. ' -
DSC-Vol. 58, Proceedings of the ASME \Dynamics Systems

and Control Division
T ASME 1336

59 563~ 593

LEFT VERSUS RIGHT HAND DIFFERENCES IN
EXPLORATORY STRATEGIES: FACTS AND RELEVANCE TO THE
DEVELOPMENT OF HAPTIC DEVICES

Agnes Lacreuse
University of Georgia
Department of psychology
Athens, GA 30602-3013 USA

Joél Fagot

CNRS, Laberatory of Cognitive Neuroscience

31 chemin J. Aiguier
13402-Marseiile cédex 20 France

Jacques Vauclair
CNRS, Laboratory of Cognitive Neuroscience
31 chemin J. Aiguier
13402 Marseille cédex 20 France

ABSTRACT

The literacure provides conlicting results with regards to
nand/hemisphere lateralization in haptic perception: while some
papers report a left hand advantage for recognizing haptic forms,
other studies indicate sither a right hand advantage or no hand
difference at all. Four experiments with right handed subjects will be
aresented, in which scanning strategies and performance were
investigated when subjects touched nonsense forms by zither the left
ar right hand. The research involved a novel apparatus and composite
sumuli made of cubes whose junctions were not haptically
discernible. During the inspection of the shape, the location and
duration of any hand contact with the cubes comprising the stimulus
were recorded, allowing thus an analysis of exploratory strategies.
The {irst experiment implied the inspection of a target stimuius with
zither the left or right hand. Thereafter, subjects were requested to
identify the drawing of the target stimulus displayed among different
drawings. No hand differsnces were obtained in terms of scores. It
was found, however, that in men the left hand touched the stimuli
more globally than the right. [n the second experiment, subjects were
requasted (o inspect in simultaneity two forms with two hands (i.e.,
dichhaptic task), before recognizing the forms on the visual array.
Here, the left hand outperformed the right hand. Morzover, as in the
previous experiment, the 1éft hand touched the shape more globally
than the right. Resuits also.demonstrated that only 20% of the total
exploration time 'was devoted to a simultaneous inspection of the two
forms. The two additional experiments focused on hand performance
and exploratory strategies for recognizing the stimuli, instead of
{earning them. No hand differsnces were observed in strategy,
whatever the mede of exploration (either dichhaptic or monohaptic).
By contrast, recognition achieved by the left hand was better than
that of the right hand, but this zffect was restricted to dichhaptic
recognition only. Overall, we conclude that this series of experiments
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demonstrates the reality of hand/hemispheric differsnces in the
processing of haptic information by men. We argue, moreover, that
these findings are of particular relevance for the development and use
of haptic devices that are designed 10 display haptic information on
body segments (e.2., tactle or forcs feedback devices). Firstly, they
suggest a serious consideration of the laterality factor for stimulating
subjects. in order to enhance pamern recognition. Secondly, they
suggest that information presented to the leit hand would be more
easily processed if it was displayed globaily, whereas information
presented to the right hand would be mare easily and efficiently
processed when made avaiiable in a sequential manner. Finaily, the
results show a limited capacity t0 process two distinct sources of
haptic information at the same time.

INTRODUCTION

The primate hand is one of the bady segments best adapted for
haptic perception, given its extreme mobility and a very high tactiie
acuity. The superiority of active touch comparzd to passive touch in
haptic perception of aojects (Gibson. 1962; Cronin, 1977, Heiler,
1984) stresses the crucial role of exploratory activities in the way
haptic information is processed. [ndeed, the efficiency of haptic
perception depends on both the nazure of the stimulus and the nature
of the scanning (e.z., Davidson, 1972). Lederman and Klatzky
(1987), for instance, have d~.s*-vacu a series of stereotyped
movements which are best adapted to perceive some specific
properties of the object, like its texture, volume or shape. Thus, in
order to perceive the shape of an object, the subject would adopt 2
‘contour following' strategy, which is the most effective suategy for
shape perception, rather than, say, a ‘static coatact’ strategy that is
most adapted to perceive the temperature. At the deveiopmental
level, changes in exploratory activity are also coupted with improved
percepiual skills (Piaget and [nheider, 1948; Abravanel, 1968; Ruff,



1984: Bushneil and Boudreau, 1991). Taken together, hese data
indicate that the choics and use of an appropriats axploratory activity
is crucial for the effectiveness of hagtic percaption.

