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mm maximum
 The "psychological

inertia and detent
set at "100," 

 comparison 
 Considering

trial performances
three (3) times.

and detent sensations

determined that 
presented in these tests.

were pad maximum
velocity (movement

conditions listed below.

(mm): 0.4, 0.8, 1.8,
62, 78, 100 

resulted in 25 conditions.

site was the
Measurements Lab

Technology, which
24 °C, 60% humidity,

illumination, and 30 
background noise
investigation,

sensations of inertia
subjects were asked

of the haptic
operation sounds

verbally on the details
the pad was set
 and 62 mm/s
performed, only

were performed.
were asked to
that a marker affixed
center line of a

driving was performed
mastered the driving
did not hear haptic

noise of 60 dB
headphones. 

 the dual task
tactile task was

estimation method (Noro,
sensation quantities

"psychological quantity").
the subjects were

return movements
touchpad at a signal
combinations of the

stimuli were automatically
order. The "standard

maximum travel distance,
"psychological quantity"

detent with the
 with the psychological
 stimuli verbally

Considering the need for
performances under each

times. 

sensations 

 no screen
tests. 

maximum travel
(movement speed),

below. 

1.8, 3.5, 7.0 

conditions. 

the Cognitive
Laboratory at
which has an
humidity, 890
 dB or less

noise level. 
investigation, to confirm

inertia and detent
asked to perform

haptic device
sounds on the
details of their
set at 1.8 mm

mm/s velocity.
only the single

performed. In the
to drive at 60
affixed to the
a completely

performed until the
driving task. To

haptic device
dB (SPL) was

task comprising
was performed,

(Noro, 1990)
quantities (intensities;

quantity"). While
were asked to

movements along the
signal from the

the standard
automatically

"standard stimuli"
distance, and 62
quantity" of the

the standard
psychological

verbally reported
for familiarity
each condition

screen 

travel 
speed), 

 

Cognitive 
at 
an 

890 
less 

confirm 
detent 

perform 
device 

the 
their 
mm 

velocity. 
single 

the 
60 
the 

completely 
the 
To 

device 
was 

comprising 
performed, 

1990) 
(intensities; 

While 
to 

the 
the 

standard 
automatically 

stimuli" 
2 

the 
standard 

psychological 
reported 

familiarity 
condition 



H Takao, et

 The results
confirmed that
sensations. Thereafter,
the tactile sensations
GUI or operation
perceived the
 Observation
performances
the third trial
scattering. Therefore,
was made using
 For each 
vis psychological
(Figure 9). From
maximum travel
respectively,
virtually no
surmise that
travel distances
threshold of
the sensation
imperceptible.
distances of 
analyses that
Figure 9 interse
crossover (interactive)
distances and/or
using pad maximum
factors, we 
variance (ANOVA)
design. In this
2012 release
 
 

Figure 9. 
psychological
distance value
 
 As can be
interactive effects
differences 
velocity factor

et al. 

Experimental

results of the
that all subjects
Thereafter, when

sensations only,
operation sounds,

the same sensations
Observation of the data

performances indicated that,
trial showed stability,
Therefore, analysis

using data from
 maximum travel

psychological quantity
From the results,
travel distances

respectively, even with velocity
no changes in

that this occurred
distances of 0.8 

of sensation, or
sensation threshold vicinity,

imperceptible. Thus, data
of 0.4 mm and
that followed. Because
intersect, we hypothesized
(interactive) effects
and/or velocities.

maximum travel
 performed a 

(ANOVA) with
this ANOVA and

release 2.0.7j (Tanaka,

 Relationship
psychological quantity 

value  

be seen in Table
effects (i.e., 
 were confirmed

factor and travel

Journal

Experimental results
 

the preliminary
subjects perceived 

when the subjects
only, without presentation

sounds, it was confirmed
sensations of inertia

data from the
that, as a result
stability, with

analysis for the
from the third trial.

travel distance,
quantity was plotted

results, it was observed
distances of 0.4 mm

velocity increases,
in psychological

occurred either because
 mm and less
or that they are
vicinity, and therefore
data for the 

and 0.8 mm were
Because none
hypothesized 
effects due to 

velocities. To confirm
travel distance

 3 × 5 conditions
with a two-factor

and sub-effects
(Tanaka, 2013) was

Relationship between
 for each maximum

Table 1, the results
 interactions),

confirmed for the 
travel distance factor.

