Accuracy of reading the speed
ACCURACY SCORE (1)
_ . MEAN (2)
DISPLAY + 2 mph + 3 to 5 mphlt+ over 5 mph|MISSING |[RESPONSE
- - RESPONSE TIME
freq %(3)| freq % | freq Z |freq % | (secs)
ELECTROMECHANICAL | 467 47 331 33 185 19 17 2 1.64
DIAL
ELECTRONIC DIAL 231 23 601 60 159 16 9 1 1.63
ELECTRONIC 33 3 319 32 637 64 11 1 1.69
CURVILINEAR
ELECTRONIC DIGITAL| 969 97 5 1 13 1 13 1 1.19

Tatal number of responses per display = 1000

See Figure 5.3

Footnote

(1) The score was calculated from the subjects' response

and the mean of the speed readings between the stimulus

and the response.

(2} Mean response time was calculated as time from the

stimulus to the experimenter pressing a single known

response key on the keyboard.

subject response time, reading time, and experimenter

reaction time. The purpose was to take a relative
measure which may disctiminate between designs rather
than an absolute measure.

(3)

Percentages are rounded to the nearest unit.

Percentages below 1 are shown as —.
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It can be seen from Table 5.1 that:-

1.

The electronic digital display was read correctly (to
within + 2 mph) in 97% of readings. The vast ma jority

of readings were exactly correct.

The electromechanical dial display was read accurately
(+ 2 mph) by a larger proportion of subjects (47%) than
the two electronic analogue displays (dial 23%, .
curvilinear 3%Z). However the electronic digital
display was read more accurately, hence there is no
clear difference bétween the electromechanical and

electronic displays.

" Of the analogue displays the electromechanical display

was read most accurately (477 + 2 mph).

If an accuracy of within + 5 mph is considered
acceptable then there is very little difference between
the two dial displays (80% electromechanical, B3%
electronic). The majority of the electronic dial

display readings were inaccurate by + 3-5 mph (60%).

The electronic curvilinear display performed very
poorly on this task with only 3% of readings within + 2
mph. The majority (64%) were inaccurate by over + 5
mph. There was a marked tendency for the speed to be
underread by approximately 6-8 mph (the equipmentrand
the calibrations were thoroughly checked and no
explanation could be found from that source). The
reading errors were evenly distributed across the

scale.

The electronic digital display was read more quickly
(1.19 secs) than the analogue displays (1.63-1.69

secs).




5.9.2.2

5.9.2.3

7. Compared with the results obtained in Study 1l the

electronic digital display performed equally well (932
accurate Study 1, 97% accurate to + 2 mph Study 2).

For all the analogue displays the accuracy score
decreased under dynamic test conditions if an accﬁracy
level of + 2 mph in Study 2 is observed. The analogue
curvilinear design scores were markedly lower in

Study 2.

The nature and extent of the errors made when reading the

speed

In Study 1 the displays were presented to subjects as
photographic representations and hence were static; the
display readings did not change while-being viewed. Hence
it was possible to obtain accuracy scores for reading which
were correct or incorrect when a comparlison between the
actual speed and the subject's response was made. Also in
Study 1 accuracy of readings at numbered graduations,
unnumbered graduations and between graduatioms could be
compared. In Study 2, the displayé were dynamic, hence the
accuracy scores could only be based on an estimate of the
speed shown on the display at—the time the subject looked
at the gpeedometer. This was taken as the average speed
shown between the time of the stimulus to the time of the
response. Hence it was not possible to know excactly where
the 'pointers' were positioned, and therefore readings
related to particular 'pointer' positions are not

possible.
Deciding whether the speed was within a speed limit

Table 5.2 indicates the number of errors made by subjects

for each display when deciding whether the speed shown on

the speedometer was within a speed limit.



was within a speed limit

~ Table 5.2 The number of errors made when deciding whether the speed

DISPLAY ERROR MIsSs TOTAL CORRECT MEAN
ERRORS RESPONSE
freq %Z | freq % | freq Z% freq % TIME
{secs)

ELECTROMECHANICAL | 298 29 22 2] 320 32 680 68 1.65

DIAL

ELECTRONIC DIAL 303 30 25 3 328 33 672 &7 1.22

ELECTRONIC 518 52 29 3 | 547 55 453 45 1.61

CURVILINEAR (1)

ELECTRONIC DIGITAL 60 6 7 1 67 7 233 93 . 1.39

Total number of responses per display = 1000

(1) See Table 5.17.1 and 5.17.2 for further details

See Figure 5.4

It caﬁ be seen from Table 5.2 that;

1. The electronic digital display produced only 7% errors

gut of 1000 readings when deciding whether the speed

was within a speed limit.

Z. The electromechanical and electronic dial display

designs produced a similar percentage of errors (32%

and 33% respectively).

This was considerably higher

than the errors recorded for the electronic digital

display.

3. The analogue curvilinear design produced the greatest

percentage of errors (552)_compared with the analogue

dial displays (32% and 33%).
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5.9.3

5.9.3.1

4. The electronic dial display had the shortest mean
résponse time (1.22 secs) which was faster than the
_time for the electronic digital display (1.39 secs) for
check reading. The electromechanical dial display
produced marginally the longest response time on this

test (1.63 secs).

5. When comparing the accuracy of deciding whether the
speed was within a speed limit in Study ! to Study 2 it
{s clear that the percentage of errors Increases under
dynamic conditions. This is even marginally so for the
electronic digital display (98% accurate Study 1, 93%
accurate Study 2). The most marked effect was for the
electronic curvilinear display, which reduced in
accuracy from 98/94% (clutter/no clutter) in the static
conditions of Study 1 to 45% in the dynamic conditions
of Study 2.

Subjective measures

The drivers were asked to state which of the four display
designs they considered easiest and most difficult to read;
aasiest and most difficult to decide whether the spee& was
within a speed limit; the easiest and most difficult to use
to keep to a speed target; the least and most distracting

while driving; the most and least attractive; and which

. they would choose and avoid for their own car. In

addition, drivers made comments about each display.

The display designs considered by the subjects to be the

easiest and most difficult to read the speed




Table 5.3 The displays considered by the subjects to be the eastest
and most difficult to read .

DISPLAY _ EASTEST TO READ (MOST DIFFICULT [RANK ORDER
TO READ  |BY EASIEST
A %
ELECTROMECHANICAL DIAL 11 . 34 4
ELECTRONIC DIAL 15 20 2
ELECTRONIC CURVILINEAR 12 29 3
ELECTRONIC DIGITAL 62 | 9 1
NO ONE DISPLAY 0 8
TOTAL (n = 100) 100 100

AXos=11020 A AT os="LT- 10
g%e IE{L'%E;:MOP\&“ fesproses): 144 5Yobs = 1339 B Aedns = | SO

A€ y adnrs .732° péo.os
oﬂfg%‘r(ei%wcal;‘qbneoasneen f% Table 5.3 that:-
l—

1. The electronic digital display was considered easiest
to read by the majority of drivers (62%). Only 9% of
drivers considered the digital display the most
difficult to read.

2., The electromechanical dial display was considered
easlest to read by approximately the same numbers of
subjects (11%) as the analogue electronic dial (15%)
and the curvilinear display (12%). All three performed
much worse than the electronic digital display (62%Z).

3. The electromechanical dial display and the electronic
curvilinear display were considered most difficult to
read by about a third of the drivers (34% and 29%
respectively). '

4. Eight subjects felt that no one display was more

difficult to read than another.
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5. A greater proportion of subjects congidered that the

electronic digital display was easiest to read in the
| " dynamic conditions of Study 2 (62%) compared with the
: static conditions of Study 1 (52%}. '
\

6. The electromechanical dilal display was considered the
most difficult to read in Study 2 (34%) whereas the
electronic curvilinear design was considered most
difficult in Study 1 (41%).

5.9.3.2 The display designs considered by the subjects to be the
easiest and most difficult to decide whether the speed was
within a speed limit

Table 5.4 The displays considered by the subjects to be the easiest
 and most difficult to decide whether the speed was within

a speed limit

DISPLAY EASIEST TO DECIDE [MOST DIFFICULT TO{RANK ORDER
WHETHER WITHLIN DECIDE WHETHER |[BY EASIEST
LIMIT WITHIN LIMIT
% %
ELECTROMECHANICAL DIAL 13 29 3
ELECTRONIC DIAL 13 20 3
ELECTRONIC CURVILINEAR 19 ’ 22 2
ELECTRONIC DIGITAL : 51 i3 H
NO ONE DISPLAY 4 16
TOTAL (n = 100) 100 100
See Figure 5.6 AXlohs=6$3  A-x=gbs= TSNS
A’K‘an'r?basealona\\resymses)=‘?-4‘l BXL‘““““;- B X*ohs = §-0(pto-0%)
df s 4 v (ocluding Nooacdspliay’) < 13 pco.o
b%fg;' It can be seenﬁgrom Table 5.4 that:
oL =

1. The electreonic digital display was considered easiest
to decide whether the speed was within the speed limit
by the majority of drivers (51Z).

The electromechanical dial display was considered
easiest for check reading by approximately the same

nunber of subjects (13%) as the analogue electronic
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dial 13%) and the curvilinear display (19%). All three
performed much worse than the electronic digital
display (51%).

3. The analogue displays were each considered most
difficult for check feading by approximately a fifth of
| " the subjects. Thirteen percent of subjects considered
| the electronic digital display to be most difficult and
‘ 16% felt that no one display was more difficult for

check reading than another.

' 4. A greater proportion of subjects considered that the
electronic digital displdy was easiest for check
reading in the dynamic conditions of Study 2 (351%)
compared with the static conditions of Study 1 (35%).

5. The electromechanical dial display was considered most
difficult for check reading in Study 2 (29%) whereas
the electroniec curvilinear design was considered most

difficult in Study 1 (38%).

5.9.3.3 The display designs considered by the subjects to be the
easiest and most difficult to use to keep to a speed

target

Table 5.5 The ease or difficulty of using the speedometer to keep to

a speed target

DISPLAY VERY | EASY | NEITHER VERY TOTAL
EASY EASY NOR DIFFICULT | DIFFICULT -
: DIFFICULT
. y4 % % % y (n=100)
ELECTROMECHANICAL 10 36 36 18 0 100
DIAL
ELECTRONIC DIAL 8 45 27 16 4 100
ELECTRONIC 12 31 32 21 4 100
CURVILINEAR
ELECTRONIC DIGITAL| 35 32 12 .17 4 100

See Figure 5.7




5.9.3.4

It can be seen from Table 5.5 that:-

1. The electronic digital display was considered easy or
very easy to use to keep to a speed target by over two
thirds of the subjects (67%).

2. The electromechanical dial display was considered easy
or very easy by approximately the same number of
subjects (46%Z) as the other two analogue displays (53%
dial and 43% curvilinear). All three performed worse
than the electronic digital display (67%).

3. The electromechanical dial display was considered
difficult or very difficult by the smallest number of
subjects (18%Z). The electronic curvilinear display.
performed worst (25% of subjects considered it worst),

4. Approximately a third of the subjects considered that
each of the analogue display designs was neither easy
nor difficult to use to keep to a speed target. The
electronic digital display clearly was perceived as’
easy to use as only 12%Z considered it neither easy nor

difficult and 67% considered it easy or very easy.

5. This task was not possible in the static test
conditions of Study 1 hence no comparison can be made

between the results iIn the two studies.

The display designs considerad by the subjects to be the
least and the most distracting while driving

Table 5.6 The displays considered by the subjects fo be the least

and the most distracting while driving

DISPLAY LEAST DISTRACTING | MOST DISTRACTING | RANK ORDER
BY LEAST
% Z DISTRACTING
ELECTROMECHANICAL DIAL 43 10 1
ELECTRONIC BIAL 9 13 4
ELECTRONIC CURVILINEAR 15 20 3
ELECTRONIC DIGITAL | 22 38 2
NO ONE DISPLAY 11 19
TOTAL (n = 100) 100 100

See Figure 5.8 AXPby = 350 Axtbs 2370
a“l\‘cnr[baﬁﬁdenau fCSPnnsﬁ)t‘i 44 ﬁ’X”obs~ 2958 RAESs » 2335
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It can be seen from Table 5.6 that:

1.

The electromechanical dial display was considered to be
least distracting by 43% of the subjects. Only 10%
found it to be the most distracting.

The electronic digital display was considered to be
most distracting by 38% of the subjects, but it ranked
second to the electromechanical dial display on the
basis of least distracting as 22% of the subjects
considered it to be least distracting.

The electromechanical dial display performed better
than any of the electronic displays on thié factor as
the largest group of subjects (43%) considered it least
distracting and the smallest group {10%) considered it
most distracting.

Of the analogue displays the electromechanical dial
display was clearly considered least distracting (437
of subjects) and the electronic curvilinear most

distracting (207 of subjects)..

The electromechanical dial display was considered the
least distracting of the dial displays (43% dompared
with 9%) but there was little difference between the
dial designs when considering the most distracting (10%
and 13% respectively).

Almost one subject in five (19%) responded that no one
display design could be considered most distracting and
one in ten (11%) felt that no one display could be

considered least distracting.

This aspect of the diéplay designs could not be tested
in Study 1 as it was the behaviour of the display
designs under dynamic counditions which was considered

to contribute substantially to distraction.
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5.9.3.5 The display designs considered by the subjects to be the

most and the least attractive

Table 5.7 The displays considered by the subjects to be the most and

the least attractive

DISPLAY MOST ATTRACTIVE LEAST ATTRACTIVE | RANK ORDER
BY MOST
yA 4 ATTRACTIVE
ELECTROMECHANICAL DIAL 15 25 4
ELECTRONIC DIAL 24 11 2
ELECTRONIC CURVILINEAR 39 30 1
ELECTRONIC DIGITAL 19 30 3
NO ONE DISPLAY 3 4
TOTAL {(n = 100) 100 100 _
Figure 5.9 ﬂf?f»’f;‘f{?ﬁo f},?(;?—ol'::if;‘lo
&?\%n’g@ﬁw@na}\ fW)z ?'4:'7‘?1?(0-0'5 fs‘;‘ 42.0: o¥
Ao (XA e At ) Table 5.7 tha:
df+3
display was considered to be

l. The electronic curvilinear

the most attractive by 39%

the subjects considered it

design.

2. The electromechanical dial

the most attractive by the

of subjects, however 30% of

to be the least attractive

display was considered to be

smallest group of subjects

{(15%) compared with the electronic display designs.

3. Of the analogue designs the electromechanical dial

display was clearly considered most attractive by the

smallest group of subjects (15%Z) and considered least

attractive by the second largest group (25%). The

curvilinear design was considered to be the most

attractive and the least attracive by the largest

number of subjects (39% and 30% respectively).

4.. The electronic digital display was considered most

attraetive by only 19% of the subjects (rank third} and

least attractive by the largest group of subjects (302

ranked equal first).
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5. More subjects felt able to make choices about the
display designs on the dimension of attractiveness,
only a small number (3-4%) considered that no one

display was more or less attractive than the others.

6. In Study 1 the electronic digital display was
considered most attraétive by the largest group of
people (32%). 1In the dynamic conditions of Study 2
only 19% of subjects considered it most attractive and
a much higher number (30% compared with 15% in Study 1)

considered it least attractive.

7. The electronic curvilinear design was considered most
attractive by the largest group of subjects (39%) in
Study 2. In Study 1 the curvilinear design was second
to the electronic digital display with 30% of subjects
considering 1t most attractive. However, the diversity
of view was present in both studies in that high
ptoportions of subjects considered it to most and least
attractive (307 and 417 respectively Stﬁdy 1, 39% and
30% in Study 2).

5.9.3.6 The display designs which the subjects stated they would

choose and would avold for their own cars

Table 5.8 The displays considered by the subjects to be the ones

which they would choose and would avoid for their own cars

DISPLAY - WOULD CHOOSE WOULD AVOID RANK ORDER
% oz (1) WOULDBEHOOSE
ELECTROMECHANICAL DIAL 21 21 2
ELECTRONIC DIAL 18 17 4
ELECTRONIC CURVILINEAR 20 32 3
ELECTRONIC DIGITAL 39 26 1
NO ONE DISPLAY 2 4
TOTAL (n = 100) 100 100
. . T t -9 .
(1) gpe mieatyg resronse RGREET LR ems
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It can be seen from Table 5.8_that:

1.

39% of the subjects stated that they would choose the
electronic digital display for their own car, about
twice the number who would choose any of the other

displays.

The electromechanical dial display scored about the

_same as the electronic display designs with the

exception of the electronic digital display which more
subjects (39%) considered they would choose for their

Oown car.

Similar numbers of subjects (18% 20% 21%) stated that
they would choose the analogue display designs.
However a third (32%) stated that they would avoid the

electronic curvilinear display.

There was no difference between subjects' responses to

the electromechanical and electronic dial displays.

Although 39% of subjects stated that they would choose
the‘electronic digital display for their car, a quarter
(26%Z) stated that they would avoid choosing it.

As waé found in Study 1 the electronic digital display
would be chosen by the largest group of subjects (457
Study 1 and 39% Study 2). However, a larger number of
subjects (26%) would avoid the electronic digital
display after having experienced it in dynamiec
conditions than reported they would do so in Study 1
(7%).

The electronic curvilinear design resﬁlts improved 1in
Study 2 in that 20% of subjects stated that they would
choose the curvilinear design compared with only 8% in
Study 1. This was also shown in the avoidance figures
in that 59% of subjects stated they would avoid the
electronic curvilinear display in Study 1 . This was
reduced to 32% in Study 2. It was however, in both
studies the design which the largest group of subjects
stated they would avoid.
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Table 5.9 is a summary table indicating the relative scores
for each display design on both the drivers' preferences
and the performance measures. The results obtained in

Study 1 are alo presented for comparison.

Table 5.9 SUMMARY TABLE indicating how the display designs scored on

each of the measures in Studies 1 and 2

OBJECTIVE MEASURES |ELECTROMECHANICAL ELECTRONTIC
DIAL
DIAL CURVILINEAR DIGITAL

Reading the speed o 000 O 0 ‘00 00

® & @ o e ® o & o @
Is the speed within| © o 0o o0 o0 o0 0O
a speed limit? e e e ® o ® o0 09
SUBJECTIVE
MEASURES (1)
Easiest to read c 00 o ° 00 © 000

bt oo @ o0 oo o0 o
Easiest for speed o) o lle} 0 0 0 0 O C o
limits e e o ® 0o 0 e 00
Very easy/easy for ‘ Not measured in Study 1
keeping to a speed
target o0 [ I BN e ® ® @ »
Least distracting N?t measured in Study 1

®® 00 ® e o e 0
Most attractive © 0 0o o0 0 0Co 0000

® ®* O ® @ & @ ® o O
Would choose for o0 O 00 o} 00 00
own car ®o 00 ° o0 o0 o0

(1) Only the positive side of the scale is shown in this table
O Study 1
® Study 2

The more dots the better. The scale is based on rank orders
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5.9.2

Characteristics of the sample

The sample was chosen to provide approximately equal

numbers of subjects of both sexes and in 3 age groups.

