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Abstract
This paper describes a psychophysical experiment designed to study the phenomenon of illusion which occurs
with the pseudo-haptic feedback (see [13]), and to identify
the moment when this illusion occurs : the “boundary of illusion”. The subjects were given the task of deciding which
of two virtual 
springs
 is theTM stiffer, these springs being simulated with a
force feedback device and displayed on a monoscopic computer screen. The first spring
has a realistic behavior since its visual and haptic displacements are identical. The second spring - the pseudo-haptic
one - is stiffer, on a haptic basis, but sometimes less stiff, on
a visual basis.
The data collected allowed us to calculate the visual
Point of Subjective Equality (PSE) between the two springs,
which represents the boundary of the sensory illusion. On
average, a high value of PSE turned out to be -24%. This
value increases monotonically when the haptic difference
between the springs increases. This implies that more visual deformation is necessary to compensate large haptic
differences and qualifies the notion of visual dominance.
However, this boundary varies greatly depending on the
subjects and their strategy of sensory integration. The
subjects were sensitive to this illusion to varying degrees.
They were divided into different populations from those who
were “haptically oriented” to those who were “visually oriented”.

1. Introduction
This research is a part of an ongoing effort dealing with
multimodal perception and the integration of visual and
haptic information, in order to provide fulfilling Virtual Environments (VEs). It is particularly devoted to developing
pseudo-haptic systems, which could be defined as “systems
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providing haptic information generated, augmented or modified, by the influence of another sensory modality”.
A previous study [13] demonstrated that a passive isometric input device such as the  TM [2] used together with appropriate visual feedback, could provide the
operator with a pseudo-haptic feedback. During a psychophysical experiment, various subjects were able to compare the stiffnesses of real springs and virtual ones - simulated with a pseudo-haptic feedback.
Pseudo-haptic feedback was accompanied by several
sensory illusions [12]. Another surprising result was the
high value found for the Point of Subjective Equality (PSE1 )
when discriminating between a real spring and a virtual one.
This experiment raised many questions, such as :
 How is the integration of both visual and haptic
information performed? How is the illusion generated?
 What happens if a non-isometric device is used
which provides different squeezing distances? How is the
perception affected?
 What is the meaning of indicators such as the PSE or
the JND2 ? What do they imply for the design of VEs?
The objective of the following study is to investigate
these problems, in order to provide elements for the integration of pseudo-haptic feedback and sensory illusions in
the design process of VEs. It is concerned with the mutual
influence of the visual and haptic information in the internal
representation process.
The paper begins with an overview of previous work in
the field of perception of the compliance - or stiffness3 - of
real or virtual objects. It will be followed by the description of a psychophysical experiment called “boundary of
1 The PSE represents the value of the compared stimulus subjectively
perceived as being equal to the stimulus of reference [7]. In this particular experiment the PSE was a “visual PSE”, since it corresponded to the
“visual stiffness” of the virtual spring for which the virtual spring was perceived as equally stiff as the real one.
2 The Just Noticeable Difference (JND) is the just detectable increment
(or decrement) of intensity for a specific stimulus [7].
3 The stiffness is the inverse value of the compliance. In the rest of this
paper, the word stiffness will always be used.

illusion”. This experiment consists of a manual stiffness
discrimination between a realistic spring and a “pseudohaptic” spring - i.e. one which is simulated with different
haptic and visual stiffness (see Part 3). Then a psychophysical analysis of the results will be developed, followed by a
data analysis concerned with the effects of visual and haptic information on the result of the discrimination task. Finally, variability of the results among the subjects will be
discussed.

2 Previous work
A multi-sensory approach can greatly increase performances in a virtual reality simulation [15]. But when receiving multi-sensory information, people may become better
[9] [5], or ... poorer [16]. It is important to “carefully select
and characterize the perceptual qualities of the simulated
sensory stimuli” [14].
The perception of stiffness of real or virtual objects has
been widely studied. When examining the Just Noticeable
Difference (JND) during the task of stiffness discrimination,
researchers have found a value approaching 22% [19] [11],
which decreases to 8% when the subjects are provided with
terminal force cues [19]. This value constitutes a major parameter of reference to evaluate the performance of a force
feedback system or a virtual reality simulation [20].
However there is still a need to understand the strategies
people bring into play in order to evaluate the property of
stiffness. Gordon and Ghez [8] studied the production of
forces when controlling a cursor on a screen with a force
sensing joystick. They found that subjects produce force
pulses of different amplitudes primarily by modulating the
change of rate of force, while maintaining a constant rise
time. Tan et al. [19] observed that during a task of stiffness discrimination, subjects were using both information
of mechanical work and terminal force cues when they were
available. They also noticed a specific interaction between
displacement and force or between displacement and stiffness. Beauregard and Srinivasan stated the TFC-SFD hypothesis [3] : to discriminate the mechanical stiffness of
objects, “subjects applied, on average, the same Temporally
Controlled Forces to all stimuli and Discriminate on the basis of differences in the resulting Spatial variation of these
Forces”.
But what if the person faces a situation of a complex
sensory integration, especially with sensory conflicts? Several researchers analyzed the impact of adding information
from another modality on the result of a stiffness discrimination, including : the visual or haptic “perspective effect”
[22] [10], sound [21] [14], or tactual contact [18]. These
studies showed that it was possible to modify the haptic perception of the stiffness of an object and highlight the notion
of sensory coherence [4].