Distal  hand movements are primarily conwoiled by the
contralateral hemisphere in primates (Brinkman & Kuypers, 1973).
Therafore, the percepiual abilities of the two hands must be affected
oy functional differsnces between the le® and right cerebral
Remuspherss. At least in right-handed people, a feft hand superiority
s usually raported for recognizing nonsense stimuli dv touch (see
Verjat, 1988, 1989 for reviews). This asvmmetry may de zxplained
by 2 superiority of the right over the le hemisphers 10 process
spatial information (Bradshaw and Nenieron. 1981 Hzilige, 1993).
The results obtained from train damaged patients are congrusat with
the idea of superior 2bilities of the right hemisphers for haptic
peresption {e.z., Milner and Taylor, 1972; Nebes, 1971). Dawa on
normal sudjects are, however, less cohersar. When oniv one stimulus
is preseated at 2 time (menonaptic testing), 2 left hand superiority is
usually observed (Hara [978: Cohen and Lavy, 1986, 1988: Dodds,
1978; Flanery and Balling, 1979; Riege, Meter and Wiiliams, 1980;
Streitfeid, 1985). However. some studies report no hand differsace in
performance, (.3, Yamamoto and Hama, 1980; Wansisr and
Thurder, 1978}, and others show a right- instead of 2 ief-hand
superiority (2.3., Cranney and Asheon, 1982). Similarly, when the
two  hands explore simultaneously two objects {dichhaptic
seresption), most of the siudies report a left hand advantage (e.g,
Dawson, 1981; Gardner 2t ai, 1977, Cohen and Lavy, 1985, Nilsson
nd Geffen, 1987), waile sthers show 2ither a right hand advantage
Hannay and Smith, 1979, Labréche et al,, (977), or no hand
iffersnces at all (Cranney and Ashoon, 1980; O'Adams and Duda,
86; Summers and Lederman. 1990). In sum, the literature usually
monsatss an asymmetry in {avor of the left hand for rzcognizing
nonsense naptic shapes, Sut this effect is not found systematically.

[aterastingly enough, although the natuse of 2xploratory
activiues has been found o be <ritical for the qualicy of naptic
perceptian, very licle is known at this point zbout the fztaraiization
of haptic proczdurss. This fack of knowledge might be =xoizined by
e classical measurement of accuracy scores (or at best rasponse
times) as the unique way 1o infer nand/memisphers differences. We
would argue that this type of agproach is of limited Rzuristic power
{or at least two reasons. Firsy consideration of jccuracy scores
grovides information on ihe sffactiveness of the procass only, but
gives no insight on the hemisgheric mades of processing per se.
Secand, both hemisgherss caa solve ife task by different ways, but
with outcsmes sometimes incistinguishatis. For these two reasans, it
sesms imponant (o supplement the anaiysis of performancs with
measurss which allow one 10 svaluate more dirsctly the srocessing
modes of sack hemisphers. {n our rasant studies, we tested the
Avpoinesis that manual exploratory stratagies can unvcil the
underlying cognitive operations and their lateralization. To :est this
qvpothesis, we used a novel apparatus which has the capability to
record the duration and location of digital contacts on haptic stimuli.
hese measures have then besa used 0 infer manuai sxploratory
strategies. We prasent below this novel approach in  four
complementary experiments invelving sither maeno- or dichhaptic
expiorations of nonsense shapes. Sor a detailed descriptica of the
resulls reported below, the szader is refarred to the following papers:
agot, Lacreuse & Vauciair (1993), Fagot, Hopkins & Vauciair
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(1993), Fagot, Lacreuse & Vauclair (1994), and Lacreuse, Fagot
Vauelair (1996). In conclusion, we will emphasize the imporance «
the findings for the development of haptic interfaces.
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Figure 1. A front view of the testing apparatus; (A) for a
manohaptic situation (B) for a dichhaptic situation.