Table 5.10 indicates the age and sex of the subjects

included in the main study

Table 5.10 Age and sex of the subjects

SEX
AGE TOTAL |
(years) MALE FEMALE

% B / %
17-30 19 16 35
31-50 15 20 . 35
51 and over 18 12 . 30
TOTAL 52 48 100
{n = 100)

The slight variation in numbers between cells indicates the
relative availability of subjects. For example, there are
few female drivers over 50 years in the general driving
population, hence they are more difficult to recruit. More
females than males in the 31-50 years age group are able to
attend during the available test times. Experiments were
conducted in the evenings but less experimentation time is
available in the evening because only one 1% hour tesﬁ can

be conducted whereas four can be carried out during the

. day. More women than men in the 31-30 years age group are

able to attend during the day.

The MAVIS Master Vision Screener was used to test subjects’
eyesight. All the tests were carried out with the subject
wearing driving spectacles if they were usually worn. The

Ishihara test for colour vision was also carried out.

Table 5.11 summarises the results of the eyesight tests.




Table 5.11

Subjects' eyesight test results
VISION TESTS Z (n = 100)
ISHIHARA TEST
COLOUR VISION:
Normal 98
Red/green deficiency 2
Total deficiency 0
MAVIS TEST
DISTANCE ACUITY GOOD 47
NEAR ACUITY GOOD 74
DISTANCE STEREOPSIS (1)
Good 29
Moderate 39
Poor 32
NEAR STEREOPSIS (2)
Good 73
Moderate 0
Poor 27
OBSERVATION
BIFOCALS WORN WHEN DRIVING 15
(1) Good = 50 seconds of arc stereo-acuity
Moderate = 400 seconds of arc stereo-acuity
Poor = 500 seconds of arc, or over, stereo-acuity
(2) Good = 50 seconds of arc sterec—acuity
Moderate = 75 seconds of arc stereo-acuity
Poor = 195 seconds of arc, or over, stereo~acuity

(from The Interpretation of

Master Vision Screener Records)




It can be seen from Table 5.11 that:-

1. Only 2% of the sample had any problem with colour
vision. This is much less than the 15% found in the
previous study, and also less than the percentage in
the general population (approximately 10% of the male
population, less than 1% of the female population).

2. Only 47% of the sample had what the MAVIS test
interprets as pood distance acuity, in spite of the
fact that this test was carried out with subjects

wearing spectacles if they normally did so to drive.

3. 74% of the sample had good near acuity, in spite of the
fact that this test was carried out with subjects
wearing distance corrected spectacles if they normally

wore them for driving.

4. 15% of the sample wore bifocal spectacles while

driving.

Early studles of drivers' eyesight have indicated that a
high proportion of drivers had defects of vision even when
wearing their nofmal driving spectacles (Gahan and Marshall
1973). However, Davison and Irving (1980) have
subsequently reported better visual acuity and cast doubts

on the appropriateness of some of the earlier studies.

When given a hearing test all the subjects could hear the
stimulus BEEP (high frequency noise) and the kerb hit BUZZ
(low frequency noise) against a background of simulated

engine noise.

Table 5.12 indicates the number of years since the people

in the sawmple had passed their driving test. These data

glve an approximate indication of driving experience.




Table 5.12

The number of years since the subjects had passed theilr

driving test

TIME SINCE TEST PASSED A
Less than 1 year 5
1-3 years 9
4-8 years _ 15
9-17 years 27
18-34 years 29
35 years or over 8
No test. taken 7
TOTAL (o = 100) 100

It can be seen from Table 5.12 that:

1. The majority of subjects had been driving for 9 years
or more (71%2). This is to be expected as there was a
bias towards people in the older age group compared

with the general driving population.

2. Only 5% had been driving for less than a year and 9%

had been driving for between one and 3 years.

Two subjects were unable to master the vehicle simulator
driving technique. This manifested itself mainly in the
inabllity to steer without continwally, driving off the

road. These two subjects were not included in the sample.

About one driver in 20 required a second practice in order

to master the vehicle simulator driving technique. All

others managed satisfactorily after one practice.



5.9.5 The test results for each display design

In the preceding sections the test results have been
presented in terms of the performance of each display on a
particular criterion. In thig section all the results for

each display are presented.

The drivers' preferences and opinions were recorded in two
forms. These were drlvers' opinions about which of the
displays was best and worst dn a number of criteria such as
ease of reading, attractiveness and so on; and also
drivers' comments about the displays expressed in his/her
own words. These comments are summarised for each display

in this section.

The performance measures, ie the errors made when reading
the speed and when declding whether the speed was within a
speed limit, were tecorded automatically by the computer
during the experiment, and then tabulated, The number of
times the subjects steered off the road while reading the
speedometer was also recorded but the incidence were so

small as to be negligible and are not reported in the tables.

'5.9.5.1 The electromechanical dial display test results

Table 5.13 The electromechanical dial display test results -
objective measures

ACCURACY SCORE
OBJECTIVE MEASURES | freq %  Rank(l)
‘ (a=1000) -

Reading the speed
Response correct to:

Within + 2 mph 467 47 2
F 3-5 mph 331 33
T over 5 mph 185 19
Missihg responses 17 2
Mean response time 1.64 secs 3

Deciding whether speed was
within a speed limit

Correct responses 680 68 2
Incorrect responses 298 29
Missing responses 22 2
Total errors 320 32
Mean response time 1.65 secs 4

(1) Rank order 1 = best, 4 = worst
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Table 5.14 The electromechanical dial display test results =

subjective measures

SUBJECTIVE MEASURES % (n = 100) Rank
Easiest to read 11 4
Most difficult to read 34
Easiest to decide whether speed was i3 3
within a speed limit
Most difficult to declde whether 29
speed was within a speed limit
Easy or very easy to keep to a speed 46 3
target
Difficult or very difficult to keep - 18
to a speed target
Least distracting display 43 1
Most distracting display 10
Most attractive display 15 4
Least attractive display 25
Would choose for own car 21 2
Would avoid for own car 21




The electromechanical dial display — summary of results

The electromechanical dial display was included in the

study to act as a bench mark against which the test results

for the three electronic display designs could be assessed.

There are a number of features about the display design

which were indicated by the test results and, in

particular, by the drivers' comments. These are reported

1.

below.

In splte of the adverse éomments made about the display
design by the subjects, the electromechanical dial
design was second only to the electronic digital
display in terms of accuracy of reading the speed.

Just under half the subjects (47%) read the speed
accurately to within + 2 mph and a further third (33%)
to within + 5 mph. Although second after the digital
display this latter design scored considerably better

with 97% of responses accurate to + 2 mph.

Apart from the electronic digital display, the
electromechanical dial display scored least errors when
subjects check read the speed against a speed limit
(68% correct). The score was similar to that obtained
for the electronic dial display (67%) but much less .
than that obtained for the electronic digital display
(93%).

The mean response time for reading the speed and for
check reading against a speed limit was very similar
(1.64 sec and 1.65 secs resgpectively). These response

times were generally slower than for other designs.

The electromechaﬁical dial display was scored as most
difficult to read and most difficult to use for check
reading against a speed limit by the largest groups of
subjects (34% and 297% respectively). The results were
consistent in that the smallest groups of subjects (11%




and 137 respectively) scored the design as easiest on

the two measures.

The electromechanical dial display was considered to be
easy or very easy to keep to a speed target by the
second smallest number of people (46%), but also
difficult or very difficult by the least number of
people (18%). One problem mentioned by the drivers was
that the speed targets were 30, 50, 70 mph, the normal
British speed limits. These speeds were only
unnumbered graduations on the scale and hence were more

difficult to locate.

When considering distraction while driving, the
electromechanical display was clearly considered less
distracting than the other designs as 437% of subjecté
scored it as least distracting and only 10% as most
distracting. Nearly twice as many people thought the
electromechanical dial display was least distracting
than its nearest rival, the electronic digital display
(22%). Some drivers comsidered that this could be due
to familiarity with the design, others considered that

the even lighting helped to reduce distraction.

The electromechanical dial display was considered most

‘attractive by only 15 subjects and least attractive by

25. The display scored the worst of the four designs

on attractiveness.

One driver in 5 (21%) stated that they would choose
the electromechanical dial display for their own car.

The same number (21%) stated they would avoild choosing

"it. This was a similar score to that received by the

other analogue designs on choice for own car. Only the

digital display was outstanding (39% would choose it}.

146




5.9.5.2

10.

The electromechanical dial displéy was read less
accurately under dynamic test conditions compared with
the static conditions in Study 1. 1In Study 1 64% of
the readings were exactly correct {(with ‘clutter’)
whereas in Study 2 47X were accurate to + 2 mph. A
reduction in aceuracy of check reading also occurred
under dynamic conditions with 68% of the check readings
correct in Study 2 compared with 92% (with clutter) in
Study 1. -

On the measures of driver preference the
electrowechanical dial display ranked 3 in Study 1 and
4 in Study 2. On ease of check reading 1t ranked worst
in both studies (5 in Study 1 and equal 3 in Study 2).
The design also ranked worst in both studies.on
attractiveness but did improve in Study 2 in that it
ranked 2 on choice for own car compared with 4 in

Study 1.

The electronic dial display test results

‘Table 5.15% The electronic dial display test results - objective

measures
ACCURACY SCORE
QOBJECTIVE MEASURES freq %  Rank
(n=1000)
Reading the speed
Response correct ro:
Within + 2 mph 231 23 3
+ 3-5 mph 601 60
+ over 5 wph 159 16
Missing responses 9 1
Mean respounse time 1.63 secs 2
Deciding whether speed was
within a speed limit
' Correct responses 672 67 3
Incorrect responses 303 30.
Missing responses 25 3
Total errors 328 33
Mean response time 1.22 secs 1
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Table 5.16 The electronic dial display test results - subjective

measures
SUBJECTIVE MEASURES % (n = 100) Rank
Easlest to read ' 15 2
Most difficult to read 20
Easlest to decide whether speed was 13 3l

within a speed 1limit

Most difficult to decide whether 20
speed was within a speed limit

Easy or very easy to keep to a speed 53 2
target
Difficult or very difficult to keep 20

to a speed target

Most distracting display 13
Most attractive display 24 2
Least attractive display | 11
Would choose for own car | 18 4
Would avoid for own car 17

Least distracting display 9 4
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The electronic dial display - summary of results

The electronic dial display was similar to the
electromechanical dial display and to many other
speedometer designs in that itwas an analogue dial display.
It was the least novel of the three electronic display
designs and as such may have been afforded less.attention
by the subjects than the other designs. This could have
been aggravated to some extent by the experimental design
where. by drivers rated the worst and best displays only, on
a number of criteria. It would seem that the relatively
unimpressive performance of the electronic dial display on
subjective measures when compared with the other display
designs is in some way alleviated by the generally positive

nature of the drivers' comments about the design.

1. When reading the speed shown on the electronic dial
display less than one reading in 4 (23%) was accurate
to within + 2 mph*. The largest number of readings
were within + 5 mph of the correct reading (60%). The
ma jority of errors were under-reading of the speed.

The electronic dial display segments were in units of
2.5 mph hence subjects were under reading the gpeed by
approximately two segments. The electronic dial
display was read less accurately (23% + 2 mph) than the
design most similar to 1t, the electromechanical dial

display (47% + 2 mph).
2. The accuracy of check reading against a speed limit for
the electronic dial display was very similar to that
for the electromechanical dial display (67% and 68%
' correct respectively).
3. The mean response time for reading the speed was very

* The accuracy + 2 mph Includes readings from +2.9 to -2.9

nph and hence includes the 2.5 mph segment units.

149




similar to that for the other analogue displays (l.64
sec). However, the mean response time for check
reading against a speed limit was considerably faster

than for any of the other display designs (1.22 secs).

Of the analogue display designs the electronic dial
display was considered easiest to read by the largest
group of subjects (15%). However this was a
considerably smaller number of subjects than those who
considered the electronic digital displéy easiest to
read (62%). In addition, more subjects (20%)
considered it the most difficult to read.

The electronic dial display was considered easiest to
use for check reading against a speed limit by the
smallest group of subjects (13%), equal to the
electromechanical dial display. More subjects {(20%)
éonsidered that it was the most difficult to use for
check reading, but only the electronic digital dispiay

scored less (13%) on this factor.

A large number of subjects (53%) considered that the
electronic diél display was easy or very easy to use to
keep to a speed target. It was second only to the
electronic digital display (67%). Drivers' comments
indicate that the display was easier to use for keeping
to a speed target because a change of 2% mph was .

required before the segments changed status.

Only 9% of subjects considered that the electronic dial
display was least distracting. However only 13%
considered it most distracting. This result may well
be an example of this design being overshadowed by the
strong response to other designs. For example 43% of
subjects considered the electromechanical dial display
to be least distracting and 387% considered the
electronic digital to be most distracting.




10.

11.

One quarter of the subjects (24%Z) considered the
electronic dial display to be most attractive, second

only to the curvilinear display (39%).

The electronic dial display was rank 4 for choice for
own car with only 18% of drivers who stated that they
would choose it for their own car. However only 177%
said that they would avoid it. The other electfonic
display designs were clearly more outstanding to

subjects in this respect.

The electronile dlal display was read less accurately
under dynamic test conditlions compared with the static
conditions of Study 1. This was the case with all of
the analogue display designs. In Study 1 88% of the
readings were exactly correct (with 'clutter') whereas
in Study 2 23% were correct to within + 2 mph. A
reduction in accuracy of check reading also occurred in
Study 2 (67% correct) as compared with Study 1 (977
correct with 'clutter'). This was also the case for

all the analogue display designs.

On the measures of driver preference the electronic
dial display improved in the dynamic conditicns of
Study 2. It was rank 4 in Study 1 and rank 2 in Study
2, It also improved on ease of check reading from rank
4 in Study 1 to rank 3 in Study 2, on attractiveness
from rank 4 in Study 1 to rank 2 in Study 2. Although
a larger percentage of subjects stated they would
choose the display for their own car in Study 2 (18%)
compared with Study 1 (12%) the rank went down from 3
to 4 in Study 2.
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5.9.5.3

_

The electronic curvilinear display -~ test results

Table 5.17 The electronic curvilinear display test results -

objective measures

OBJECTIVE MEASURES

ACCURACY SCORE
freq Z Rank
(n=1000)

Reading the speed
Response correct to:

Within + 2 mph
+ 3-5 mph
* over 3 mph (1)

Missing responses
Mean response tinme

Deciding whether speed was

witnin a speed Llimit

Correct responses
Incorrect responses(z)
Missing responses
Total errors

Mean response time

33 3 4

319 32
637 64
11 1
1.69 secs 4
453 45 4
518 52
29 3
547 55
1.61 secs 3

(1) Under-re

ading error scores

Percentage of subjects inaccurate by more than 5 mph

Table 5.17.1

Speed (mph)

% Subjects

.30 - 39
40 —- 49
50 - 59
60 - 69
70 - 79
80 - 89

20
15
64
63
60
50

(2) Check reading against speed limit error scores.

Percentage of subjects giving incorrect responses

Table 5.17.2

Speed (mph) % Subjects
limit

30 49

50 57

70 34
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subjective measures

Table 5.18 The electronic curvilinear display test results -

SUBJECTIVE MEASURES % (n = 100) Rank
Easiest to read 12 3
Most difficult to read 29
Easiest to decide whether speed was 19 2
within a speed limit
Most difficult to decide whether 22
speed was within a speed limit
FEasy or very easy to keep to a speed 43 4
target
Difficult or very difficult to keep 25
to a speed target
Least distracting display 15 3
Most distradting display 20
Most attractive display 39 -1
Least attractive display 30
Would choose for own car 20 3
Would avoid for own car 32
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The electronic curvilinear display - summary of results

The electronic curvilinear display was novel in design in
that the scale formed a curved line rather than a dial. 1In
addition, the speedometer segments changed éolouf from
green to amber at 30 mph and upwards. The curvilinear
design caused much interest among the drivers and opinion
was strong although not in a unified direction. Opinion

was divided on a number of criteria.

1. When reading the speed shown on the electronic
curvilinear display subjects performed very badly and
only 3% of readings were accurate to + 2 mph. The vast
majority of readings (H4%) were inaccurate by an
underreading of over 6 mph., (The display calibration
was checked for accuracy and no fault could be found)}.
The underreading error was greatest with speeds over 50
mph. It is at 50-60 mph that the upward direction of
the scale curves to produce the horizontal direction

for speeds over 60 mph.

2, The accuracy of check reading against a speed limit was
also poor with the electronic curvilinear display (457
correct) but cléarly better than actual speed reading.
A further analysis of the results indicates that the
errors occurred most frequently at a speed limit of 50
mph (57% errors). At a speed limit of 70 mph drivers
Weré more accurate {347 errors) in deciding whether the
speed was within the speed limit. No particular
advantage was indicated at the 30 mph speed limit where
the segments changed colour from green to amber (37%

correct)}.

3, The mean response time for reading the speed was very
similar to that for the other analogue displays (1.69
sec) although 1t is the slowest of the timegs. The mean

response time for check reading the speed against a
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speed limit (1.61 sec) was similar to that for the
electromechancial dial display. Subjects were not
taking noticeably longer to read or check read the
curvilinear disﬁlay. It 1s clearly the accuracy rather

than the reading time which is compromised.

The electronic curvilinear display was considered
easiest to read by only 12% of subjects. A similar
regponse was obtalned for each of the analogue
displays. However 29Z of subjects considered it to be
the most difficult to read second only to the
electromechanical dial display (34% most difficult).

The electronic curvilinear display was considered
easiest for check reading by 19% of subjects. "Although
this gave it a rank of 2 it was considerably less than
the 51% of subjects who considered the electronie
digital display to be easlest for check reading. 22%
of subjects considered it most difficult for check -
reading. Drivgrs comments suggested that the segment
change at 30 mph from green to amber was helpful for
check reading at 30 mph speed limits, but did not
provide any advantage for 50 and 70 mph speed limits.
Hence the slightly higher score than for the electronic
and electromechanical dial displays.