Journal of Ergonomic

results 

preliminary investigation
inertia and detent

subjects experienced
presentation of

confirmed that 
inertia and detent.

the three (3) 
result of familiarity,
with the least 

the present study
trial. 

distance, velocity vis
plotted on a graph

observed that,
mm and 0.8 

increases, there were
psychological quantity. 

because maximum
less are under
are small values
therefore virtually

 maximum travel
were not used in

none of the curves
 that there are
 maximum travel

confirm this hypothesis
distance and velocity

conditions analysis
factor within-subjects
effects tests, js-STAR

was used. 

between velocity 
maximum travel

results indicated
interactions), and significant

 main effects
factor. 

Ergonomic

5 

 

investigation 
detent 

experienced 
of the 
 they 

detent.  
 trial 

familiarity, 
 data 
study 

vis-à-
graph 

that, for 
 mm, 
were 
 We 

maximum 
under the 
values in 
virtually 

travel 
in the 

curves in 
are no 
travel 

hypothesis, 
velocity as 
analysis of 

subjects 
STAR 

 
 and 
travel 

indicated no 
significant 
effects of 

 
 
 Table

 
 Next,
method
shown
difference
levels
which
experienced
travel
 
  Maximum
0.05)
R(100,
d = 
  Travel
  R(v
v= 49,
 
 Next,
function
distance
 

Figure
perceived
 

Ergonomic Technology

Table 1. ANOVA

Next, a multiple
method was performed
shown below, 
differences, at p 
levels of psychological
which sensations
experienced—where
travel distance. 

Maximum velocity
.05)，R(49, d) 
(100, d) 

 1.8, 3.5, 7.0 mm
Travel distance

v, 1.8) < R(v,
49, 54, 62, 78,

Next, for data
function was found
distance and velocity

Figure 10. Extent
perceived for travel

Technology 

ANOVA results 

multiple comparison
performed as 
 the results
 < 0.05 significance

psychological quantity
sensations of inertia

where v is velocity,
 

velocity (mm/s):
 < R(54, d) 

mm 
: (MSe = 468.00,
 3.5) < R(v, 7.0)

78, 100 mm/sec

data under other
found for each

velocity (Figures

Extent of inertia
travel distances 

Vol.16,

 

comparison test using
 the sub-effects

results confirmed
significance level,
quantity R(v, d), 

inertia and detent
velocity, and d 

(mm/s): (MSe = 390.67,
 < R(62, d) <

468.00, p < 0.05)
7.0) 

mm/sec 

other conditions,
each of maximum

s 10 and 11). 

inertia and detent
distances  

Vol.16, No.1, 2016

 

using the Holm
effects test. As

confirmed significant
level, between all

 the extent to
detent were
 is maximum

390.67,  p <
< R(78, d) <

.05) 

conditions, a power
maximum travel

 

detent sensations

2016 

Holm 
As 

significant 
all 
to 

were 
maximum 

< 
< 

power 
travel 

 
sensations 



Psychological

 

 

Figure 11. 
perceived for
 
 Using the
obtained: 
 
   R=30.49×
 
The power 
power exponents
conditions were
 
   54 mm/s:
   78 mm/s:
 
 In addition
was used to 
 
   R = 0.13×
The power
maximum travel
 
         3.5 mm:
 

 The results
confirmed the
detent sensations
absence. This
presentation
the y-axis direction
of vector information
the thumb 
sensations of
difficult to obtain
in the case 
presented via

Based on
exists within
travel distance.
testing performed
distances of 
to perceive velocity