METHODS

Subjects

Subjects were adults who reported themsetves o use their right
nand  for writing, drawing, throwing a ball, testh brushing,
hammering and using a racket. We required that none of their clase
reiatives wers lef-handed, because the presencs of familial left
nandedness affects perceprual manual asymmertries (Varey and
Beaton, 1973).

Apgaratus

The apparawus cansists of an opaque 33 x 33 x 20 cm aluminium
50x (Figurz 1). On the front of the box thers ars two side-by-sids
siiding doors independently operated by two mators. Raising the lelt
or the right door provides a 7 x 14.5 cm access (o tfe stimuil which
are conceiled from view inside the box. The stimuli ars on vertical
panaels. Each pamnel is fimed with four microswitches. Thus,
pusiing a stimulus backward activates the microswitches and
provokes the end of the trial. The box is connscted 0 an [BM-
compatible PC computer via an A/D converter. On imporant feature
of this apparatus is that, given the small size of the box, stimuius
exploration must be performed by distal movements, rather than
engaging more proximai elbow or shoulder movements. This fearurs
is critical, because distal (but not proximal) movements ars under the
exclusive control of the opposite cerebral hemisphere (Brinkman &
Kuypers, 1973). Moreover, this apparatus can easiiy be adapted to
sitdy a variety of different problems in the haptic domain. For
exampte, if the difference betwezn mono- and dichhaptic tasks is
considered, sither 2 single stimulus or two stimuli may be fixed
inside the box. A more detailed technical description of the apparatys
and its components can be found in Fagot, Armaud, Chizmoretto and
Fayolle (1992).
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Figure 2. [A) Some of the stimuli used in the experiments;

(B) detailed view of a stimulus.

Stimull

Figure 2 illustrates the type of stimuli we used. They were
three-dimensional nonsense forms which were designed according to
the five following rules: first, they were all made of eigit metallic
cubes (1 x 1 x | e¢m) fixed side by side on a 6.5 x 6.5 cm lexan
baseboard. Cubes were adjusted so precisely that their junctions were
not haptically discernible. Second, stimuli were constructed with a
maximum of five cubes in a row. Third, they were asymmetric with
espect to the horizontal and vertical planes. Fourth, their contour
comprised 10 angles and 10 sides. Fifth, mirror images or rotations
of existing stimuli were systematicaily rejected. The maximal
dimension of the stimuli was § cm.

During the experiment, each cube constituting the stimuli was
positively polarized (+ 5V) and electrically insulated from the others.
Providing that the subject was grounded, any hand contact with a
cube shifted its voitage from +5 to 0 V. These clectric variations
were recorded on-line by the computer and later used to infer haptic
strategies.

Procedure
A common experimental design was adopted for all four

experiments reported here. During a trial, the subject was seated ata
table, facing the apparatus. A grounded home plate (30 x 20 cm) was
laid on the table in front of the subject. Al the beginning of each trial,
the subject put. his/her two hands on the plate and waited for a
warning tone and the opening of either one {monohaptic situation) or
two doors (dichhaptic situation). When the test involved a
monohaptic exploration, the stimulus was explored by the hand
ipsilateral to the opened door. By conirast, when a dichhaptic
exploration was requested, the two hands were introduced inside the
box in order to explore the two stimuli simuitaneously, one stimulus
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in cach hand. Some tests involved an initial exploration of a sample
stimulus followed by a recognition phase. [n this case, the first
exploration was limited to 10 seconds and the second one
(recognition phase) was aborted when the subject gave hisher
response and pushed one stimulus. At the end of a trial, the subject
placed his/her hands on the grounded-plate again, waiting for the
next trial to begin.

Dependent Variables

Stimuli were explored by distal movements of the fingers. We
chose the mean number of cubes that were simultaneousiy touched
during the trials as the primary dependent variable. This variable was
used because it was expected to reflect the mode of stimulus
processing in a direct way. It should, for instance, allow for a
distinction of a holistic from a sequential investigation of the shapes.
Accuracy scores were also recorded.

The first two experiments reported below concermed manual
strategies during the initial exploration of sample stimuli, either in a
monohaptic or in a dichhaptic situation. The next two experiments
also invoived monohaptic and dichhaptic explorations, but focused
on the recognition phase, rather than on the initial exploration.