The electronic curvilinear display scored slightly
worse than the other display designs (43% easy or very
easy) on ease of keeping to a speed target. The
segment colour change at 30 mph should have assisted
with this task but after having gained experience with
the display in the tests the subjects appeared to find
that overall the advantage was outwelighed by other

factors including difficulty in reading the speed

accurately.




10.

11'

Fifteen percent of subjects considered the electronic

curvilinear display to be least distracting while
driving, whereas a greater number (20%) considered it
most distracting. Drivers' comments indicated that
they found the flashing end segment distracting and the
display‘generally rather bright.

The electronic curvilinear display was considered most
attractive by 39% of the subjects and ranked 1.
Certainly it was the most colourful of the designs.
However just under a third of the subjects (30%)

thought 1t was the least attractive.

The largest.group of subjects (32%) stated that they
would avoid the electronic curvilinear display for
their own car, but 207%Z stated that they would choose it

for thelr own car.

The electrbnic curvilinear display performed
considerably worse under dynamic test conditions than
it did in the static test conditions of Study l. The
accuracy of speed reading fell from 777% exactly correct
(with 'clutter') in Study 1 to only 3% correct to
within + 2 mph in Study 2. Similarly the accuracy of
check reading against a speed limit fell from 94%
correct in Study.l to 45% correct im Study 2. All the
analogue designs performed less well under dynamic test
conditions but the extent of the degradation was not so

great.

The preference measures showed improvement in Study 2
compared with Study 1. The electronic curvilinear
display was rank 3 rather than 4 for ease of reading,
rank 1 rather than rank 2 for attractiveness, and rank

3 rather than rank 5 for choice for own car.

156




5.9.5.4 The electronic digital display - test results

Table 5.19 The electronic digital display test results — objective

' measures
ACCURACY SCORE
OBJECTIVE MEASURES freq %  Rank
{n=1000)
Reading the speed
Response correct to!
Within + 2 mph 969 97 1
+ 3-5 mph 5 1
¥ over 5 mph 13 1
Missing responses ' 13 1
Mean response time 1.19 secs 1l
Deciding whether speed was
witnin a speed limit
Correct responses 933 93 1
Incorrect responses - 60 6
Missing responses 7 1
Total errors 67 7
Mean response time 1.39% secs 2




Table 5.20

The electronic digital display test results — subjective

measures

SUBJECTIVE MEASURES Z (n = 100) Rank
Easiest to read 62 1
Most difficult to read 9
Easiest to decide whether speed was 51 1
within a speed limit
Most difficult to declde whether 13
speed was within a speed limit
Easy or very easy to keep to a speed 67 1
target .

Difficult or very difficult to keep 21

to a speed target

Least distracting display 22 2
Most distracting display 38

Most attractive display 19 3
Least attractive display 30

Would choose for own car 39 1
Would avoid for own car 26
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The electronic digital display - summary of results

The electronic digital display was probably the most novel
of the three electronic instrument panel designs and
drivers' overall opinions about the displaf were clearly
divided. The results of the performance tests were,
however, unequivocal, the subjects' performance when using
the digital display was far superior to any of the other
displéys.

1. Nearly all the 100 drivers read the speed shown on the
electronic digital display accurately to within + 2
mph. It was not possible to establish what proportion
of the responses were exactly correct as the digit
reading may have changed during the time from stimulus
to response, particularly if the brakes or accelerator

were being applied.

2. The electronic digital display scored very well when
drivers used the display to check read against a speed
limit. Only 67 errors were recorded out of 1000
readings compared with 320 errors for the next best

display {electromechanical dial display).

3. The mean response time for reading the speed with the
electronic digital display was conslderably quicker
(1.19 secs) than for any of the amalogue displays. The
response time for the electronic dial display was
faster (1.22 secs) than the electronic digital display
(1.39 secs) for check reading against a speed limit.

4., The electronic digital display was considered easiest
to read and easiest for check reading against a speed
limit by the greatest number of subjects (62% and 51%
respectively). The results are also confirmed by the
small numbers of subjects who considered the digital
display to be the most difficult for these tasks (9%
and 13% respectively).
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The latter result is interesting as analogue displays
are traditionally considered easier to use for tasks

such as these. Subjects' opinion on use 1s borne out
by the results of the performance tests where subjects

made very few errors.

The majority of subjects (67%) considered the
electronic digital display very easy or easy to use to
keep to a speed target. However, some of the subjects
who found it difficult or very difficult to use
mentioned that compared with the other electronic
displays which light up in segments, the digital
display indicated every speed change to 1 mph accuracy.
This made it more difficult to keep exactly to a speed
target, but the target was achieved with greater

accuracy.

The electronic digital display was considered most
distracting by the 1arge§t group of subjects (38%).
However, one driver in 5 (22%) considered it least
distracting and the display was rank 2 after the
electromechanical dial display. The rate of change of
the display digits varied according to the rate of
acceleration or deceleration based on a sampling rate

of four samples per second.

The electronic digital display was considered least
attractive by 30% of the subjects equal with the
electronic curvilinear display (30%). Only 19% of
subjects considered it most attractive and it was rank
3 on attractiveness. This result may have been
influenced by the way the dynamic model was produced.
The other two electronic displays were produced by
attaching LEDs behind a printed face plate. The
tungsten filament digits and filters stood slightly
proud of the face plate and the overall effect was not
as aesthetically pleasing as the other two electronic

displays. (See Appendix 2).
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5,10

5.10.1

8. Nearly twice the number of people (39%) stated that

they would chooée the electronic digital display for
their own car than would choose any of the other three
displays. However, just over a quarter of the subjects
(26%) stated that they would aveld the electronic
digital display for their own car.

9, Of the drivers in the over 50 years age group half
stated that they would choose the digital display for
their own car. In addition, of all the people who saild
that they would choose the electronic digital display
the largest number were in the over 50 years age

group.

10, The electronic digital display scored best on all the
measures taken in Study 1. The only measures on which
1t failed to do so in Study 2 were attractiveness and
distraction while driving (not measured in Study 1).
However, it still scored second best on those measures.
Even under dynamic test conditions the electronic
digital display continued to be outstanding. However,
for the two measures on which it scored less well,
although rated second, the results were poor. The
distraction effects are clearly important not only from
an aesthetic point of view, but also with regard to

safety.
Discussion
The discussion in this chapter 1s concerned only with the
main points of Study 2. Chapters 7, 8 and 9 discuss the
whole programme in detail.

Discussion of the results

The objective measures of accuracy of reading the speed and

of check reading against a speed limit indicate that the

electronic digital display was read more accurately (97%




within + 2 mph) and more quickly (1.19 sécs) and used for
check reading more accurately (93% correct)} than any of the
analogue designs. These results were also obtained in the
static conditions of Study 1 as would be expected from the
literature. However, the subjects using the electronic
digital display maintained a high accufacy score under the
dynamic conditions of Study 2. The electronic digital
display was designed such that the rate of change of the
digit varied according to the rate of acceleration or
deceleration based on a sampling rate of four samples per
second. The rate of change of digits is critical to the
eagse of use of the digital display because if the rate of

change is too rapid the driver would not be able to focus

on the digits fast enough to read them while they are
updating. If the réte of change 1s too slow the speed
reading will not be accurate and may also produce large
jumps in readings on the 'scale’ during acceieration or
deceleration of the vehicle. Drivers' clearly did not
experience any difficulty with the update rate used in the
experiment. (The update rate was determined by Ford Motor

Company).

Of the analogue display designs the electromechanical dial
display was read most accurately (474 within + 2 mph). The
two electronic analogue designs were read less accurately
(23% dial and 3% curvilinear within + 2 mph). The majority
of errors were underreadings in the case of all the
analogue display designs. The analogue displays performed
considerably worse under the dynamic test conditions as
would be expected, even though the criterion for a correct
response allowed & greater number of responses to be
considered correct. 1In Study 1 the response had to be
exactly correct whereas im Study 2 the response could be
within 2 mph either side of the correct response to satisfy
the criterion. This also took account of the fact that it

was not possible to know at exactly what point between the

stimulus and response the subject had looked at the




speedometer. The mean of the speedometer readings between
the stimulus and the response time was considered the
correct response. As the mean response time for each
display was less than 2 secs the change in speedometer
readings was not usually very great in that period. The
electronic analégue displays indicated the speed by the end
of the last 1it segment. The segments were in units of 2
mph (curvilinear display) and 2% mph (dial display). The
'pointer’' (the end of the last 1lit segment) would not
indicate speed changes of less than one unit, hence the
number of segment changes in the gstimulus to response
petriod was not usually very great. It was not common for
subjects to brake or accelerate the simulator very rapldly.
It is not likely therefore that the rapid rate of change in
the segments is a full explanation for why the electronic

" analogue displays were read with such poor accuracy. The
electronic curvilinear display was not read with equal
accuracy throughout the scale. The speed readings above 50
mph were much more likely to be {inaccurate than those below
50 mph. It is at 50 mph that the upward curve changes to a
thorizontal line, and the maximum number of errors occurs
with speeds along the horizontal line. Subjects' comments
indicated that the display was too long and 'stretched out
over a longer distance'. They also indicated that the 2
mph segments were more difficult to use particularly as
they did not align with the 5 mph graduation marks. Hence
the useful reference points were reduced once the segment
colour change at 30 mph had been exceeded. The evidence
from the literature also indicates that linear displays are
more difficult to read and take longer to scan to identify
the correct reading (Sleight 1948, Graham 1956)}.

The subjects' performance when using the display designs
for check reading against a speed limit was alsc less
accurate than in Study 1 with the exception of the
alectronic digital display. However, the two analogue dial
displays were check read accurately on over two thirds of

occasions. The electronic curvilinear display did not
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perform so well with less than half the responses (45%)
accurate. This could be partly a function of the poor
accuracy of speed reading. However, the check reading was
not carried out with equal accuracy for each of the speed
limits. At 30 mph the segments were all green and above 30
mph amber segments flluminate to indicate the speed.
Although subjects considered this colour change to be an
advantage 1t is clear that subjects were still inaccurate
in check.reading on over half the occasions at the speed
limit 30 mph. At 50 mph speed limit the accuracy was
further reduced to only 43% correct. However, at 70 mph
speed limit the accuracy improved to two thirds. Only a
very small section of the scale ig {lluminated when a speed
of 30 mph is shown and this is in the far left of the
display. In addition a number of drivers reported that the

lower part of the scale was hidden by the left hand on the

steering wheel and that readings below 50 mph were out of
the drivers' field of vision when looking ahead. The
1mprovement.in check reading accuracy at 70 mph also
supports the theory that the lower speed limits were more
difficult to use for check reading as 70 mph is in the
centre of the scale and in the drivers' line of vision when

casting eyes straizht down from the road.

In terms of drivers'.preferences, the electronic digital
display maintained its superiority in Study 2. However,
there were some criteria which could not be measured in the
static conditions of Study 1, which were particularly
important for the electronic displays. These were the
drivers' responses to the dynamic characteristics of the
displays, segments lighting up or digits changing to
indicate speed and rate of change. These criteria were
assessed in terms of distraction while driving and ease of
driving to a speed target. WNone of the electronic display
designs performed very well in terms of distraction while
driving. The electromechanical dial display was considered
most distracting by the largest group of subjects (38%).

The effect of novelty does enter into the argument,
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however. The subjects were all drivers and were well used
to the standard electromechanical dial displays. At the
time of the experiments the incldence of more novel
instrumeﬁt panel designs on the market was very low and
none of the drivers who took part in the experiment had any
experience of electronic instrument panels in cars. Hence
it is very likely that the novelty of the display designs
could be a distraction to drivers. A review of drivers’
comments on the designs does not indicate that this is a

ma jor factor for the electronic dial display. It was not
considered very different from the electromechanical dial
but did have some better features. The electronic digital
display was conéidered distracting because the numerals
were large, 25 mm, and they changed shape rather than
changed by a rotating drum as is the case with
electromechanical digital displays. The amber colour of
the speedometer was also considered distracting and some
subjects suggested a less bright dolour such as green. The
electronic curvilinear display was the most novel of the
electronic designs and was also considered the most
distracting. Subjects' comments in Study 1 had indicated
that the amber scales for both the speedometer and
tachometer, the amber segments on the tachometer and for
over 30 mph on the speedometer were very distracting.
Subjects reported that their attention was drawn to the
bright amber tachometer rather than to the speedometer. 1In
Study 2 the colours on the scales had been changed to green
and only the segments above 30 mph on the speedometer were
amber. Although no question was asked directly about
distraction in Study l because of the static nature of the
tests, it is likely that the colour changes on the display
did assist in reducing distraction. However, it was still
considered the most distracting. This could be because the
segments indicate in units of 2 mph and hence change more
frequently than those of the electronic dial display which
indicates units of 2% mph. Drivers' comments mention the
changing segments frequently as a source of disatisfaction.

The length of the scale was also considered to be
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distracting in that more time was needed to scan the

display to locate the 'pointer' and this distracted
attention from the road. This also applied to the
difficulty drivers experienced in reading the speed

 accurately.

The changing segments from lit to unlit on the pointer was
also of interest in terms of distraction and hence

subjects used the instrument panels to drive to a speed
target as if‘cruising on a motorway at a set speed, for
example. The electromechanical display was considered easy
or very easy for this task by over two thirds of the
subjects, the other displays by about half the subjects.
The electromechanical dial display was considered difficult
to use to keep to a speed target because the speed targets
in the experiment were 30, 50, 70 mph, the usual British
speed limits. However these speeds were only unnumbered
_bold graduations on the scale with unnumbered fine
graduations at 5 mph intervals. Hence there were four
graduations between 40 mph and 60 mph and the subjects were
expected to keep to a speed Earget of 50 mph as accurately
as possible. In addition, unlike the electronic displays
the pointer had a continuous movement whereas the
electronic displays were discrete. In order to keep the
elaectronic analogue displays to a speed target the subject
had to adjust the speed to ensure that a particular
segment, the 'pointer' segment, remained lit and that the
next segument did nof_light up. It was common for the
'pointer’' segment to £flash oﬁ and off as the subjects
attempted to drive to a speed target. The curvilinear
design pointer flashed more frequently'than the dial design
because it indicated speed changes of 2 mph rather than 2%
mph. This may account for the difference in results for
the two electronlc analogue displays. Drivers considered
that the flashing 'pointer’ segment was distracting to some
extent, but other drivers considered that the displays were .
easier to use for this task because of the discrete nature

of the speed change indicator.
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The electronic digital display indicated speed chénge by
changing the shape of the digits to Indicate exact speed in
units of one. This change of digit when keeping to a
speed target was also of Interest. Two thirds of the
drivers considered the electronic digital display to be
easy or very easy to use for this task. The wain reason
appears to be because the information is given to the
driver accurately and in a form which is extremely easy to
use. However, some of the subjects who found it difflcult
or very difficult to usge, mentioned that‘compared to the
other electronic displays the digital display indicated
every speed change. This made it more difficult to keep
exactly to a speed target but the target was achieved with

greater accuracy.

In Study 1 the electronic digital display was considered
most attractive by a slightly larger number of subjects.

In Study 2 this display ranked 3 on atctractivenmess. This
result may have been influenced by the way the dynamic
model was produced. The other two electronic displays were
produced by attaching LEDs behind a printed face plate.

The tungsten filament digits and filters stood slightly
proud of the face plate and the overall effect was not as
aesthetically pleasing as the other two electronic

displays.

The concept of choice for own car was used as a synthesis
of all the drivers' experience with the display designs.
The electronic digital display was still the one which the
largest group of drivers would choose for their own car
after having experienced the design in dynamic test
conditions. Without the option of. choosing the revised
electromechanical dial display from Study 1 more subjects
than in Study 1 stated that they would choose the
electromechanical or electronic dial displays. However, a
smaller percentage of drivers gstated that they would avoid
choosing the electronic curvilinear display. The change of
scale and tachometer colour may have improved the designs

acceptabillity in Study 2.
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5.10.,2

Discussion of the research method
-

In Study 1 the display designs were presented to drivers as

‘photographic representations. In Study 2 working models of

the display designs were made and installed in a vehicle

- gimulator. Subjects then gained experience of the

behaviour of the designs under dynamic test conditions
which was more like driving on the road. Although the
electronic technology used in these dynamic simulations was
not the same as that which would be used in production
designs, many features of the designs could be assessed and
drivers' preferences and opinions obtained under controlled
conditions. The electromechanical dial was a standard
production display operated by continuous motors. The
electronic analogue designs were made using LED segments
and backlit screen printed scales and other instruments (eg
fuel gauge and odometers). The electronic digital display
was made by inserting tungsten filament digits Iinto the
screen printed face plate and as such did not have quite
the professional appearance of the other two electromnic
displays. It was, however, acceptable for the purposes of
the test. As far as the subjects were concerned it was
clear from their comments and responses that the designs

looked 'electronic'.

In Study 1 the displays presented to the drivers did not
fluctuate as they would do in normal driving. It was
anticipated, however, that when the displays were tested
under conditions more like normal driving where the display
readings fluctuated in response to the driving controls and
where the driver could adjust his/her own display reading
time, within the constraints of driving the simulator and
not driving off the road, the performance of the displays
would alter relative to each other. As in Study 1 the
subject was not able to choose the time at which he/she
used the instruments. The stimulus to read or check read
was initiated by the computer according to a time schedule.

Hence the subjects could not prepare themselves for the

task.
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However, there were similarities with normal driving which
make the tests a reasonable indication of performance in
road conditions. The displays were dynamic and responded
to the use of the controls by the driver, hence the driver
had some knowledge of the likely state of the displays. 1In
addition the road scene responded directly to the drivers'
use of the controls and speeded up or slowed down according
to control movements. Hence the driver received visual

‘ : cues from the road scene as to likely speed. The vehicle
simulator included simulated engine nolse which was
sensitive not only to speed and acceleration but also to
the gear selected. Hence the driver also received auditory
information about the likely speed. (It is interesting to

note that subjecté found it extremely difficult to drive

the vehicle simulator successfully in some pilot trials in
which the engine noise was not present). The road scene
was produced on a monochrome monitor placed about 1750 mm
away from the driver. Between the driver and the monitor
was placed an aspheric collimating lens which projected the
road scene to infinity. Drivers, therefore, had to refocus
from the road scene, infinity, to approximately 750 mm to
read the instruments.  Unlike normal driving there was no
serious consequence if the subject took his/her eyes off
the road for too long. There was a consequence, however,
which was that 1f the vehicle was steered off the reoad an
unpleasant buzz sounded until the vehicle was back on the

road.