Psychological response

 Extent of inertia
for velocities 

the velocity at

30.49×d 0.64  

 of this d is
exponents for the

were as follows:

mm/s: 0.52, 62
mm/s: 0.36, 100

addition, for maximum
 obtain Formula

0.13×v1.55        
ower exponents 

travel distances

mm: 1.24, 7.0 mm:

Discussions

results of the
the existence 

sensations regardless
This confirms

presentation device manipulated
direction can,

information via
 (finger) pulp,
of haptic inertia
obtain with other
 of solely tactile

via a GUI. 
on the test results,

within the 0.8 mm 
distance. Thus, under
performed in this

of 1.8 mm and
velocity changes.

response to moving

inertia and detent
 

at 49 mm/s, Formula

        

is the "power
the other respective

follows: 

62 mm/s: 0.31,
100 mm/s: 0.26

maximum travel distance,
Formula (2): 

        
 for the other

distances were as follows:

mm: 0.93 

Discussions 
 

the preliminary
 within subjects

regardless of GUI
confirms that a touchpad

manipulated by 
can, by means of
via mechanical 
pulp, engender 

inertia and detent,
other methods.
tactile information

results, it appears
 to 1.8 mm range
under the conditions
this study, maximum

and above were 
changes. 

moving distance and velocity

detent sensations

Formula (1) 

       (1)  

"power exponent." 
respective velocity

0.31, 
0.26  

distance, 2.2 

        (2)  
other respective

follows: 

preliminary investigation
subjects of inertia

GUI presence
touchpad as a 

 touch sliding
of communication
 force feedback
 within a driver

detent, which
methods. The same is

information that is

appears that a threshold
range of maximum
conditions of
maximum travel
 required in order

velocity of haptic

6 

 
sensations 

 was 

 The 
velocity 

 mm 

respective 

investigation 
inertia and 

presence or 
 thin 

sliding in 
communication 

feedback to 
driver 

which are 
is true 
is not 

threshold 
maximum 

of the 
travel 
order 

 From
the 
independent
inertia
each
and 
becomes.

Next,
perceptual
inertia
maximum
exponent
reference,
for 
estimation
the 
maximum
 It
test 
effects
In addition,
the 
manipulations
situations,
conditions
 We
method
would
tactile
a related
continue
future.
 
Acknowledgements:
their
Yusuke
implementation
 

Asif

CyberGlove

“Haptic

 

haptic device that evokes

From the ANOVA
 maximum 

independent effects
inertia and detent
each of these variables

 velocity), the
becomes. 

Next, from 
perceptual characteristics
inertia were detected
maximum travel
exponent was obtained.
reference, when 

 the sensations
estimation (inference)

 psychological
maximum travel 

It must be noted
 subjects in 

effects of aging and
addition, in further
 GUI, the 

manipulations 
situations, and 
conditions such as

We also believe
method proposed
would enable expression
tactile and haptic

related interface
continue with investigations
future. 

Acknowledgements:
their deep gratitude
Yusuke Yoshida
implementation of

Asif A and Boll
Comparison
conventional
load condition.
International
Interfaces and
64-71. 

CyberGlove Systems
http://www.cyberglovesystems.com/cybergrasp/
(accessed on

aptic User Interface”:
https://www.youtube.com/watch?v=hI48vXC4h
ME&feature=youtu.be
2016) 

evokes inertia and

ANOVA results,
 travel distance

effects on the extent
detent sensations.

variables (i.e., 
the larger the 

the magnitude
characteristics fostered

detected as a
travel distance 

obtained. With
 using the proposed

sensations of inertia 
(inference) can be

psychological quantity obtain
 distance and

noted however
 this study were
and sex differences

further testing 
 status of 
for (hypothesized)

 tests that take
as lane changes,

believe that a combination
proposed in this study

expression of
ptic sensations, 

interface a distinct
investigations

Acknowledgements: The authors
gratitude to Mr. 