EXPERIMENT 1:
SITUATION

The aim of this first experiment was to examine manual
exploratory strategies when subjects learned nonsense shapes by
touch. Twenty four adults (12 mea and 12 women) had to explore a
single stimulus with one or the other hand in order to later recognize
it among 3 drawings presented in a visual array. The response was to
point at thedrawing which matched the tactile stimulus.

Data analyses were conducted independently for the two
sexes. in order to control for gender differences in hand size. [n 7.4
percent of the trials, the computer failed to record hand contact on
each cube. These trials were rejected from the analysis, because the
lack of hand contact detection could be due to improperly connected
cubes, rather than to an incomplete exploration of the stimulus.
Overall, there wers no hand difference in scores for both men
(LH=77.6% correct; RH=80.93%) and women (LH=72.74%;
RH=71.74%). We noted in men, however, that the let hand
simultaneously touched a greater number of cubes (M=5.38) than the
right hand (M=5.06, p<.001). In women, this effect was marginaily
significant (LH=4.13, RH=3.97; p=.07). Consistent with this finding,
McGlone (1980) reported a series of studies showing weaker
hemispheric lateralization in women than in men.

We also considered the number of cubes simulatenously
contacted during the very early contact of the hand with the shape,
namely before active exploration of the object's contour. As
previousty found, the left hand simultaneously touched a greater
number of cubes than the right hand, and this effect was significant
for both sexes (men: LH=3.13; RH=2.26, p<.0}; women: LH=1.45;
RH=1.28, p<.05).

[n brief, this experiment validated our approach by showing that
the asymmetries in manual exploratory strategies are not necessarily
expressed at the performance level. As predicted, the results suggest
that manual exploratory strategies are more sensitive (0 faterality

MONOHAPTIC  TACTUAL-VISUAL



effects than accuracy. Assuming that the number of simultaneously
touched cubes reflects the quantity of information processed in
parallel, we conclude that the right-hand/lelt hemisphere system
processes the haptic information in 2 more sequential manner than
the left-hand/right hemisphere system.

Some zuthors have suggested that monohaptic stituations are
inadequate to reveai manuai asymmetries, and proposed instead the
use of dichhaptic iasks (e.g, Witelson, 1874, 1976). The second
experiment thus focussed on the analysis of zccuracy scores and
exploratory strategies in a dichhaptic task.

EXPERIMENT  2: DICHHAPTIC  TACTUAL-VISUAL

SITUATION

The aim of this second experiment was twofold. Firsy we
wanted 10 know if asymmetries would be obtained in accuracy scores
in a dichhaptic task. Second, we wanted to verify the assumption that
the two hands wouic also differ in their exploratory strategies when a
dichhaptic expioration is requested.

Only men (n=14) were tesied, decause the previous study
showed greater asymmetries in men than in women. In a first phase
of each trial. the subjects expiored two tactite stimuli simultaneousty
(dichhaptic exploration). Then, they were requesied to indicate by
pointing if they recognized the one of the two tactile stimuli that was
on a visual array comprising three drawings.

As can be sesn in Figure 3, results indicated that the stimuli
touched by the lefi hand (M=81.5%) were more oftsn recognized
than those ouched by the right hand (M=72.6%. p<.05). Moreover,
consistent with the results of 16/22/96he previous experiment, the left
hand aiso touched more cubes in parallel (M=4.6) than the right hand
{M=4.4; p<.05). Overall, these data suggest that the dichhaptic mode
of exploration favors the emergence of manual asymmerries at the
performancs level, -

Witzlson (1976) has proposed that the dichhaptic situation, in
which the two hands are active simultaneously, creates 2 competition
between homologous areas in the left and right hemispherss, thus
ieading to enhancsd lateral differences. To tast this hypethesis, we
verified that the two hands really explored the rwo objects
simultaneousiy. The resulis showed that the subject :ffectively
touched ihe two objects at the same time, as requesied by the
experimenter. However, they actively explored the objects in a
sequential way. In fact, during 80% of the total exploration time,
only one hand was moving at a time, and the other remained
motionless. This finding shows that the two hands do not work in
paraliel. Cne feature of the “dichhaptic situation, compared to the
monohaptic condition, is 10 increase the complexity of the task
because the subject has to deal with two objects, instead of one. We
hypothesized that this constraint enhances the memory load of the
task, thus favoring the expression of hemispheric differences.