As in Study 1 all the tests were conducted under night time
lighting conditions and each of the displays was at an
equal brightness. In normal driving the displays would be
viewed in a variety of lighting conditions. Because the
designs were not produced using the same technology as
would be present in production displays it was not
considered worthwhile testing the performance of LEDs in
different lighting conditions when LCDs would be used in
production. Different lighting conditions were tested in
Study 3 when the designs were produced in LCD.
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The maln advantage of using this research method in the
gecond study was that drivers' response to the dynamic
properties of the electronic designs could be tested in
conditions more like real driving. It was most important
that the display models responded as they would do as
production designs with the same sizes, the same rates of
change or update and so on. In addition the drivers were
able to gain information from their own control use and
from visual and auditory cues which would normally be used

in interpreting the display readings.

In the vehicle simulator the amount of control over the
experimental design, and the experimental conditions was
much greater then could be expected in road trials. Each
driver was able to experience all the display designs in a
single experimént because the number of variables to
control was manageable compared with road trials (see Study
3). FEach driver experienced the designs under exactly
similar conditions because the driving task was generated
and controlled by the computer. In addition any hazard
associated with using the designs was eliminated,
particularly as very little was known at that time about
the distracting effects the electronic designs may have had

on the driver.

The maln disadvantage of the research method was that the
technelogy used to produce the displays was not that which
would be used in production. The cost of producing
prototype LCD designs at that time was vefy high whereas
LED designs could be produced relatively cheaply. Even at
the time of the road trials (Study 3) 1t was not possible
to produce 25 mm LCD digits and so the tungsten filament

displays were used for both studies.

The computer control of the vehicle simulator also meant
that readings from the instrument panels could be taken
directly. The computer recorded the speed and the

tachometer reading in one second intervals throughout the
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experiment, and also Indicated when the stimulus was
initiated, when the response was recorded and whether the
vehicle was on or off the road. In addition the computer
calculated the mean speed reédings between stimulus and

) response time and the accuracy of the subject's response.
1 This level of instrumentation was not feasible at the time

in road vehicles,

This method can be uéed to obtain reliable objective data
on subjects' performance with the display designs.
However, the reliabil{ity is not as great as was possible in
Study 1 because the displays were dynamic and the readings
may change during the time from the stimulus to the
response. Hence {t 1s not possible toc know exactly what
gpeed was'being shown at the time the subject was looking
ét it. As the response time was usually very short, less
than 2 secounds, however, it is not likely that the display
readings changed markedly in that time. A review of a
sample of the computer record indicates that this is a

reasonable assumption.

This method was more appropriate than Study 1 for
obtaining subjective responses to the display designs
because the subject had the opportunity to use the designs
for a variety of tasks when the displays were behaving
dynamically as they would in real driving. This was
particularly important because very 1ittle was known about

driver response to these novel display designs.
5.10.3 Discussion of the display designs

None of the designs were changed markedly from Study 1 to
Study 2. Only the electromechanical dial (revised) was
omjitted. However the colours used on the electronic
curvilinear design were changed as driver response was so
strong. The blue scale and amber segments on the

tachometer were changed to green throughout as drivers had

reported that the amber segments were too bright and




attracted attention awéy from the speedoﬁeter. The size of
the numerals on the odometers of the electronic digital
display were also reduced, as they were considered too

large and caused some confusion as to their function.

The main difference betﬁeen the displays was their dynamic
behaviour in that the electromechanical dial display had a
pointer operated by continuous ﬁotors, the two analogue
electronic displays had discrete segments which 1lit up
around the scale and the 'pointer' was the end of the last
lit segment. The curvilinear design had segments of 2 mph
and the dial design had segments of 2% mph. The digital
 design had two blue digits indicating engine speed and

three amber digits (two pormally vigible) indicating road
speed. The digits changed shape to form numbers as the
speed changed. ‘The digits were 7-segment design. Each
display also showed an odometer, trip odometer and fuel

gauge. These instruments were static.

The electromechanical dial display was the design with
which subjects were most familiar. However, in the tests
of accuracy of reading only 47X of the responses were
correct to within +2 mph, and.only'SSZ of the check
readings against a speed limit were correct. This may
reflect the normal accuracy of reading this design of
speedometer as there was no reason to suppose that these
experimental conditions were sufficiently unlike real
driving to influence the response accuracy. The electronic
digital design was clearly read most accurately and the
accuracy had not decreased under the dynamic conditions of
Study 2., However, the accuracy of check reading was also
maintained, a result which would not have been expected
from the literature as analogue designs are reputed to be
more appropriate for check reading (Bailey 1982, McCormick
1376).

In terns of drivers' opinions the greatest number of

drivers (34%) counsidered the electromechanical dial to be

most difficult to read, in spite of the familiarity of the




design. The scale markings were much less satisfactory
than those on the other two amalogue designs as only speeds
of 0, 20, 40, 60, 80 .... mph were indicated whereas the
other designs had every 10 mph indicated. All three
analogue designs had unnumbered graduations for 5 mph
intervals. This may also account for the lérge number
(29%) of drivers who considered the electromechanical dial
the most difficult to use for check reading. The usual
British speed limits of 30, 50, 70 mph are not marked as
numbered graduations on the scale. The electronic digital
display was considered to be the easiest to read by the

ma jority of subjects (62%) as was found In Study 1 even
though the display was dynamic in.Study 2, a feature which
could have made it less easy to read. The majority (51%)
of subjects also considered the electronic digital display
to be easiest for check reading against a speéd limit.
This result is interesting because although check reading
was clearly carried out more accurately using the digital
design subjects may well have considered it to be a more

difficult task than check reading using an énalogue design.

The distraction of drivers' attention was a matter of great
concern when the electronic designs were being considered.
This aspect could not be tested in the static conditions of
Study 1, it was the effect of the dynamic properties of the
designs on drivers which was aot known. As has been
mentioned earlier, a balance must be reached between
accuracy of reporting road speed or engine speed and the
rate at which the display readings are updated. The
disblay update rates were determined by Ford Motor Company.
Some adverse comments were reported about the flashing on
and off of the leading segment, the 'pointer' segment, when
crulsing at a constant speed. There are a number of ways
of deéling with this problem, one is to increase the
damping in the system so that the segments flash less
readily, another is to increase the gize of the segments to
5 mph for example. Howéver, this latter is not acceptable
as it may not meet the current coanstruction and use

regulations for speedometer accuracy.
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The colours of the electronic displays may also have
affected distraction compared with the white scale on black
background, orange pointer and blue-green lighting of the
electromechanical dial design with which subjects were
familiar. It was not possible to conduct tests in which
the colours were standardised or absent to test out this
theory. However the experiment feported by Galer and
Simmonds (1985) iIndicates that colour, even of
electromechanical designs can have a marked effect on

driver preference, though not on performance.

The most novel design, the electronic curvilinear display
was considered most attractive by the largest group of
subjects (39%). This may be because of its novelty, or
because the colours, mainly green with some amber were more
acceptéble than the mainly amber colours of the electronic
dial design. Drivers' comments indicate that the
_electronic digital display may be too simple and functional
to be considered attractive. However, the use of two
colours and brightuess to distinguish the speedometer and
tachometer was well received. The use of red for the fuel
gauge on the curvilinear display was not generally
acceptable. The red colour was assoclated with warning, |
and yet a large amount of red was present when the fuel

tank was full, not a warning condition. The amount of red

reduced as the fuel level went down.
The question on choice for own car, as in Study 1 was used

\
to synthesise the subjects' response to the designs, and
was intended as a question to bring out the balance between

ease of use and aesthetic appeal. In spite of its poor

scores on distraction and attractiveness the greatest ‘ ‘
number of subjects (39%) stated they would choose the .
electronic digital display for theilr own car. However, a

quarter stated that they would avoid that design. A third |
of drivers stated thay they would avoid the electronic

curvilinear design even though it was considgred attractive

by the largest group of subjects.
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5.11

5.11.1

Conclusions

The second stage of the research programme to inveatigaté
driver regsponses to electronic instrument panel designs
continued to address two maln questions. These were
whether electronic instrument panel designs have advantages
from an ergonomics point of view over electromechanical
designs, and also the comparative merits of the different

electronic display designs.

The main conclusions from the second stage of the research

programme are presented fn this section.

Are electronic displays preferable to electromechanical

displays from an ergonomics point of view?

The electromechanical dial, the electronic dial and the
electronic curvilinear display results tended to group
together particularly for:-

- ease of readingr

- ease of deciding whether the speed was within a speed

Iimit
- ease of keeping to a spéed target
- cholce of display for own car

The electromechanical dial display pefformed batter than

the others on:—-

- accuracy of reading speed (except for the digital
display)
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5.11.2

-  accuracy of deciding whether the speed was within speed

limits (except for the digital display)

- distraction while driving

The electromechanical dial display be:fbrmed worst om!-

- attractiveness

Which of the electronic displays performed most

satisfactorily from an ergonomics point of view?
The electronic digital display performed best on:i-
- accuracy of reading

-  accuracy of deciding whether the speed was within a

speed limit
- ease of reading

-~ ease of deciding whether the speed was within a speed

limit
- ease of keeping to a speed target
~ cholce of display for own car

38% of drivers considered the digital display most
distracting, but of the three electronic displays, it was
also the one which the greatest number of people (22%)
thought least distracting.

The electronic curvilinear display was considered most
attractive (39%) but 30% thought it was least attractive
and a further 30% thought the digital display was least

attractive.




CHAPTER 6 STUDY 3 DRIVER RESPONSES TO FOUR DESIGNS OF INSTRUMENT
PANEL TESTED IN VEHICLES DURING ROAD TRIALS

SUMMARY

In the third stage of an investigation of drivers' responses to
electronic instrument panel des;gn, tests were carried out on the
ease of reading and use of four instrument panel designs under normal
driving conditions. Pre-production LCD prototypes of three
electronic instrument panel designs and an electromechanical dial
design were 1nstalled into Ford Granmada cars. In three gets of road
trials drivers compared either an electronic dial display, an
“electronic curvilinear display or an electronic digital display with
an electromechanical dial display. The electromechanical dial
display acted as the benchmark against which each of the electronic
designs were tested. In these tests, unlike Studies 1 and 2, each
driver only saw one electronlc design and the electromechanical
design. All the displays responded as in normal driving. The
display designs were tested by a total of 204 drivers under day and
night lighting conditions. Measures were taken of the accuracy of
reading the speed and check reading against a speed limit. Drivers
also gave their opinions about the ease of use of the displays and

made comments on the designs.
CONCLUSTONS

@® The electronic digital display performed better and was preferred
by drivers on all measures when tested in both daylight and
night-time trials, compared with the electromechanical dial

display.

@ The electronic dial display performed better and was preferred by
drivers in the night~time tests. The electromechanical dial
display performed better and was preferred by drivers in the

daytime tests.

@ The electronic curvilinear display was preferred on some of the
measures when tested in daylight. There was little difference
between results for the electronic curvilinear display and the

electromechanical dial display in the night-time trials.
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6.2

Introduction

‘The rasults of the laboratory tests carried out In Studies

1 and 2 showed that the electronic display designs could
have advantages over the electromechanical designs tested.
However, Study 2 showed that distraction of drivers
attention while driving may be a problem with the
elactronic designs. It was not possible in Study 2 to use
the LCD technology for the displays, which would be used in
vehicles, hence the performance of the display designs in
LCD in the different lighting conditions found in nofmal
driving was not known. There was still a reluctance on the
company's part to accept the results obtained for the
electronié digital display in terms of accuracy of use and
driver preference. Hence, road triais were conducted as

the display designs became available.

In the third stage of the research programme user trials
were conducted in vehicles on a test route including a
variety of traffic and lighting conditions. Each of the
three electronic displays were compared with an.

electromechanical dial display.

Aims of Study 3

1. To compare the performance of drivers using three-
electronic instrument panel designs with their
performance using an electromechanical dial display

under normal driving conditions.
2. To measure the accuracy of reading the instruments
either to obtain the current speed or to decide If a

sPéed limit is being exceeded.

3. To obtain drivers' preferences and opinions about the

display designs.

4. To assess the performance of the electronic displays

under different lighting conditioms.




6.3 Pilot studies

Prior to the commencement of the main experiments the

following pilot studies were conducted:

1. To éstablish optimum routes for the road trials, and

notate the routes on a response sheet.

2. To determine the optimum duration of each.trial, and

the length of driving practice time required for the
subjects to become familiar with the particular type
of vehicle used - a European Ford Granada with automatic

transmission.

3. To assess the response format and the questionnaire
design, including the use of the Apple computer in

the vehicles.

4. To test the experimental method; the illumination
levels; timing and duration of the experiment; the

sampling procedures and the eyesight tests.

Twenty subjects took part in the pilot studies. All the
subjects were drivers who had driven within the last year.
The results of the pillot studies were used to design the

main experiments.

6.4 Experimental design

The instrument panel designs used in the study were:-

TRIAL 1 Electronic dial display - Electromechanical
dial display

TRIAL 2  Electronic digital display - Electromechanical
dial display

TRIAL 3 Electronic curvilinear display - Electromechanical
dial dial display




Full instrument clusters including a speedometer, a
tachometer, odometers, fuel gauge etc., were supplied by

Ford Moter Company Ltd.

(See Appendix 2).

The expgrimental design was such that:

- a minimum of 60 subjects tested one electronic instrument
panel design compared with an electromechanical dial

display.

- each display design was tested first or second by an equal

number of people.

—~ each display design was tested under day and night lighting

conditions.

The main task as far as the driver was concerned was driving
along the test route. While driving each subject carried
out two other tasks. These were, at a request from the

experimenter:

Task A - state the speed shown on the speedometer as
quickly and as accurately as possible. (10
readings per subject per display).

Task B - state whether the speed was within the current
speed limit, as quickly and as accurately as

possible, (15 readings per subject per display;.

The tasks were repeated in a speéified order for each trial
on the outward journey and in reverse order for the return
journey. The order of task presentation was determined by
the type of road, curreﬁt speed limits, and street lighting
conditions. (The response sheets are shown in Appendix 3).

The speed limits tested on the route were 30 mph, 60 nph and




6.5

70 mph. Speed limits of 40 mph and 50 mph were represented

on the route but not included in the test schedule.

The experimenté were conducted during day and night lighting
conditions. Times during the day when the light changed
during the test period such as at dusk, were avoided in the
experimental schedule, as were peak traffic hours.

The following measures were taken during each experiment:-

Actual speedometer reading

Subject's response — Speed reading (Task A)
- Yes/No {(Task B).

Ambient light levels
The measures were taken by the experimenter at specified

points on the test route, and responses noted on the sheets

shown in Appendix 3.

Sub jects

A total of 204 subjects took part in the road trials.
This comprised:-

TRIAL 1 Electronic dial display tesg - 69 subjects
TRIAL 2 Electronic digital display test - 70 subjects
TR;AL 3 Electroniec curvilinear display test.— 65 subjects

The subjects were all drivers who had driven within the last

year and who conformed to the following vehicle insurance

requirements:-

21 years of age or over




6.6

6-6.1

full driving licence for one year or more
no more than one speeding conviction
otherwise clean driving licence.

The subjects were obtained by local advertisement. Subjects
who took part in Studies 1 and 2 of the research programme
were excluded from Study 3 as thelr previous experience

with the displays may have influenced their opinions.

Apprdximately equal numbers of men and women attended

and there were also approximately equal numbers in each of
the three age groups: 21 - 30 years, 31 - 50 years, 51
years and over. The subjects were tested singly but two.
independent experiments were conducted simultaneously. Each

experiment lasted 1% -~ 2 hours per subject.
Between 40 - 530 subjects tested each of the instrument

panel designs in day time conditions and 20 - 30 subjects
tested them in night time conditiomns,

EguiEment

Vehicles

. Each test employed two vehicles. The vehicle containing

the electromechanical dial display was the same throughcut
the experiments, a 1978 European Ford Granada GL 2.8
litre. The vehicle containing the electronic dial display
was a 1976 European Ford Granada Ghia 3 litre, and the
vehicle containing the electronic digital and curvilinear
displays was a 1980 2.8 litre European Ford Granada Ghia.
All three vehicles had automatic transmission. The

vehicles were provided by Ford Motor Company Ltd.
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6.6.2

6.6.3

6.6.4

6.6.5

Instrument panel designs

Three electronic instrument panels and an
electromechanical dial display were provided and fitted

in the vehicles by the Ford Motor Company Ltd. The
electronic dial display was a 1978 liqdid crystal display.
The electronic curvilinear display was a 1980 liqéid
crystal display. The electronic digital display was
produced using tungsten filaments. The tungsten filaments
were filtered to lookrlike LCDs. The instrument panel was
fully functional and all the instruments and ancilliary
displays functioned as they would do in a normal vehicle.
Photographs of the instrument panel designs are shown

in Appendix 2.

Instrumentation

The vehicles were instrumented by Ford Motor‘Company Led.,
such that an LED digital readout of the vehicle speed shown
on the speedometer was provided in the rear passenger seat.
Attempts to use the Apple computer in the vehicle to record
responses was abandoned after the pilot studies indicated

that constant power could not be provided.
Light measurement

The light coming in through the windscreen, and also the
light falling on the instrument panel was measured by two
detector/filter combinations fixed to the windscreen and

to the dashboards. The detector/filters produce a spectral
response which duplicates the human eye (C.I.E. standard

photopic curve).
Questionnaire and response sheets
A questionnalre was designed to collect demographic

details about the subjects, e.g. age, sex, driving

experience; and to record drivers' preferences and
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6.6.6.

opinions regarding the display designs. Unlike Studies 1
and 2 in which drivers stated which display design was best
and worst on a particular criterion, in Study 3 drivers
stated which of the two display designs they had tested

were better on particular criteria such as ease of reading

. and attractiveness. Each driver, therefore, compared an

electronic design with the electromechanical display.
Subjects also gave their comments on the designs based on
their experience while using them during the road trials.
The questionnaire was completed by‘the subjects at the
end of the road trials. The questionnaire is shown in

Appendlx 3.

The response sheets were designed to record information
during the road trials, and included information on

street lighting, speed limits and land marks along the test
route. The experimenter noted on the response sheets the
illuminance, the actual vehicle speed (from the LED digital
speed readout) and the drivers' responses (a speed reading

or whether the speed was above or below the speed limit).
Additional questions concerning the effects of light from
the sun and from headlights on the visibility of the
instrument panel display were also included on the response
sheets.

Other equipment

MAVIS Master Vision Screener

ISHIHARA colour vision test

Recording schedules for MAVIS and the Ishihara test

(see Appendix 3).