Yoshida for their
of the tests conducted

References
 

Boll S, 2010. 
Comparison of a tactile
conventional car navigation

condition. Proceedings
International Conference

and Interactive

Systems Inc 2016.
http://www.cyberglovesystems.com/cybergrasp/

on 18 April 2016)
Interface”: 

https://www.youtube.com/watch?v=hI48vXC4h
ME&feature=youtu.be 

and detent sensations

results, it was ascertained
distance and velocity

extent of the percept
sensations. The larger 

 maximum travel
 extent of said

magnitude estimation
fostered by the 

a result of 
 and velocity,

With this power 
proposed method

inertia and detent,
be made as to 

obtainable relative
and velocity used.

however that the majority
were young men,

differences were 
 of interactive
 concrete functions

(hypothesized) actual
take into account

changes, are necessary
combination comprising

study and a vibration
of even higher
 with the development

ct possibility. 
investigations of this nature

authors would like
 Hiroyuki Serita

their assistance
conducted in this

References 
 
 Where to turn
tactile display

navigation system
Proceedings of 

Conference on Automotive
Interactive Vehicular Applications,

2016. CyberGrasp.
http://www.cyberglovesystems.com/cybergrasp/

2016) 

https://www.youtube.com/watch?v=hI48vXC4h
 (accessed on

sensations 

ascertained that
velocity have
perception of
 the value of

travel distance
said perception

estimation results, as
 sensation of
 changes in

velocity, a power
 exponent as

method in designs
detent, quantitative

 the extent of
relative to the

used.  
majority of the

men, and the
 not clarified.

interactive effects with
functions of

actual usage
account driving

necessary. 
comprising the

vibration device
higher levels of

development of
 We plan to

nature in the

like to express
Serita and Mr.

assistance in the
this study. 

turn my car?
display and a

system under high
 the Second

Automotive User
Applications,

CyberGrasp.  
http://www.cyberglovesystems.com/cybergrasp/ 

https://www.youtube.com/watch?v=hI48vXC4h
on 18 June

that 
have 

of 
of 

distance 
perception 

as 
of 
in 

power 
as 

designs 
quantitative 

of 
the 

the 
the 

clarified. 
with 

of 
usage 

driving 

the 
device 

of 
of 
to 

the 

express 
Mr. 
the 

car? 
a 

high 
Second 

User 
Applications, 

June  



H Takao, et al. Journal of Ergonomic Technology Vol.16, No.1, 2016 

7 

 

Konyo M and Okamoto S, 2012. Pseudo haptic 
presentations using vibrotactile stimuli. Journal 
of the Robotics Society of Japan, 30(5), 475-477. 

Makino Y and Maeno T, 2010. Haptic interface. The 
Journal of the Institute of Image Information and 
Television Engineers, 64(4) 502-504. 

Minsky M D R, 1995. Computational haptics: 
The sandpaper system for synthesizing texture for 
a force-feedback display. Doctoral thesis of 
Massachusetts Institute of Technology. 

Noro K (Ed), 1990. Illustrated ergonomics, Japan 
Standard Association, 566. 

Takasaki M, 2012. Evolution in haptic displays. IEEJ 
Transactions on Electronics, Information and 
Systems, 133(3), 625-629.  

Tanaka H and Nappa, 2013. js-STAR 2012. 
http://www.kisnet.or.jp/nappa/software/star/info/
new.htm (accessed on 20 December 2015) 

Tanaka K, Morohashi T, Maeda T, and Yanagida Y, 
1997. Method of tactile presentation using 
impulse component in the vibration. Trans Soc 
Instru Contr Engin, 33(7), 680-686 (in Japanese).  

3D Systems, 2016. Phantom,  
http://www.geomagic.com/ 
(accessed on 18 April 2016.) 

Tsuchiya S, Okamoto S, Konyo M, and Tadokoro S, 
2010. VibTouch: Fingertip haptic interaction 
using virtual active touch 3rd report: Illusionary 
presentation of the inertia using vibrotactile 
stimulation. Proceedings of the 2010 JSME 
Conference on Robotics and Mechatronics, 
1A2−D23 (in Japanese).  

US‐EU Bilateral ITS Technical Task Force, 2010. 
Expert Focus Group on Driver Distraction: 
Definition and Research Needs, 5. 