Turning now 1o manual exploratory strategies, the resuits of this
study replicated those of the previous one, in that more cubes were
touched on average by the left than the right hand. Note that this
effect is small in amplitude. This effect sesms, however, 0 be
siwongly reliabie, because it occurred in both the mono- and
dichhaptic testings.

In normal conditions, the visual modality usually dominates the
haptic one (see McGurk and Power, 1980; Hatwell, 1986). We
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propose that our ‘tactual-visual proc:durés (experiments | and 2)
have favored a visual encoding of the iactual information. To
circumvent this problem, we ran an additional experiment in which
the learning and recognition phases only involved the tactal
modaliry.
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Figure 3. Accuracy (in percentage) and number c
simultaneously touched cubes as a function of th
exploring hand (left or right) in the dichhaptic tactua:
visual experiment (Experiment 2).

EXPERIMENT 3: RECOGNITION PHASE IN A DICHHAPTIC
TACTUAL-TACTUAL SITUATION

Nine men were tested in Experiment 3. They were asked to
recognize by touch some previously memorized nonsense haptic
forms. In the first phase of the experiment, the subjects ieamed four
target stimuli squally presented (with no time constraint) 1o the left
or right hand by using a monohaptic procedure. In the second phase,
one of the four target stimuii and 2 novel form were simultaneousty
presented (0 both hands. The task was to inspect the two forms, and
then, to push the target stimuius.

Results showed that the left hand (M=80.6% correst) was better
than the right (M=72.2%; p=.05) t0 recognize the targets. Again, this
finding emphasizes the usefulness of the dichhaptic procedure for
revealing manual asymmetries. Concerning manual exploratory
strategies, we did not find any significan: difference between the left
{M=5.05) and right hand (M=5.1). This lack of significant difference
does not derive from the use of 2 dichhapic procedure, because the
same procedure showed lateralization in the pravious experiment.
Rather, the main difference between this experiment and the previous
one is that we analyzed strategies in the recognition phase, rather
than during the initial encoding of the shape. From this observation,
we conclude that asymmetries in manual strategies are more likely to
be expressed during the initial encoding of the stimulus, when the
subject has 10 memorize it, than during its recognition. To test this
hypothesis, we ran 2 fourth experiment in which sirategies were
analyzed during both the learning and recognition phase.



EXPERIMENT 4: LEARNING AND RECOGNITION PHASES
IN A MONOHAPTIC TACTUAL-TACTUAL SITUATION

This fourth experiment comprised a learning phase followed by
a recognition phase. In the learning phase, the subjects (i.e., 14 men)
had to monohaptically investigate a target stimulus. Then, after 2
four seconds delay, ancther stimulus was presented to the same or to
the other hand. The task was to indicate, as fast as possible, whether
the second object was identical to or different from the target
stimulus. For haif of the triais, the comparison stimulus was identical
to the target. For the other half, it was different. The response was to
push the stimulus once or twice depending on the type of judgment
to be made (identical or different).

The performance of the two hands were similar, (LH=70.3%
correct; RH=70.1%, P>.1). However, when only one hand is used to
explore and to recognize the stimulus, the performance was better if
the stimuli were identical (M=70.66%) than if they were different
(M=60.1, P<.05). This effect appeared regardless of the hand used.

Concerning manual strategies, we found that the left hand
explores more cubes simuitaneously (M=d4.5) than the right hand
(M=4.27; p<.001). Moreover, this asymmetry appeared for the
learning phase only.

To sum up, data from this research are congruent with the
hypothesis that the monohaptic situation is less effective than the
dichhaptic in revealing lateralization. Moreover, the findings
demonstrate that hand differences in exploratory strategies occur
during the learning phase only, whatever the testing situation (either
mono- or dichhaptic),

Number of
Sxperiment | Exploratory | Pracadure Phase Accuracy (%) simuitaneousty
: moede touched cubes
1 Monchaotic TV L2arning ns. LH > RH
(p<.001)
2 Qichhaotic v Learning (4> R’RH LH > RH
(p<.05) {p<.08)
3 Dichhastic 77 Recognition LH > RH ns.
{p=.05)
Laaming LH > RH
4 Mongchagptic 75 {p<.001)
and ns.
Racognition ns.