6.6.7

6'7

Test route

A 40 km (25 mile) test route was devised local to
Loughborough which included the following features:-—

Roads motorway
dual carriageway
single carriageway main roads
residential roads

country lanes

Lighting 1lit streets in a town and ecity with shop
lighting
1it streets without other lighting

unlit streets

Speed limits 30 m.p.h.
40 m.p.h.
50 m.p-.h.
60 m.p.h.
70 m.p.h.

The route also included the city of Leicester, the town

of Loughborough and urban and rural driving conditions.
A diagram of the test route is shown in Appendix 6.
Procedure

The project was described briefly to each subject and the

test route described using a map. The following

measurements were then taken:

near and distance vision, and stereopsis using the

MAVIS Master Vision Screener

colour vision using the Ishihara test.




The results were noted on the recording schedule.

Two subjects failed to reach the Department of Transport
minimum eyesight standard and were rejected from the

sample for safety reasons.

Two subjects were tested at a time. Each subject drove omne
of the cars in one direction on the test route and returned
in the other car. The order in which each subject saw

each car was devised such that each vehicle was seen first
or second an equal number of times. At the beginning of
each trial the subjects were shown the principles of driving
an automatic transmission car and were familiarised with
the position of the controls and displays by an expert
driver. The subjects were given practice in driving the
vehicles and in making the appropriate responses to .

the two experimental tasks. When the expert drivers

were satisfied that the subject was driving normally the
experiment commenced. One subject who could not
satisfactorily master the vehicle controls and whose
driving was considered unsafe was not tested further.

Route guidance was also given by the expert driver. The
subjects drove the vehicle along the test route and at
specific points along the route they were required by

the experimenter to state:

A - the speed shown on the speedometer

(10 readings per driver per display)

or B - whether the speed was above the current speed
limit (15 readings per driver per display, 5 at
30 m.p.h., 5 at 60 m.p.h. and 5 at 70 m.p.h.)

In task B the experimenter told the subject what was the
current speed limit to ensure that incorrecf responses

were due to incorrect reading of the instruments rather

than ignorance of the current speed limit.
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The experimenter recorded the subjects' responses and the
actual vehicle speed shown on the LED digital speed
readout provided for the experimenter in the back of the

car.

At appropriate points In the experiment, depending on
weather conditions and lighting conditions, the subject

was asked questions about the instrument panel designs.

The subjects exchanged vehicles at a halfway point along
the route and retraced the route in the other vehicle.
The experimental procedure was repeated on the retura
journey. Thus each subject drove a vehicle containing
an electronic display and one containing a standard
electromechanical display along the same route, in the

same lighting conditions.

The subject then completed the questionnaire with
reference to a flash card containing photographs of the
instrument panel designs.

The experiment took 1% - 2 hours to complete.

Appendix 6 shows the experiment in progress.

Data handling and analysis

Data on drivers' preferences and opinions, demographic
data and the performance measures were analysed by hand.
In each of the three tesis the electromechanical dial
display acted as the control. The results are, therefore,
in a different form to those reported in Studies 1 and 2
of the research programme. Whereas, in the earlier
studies all the subjects compared all of the display
designs, in Study 3 one third of the subjects éompared

each of the three electronic instrument panel designs with

the standard electromechanical dial display.




6.9

6.9.1

The performance data analyses comprised:

Task A - direction and extent of speed reading errors.

Task B — response error.

These data were analysed for each instrument panel design
for each subject. The data were then amalgamated to provide
data for eachdesign. Drivers' comments on the display

designs were also recorded.
Results
Introduction

In this study each driver compared only one electronic
display design with an electromechanical display design.
In Studies 1 and 2 drivers compared all the display designs.

Studies 1 and 2 were also conducted under controlled
1aboratory'conditions using photographic representations

or dynamic models in a vehicle simulator. Study 3 was
conducted in road conditions in standard vehicles. Although
some of the limitations of laboratory tests are o@ercome

in road trials there are other factors which should be

borne in mind when interpreting the results. The most
obvious feature 13 that in road trials the main task

is clearly driving and all other aspects of the experiment
must be subsumed to the safety of the vehicle occupants and
other road users. Hence it was not always possible to carry
out all the tasks or at exactly the same locations on the
test route for all subjects. There was considerable
variation in traffic conditions for different trials even
though attempts were made to remedy this by avoiding certain
times when the traffic was known to be heavy such as at rush

hour. The lighting conditions were controlled in as much as




experiments were not c¢onducted at times when the light would
vary markedly during the experiment such as at dusk.
However, during the trials as the seasons and weather
conditions changed the light experienced by the drivers
varied greatly, but only as it would do 1n normal driving.
The weather conditions varied through the trials from snow
and fog in winter to very bright sunlight in summer. The
driving characteristics of the subjects also made a
difference to their experience of the designs. Some
subjects were very slow, cautious drivers who did not
often experience the rapid rate of change of display
readings which the more enthusiastic, fast drivers did.
The characteristics of the electronic displays were not
exactly the same because the electromic dial digplay
represented the best LCD technology available in 1978,
whereas the electronic curvilinear display represented'the
best LCD technology available in 1980. As no LCD
technology was available in 1981 with which to produce the
25 mm digits for the digital display tungsten filament
digits had to be employed. The amount of control which can
be exerted over an experiment reduces as the experiment
approaches reality, hence in road trials not all the

conditions were controllable.
In the tables which follow, the results for the

electromechanical dial display are presented separately for

each of the electronic display designs.
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6.9.2 Objective measutes
6.9.2.1 Reading the speed

Table 6.1 indicates the accuracy with which subjects were able

to read the speed for each display design.

Table 6.1 Accuracy of reading the speed

DISPLAY ACCURACY SCORE (1)
DAY + 2 mph + 3 to 5 mph + over 5 mph
freq. % Treq. A Treq. %
Elecﬁronic dial} 285 68 122 29 13 k!
E-M(4) dial 370 88 50 12 0 0
{(n=420)
Electronic 349 85 53 13 8 2
Curvilinear
E-M dial 369 90 33 8 8 2
(n=410) :
Electronic 500 100 0 0 0 0
Digital
E-M dial 475 95 20 4 5 1
(n=500)
NIGHT
| "Electronic dial] 200 74 65 24 5 2
| . E-M dial 141 52 113 42 16 6
(n=270)
Electronic
Curvilinear 196 85 32 14 2 1
E-M dial 182 79 46 20 2 1
(n=230)
Electronic : .
Digital 200 100 0 Q 0 0
E-M dial 190 95 i0 5 0 0
{(n=200)

See Figures 6.1 and 6.2

(1) The score was calculated from the drivers' response and the
actual vehicle speed shown on the LED digital readout.

(2) E-M dial = Electromechanical dial display.

160




It can be seen from Table 6.1 that:

1.

All of the speed readings in both day and night
conditions were correct to within + 2 mph with the

electronic digital display.

Under daytime conditions the electromechanical dial
display was read more accurately than the two
electronle analogue digplays. However, at night time
this trend was reversed and the electromechanical
dial display was read less accurately than the

electronic analogue displays.

0f the two electronic analogue displays in both day
and night conditions the electronic curvilinear
display was read more accurately than the electronic
dial display (85% (day and night) within + 2 mph
curvilinear, 68% (day) and 74% (night) dial).

The electronic dial display performed worst of the
three electronic displays in both day and night

conditions.

The electronic curvilipnear and digital displays did
not show any change in accuracy of reading in day and
night conditions. However, the electronic dial
display performance improved slightly in the night
trials and the electromechanical dial display
performed less well in the night trials with the

electronic dial display.

The performance of the electronic curvilinear display
was most notedorthy when comparing the results of
Study 3 with Study 2. In the road trials the
electronic curvilinear performed extremely well with
85% of responses correct to within + Z mph in both
trials. The digital display maintained a very high
level of accuracy and in both day and night
conditions. All the display designs were read

more accurately in the road trials than they were in

the vehicle simulator trials.

191




6.9.2.2 Deciding whether the speed was within a speed limit.

Table 6.2. The number of errors made when deciding

whether the speed was within a speed limit.

Table 6.2 The number of errors made when deciding whether the

speed was within a speed limit

DISPLAY _ ERROR CORRECT

DAY freq % freq A

Electronic dial 13 2 617 98

E~M dial 0 0 630 100

{n=630)

Electronic 12 2 - 603 98

Curvilinear

E-M dial 6 1 609 99

(n=615) :
{Electronic 0 0 750 100

Digital

E-M dial 0 0 750 100

(n=750)

NIGHT

Electronic dial 4 1 401 99

E-M dial 8 2 397 98

(n=405)

Electronic

Curvilinear 10 _ 3 335 97

E-M dial 3 1 342 99

{(n=345)

Electronic

Digital 6 2 294 98

E-M dial . 6 2 294 98

{n=300) -




6.%.3

It can be seen from Table 6.2 that the number of errors
made by the drivers was very small when checkreading the

speed against the current speed limit. There was no

difference in scores between any of the electronic displays

and the electromechanical dial display in either day or
night time conditions.

Subjective measures

Drivers were asked to state which of the two displays they

considered easier to read; easier to decide whether the
speed was within a speed limit; less distracting while
driving; more attractive; which they would choose for
their own car and which they prefered overall. In

addition drivers made comments about the displays.

6.9.3.1

easler to read the speed

The display desipgns considered by the subjects to be the

Table 6.3 The displays considered by the subjects to be the easier

. to read
'EASIER TO READ ELECTRONIC DISPLAYS
DISPLAY RANK ORDER
DAY NIGHT EASIER
freq. % freq. % Day Night
ELECTRONIC DIAL 9 21 16 59
ELECTROMECHANICAL 32 16 6 22 3 2
DIAL ' A '
NEITHER 1 3 ' 5 19
(Day n = 42)
(Night n = 27) 1
ELECTRONIC 16 38 10 43
CURVILINEAR
ELECTROMECHANICAL 20 48 11 48 2 3
DIAL
A
NEITHER 5 14 2 9
(Day n = 41)
(Night n = 23) 4+
ELECTRONIC DIGITAL 44 88 19 95
ELECTROMECHANICAL 6 12 1 5 1 1
DIAL
: 4
NEITHER 0 0 0 0
(Day n = 50)
(Night n = 20)
See Figures 6.3 and 6.4 AXY- LS
ek = B-PY ARE 2 pLo.0%
Af = ¢o.05 BX* = 0045
&ucmmng'nei\’hw‘ YS‘X; OWLNg o xT = o2
CX¥* 2§88 peo.ox
?L0.0S

..
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It

can be seen from Table 6.3 that:

The electronic digital display was considered easier
to read than the electromechanical dial display by
the vast majority of subjects who took part in the
day (88%) and the unight time (95%) tests.

With the exception of the night trials with the
electronic dial display, the electromechanical dial
display was considered easier to read than the

electronic analogue displays.

Of the electronic analogue displays the electrounic
curvilinear display was considered easler to read by
the greater percentage of subjects in the day time
tests, but the electronic dial display was considered
easier by the greater percentage of subjects in the

night time tests.

0f the two analogue dial displays the
electromechanical design was considered easier to
read in the day and the electronic design easler to

read in the night trials.

When compared with the electronic digital display the
electromechanical dial display performed very badly
on ease of reading (12Z and 5%).

Only the electronic and electromechanical dial
display results altered in the different lighting
conditions of day and night trials. The positlons

were reversed from day when the electromechanical was

preferred to the night when the electronic dial was
preferred for ease of reading. The results for the

other displays did not alter.

The electronic digital display was still considered
easlest to read by the larger group of subjects even

in the road trials of Study 3 compared with Study 2.
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6.9.3.2

The display designs considered by the subjects to be the

easier to decide whether the speed was within a speed

limit

Table 6.4 The displays considered by the subjects to be easier to

decide whether the speed was within a speed limit

EASIER TO DECIDE WHETHER
"JWITHIN SPEED LIMITS ELECTRONIC DISPLAYS
DISPLAY RANK. ORDER
DAY NIGHET EASIER
freq. % freq. 4 Day Night
ELECTRONIC DIAL 7 17 17 63
ELECTROMECHANICAL 28 66 7 26 3 2
DIAL A
NEITHER 7 17 3 11
(Day n = 42)
(Night n = 27) -+
ELECTRONIC 18 43 : 13 56
CURVILINEAR
ELECTROMECHANICAL | 15 36 g 9 39 2 3
DIAL
NEITHER 8 21 i 5
(Day n = 41)
(Night n = 23) +
ELECTRONIC DIGITAL 33 66 - 14 70
ELECTROMECHANICAL 10 20 4 20 1 1
DIAL c
NEITHER i 14 2 10
(Day n = 50)
(Night n = 20)
=0\
See Figures 6.5 and 6. 6ﬂ’x ‘2"‘ : P;Z:é.é’g\
'Xgﬁr gr\gqu\e E%: B Crfs’z“:-o‘g-‘;%s
] r’

excwd"ﬂlt can be seen from Table 6.4 thati-

1. The electronic digital display was judged to be the

easier to use when checking the speed against a speed

limit by the majority of drivers in both day and

night trials.
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With the exception of the daytime trials with the
electronic dial display the electromechanical dial
display always performed worse than the electronic
displays on ease of check reading against a speed
limit.

0f the electronic analogue désigns the curvilinear
display performed better than the dial in day time
trials. The position was reversed in night time
trials with a slightly greater percentage of subjects
considering the dial display easier.

Of the two analogue dial displays the
electromechanical design was considered easier for
check reading the speed agalnst a speed limit in the
day and the electronic deslign easier Iin the night

time trials.

It {is interesting to unate that only 43% (day) and 36%

(night) of subjects considered the electronic

curvilinear design easier for check reading even

though on this design the segments changed from green
to amber above 30 mph. In fact 21% (day) of subjects
felt that neither of the two designs in that trial

were easier for check reading against a speed limit.

When compared with the electronic digital display the
electromechanical dial display performed poorly on
ease of check reading (20% in both day and night
trials).

As with ease of reading the speed, only the
electronic and electromechanical dial display results
were different in the day aand night trials. In the
day time trials the electromechanical dial scored
higher (66%) and in the night trials the electronic
dial seored higher (63%).

When comparing the results in Study 3 with Study 2 it
is clear that the electronic digital display

maintained its position as the easiest display to use

for check reading speeds in the road trials.
196




6.9.3.3 The display design considered by the subjééts to distract
attention while driving

Table 6.5 The displays considered by the subjects to distract
attention while driving

CAUSES DISTRACTION WHILE ELECTRONIC DISPLAYS*
DRIVING RANK ORDER
DISPLAY LEAST DISTRACTING
DAY NIGHT
freq. % freq. % Day Night
ELECTRONIC DIAL 13 31 7 26
ELECTROMECHANICAL 1 2 3 11 3 2
DIAL A
NELITHER 28 67 17 63
(Day n = 42)
{Night n = 27) -
ELECTRONIC 10 24 11 48
CURVILINEAR
ELECTROMECHANTICAL 1 2 1 4 2 1
DIAL &
NEITHER 30 74 11 48
(Day n = 41}
{(Night a = 23) L
ELECTRONIC DIGITAL 7 14 5 25
ELECTROMECHANICAL 0 0 c 2 10 1 3
DIAL
NEITHER 43 86 13 65
(Day n = 50)
(Night n = 20)

* The majority of subjects considered NEITHER display distracting
A% Zolu

pco Héﬁ:;gs:
7 6.8 kxzos2.1
Seec.g'i‘g? r?S 67 and ézoi_os qj g?ér-:s 7
’éf Z.lm[udlng neiher! x (03‘8 p o ;_'
It can be seen from Table 6 g that:— c¢ os

1. The majority of drivers in all the test conditions,
except the night trials with the electronic
curvilinear display, considered that neither the
electronic nor the electromechanical display

distracted attention while driving.

197




2. 1In all the trials the electromnic displays were
considered to distract attention by a greater
percentage of the subjects than the electromechanical
dial display.

3. In the day time trials, of the electronic analogue
designs, the cufvilinear display performed better
than the dial display. This was reversed iIn the
night trials with nearly half the subjects reporting

that the curvilinear design was distracting.

4. Of the two analogue dial displays the electronic
design was considered distracting by the greatest

percentage of subjects in both day and night trials.

5. When comparing the electronic designs it is
interesting to note that the smallest percentage of
drivers considered the electronic digital display to
be distracting (147 (day) and 25% (night)).

6., The electronic curvilinear display in night time
conditions performed least well of the display
designs. Nearly half the subjects considered it to
be distracting.

7. Both the electronic digital display and the
electronic curvilinear display were consldered
distracting by a larger percentage of subjects in the

night trials as compared with the day time trials.

8. The electromechanical dial display was considered
least distracting in Study 2 and this was clearly
maintained in Study 3. Of the electronic designs in
Study 2 the digital display was considered least
distracting (22%) and most distracting (38%) by the
largest group of subjects. In Study 3 the smallest
ﬁercentage of subjects considered the digital display
distracting although the proportion increased from
14% in the day trials to 25% in the night trials.

(Study 2 was conducted in night time conditions).




6.9.3.4

more attractive

- The display designs considered by the subjects to be the

Table 6.6 The displays considered by the subjects to be the more

attractive
ATTRACTIVE ELECTRONIC DISPLAYS
DISPLAY RANK ORDER
DAY NIGHT ATTRACTIVE
freq. % freq. b4 Day Night

ELECTRONIC DIAL 22 52 - 20 74

ELECTROMECHANICAL 15 36 6 22 3 1
DIAL

| A

NEITHER 5 12 1 4

(Day n = 42)

(Night n = 27) 1

ELECTRONIC 27 67 12 52

CURVILINEAR '

ELECTROMECHANICAL 8 19 & 9 39 1 3
DIAL

NETITHBER 6 14 2 9

{Day n = 41)

(Night n = 23) 1

ELECTRONIC DIGITAL 31 62 13 65

ELECTROMECUANICAL 13 26 4 20 2 2
DIAL C

NEITHER 6 12 3 15

{(Day n = 50)

(Night n = 20).

- =, 7.
See Figures 6.9 and 6.10 g'} ;[0323;:,5 I’;Zo'oz ik
Leyiv = B 8Y Pe B = Oz WS
9-\&¢wamqnumd‘ 91 v3b Cxt = 63

It can be seen from Table 6. 8 hat:— pco.ox

1. The majority of subjects in both the day and night

conditions considered the electronic displays to be

more attractive than the electromechanical display.
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Of the electronic analogue designs the dial display
was preferred by a greater percentage (74%) of

subjects at night and the curvilinear display was

preferred by a greater percentage (67%) of subjects

in day time conditions.

Comparing the two analogue dial designs the
electronic display was preferred to the
electromechanical display in both day and night
conditions. The preference was more markedlin the

night trials.

