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A Study of Usability Factors in In-Vehicle Information Systems

AT EE A
Masahiko MORISHITA Kenji ISHIDA

This paper aims to clarify usability factors of In-vehicle information systems. Our study involved three steps.
First, a questionnaire investigation was implemented for ordinary daily drivers in order to narrow down the tar-
get system operations for the analysis. Second, engineers of human engineering answered questionnaires about
the usability of various information systems after operating the systems during actual on-road driving in order to
extract usability factors. Third, ordinary daily drivers perform both the system operations selected above and the
subjective evaluation of the usability factors selected above to derive the degree of influence of the usability fac-

tors through analysis of the covariance structures of the principal factors.
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Table 1 36 items for the operations of air conditioner,
navigation system, and audio system

Air Temperature control, air volume control, air outlet
conditioner | setting, air conditioner ON, air conditioner OFF,
(10items) | circulation/open air setting, windshield defogging,
rear window defogging, auto/manual switching,
pollen removal/ionize setting
Audio Sound volume/sound quality control, muting,
system listening to radio, recalling preset frequency,
(11items) | manual frequency setting, tuming on traffic
information, random replay, repetitive replay,
jump forward/backward, music selection from list
Navigation | Map scrolling, wide/narrow map switching,

system destination setting by 50 syllables, destination
(15items) | setting by telephone number, destination setting
on map, destination setting by other methods,
route  sefting, route re-finding, guidance
suspension, 2D/3D switching, enlarged guidance
map cancelling. point registration/deregistration,
peripheral area exploration, surrounding facilities
information display, VICS information setting
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Fig. 1 Relation between Use Frequency and Usability
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Table 2 Usability Factors: 59 ltems

(1)Eyes: 11 items

Burden with the eyes movement to the screen display

Eyes movement distance to the screen display

Eyes gaze duration to the screen display

Easiness of focal faying upon to the screen display

A button of the screen display is hard to be small

There are the place that it is easy to operate with the screen
display and the place that it is hard to do

There are the place that it is easy to look at of the screen
display and the place that it is hard to look at

Burden with the eyes movement to an operation apparatus
Eyes movement distance to an operation apparatus

Eyes gaze duration to an operation apparatus

There are the place that it is easy to operate of the operation
apparatus and the place that it is hard to do

(2)Psychology: 7 items

Does not give a sense of discomfort,

Irritates me.

Pleasant/boring.

Tiresome (complicated)/simple.

Makes me feel easy (makes me casually place a hand on it),
Can use as | like.

Is nice to touch,

(3) Simplicity of understanding: 10 items

A single display provides sufficient information.

Easy to understand the meaning of each button (single display).
Cannot understand how to use (two or more displays).

Feeds the operation back to me (button being selected).

Feeds the operation back to me (selected item).

Consistency with favorite equipment.

Simplicity of understanding letters and indications.

Amount of information,

Make a mistake in the operational position.

Difficult to understand the instructions.

(4) Body: 4 items

Unnecessary to change the driving posture.
Stabilizes/destabilizes the driving posture.

Requires uncomfortable posture when using the information
system.

Feel uneasy when using the information system.

(5) Driving: 9 items

Can/cannot concentrate on driving.

It is difficult to pay attention to various points (driving and
operations),

Makes the driver drive carelessly (deterioration of driving
performance).

Causes driver to reduce the pressure on the accelerator pedal.
Causes driver to steer the wvehicle unstably (one-handed
steering).

Causes driver to fail to confirm safety around the vehicle.
Causes driver to steer the vehicle slowly.

Causes driver to feel danger (fear) in driving the vehicle.
Can/cannot concentrate on using the equipment.

(6) Use: 18 items

Easy to use.

Can stop and restart the information system,

Easy/difficult to stop and restart the information system.
Requires delicate actions.

Can/cannot act delicately.

Imprecise actions are sufficient for use.

Only a small number of operation cycles (short time) is
necessary.

Easy to become familiar with usage.

Easy to use from the passenger's seal.

Easy to use the equipment without looking at it.

Cannot choose a target position.

Driver often makes an operational mistake.

Cannot use as I wish.

Requires large force for use (difficult to move hands and
fingers).

Operational force

Movable range for hand and fingers

Requires a large operating area.

Necessary/unnecessary to watch my left hand.
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Table 3 34 Items for System Operation
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Fig. 2 Example of state of experiments
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Fig. 3 Hypothesis Models
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Table 4 Results of Chi-square Test

Run Model
p<0.01

Stop Model
p<0.01

Chi-square test(p)

Table 5 Results of validity of fit test

Stop Model  |Run Model
GFl1 0.987 0.986
AGFI 0.978 0.977
CFI 0.935 0.954
RMSEA 0.096 0.093
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Fig. 4 Models of evaluation structure
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