Table 1. Summary of the main findings with regards to
accuracy score and strategy (i.e, number of cubes
simultaneously touched). T-V: Tactual-Visual: T-T:
Tactual-Tactual; LH : Left Hand; RH: Right Hand;
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GENERAL DISCUSSION

[n this paper, we have presented a novel approach to study
hemispheric lateralization in haptic perception in four experiments
with humans. The lateralization of haptic perception has Seen studied
not only from the analysis of hands performance, the measure
classicaily used in the literature, but also from an investigation of
manual exploratory strategies.

The facts

The findings of the four experiments may be summarized as
follows (ses also Table 1). First, the bettér Ferformance of the left
hand was found in Experiments 2 and 3 only, that is for the only two
experiments implying a dichhaptic situation. This resuit suggests that
the simultaneous exploration of both hands favors the emergence of
hand performance asymmeuies. Rather than a competitive effect
berween the hemispheres (see Witelson, 1976), we suggest that the
cognitive constraints involved in this mode of exploration (attention
sharing, memory load) are determinant for the emergence of hand
performance asymmetries. Second, small but relialabie differences
between the left and right hands were found in strategies, as inferred
by the number of cubes simuitancously touched. Lateral sifects in
strategies indicated that the feft hand explores the stimulus in 2 more
global way (i.e., touches more cubes simultaneously) than the right.
Differences in manual strategies, however, emerged during the initiai
encoding of the target stimuius only (leaming phase), but not during
the recognition phase. To sum up, lateralization was observed in both
the learning phase (in terms of score and strategy in the dichhaptic
tasks, or in terms of strategies in the monohaptic task), and in the
recogaition phase (in terms of score in the dichhaptic task). In should
be noted, however, that the above results derived from men only
(Experiments 2-3), leaving uncertain if similar findings would be
found with women. -

Implications for the development of haptic devices

We mentioned above that the literature provides inconsistent
findings with regard to the existence of manual asymmetry in the
processing of haptic information. Our research indicates the reality
and strength of lateral differences, even if they do not always
correspond to differences in performance berween the two hands. In
several respects, we believe that this finding is of particuiar relevance
for the development of haptic devices, namely for devices displaying
haptic information (e.g., vibrotactile stimulation). First, they suggest
that haptic information is processed more efficientiy if they are
perceived by the left hand (right hemisphere), than by the right hand,
at least in dichhaptic explorations (Experiments 2 and 3). Whether
this finding is restricted to hand perception or may be found with
other leit-sided body segments remains an empirical question.
Nevertheless, it appears that stimulations applied by haptic devices,
such as force or tactile feedback virtual reality devices, are more
likely to be processed efficiently if it is perceived by the left hand, at
least for pattern identification (ses also, Heller et al., 1990). This
conclusion may not be restricted to perception of nonsense shapes,
however, because a left hand advantage is sometimes reported with
some significant materials such as Braille symbols (e.g., Hermelin &




O'Connor, 1971) or digits (Heller et al., 1990). Secondly, our study
shows hemispheric differences in the way haptic information is
processed, independently of asymmetries in performance, because
the right hemisphere was found to tnvestigate the shapes in a more
global way than the left. Again, this finding may be important to
consider when haptic devices are built, in order to optimize the way
haptic stimulation is made available to the left and right hands or
body segments. Finally, the analysis of exploratory strategies
revealed a limited capacity of the subjects to procass two distinct
sources of information at the same time. This limitation is made
obvious in the dichhaptic task, in which the subjects touched the two
objests in simultaneity, but investigated them actively in a sequential
way. At this point in the research, the generaiization of the findings
presented here remains an empirical question. In particular, if
remains to be demonstrated if the above affects would be obsarved
when the two hands inspect a single object, or even, if the object is
more readily accessible to the exploration, for instance by a lifting or
grasping mode. Nevetheless, this line or research is promising, and
calls for a consideration of hand/hemispheric asymmetries in both
fundamental and applied research on haptic percaption.
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