The curvilinear design was considered attractive by
slightly more (67%) subjects in the day time trials
than the digital display (62%). However, in the
night trials the digital displﬁy wasg considered more
attractive by a larger percentage (65Z) of subjects
than the curvilinear display (527%).

The electronic¢ dial and digital displays were
considered attractive by a larger percentage of
subjects in the night trials. The electronic
curvilinear display was considered attractive by the
larger percentage of subjects in the day time

trials.

The electronic curvilipnear design was considered most
attractive in Study 2 (39%) although a large o
percentage of subjects (30%) considered it least
attractive. Study 2 took place in night conditions
and used a different display technology. In Study 3
in day light the electronle curvilinear was
considered attractive by the largest percentage of
subjects (67%). However in the night conditions of
Study 3 the electronic dial display was considered

attractive by the largest percentage of subjects

(74%) and the curvilinear design by the smallest
percentage of subjects (52%).
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6.9.3.5

choose for their own cars

The display designs which the subjects stated they would

Table 6.7 The displays considered by the subjects to be the ones

which they would choose for their own cars

CHOICE FOR OWN CAR ELECTRONIC DISPLAYS
DISPLAY RANK ORDER
DAY NIGHT CHOICE
freq. 7% freq. % Day Night

ELECTRONIC DIAL 9 22 12 44
ELECTROMECHANICAL 27 64 8 30 3 3
DIAL

A
NEITHER 6 14 7 26
(Day n = 42)
(Night n = 27) 1
ELECTRONIC 18 45 11 48
CURVILINEAR
ELECTROMECHANICAL 15 36 10 44 2 2
DIAL

&
NEITHER 8 19 2 8
(Day n = 41)
(Night n = 23)
ELECTRONIC DIGITAL 37 74 15 75
ELECTROMECHANICAL 7 14 3 15 1 1
DIAL cC
NETTHER 6 12 2 10
(Day n = 50)
(Night n = 20)

6.11 and 6.12 A%*F0 AX* 0.3Ns
RS e 612 peo o § 1700w
de o fS'X‘_-.-D.’L‘gldS CA*: .0
= %Zb%%oub Peo.os

excmdir\q'r\e ey’

t can be seen from Table 6.7 that:-

1. Three quarters (74% and 75%) of subjects in the day

and night trials with the electronic digital display

stated that they would choose it for their own car.
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Only 14% (day) and 15% (night) stated that they would
choose the electromechanical dial display.

2. With the exception of the daytime trials with the
electronic dial display, the electronic designs were
preferred by the greater percentage of subjects

compared with the electromechanical dial display.

3. Of the electronic analogue designs the curvilinear
display was preferred by a élightly higher percentage
of drivers in the day and night tests compared with
the electronic dial display. The electronic dial
display performed poorly In the daytime trials.

4. Of the analogue dial designs the electromechanical
dial would be chosen for their own car by a greater
percentage (64%Z) of drivers In the daytime trials and
the electronic dial in the night time trials (44%).

5. Less than a quarter of subjects would choose the
electronic dial display, in the daytime trials.
Compared with the electronic digital deéign only 14%
{day) and 15% (night) of subjects would choose the N

electromechanical dial display for their own car.

6. The electronic dial display performed considerably
better under night time conditions than daytime
conditions. The other two electronic displays did
not change in peformance between day and night

trials.

7. The electronic digital display maintained its
position in Study 3 as the design which the largest
percentage of drivers would chdose for their own car.
Three quarters of the drivers who tested it in

comparison with the electromechanical dial display

stated that they would choose it for theilr own car.




6.9.3.6

preferred overall

The display designs which the subjects stated they

Table 6.8 The displays which drivers stated they preferred

‘ overall
GENERAL PREFERENCE ELECTRONIC DISPLAYS
\ DISPLAY RANK ORDER
DAY NIGHT PREFERENCE

‘ freq. % freq. % Day Night

ELECTRONIC DIAL 9 22 15 55
ELECTROMECHANICAL 31 il 11 41 3 2
DIAL A '
| NEITHER 3 7 1 4

(Day n = 42)

(Night n = 27) L

ELECTRONIC 17 42 11 48

CURVILINEAR

ELECTROMECHANICAL 18 43 11 48 2 3

DIAL ' 6

NEITHER 6 15 1 4

{(Day n = 41)

(Night n = 23) : 4

ELECTRONIC DIGITAL 36 712 16 80

ELECTROMECHANICAL 9 18 4 20 1 1

DIAL C

NEITHER 5 10 0 0

{(Day n = 50)

(Night n = 20)

See Figures 6.13 and 6.12? AX =062

AZerit =334 Pﬁ(’g_;{mo Bx* =0

A=t xraozgds GYTE”

d!chxdlt? neither AT =2

pca-oi
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It can be seen from Table 6.8 that:-

1.

The electronic digital display was clearly preferred
by a large percentage (72% and 80%) of the drivers,
in both day and night trials. The electromechanical
dial display was also preferred by a high percentage
(71%) of drivers in the day time trials with the
electronic dial display.

There was no consistent preference for or against the
electromechanical dial display in the trials. It was
preferred in the daytime trials with the electronic
dial display but not in the night trials. There was
no difference between the preferences for either the
electromechanical dial display or the electronic
curvilinear display in the day or night trials. The
electronic digital display was clearly preferred to
the electromechanical dial display in both day and
night trials.

The only outstanding feature, when comparing the
electronic analogue designs was the very small
percentage (22%) of drivers who preferfed the
electronic dial display in the déy time trials. In
the other trials there was little difference between

preferences for the desighs.

0f the analogue dial designs the electromechanical

dial was preferred by a large percentage of drivers
(71%) in the déy time trials, but there was little

difference between the dial designs in the night

trials.
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5. Less than a quarter of drivers preferred the

electronie dial display in the day time trials.

Only 18% and 20% of drivers preferred the
electromechanical dial display when compared with the
electronic digital display in both the day and night
trials.

6. The percentage of subjects who preferred the
electronic dial display increased from 22% in the day
time trials to 55% in the night time trials. The
percentage of drivers who preferred the
electromechanical dial display dropped from 71% in
the day time trials to 417 in the night trials.
Otherwise the percentage of subjects preferring each
design did not change substantially between the day
and night trials.

7. General preference was not included in Study 2 hence

no comparison can be made between the findings.

Table 6.9 is a summary table indicating the relative
scores for each display design on both the drivers'
preferences and the performance measures. The results
for Studies 1 and 2 cannot be compared directly because
in the earlier studies each subject compared five (Study
1) or four (Study 2) designs whereas in Study 3 each

subject only compared an electronic design with the °

electromechanical design.




Table 6.9 SUMMARY TABLE indicating how the displayé scored on each

of the measures in Study 3

DAY
ELECTRONIC]| E-M(3)kELECTRONIC E-M ELECTRONIC| E-M
OBJECTIVE MEASURES DIAL DIAL CURVILINEAR| DIAL DIGITAL DIAL
Reading the speed e(2) ® ®

Is the speed within
a speed limit?

no difference

no difference

no difference

SUBJECTIVE MEASURES(1)

Easier to read ® ® [
Easier for speed ® P )
limits

Causes distraction neither neither neither
More attractive ® ® ®

Would choose L [
General preference e no difference ®
OBJECTIVE MEASURES NIGHT

Reading the speed P Y pu

Is the gpeed within
a speed limit?

no difference

no difference

no difference

SUBJECTIVE MEASURES

Easier to read

Easier for speed
limits

Causes distraction
More attractive
Would choose

General preference

neither
®
®

@ or neither

no difference

neither

(i) Only the positlve side of the scale iz shown

(2) ® indicates which display performed better on each measure except

'Causes distraction’'.

was considered to cause distraction while driving

(3) E-M = Electromechanical dial display
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6.9.4

Table 6.10 Age and sex of the subjects

Characteristics of the sample

The samples for each test were chosen to provide
approximately equal numbers of subjects of both sexes and

in three age groups.

Table 6.10 indicates the age and sex of the subjects
included in the study.

SEX
TOTAL 7%
(years) MALE 7% FEMALE Z
21 - 30 22 14 36
31 - 50 22 20 42
51 and over 14 8 ' 22
TOTAL {n=204) 58 42 100

As was. found in Study 2 the variation in numbers between
cells indicates the relative availability of drivers.
This was exacerbated by the fact that in Study 3 road
trials were undertaken. This meant that subjects had to
exhibit their driving skills. Some subjects were only
too willing to show how '"well' they could drive but
others were less willing and did not agree to take part.
This latter attitude was most common among women drivers
particularly the older and younger age group. The women
drivers, especially in the oldest age group were '
unwiliing to take part in the night triazls as many of

them normally avoided driving at night.

The MAVIS Master Vision Screener was used to test
subjects’' eyesight. All the tests were carried out with
the subject wearing driving spectacles if they were
usually worn. The Ishihara test for. colour vision was
also carried out. A minimum standard comparable to the
Department of Transport requirements was demanded. Two

subjects failed to reach this standard.
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Table 6.11 summarises the res

Table 6.11 Subjects' eyesight test res

ults of the eyesight tests.

ults

VISION TESTS % (n = 204)

ISHIHARA TEST
COLOUR VISION

| Normal 96
Red/green deficiency 4
Total deficiency 0
MAVIS TEST
DISTANCE ACUITY GOOD 79
NEAR ACUITY GOOD 69
DISTANCE STEREOPSIS (1)
Good 29
Moderate 39
Poor 32
NEAR STEREQPSIS (2)
Good 84
Moderate o}
Poor 16
OBSERVATION
SPECTACLES WORN WHEN DRIVING 31
(not bifocal)
BIFOCALS WORN WHEN DRIVING 6

(1) Good = 50 seconds of
Moderate = 400 seconds of
Poor = 500 seconds of

(2) Good = 50 seconds of
Moderate = 75 seconds of
Poor = 195 geconds of

(from the Interpretation of ma

arc stereo—acuity
arc stereo~acuity
arc, or over, stereo acuity

arc stereo—aculty
arc stereo—acuity
arc, or over, stereo—acuity

ster Vision Screener Records)




It

can be seen from Table 6,11 that:-

Only 4% of the sample had any problem with colour
vision, slightly less than the percentage in the

general population.

79% of the sample had what the MAVIS test interprets

as good distance acuity.

69% of the sample had good near aculty, in spite of
the fact that this test was carried out with subjects
wearing distance corrected spectacles if they

normally wore them for driving.

31% of the sample wore spectacles while driving and

6% wore bifocal lens spectacles.

A review of drivers' visual acuity is given in Davison

and Irving (1980), see also Section 5.9.2.

Table 6.12 indicates the number of years since the people

in the sample had passed their driving test. These data

glve an approximate Indication of driving experience.

Table 6.12 The number of years since the subjects had passed their

driving test

TIME SINCE TEST PASSED A
Less than 1 year 1
1 - 3 years 6
4 - 8 years 22
9 - 17 years 37
18 - 34 years 26
35 years or over 5
No test taken 2
TOTAL {n = 204) 100
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6.9.5

6.9.5.1

It can be seen from Table 6.12 that:-

1. The majority (702)'of subjeéts had been driving for 9

years or more.

2. Only 1% had been driving for less than one year and
6% for between one and three years which is to be
expected with the minimum age of 21 years for

inclusgion in the sample for insurance reasons.
The test results for each display design

In the preceding sections the test results have been
presented in terms of the performance of each electronic
display when compared with the electromechanical dial
display, on a particular criterion. In this section all

the results for each display are presented.

The drivers'’ preferenées and opinions were recorded in
two forms. These were drivefs' opinions about which of
the two display designs was better on a number of

criteria such as ease of‘reading, attractiveness and so

on; and also drivers' comments about the displays

-expressed in his/her own words. The comments are

summarised for each display ia this section.
The electromechanical dial display test results
The electromechanical dial display was used as the

comparison design throughout the trials. Therefore the

results are presented separately for each of the

comparison trials.




Table 6.13 The electromechanical dial display test results -

Table 6.13.

objective measures

1 Comparison with the electronic dial display

OBJECTIVE MEASURES

ELECTROMECHANT CAL DIAL/
ELECTRONIC DIAL
ACCURACY SCORE

DAY | NIcHT TOTAL
freq Z | freq 2 | freg %

Reading the speed

Response

I+ I+ [+

Deciding

correct to:

2 mph
3 to 5 mph

over 5 mph

whether speed was

within a speed limit

Correct responses

Incorrect responses

370 88 141 52 511 74
50 12 113 42 163 24

630 100 397 98 | 1027 99

Number of responses:

Reading speed Day

Night
Total

Within speed Day

limit

Night
Total

'l

'}

420
270
690

630
405
1035

211




Table 6.13.2 Comparison with the electronic curvilinear display

ELECTROMECHANICAL DIAL/
ELECTRONIC CURVILINEAR
OBJECTIVE MEASURES ACCURACY SCORE

DAY NIGHT TOTAL
freq % | freq % | freq 4

|
Reading the speed
Response correct to:

+ 2 mph 369 90 182 79 551 86
+ 3 to 5 mph 33 8 46 20 79 12
+ over 5 mph 8 2 2 1 10 2

Deciding whether speed was

within a speed limit

Correct responses 609 99 342 99 351 99

Incorrect’ responses 6 1 3 1 9 1

Number of résponses:

Reading speed Day = 410
Night = 230
Total = 640
Within speed Day = 615
limit Night = 345
Total = 960




Table 6.13.3 Comparison with the electronic digital display

ELECTROMECHANI CAL DIAL/
ELECTRONIC DIGITAL
OBJECTIVE MEASURES ACCURACY SCORE

DAY NIGHT TOTAL
freq % | freq Z | freq b4

Reading the speed

Response correct to:

+ 2 mph 475 95 190 95 665 95
+ 3 to 5 mph 20 4 10 5 30 4
+ over 5 mph 5 1 0 0 5 1

Deciding whether speed was

within a speed limit

Correct responses 750 100 294 98 | 1044 99

Incorrect responses 0 0 ) 2 6 1

Number of responses:

Reading speed Day = 500
Night = 200
Total = 700
Within speed Day = 750
limit Night = 300

Total = 1050
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Table 6.14 The electromechanical dial display test results —

subjective measures

Table 6.14.1 Comparison with the electronic dial display

SUBJECTIVE MEASURES

ELECTROMECHANICAL DTAL/
ELECTRONIC DIAL
PREFERENCE SCORE

BEasier to read

Easier to decide whether

| within speed limits

Causes distraction while

driving
i More attractive
Would choose for own car

General preference

DAY NIGHT  TOTAL
freq Z | freq % | freq Z
32 76 6 22 38 55
28 66 7 26 35 51
1 2 311 A 6
15 36 6 22 21 30
27 64 8 30 35 51
3t 71 11 41 42 61

Sample size Day = 42
Night
Total

27
69

]




Table 6.14.2 Comparison with the electronic curvilinear display

ELECTROMECHANICAL DIAL/
ELECTRONIC CURVILINEAR
SUBJECTIVE MEASURES PREFERENCE SCORE

DAY NIGHT TOTAL
freq % | freq % | freq %

Easier to vead 20 48 11 48 31 48

Easier to decide whether 15 36 9 39 24 38
within speed limits

Caﬁses distraction while 1 2 1 4 | 2 3
driving

More attractive 8 19 9 39 17 27
Would choose for own car 15 36 10 44 25 39
General preference 18 43 11 48 29 45

Sample size Day = 41
Night 23
Total = 64

1]

il
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Table 6.14.3 Comparison with the electronic digital display

SUBJECTIVE MEASURES

ELECTROMECHANICAL DIAL/
ELECTRONIC DIGLTAL
PREFERENCE SCORE

Easier to read

Easier to decide whether

within speed limits

Causes distraction while

‘ driving
‘ More attractive
‘ . Would choose for own car

General preference

DAY NIGHT TOTAL
freq Z | freq % 1 freq A
6 12 1 5 7 10
10 20 4 20 14 20
0 0 2 10 2 3
13 26 4 20 17 24
7 14 3 15 10 14
9 18 4 20 13 19

Sample size Day = 50
Night = 20
Total = 70
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The electromechanical dial display - summary of results

The electromechanical dial display was included to act as
a bench mark against which the test results for the three
electronic displays could be assessed. Each driver
compared an electronic display design directly with the
electromechanical display design. Drivers' responses to
the electromechanical dial display will reflect thelr
response to the electronic display design with which it
was being compared. Therefore, it 1s not alway possible
to draw general conclusions about the performance of the
electromechanical dial display. However, there were a
number of features about the display design which are
indicated by the test results and in particular, by the

drivers’' comments. These are reported below.

1. Under daytime lighting conditions the
‘ electromechanical dial display was read accurately

(within + 2 mph) by a greater number of drivers than
either of the electronic analogue display designs.
This trend was reversed in the night trials.
Drivers' comments indicate that the electromechanical
dial display was seen more clearly in the day time
because unlike the LCD designs there was no washout
effect. However, at night the electromechanical dial
display appeared‘dimly 1it compared with the LCD

electronic displays.

2. All the display designs including the

electromechanical dial were accurately check read

against the current speed limit.




With the exception of the night trials with the
electronic dial display the electromechanical dial
display was considered easier to read than the
electronic analogue designs. Drivers' comments on
the relative brightness of the displays in day and
night lighting also influences the perceived ease of
reading, although the electromechanical dial display
was still considered easler to read in the night
trials compared with the electronic curvilinear

design.

With the exception of the daytime trials with the

electronic dial display the electromechanical dial
display always performed worse than the electronic
displays on ease of check reading against a speed

limit.

The majority of subjects in all the test conditions
except the night trials with the electronic
curvilinear display considéred that neither the
electromechanical nor the electronic displays
distracted attention while driving. In all the
trials the electromechanical dial display was
considered to distract attention by a smaller
percentage of the subjects than the electronic

display designs.

In‘both_the day and night trials only a minority of
subjects considered the electromechanical dial

display to be more attractive than the electronic

display with which it was coﬁpared.




The majority of subjects (64%) stated they would

‘choose the electromechanical dial display for their

own car in the day time tests with the electronic
dial display. In all the other tests the electronic

designs were preferred on choice for own car.

There was no consistent general preference for or
against the electromechanical dial display in the
road trials. It was preferred In the day time trials
with the electronic dial display but not in the night
trials. There was no difference between the
preferences for either the electromechanical dial or
the electronic curvilinear display in the day or
night trials. The electronic digital display was
clearly preferred to the electromechanical dial

display in both day and night trials.

In terms of accuracy of using the electromechanical
dial display in road trials, there was a marked
improvement in accuracy of reading the speed in the
day time trials (88% with within + 2 mph) compared
with Study 2. However, in the night time trials
which were more like the lighting conditions in
Studies 1 and 2, thére was no real change in accuracy
(647% Study 1, 47% Study 2, 52% Study 3). All the
display designs were used accurately to check read
against speed limits in the road trials and a marked
improvement was shown when compéred with the results
of Study 2 (68% correct Study 2, 99% correct Study
3). The design was also used accurately for check

reading in Study 1 (92%Z correct).
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The performance of the electromechanical dial

-display on preference measures was much influenced

by the drivers' responses to the electronie
comparison display, and by the lighting conditions
(day or night trials). The relative brightness of
the designs influenced a number of the preference
measures. The electromechanical dial display was
not affected by washout which reduced the brightness
of the LCD displays in bright daylight. At night,
when the electronic displays were bright the
electromechanical dial display appeared dimly lit.
Hence no clear pattern emerges for the
electromechanical dial display throughout the trials
which can be compared with the earlier studies. The
electromechanical dial display was responded to more
positively by drivers in the dynamic test conditions
of the vehicle simulator trilals (Study 2) compared

with the tachistoscopic tests of Study 1. However

~in the road trials the advantages which the

electromechanical dial display exhibited in terms of
drivers' familiarity with the general style of the
display were often overshadowed by the novelty or
exceptionally high performance of the electronic
displays. This is apparent in the day/night
reversal of driver opinion when tested with the
electronic dial'display. The electronic dial
display was a very clear, bright display at night.
It is also most apparent when compared with the
outstanding performance of the electronic digital

display.

Electromechanical dial display — summary of drivers’

comments

In general drivers considered the electromechanical

dial display to be rather ordinary, fussy, and

confusing.




The dials were considered to be too far apart for

easy scanning.

Many drivers remarked on the obscuration of the
dials, particularly the speedometer, by the steering

wheel and drivers' hands.

The most frequently occurring complaint concerned
the lighting of the display at night. The lighting
was considered too dim and unevenly distributed

around the dial faces.

Drivers liked the clarity of the printed numbers and

scale on the dial faces.

The use of a pointer to indicate speed was also felt

to be a more satisfactory method than lit segments.

Drivers also liked the familliarity and conventional

appearance of the display.

It was suggested that the scale numbers and the
pointer could be 1it more brightly than the other
figures to enhance the reading of the display.

To.overcome the problems of ohbscuration by the

steering wheel and drivers' hands, it was suggested
that the dials be moved closer to the centre of the
display, or that the speedometer be centralised and

the tachometer reduced in size or removed.
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$.9.5.2 The electronic dial display test results

Table 6.15 The electronic dial display test results - objective

measures

OBJECTIVE MEASURES

ELECTRONIC DIAL
ACCURACY SCORE

DAY NIGHT TOTAL
freq 4t freq Z | freq b4

Reading the speed

Response correct to:

2 mph
3 to 5 mph

1+ 1+ 1+

over 5 mph

Deciding whether spee

d was

within a speed limit

Correct responses

Incorrect responses

285 68 200 74 485 70
122 29 65 24 187 - 27
13 3 5 2 18 3

617 98 401 99 1018 98

13 2 4 1 17 z

Number of responses:

Reading speed Day
Night
Total

Within speed Day
limit Night
- Total

= 420
270
690

¥

= 630
= 1035




Table 6.16 The electronic dial display test results -

subjective measures

ELECTRONIC DIAL
SUBJECTIVE MEASURES PREFERENCE SCORE

DAY NIGHT TOTAL
freq % | freq Z | freq %

‘ Easier to read 9 21} 1lé 59 25 36

Easier to decide whether 7 17 17 63 24 35
‘ within speed limits

‘ Causes distraction while 13 31 7 26 20 29
driving

i | More attractive 22 52 200 74 42 61
‘ Would choose for own car 9 22 12 44 21 30
1 | General préference 9 22 15 55 24 35

Sample size Day = 42
Night = 27
Total = 69




The electronic dial display - summary of results

The electronic dial display was similar to the
electromechanical dial display and to most other
instrument panel designs current in 1981, in that it was
an analogue dial design. It was produced using liquid
crystal technology which was older and less sophisticated
than that used in the electronic curvilinear design. The
ma jor problem was in the daytime brightness in that
washout occurred in bright sunlight, making the display
more difficult to read. This was particularly marked
when sunlight came in through the drivers' side window.
The display occassionélly also appeared very dim to the
drivers when they were driving into bright sunshine

ahead.

1. The electronic dial display was read accurately by
less subjects than the other electronic displays in
both the day (68% within + 2 mph) and night trials
(74% within + 2 mph). The accuracy of reading was
maintained in the day and night trials,

2. All the display designs including the electronic
dial disblay were accurately check read against the

current speed limit,

3. Only one driver in five (21%Z) considered the
electronic dial display easier to read than the
electromechanical dial display in the day time
trials. 1In the night trials 59% of the drivers
considered that the electronic dial display was
easier to read. Drivers commented that the contrast
of the display was poor in daylight bdbut that as they
could still see the outline of the display thils was
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not considered a serious problem. It was also
mentioned that the amber colour was helpful in the
night trials when reading the display against
oncoming white headlights. '

Only 17% of drivers cénsidered that the electronic
dial display was easier to use for check reading
agailnst a speed limit in the day time trials.
However, in the night trials nearly two thirds (63%)
considered it easier than the electromechanical dial

display.

The majority of subjects in all the test conditions,
except the night trials with the electronic
curvilinear display, considered that neither the
electronic nor the electromechanical designs
distracted attention while driving. However, of the
electronic designs in daylight trials the largest
percentage of subjects (31%) considered the
electronic dial design to be distracting.

The electronic dial display was considered more
attractive than the electromechanical dial display
in both the day and night trials. Of the electronic
display designs the dial was considered attractive
by the smallest percentage of drivers (52%) in the
day time trials and the largest percentage of
drivers (74%Z) in the night trials.

Only 22% of drivers in the day time trials stated
that they would choose the electronlc dial display
rather than the electromechanical dial display for
their own car. In the night trials the greatest

percentage of drivers (44%) stated they would choose




10.

the electronic dial display although a quarter (26%)

stated they would choose neither.

The electronic dial display came a poor second ﬁo
the electromechanical difal display on general
preference in the day time trials. This position
was reversed in the night trials although the
difference between the percentages of subjects

preferring each design were not very great.

In terms of accuracy of reading the electronic dial
display in road trials there was a marked
improvement in the percentage of readings accurate
to within + 2 mph from 23% in Study 2 to 68% (day)
and 74% (night) in Study 3. The precentage correct
in Study 3 was not quite as high as in Study 1
(88%). All the display designs were check read
accurately against speed limits in Study 3. The
results for Study 2 (677) were clearly improved
upon, whereas the results for Study 1 (97%) were

maintained.

On the measures of driver preference with the
electronic dial display drivers were clearly
influenced by the lighting conditions in Study 3.
These had been controlled as night time conditions
in Studies 1 and 2. The electronic dial display was
considered better than the electromechanical dial
display in all the preference measures except
distraction while driving. As night time lighting
conditions were those pertaining in Studies 1 and 2
it is interesting to note that the electronic dial
display maintained a favourable position. In the
day time conditions of Study 3, however, the

electromechanical dial display performed better on

the measures of drivers' preference.




Electronic dial display — summary of drivers' comments

Drivers disliked the reflections from the Instrument

panel of the car interior during daylight.

The movement of the brightly lit segments was
considered distracting. The tendency for the
leading segment to flash on and off in response to
minor speed fluctuations was considered particularly

unsatisfactory.

The speedometer and tachometer were considered to be
too similar in design, leading to confusion of

function.

The scale design, in particular the 2% mph segments

was considered unsatisfactory.

The contrast was considered to be poor in daylight,
but drivers also mentioned that as they could still
see the basic outline of the display this was not a

serious problem.

The speedometer and tachometer were considered too

far apart.

Drivers often complained about the obscuration of
the speedometer by the steering wheel and drivers'

hands.

The reflection of the digplay onto the windscreen

was remarked on by drivers in the night time tests.

Drivers disliked the digital clock in the central

position.




The display was considered easy to read.

The layout was considered clear, clean and

efficient.
The style of the display was complimented.

Drivers in the night trials mentioned that the amber
colour of the display was particularly helpful when
reading it against oncoming white headlights.

The dimmer control for night driving was considered

essential.

Some drivers suggested that the scales and segments
should be viswally separated by, for example, having

different colours or different brightness.

Drivers who disliked the segment movement suggested

an electronic form of pointer, or a continuous band

rather than segments.




6.9.5.3 The electronic curvilinear display test results

Table 6.17 The electronic curvilinear display test results -

objective measures

ELECTRONIC CURVILINEAR
OBJECTIVE MEASURES ACCURACY SCORE

DAY NIGHT TOTAL
freq A freq % freq %

Reading the speed

| Response correct to:

+ 2 mph 335 85 185 85 520 85
+ 3 to 5 mph 51 13 31 14 80 13

+ over 5 mph 8 2 2 2 12 2

, Deciding whether speed was
within a2 speed limit

[ : Correct responses 583 98 317 97 904 98

Incorrect responses 12 2 10 3 18 2

Number of responses:

Reading speed Day = 394
Night 218
612

Total

Within speed Day = 595
limit Night 327
Total 922
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Table 6.18 The electronic curvilinear display test results -

subjective measures

SUBJECTIVE MEASURES

ELECTRONIC CURVILINEAR

PREFERENCE SCORE

DAY NIGHT TOTAL

freq %} freq % | freq Z
Easier to read 16 38 10 43 26 39
Easier to decide whether 18 43 13 56 3t 47
within speed limits
Causes distraction while 10 24 11 48 21 33
driving
More attractive 28 67 12 52 40 61
Would choose for own car 19 45 11 48 30 45l
General preference 18 42 11 48 29 44

Day = 42
Night = 23
Total = 65

Sample size
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The electronlc curvilinear display - summary of results

The electronic curvilinear display was novel in design 'in
that the scale formed a curved line rather than a dial.
In addition the speedometer segments changed colour from
green to amber above 30 mph. The curvilinear design
éroused much interest among the drivers who tested it.
However, the test results do not provide a clear
indication of drivers' performance or preferences when
the electronic curvilinear display 1s compared with the

electromechanical dial display.

The liquid crystal technology used in the electronic
curvilinear display was more sophisticated than that used
for the earlier model electronlc dial display. Hence the
problems of washout in bright sunshine were much less

apparent.

1. The electronilc curvilinear display was read more
accurately than the electromechanical dial display
at night with 85% of the responses accurate to
within + 2 mph compared with 79% for the
electromechanical dlal display. The
electromechanical dial display was read more
accurately during the day time trials with 91% of
the responses accurate to within + 2 mph compared
with 85% for the electronic curvilinear design.
There was however, very little difference between

the scores.

2. All the display designs including the electronic
curvilinear display were accurately check read

against the current speed limit. '




In the day time trials the electromechanical dial
display was considered easier to read. There was no
difference between the display designs on ease of
reading during the night trials. The difference in
response for the day time trials is much less marked
between the electronic and electromechanical designs
than with the two dial designs because washout in
bright sunlight was much less noticeable with the
more sophisticated liquid crystal of the curvilinear

‘design.

The electronic curvilinear design was considered
easier to use for check reading than the
electromechanical dial display, 1in both day and
night conditions. This was probably influenced by

the fact that the electronic curvilinear display

+ segments changed colour from green to amber at 30

mph thus providing colour coding as additional

information.

The electromechanical dial display was clearly
considered less distracting while driving, although
in the day time conditions neither display design
was considered distracting. However, in the night
trials nearly half (48%) the drivers considered the

electronic curvilinear design distracting.

The electronic cur§ilinear design was clearly
considered more attractive than the
electromechanical dial design in both day and night
trials.

Nearly half the drivers in the daytime trials (45%)

and in the night trime trials (48%) stated that they

would choose the electronic curvilinear design for
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their own car. This is slightly more than those who
stated they would choose the electromechanical dial

display.

There was nothing to choose between the
electromechanical dial display and the electronic
curvilinear display in terms of drivers' general

preference. They both scored similar results.

In terms of accuracy of reading the electronic:
curvilinear display in road trials compared with
laboratory tests there was a marked change In
performance. In Study. .l approximately three
quarters of the readings (77%) were exactly accurate
(with clutter). In Study 2 only 3% of the readings
were accurate to within i 2 mph whereas in Study 3,
most like real life conditions B85% of readings were
accurate to within + 2 mph. The percentage correct
in Stud& 3 was even higher than in Study 1. All the
display designs were check read accurately against
speed limits in Study 3. The results for Study 2
were poor (45% correct) compared with both Study 1
(94% correct) and Study 3 (987 correct).

On the measures of driver preference the difference—
in results between day and night conditions was not
so apparent as In the trials with the electronic
dial display. The electronic Curvilinear-display
maintained its position as an attractive display
established in Studies 1 and 2. As was. found in the
previous studies it was also considered easy to use
to decide whether the speed was within a speed |
limit. The electronic curvilinear display was
clearly considered distracting, particularly in the
night trials, an aspect which could not be tested in

Study 2 but was remarked on by some of the subjects

as a potential problen.




| 11. It was noted during the night time trials that the

‘ electronic curvilinear display produced noticeable
reflections on the drivers' side window and on the
windscreen. A number of drivers complained that

this was annoying while driving.

Electronic curvilinear display - summary of drivers'

comments

. Drivers disliked the reflections from the instrument

panel of the car interior.

. The movement of the brightly lit segments was
conslidered distracting. The tendency for the
leading segment to flash on and off In response to
minor speed fluctuations was consldered particularly

unsatisfactory.

. Drivers also mentioned that the movement of the
tachometer in the central area of view was

distracting, particularly at night.

. Some drivers found the extra effort necessary to
read the display distracting, as was the novelty of

the design.

. At night, drivers remarked that the display was too
bright and that the colours were too bold. This
display did not have a dimmer control.

. The reflection of the display in the windscreen and
the drivers' side window was considered

unsatisfactory by drivers in the night trials.

. The speedometer and tachometer scales were

conslidered to be too close together.




One serious criticism which occurred fairly
ffequently was that the brightness of the
speedometer and tachometer detracted from the
visibility of the gauges and warning lights. This
was mentioned in both day and night trials, but
particularly at night.

The green segments in the range 0-30 mph were
considered difficult to read compared with the amber
of the rest of the scale because they appeared to be

less bright.

Drivers found the fuel gauge and its scale marking

difficult to interpret.

Drivers liked the modern design, and considered it

clear, easy to read and exciting.

It was felt that this design would appeal
particularly to younger drivers, sports car

enthusiasts and business executives.

Drivers also liked the central position of the
scales, which were considered easier to see in that

position.

The use of colour, and the change of colour at 30

mph were both thought to be a good idea.

Some drivers suggested that the two scales should be
visually separated by, for example, being of '

different colours or different brightness.

Drivers were divided in their views about the colour
change of segments at the 30 mph speed limit. Some
drivers wanted further changes at 50 mph and 70 mph,

others wanted no colour change at all.
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6.9.5.4 The electronic digital display test results

Table 6.19 The electronic digital display test results ~ objective

measures

| _ ELECTRONIC DIGITAL
‘ ' OBJECTIVE MEASURES ACCURACY SCORE

‘ : DAY NIGHT TOTAL
freq % freq - % | freq y4

Reading the speed

Response correct to:

+ 2 mph 490 100 194 100 684 100
+ 3 to 5 mph 0 0 0 0 0 0
+ over 5 mph 0 0 0 0 0 0

Deciding whether speed was

within a speed limit

Correct responses 742 100 276 97 1018 99

Incorrect responses 0 0 8 3 "8 1

Number of responses:

Reading speed Day = 490
Night 194
Total = 684

Within speed Day = 742
limit Night = 284
Total = 1026
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Table 6.20 The electronic digital display test results -

subjective measures

SUBJECTIVE MEASURES

ELECTRONIC DIGITAL
PREFERENCE SCORE

DAY NIGHT TOTAL

freq % freq A freq Z
Easier to read 44 88 19 95 63 - 90
Easier to decide whether 33 66§ 14 70 47 67
within speed limits
Causes distraction while 7 14 5 25 12 17
driving
More attractive 31 62 13 65 44 63
Would choose for own car 37 744 15 75 52 74
General preference 36 72 16 80 52 74

Sample size Day = 50
Night 20
Total = 70
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The electronic digital display - summary of results

The electronic digital display was probably the most
novel of the electronic instrument pénel designs 1in the
tests. Although digital displays have become more commdn
since the tests were conducted it was unusual to find
digital readouts except for watches and clocks. When the
digital display was compared only with the
electromechanical dial display the results for both
performance and drivers' preference were clear. The
digital diéplay performed better. In the tests the
electronic digital display was produced using 25 mm
seven segment tungsten filament displays and hence were
less attractive than and had different illumination
response characteristics to the liquid crystal digits
which would have been used in production vehicles., At
the time 25 mm liquid crystal digits were not available

even as prototypes.

1. Almost all (99.8%) of the speed readings for the
electronic digital display were accurate to i_z mph.
The majority were exactly correct. This result
indicates that the rate of change of the digits, was
at no time so rapid as to cause difficulty or error
when reading the speed. The electronic digital
display incorporated a time based update frequency of
4 times per second, although the digits would change
at this rate only during acceleration and
deceleration. This is a particularly interesting
result to obtain from road trials in which speeds
were adopted according to prevailing traffic
conditions, from gslow town driving to fast motorway
driving. Even when, under fast acceleration
conditions, the digits were changing rapidly, no
drivers complained that they could not read the
digits. The size of the digits (25 mm height) and
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the clarity of style would also greatly assist in the
ease and accuracy of reading. The accuracy of
reading was maintained in both day and night

conditions.

The electronic digital display scored very well when
drivers were asked to decide whether a speed was
within a speed limit (997 accurate,_total). When
compared with the electronic digitai display the
electromechanical dial display performed equally
well.

The electronic digital display was clearly
considered easier to read than the electromechanical
dial display in both day (72% easier) and night
trials (BOZ gasier).

The electronic digital display was clearly considered

easier to use when deciding whether the speed was
within a speed limit. This result 1s unexpected as
anaiogue displays are traditionally considered easier
to use for check reading tasks such as this (eg
Shackel 1974), The road side speed limit signs are
also digital which may have influenced drivers'
responses, making the decision making task easier.

In the road trials, however, the roadside speed
limits were seen only infrequently by the drivers,
and the speed limit was also presented verbally in
the trials. In the vehicle simulator trials (Study
2) the speed limits were shown on the screen all the
time. Comments from Study 2 and Study 3 indicated
that some drivers anticipated that it would be easier
to use an analcogue display for this check reading

task, but changed their mind after experience with

the digital display.




10.

The majority of drivers (867% day and 65% night)
considered that neither display was distracting.
However 25% of drivers in the night trials and 14% of
drivers in the day time trials considered the’
electronic digital display to be distracting while
driving. '

. The electronic ﬂigital digplay was considered to be

the more attractive display-when compared with the
electromechanical dial display in both day and night

time trials.

Three quarters of thé drivers who tested the
electronic digital display stated that they would

choose It for their own car.

Three quarters of the drivers considered that they
preferred the electronic digital display overall

compared to the electromechanical dial display.

The electronic digital display maintained its high
level of reading accuracy throughout the three
studies (98% with clutter Study 1, 97% Study 2, 100%
Study.3). Even during the road trials when the
digits were changing in response to driving controls
and when the ambient or external lipht was bright the
digital display was réad accurarely. ‘

In Studies 1 and 2 the electronic digital display
alway performed well in terms of drivers' preference
although in those studies the digital design was '
being compared with three or four other display
designs. In Study 3 when the digital design was only
being compared with the electromechanical dial

display it performed outstandingly well. The most
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intefesting result was that of distraction while
driving. The vast majority of drivers considered
that neither the electronic digital nor the
electromechanical dial display caused distraction
while driving. However, a quarter of the drivers
considered that the electronic digital display did
cause distraction. This is a smaller proportion than
those in Study 2 who considered it the most
distracting design (38%). The road trials were
considered to be the hardest test for the electronic
digital display, and in particular the night time
trials. Yet in the road trials the electromnic
digital display not only maintained its clear
superiority on the favourable measures of Studies 1
and 2 but it also scored extremely well on
attractiveness which previously had been considered

poor.
Electronic digital display ~ summary of drivers' comments

. The movement of the brightly lit digits was

. considered distracting by some drivers.

. Some drivers mentioned that the large size of digits

{25 mnm) also contributed to the distracting effect.

. The accuracy with which the digital display presented
information was considered by some drivers to be
distracting in that they tried to keep more exactly
to speed limits. One driver mentioned that the

changing digits were mesmerising.
. Drivers mentioned that they found the digital display

difficult to use to check against speed limits and

when changing speed.
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The digits 8, 6 and 0 were considered most difficult
to distinguish, particularly when sunlight fell on
the display.

The design was considered rather plain by some

drivers.

Drivers particularly liked the ease with which the
digital display could be read, and the fact that it

gave exact speed.

The design was considered clear, attractive and

modern.

The large digits were liked by the drivers as was
the fact that the speedometer and téchometer were
visually separated by a difference in colour and
brightness; the speedometer being the dominant

display.

One driver mentioned that the changing digits would

keep the children amused.

A digital speedometer display was considered a good
idea because 1t made drivers more aware of their
speed. However, some drivers found it rather too

easy to disbelieve the speed shown.

A number of drivers felt that the digital display
would be improved by the addition of an analogue
speedometer in conjunction with the digital

display.

A digital tachometer was considered to be

- unnecessary and would be better represented as an

analogue display.




. Drivers considered that the shape of the digits

could be improved to enhance reading.

. Drivers at night mentioned that the display colour

should be 'softer'.

. An interesting observation was that many drivers
anticipated problems with using a digital display
and found that the problems did not exlst when they

actually had experience of using the‘display.

6.9.6 General comments

. It was noted several times during the night trials
that in lit streets drivers would start the cars
containing the electronic displays and drive away

| without turning on the headlights. This was
probably due to the fact that the displays are lit
all the time independant of whether the headlights
are switched on. Usually instruments only light up
when the car lights are on. 1In lit streets, when it
is not always obvious from the external light
whether the car lights are on, drivers probably use
their instrument lights as clues as to the status of

. the headlights. As the electronic displays are
always lit, this clue 1s then not applicable and
drivers, misinterpreting the clue, fail to switch on
the car lights. It is suggested that an additional
clue 1s required, such as a warning light, to

indicated the status of the car headlights.

. Drivers frequently remarked on the susceptibility of
the electronic displays to variatlon in ambient
illumination. They were also slightly amused by the
sudden brightness of the displays when entering
darkness such as an underpass or a bridge, after.

daylight.
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6.10

6.10.1

. The blank facia of the electronlc displays prior to
ignition may be a disadvantage. However, the
novelty of the sudden appearance of the displays on

ignition may overcome this.

. Drivers mentioned the fact that the electronic
displays did not show kph, even when they had been
told earlier that kph scales would shown separately

on command.

. The position of the speedometer on the right of'the
displays was criticised, and drivers mentioned that
they would prefer it on the left hand side. This
was particularly the case when the speedometer was
partially obscured by the steering wheel and

drivers' hands.
Discussion

The discussion in this chapter is concerned only with the
main points of Study 3. Chapters 7 and 8 discuss the
whole progfamme in detail. Many of the points covered in
the discussion in Chapter 5 are equally relevant to Study
3 but are not repeated in Chapter 6.

Discussion of the results

The objective measures of accuracy of reading the speed
indicates that the electronic digital display ﬁas read
more accurately (100% within + 2 mph) in both day and
night conditions than any of the analogue designs. 1In
terms of accdracy of check reading against a speed limit,
in the road trials all the display designs performed well
(977%~100% correct). The electronic digital display has
clearly maintained the high level of reading accuracy

obtained in Studies 1 and 2. The results were not
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surprising in the static tests of Study 1 but the
malntenance of the reading accuracy under the simulated
and real driving conditions of Studies 2 and 3 is
noteworthy. As described in the discussion of the
results of Study 2 the update rate of the digits is
critical to the ease of use of the digitél display. Even
in the very variable driving conditions in Study 3 where
congested city and open motorway driving were encountered
the update rate of the digital display did not appear to

affect the accuracy of reading the speed.

0f the analogue display designs the electronic
curvilinear was read most accurately (85% within + 2 mph)
in both day and night trials. This is a marked diversion
from the results obtalned in Study 2 where only 3% of
readings were within + 2 mph. In Study 2 it was noted
that the speed readings above 50 wmph were_much more
likely to be inaccurate than those below 50 mph. In
Study 3 the differential accuracy of reading depending on
the scale position was not noted. Drivers responded
equaily well or badly regardless of the position of the
speed reading on the scale. However, in Study 1 the
exact accuracy score was 75%-77X accurate, not very
different from that obtained in Study 3. In Study 2 the
subjects had very little information which could be uvsed
to estimate the speed reading prior to glancing at the
speedometer. It is possible that when other clues for
speed estimation are missing the sﬁbject has to scan the
greater part of the curvilinear display to obtain an
accurate speed reading. This, given that subjects only
glance at the instruments for a very short time, may have
led to the large percentage of 1naccurate (outside.i_z
mph) readings noted in Study 2. The improvement in
performance may well be due to the increased amount of
peripheral information available to the driver to assist
with speed estimation. If speed estimation is accurate
it should cut down the scanning time required to read the

instrument accurately.
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The effects of lighting conditions were most noticeable
on the accuracy of feading the electronic dial bompared
with the electromechanical dial display. In the day time
conditions the electromechanical dial display was read
more accurately whereas at night the LCD electronic dial
display was read more accurately. This is probably due
to fhe relative brightness of the displays in day and
night lighting. In the day time the electromechanical
dial display was clear to read and lit by the ambient
illumination whereas the electronic dial display suffered
from wagshout particlarly in bright sunlight. 1In the
night trials the trend was reversed. The
electromechanical dial display appeared to be dim and
poorly 1lit whereas the LCD electronic dial display was

clear, bright and easy to read.

There was no difference '.. : between any of the

displays under either day or night conditions when the
drivers were asked to check read the épeed against a
speed limit. Nearly all the responses were accurate
(97-100% correct}-. ‘The results are very similar to those

obtained in Study 1.

In terms of drivers' preferences the electronic digital
digplay maintained the superiority established in Studiles
1 and 2 with the vast majority of subjects (88% day and
95% night) considering it easier to read than the
electromechanical dial display. In none of the other
trials were the results so clear on ease of reading.
Reversal of preference between day and night conditions
for ease of reading was noted for the trials in which the
electronic dial display was compared with the
electromechanical dial display. The drivers' preferences
for ease of reading reflected their actual performance
scores. The electromechanical dial display was

considered easier to read in the day time trials and the
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electronic dial display was considered to be easier to
read in the night time trials. This reversal according
to lighting condition is maintained when subjects were
‘asked for their opinions éoncerning ease of deciding
whether the speed was within a speed limit. The greatest
number of subjects considered the electronic digital
display to be easier for check reading against a speed
limit. However the driver preferences for the
electromechanical dial (day) and the electronic dial
(night) were similar in number to the electronic digital
design. 1In spite of the colour change of segments at 30
mph the drivers showed no clear preference for the
electronic curvilinear design or the electromechanical
dial design for ease of check reading against a speed
limit.

In the majority of trials when asked about distraction
while driving most drivers sald that neither the
electronic nor the electromechanical digplay design was

distracting. The exception was the night trials on the
electronic curvilinear design in which 48% of subjects
considered the electronic curvilineaf design to be
~distracting while driving although the same proportion
considered that neither diSp1a§ was distracting. Of the
other two electronic display designs only a Quarter of
the subjects considered the designs to be distracting at
night. This response is important because there have
been fears expressed about the distracting effects of
discrete or digital display designs, particularly at
night. The curvilinear design was similar in the colours
used to those in Study 1, in pafticular the tachometer
was amber. It had been found in Study 1 that thils was
considered distracting because of the relative brightness
compared with the speedometer. As the prototype LCD
panel for the curvilinear design was produced before the
results of Study 1 were known this could not be changed
in Study 3. These colour features may well have affected

the distraction particularly in night conditions.
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6.10.2

When compared with the electromechanical dial display
each of the électronic designs were considered more
attractive. Three quarters of the subjects in the night
trials considered the electronic dial display to be more
attractive than the electromechanical dial display. Thé

electronic digital display was rank 2 in both the day and

night trials with 62% and 65% respectively of subjects
consldering it to be more attractive. This was in spite
of the fact that the presentation of the digital display
as tungsten filament digits was much less satisfactory

than the very smart‘appearance of the two LCD panels.

The most clear result In terms of drivers' cholce of a
display design for their own car was the preference for
the electronic digital design with three quarters of the
subjects stating that they would choose the design for
their own car. In terms of general preference the
electronic digital design continued to perform well with
72% (day) and 80% (night) of drivers stating that they
preferred that design generally to the electromechanical

Discqssion of the research method

In this third stage of the research programme to
investigate driver response to electronic instrument
panel design the experimental conditions were the most
realistic. In the previous studles experiments were
conducted under more controlled laboratory conditfous,

becoming more realistic in the vehicle simulator, Study

"2, In this third study the display designs were tested

in normal driving conditions. The more realistic the
experimental conditions the more difficult it is to
control the factors influencing the experiment. Some of
the factors were cdntrolled as far as possible by taking

each driver along an identical route, and eliciting

248




responses at specific points along that route. The times
of the day when the lighting conditions would vary
markedly from the start to the finish of the 2 hour
experiment, such as at dusk, were not scheduled for
tests. In addition, times when the traffic was unusually
dense such as at rush hours were alsoc excluded from the
schedule. However, subjects' driving styles varied
considerably with some driving much faster or slower than
others, also braking and accelerating faster than others.
Hence subjects experienced different rates of change of
the segments or digits depending on their driving

styles.

Unlike the previous two studies in which all the subjects
éompared all the display designs, in this study each
driver compared only one electronic display design with
the electromechanical design. This changed the nature of
the judgements the subjects were making as in the third
study the comparative judgements were not influenced by

the other electronic designs.

The tests were conducted during daylight and at night
whereas in the previous two studies only night levels of
lighting were used. During the road trials the light
levels varied, for example, in daylight the light
included bright sunlight and dull overcast conditions; at
night street lighting and unlit country lanes were
included. The effects of the different lighting
conditions were noted Iin terms of drivers' preferences
and drivers' performance. Clearly, the lighting
conditions did have an effect on driver reactions to the
. electronic display designs, particularly the electronic
dial display. However, the technologies employed in the
"three electronic disPiays tested were not the same and
this may also have influenced the findings. The
electronic dial display employed an early version of

liquid erystal.
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This performed badly in daylight but well at night. The
electronic curvilinear display employed a more up to date
version of 1liquid crystal and this display, if anything,
performed better 1in daylight tests. However, this
display did not have a brightness control so that at
night a number of drivers complained that the display was
too bright. Also the curvilinear design was known to be
less easy to use from the earlier studies. Therefore, it
is possible that if the up to date technology had been
used in the electronic dial display this display would
have perforﬁed better under daylight conditlons. The
electronic curQilinear display would probably have
performed better under night time conditions if a
brightness control had been available. The electronic
digital display employed tungsten filament technology
which responded in a similar way to the up to date liquid
crystal display. This display performed consistently
well in both day and night conditions. This would
indicate that if the display design is satisfactory then
the lighting conditions do not ilnafluence driver response
S0 critically.. It was found, hoﬁever, that with all the
electronic displays there was almost complete washout of
the displays when sunlight fell on the displays through
the drivers' side window. Also some drivers complained
that the displays appeared very dim in bright sunlight,
particularly when the sun was ahead. The electronic

curvilinear display reflected in the dfivers' side window
| and on the windscreen. A number of drivers complained

that this was annoying while driving.

One disadvantage of this more realistic resegrch method
was that 1t was not possible to check the exact accuracy .
of reading. Although the experimenter had a digital
readout of the speed to refer to she did not know exactly
when the driver was reading the speed. In the Interests

of safety the driver had to choose an appropriate time
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6.10.3

after the cue to read the instruments. A further
disadvantage was that it was not possible to record
driver response time as had been noted in Study 2. The

main reason was that the traffic conditions would and

" should have a greater influence over driver response time

than the ease of reading the displays. Hence it would

have been an unreliable measure.

Subjective responses were entirely appropriate in Study 3
as drivers had experience of the display designs in a
variety of lighting and traffic conditions as they would

do in normal driving. However, as mentlioned previously

drivers only experienced one electronic design and an

electromechanical design. The displays were not all
available at conce for a comparative test along the lines
of Study 2, and it was also iwmpractical to hold long

experiments.
Discussion of the displdy designs

None of the designs were changed markedly from Studies 1
and 2 except for the addition of warning lights. The
colours were different for the electronic curvilinear
designs compared with Study 2. The scales and segments
{except 0-30 mph, green) were all amber. This was
considered a disadvantage over Study 2 as the problems
experienced in Study 1 were more likely to be repeated.
However, the L{D panel had heen produced before the

results of Study 1 were knowm.

The electromechanical dial display was the design with
which drivers were most familiar and with which each of
the electronic display designs was compared. The
accuracy of reading was greater in Study 3 (74%, 87% and
95% accurate to within + 2 mph), than in Stﬁdy 2 (47%
within + 2 mph). This is probably because In Study 2
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there was congiderable pressure on the subjects to
respond very quickly, whereas in Study 3 drivers could
set their own reading time for accuracy and to account
for traffic conditions. The electronic digital display
was read accurately on all occasions, maintaining the
levels of accuracy found in the previous static and
dynamic tests. The accuracy of reading the curvilinear
display improved dramatically (85% + 2 mph) when drivers'
could set their own reading time. All the display

designs could be used accurately for check reading.

Many of the comments made iIn the discussion section
'5.10.3 in Chapter 5 apply equally to the designs
discussed in Chapter 6 because the designs did not change
significantly. However, the nature of the drivers'
decisions, namely comparison of two designs rather than
four is noteworthy. Drivers reactions to the novel
electronic designs and the new technology were measured
by a questionnaire covering a number of'topics including
ease of use, distraction while driving; attractiveness
and general preference. The drivers' responses on these
toples relating to the electronic displays were compared
with their responses for the electromechanical display.
The electronlc digital display was preferred to the
electromechanical display on all subjective measures in
both day and night time trials. The only exception was
distraction while driving where the digital display was
considered distracting by slightly more drivers than the
electromechanical display. The electronic dial display
was preferred to the electromechanical display om all
subjecfive measures when tested by drivers at night.
However, the electromechanical display was preferred on
all these measures except attractiveness by subjects who
took part in the day time trials. Driver reaction to the
electronic curvilinear display was less clear. The

electronic curvilinear display was considered to be
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attractive and easier to use when deciding whether the
speed was within a speed limit. This latter is partly
due to the fact that the épeedometer segments changed
colour at 30 mph. However, the colour change at 30 mph
"did not enhance the accuracy of making decisions. "Also,
drivers who tested the electronic curvilinear diéplay in
daylight were more likely to say that they would choose
that display for their own car. On all the other
features there was no difference between the two

displays.

The electromechanical dial disblay was considered easier
to read and for check reading against a speed limit, in
daylight conditions compared with the electronic dial
display- The position was reversed in night conditions.
This is clearly the influence of the poor electromnic
display technology. There is little to choose between
the electromechanical dial and the curvilinear design on
these two measures. The LCD technology had been improved
by the time the curvilinear design was produced. The
digital display design scores consistently high on these

two factors, as it has done in the previous two studies.

Distraction while driving was an important factor to
consider particularly in the much more varied tr#ffic and
lighting environments encountered in real life coﬁpared
with a vehicle simulation. The majority of drivers
considered that neither the electronic nor the
electromechanical displays were distracting. The
exception was the respomse to the electroniec curvilinear
design at night when half (48%) the drivers considered

it to be distracting. This is probably due to a
combination of factors including the design itself, the
amber colours {previously found to be unacceptable in
Study 1) and the fact that the instrument panel could not
be dimmed.
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6.11

In all cases the electronic display designs were
considered more attractive than the electromechanical

display.

In terms of choice for own car, only in the case of the
electronic digital display is the preference clear.
Three quarters of the drivers in both the day and night
trials stated that they would choose the digital display
for their own car. In the case of the electronic dial
display it depended on whether the display was viewed
under day or night lighting conditions. The preferences
for the electromechanical dial and the curvilinear design
are not clear. A similar picture emerged for general
preference. This latter measure was introduced in Study
3 but did not give any additional information from that

given by the measure 'choice for own car'.

Conclusions

° The electronic digital display performed better and
was preferred by drivers on all measures when tested

in both daylight and night time trials.

Y The electronic dilal display performed better and was

preferred by drivers in the night time trials. The
electromechanical dial display performed better and

was preferred by drivers in the daylight trials.

o The electronic curvilinear display was preferred on

a few of the measures when tested in daylight.
There was little difference between results for the
electronic curvilinear display and the

electromechanical display in the night time trials.
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