A model of multisensory fusion which addresses the
problem of coherence is proposed by Droulez and Darlot
in [6] for 3D sensorimotor interactions. They postulated
that sensory signals are not treated like series of measures
in order to estimate the relevant variables straight away, but
rather as series of constraints on internal estimations in order to assess the deviation between internal estimations and
the relevant variables. Thus illusions would no longer be
considered as a wrong solution, but rather as the best hypothesis [4].
Miner et al. [14] and Srinivasan et al. [17] studied
the impact of visual information on stiffness perception
in particular, which is an issue central to this article.
Miner et al. observed that visual stimuli can influence
the perception of virtual walls sensed through a haptic
interface. Srinivasan and al. showed that by presenting a
misleading visual deformation, people can be totally misled
in their estimation of stiffness. They stated that there was
a clear visual dominance over the kinesthetic sense of
the hand position. However, this work did not focus on a
possible distortion of perception nor on the variability of
the subjects’ perception.
The following study sets out to investigate quantitatively
the properties of the sensory illusion related to pseudohaptic feedback, and to define the conditions which visual
feedback needs to distort the haptic sensation of stiffness.

3. The “Boundary of Illusion” Experiment
3.1 Experimental set-up
The aim of the experimental paradigm described hereafter is to characterize the perception of the user when
he/she uses a pseudo-haptic system. The psychophysical
task which was chosen is a manual discrimination of stiffness between a constant and realistic spring - which will be
called from now on the “reference” spring - and different
pseudo-haptic springs. Each spring is characterized by one
“visual” stiffness and one “haptic” stiffness.
Haptic Stiffness
 TM
A force feedback device - the
desktop [1] was used to simulate the haptic stiffness of both the reference spring and the pseudo-haptic springs. The stiffnesses
were simulated referring to the Hooke’s well-known law :
the force sent back to the user by the device (   ) is calculated by using Equation 1, where !#" is the simulated
haptic stiffness and $%" is the displacement made by the
&'( TM extremity.



d

) !

h

* $

h

(1)

A maximum error of 10% was observed on the absolute
('+ TM ’s
values of force and/or displacement due to
hardware. The springs are actuated laterally from left to
right, with the thumb being posed on the extremity of the
device as shown in Figure 1.
Visual Stiffness
The springs were simulated visually on a monoscopic computer screen using a piston-like representation as shown in
Figure 1. Let us call !-, the simulated visual stiffness. The
visual displacement ( $/. ) of the piston was calculated with
Hooke’s law as shown by Equation 2 where 10 is the force
applied by the user. At each simulation step, the intensity of
 0 was equal to that of the reaction force produced by the
device ( 10 )   ).
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A maximum pushing limit was indicated by a red mark
on the moving part of the piston.
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Figure 1. Experimental apparatus / Top = visual display of the springs / Bottom = catching of the device with the thumb
Let us call respectively !435, and !#376 the visual and the
haptic stiffness of the reference spring, and !/89, and !/8 6

the visual and the haptic stiffness of a pseudo-haptic spring.
The reference spring was characterized with the same visual and haptic stiffness in order to provide a “realistic”
sensation ( ! 3 , ) ! 3 6 ). The pseudo-haptic springs were
simulated with different haptic and visual stiffness ( ! 8 ,;) :
! 8 6 ). The pseudo-haptic springs were always haptically
stiffer or identical to the reference spring ( ! 8 6=<>! 3 6 ).
However they were sometimes visually stiffer or identical
to the reference spring ( !/89,?<@!435, ), but some others less
stiff than the reference one ( !A8B,DCE!435, ), as described below.

3.2 Experimental Procedure
31 subjects between the ages of 18 and 55 took part in
this experiment. There were 24 men and 7 women, with
no known perception disorders. All the subjects were righthanded and used their dominant hand to perform the task.
The psychophysical method used was a method of constant
stimuli with a forced choice and a (+,-) paradigm detailed
in [7]. During each trial the subject first had to test the
stiffness of the reference spring (known by the subject as
the REFERENCE spring), and then to test the stiffness of the
pseudo-haptic spring (known by the subject as the COMPARISON spring). After investigating both springs, the subject
had to select the “stiffer” of the two.
The reference spring was always simulated with the
same haptic and visual stiffness ( !435, ) !436 )EFGH I 29J ).
There were 48 pseudo-haptic springs to compare with
the reference spring. Each pseudo-haptic spring was
defined by a combination of one value of haptic stiffness
from 4 possibilities and one value of visual stiffness from
12 possibilities :
 There were 4 values of haptic stiffness (!/8 6 ) of
FKGBH I 2LJ , F M H I 29J , N MH I 2LJ , O H HI 29J . This implied
differences of +0, +33, +82, and +186 percent from the
value of the reference spring’s stiffness. One pseudo-haptic
spring was haptically identical to the reference spring, and
the three others were much stiffer than the reference one,
since previous studies on manual discrimination of stiffness
had shown that the Just Noticeable Difference value for
stiffness discrimination was approaching +22% [19] [11].
 There were 12 values of visual stiffness (!/8L, ) varying
from the stiffness of the reference spring by: -70, -60, -50,
-40, -30, -20, -10, 0, +10, +20, +30, +40 percent.
Each subject tested all the possible pairs. The chart displayed in Figure 2 summarizes the different possibilities of
comparison pairs. Among the 48 test cases, 21 pairs are
cases of “sensory conflict” - i.e. the discrimination result
is different when the subject relies on his/her haptic sense
rather than on his/her visual sense.
For each subject, each pair appeared 3 times, in random

during the discrimination task between a realistic spring and
a pseudo-haptic spring is 25%. The average “visual” PSE
found is -24%.

Figure 2. Comparison possibilities
order, for a total number of 144 tests. During each trial, the
subject had the possibility of changing from one spring to
the other without a time limit. When testing each spring, the
subjects were asked not to go beyond the red mark printed
on the moving part of the visual display of the piston. No
response feedback was given after each trial. Within the
framework of the experimental task, one may wonder which
answer is the “right” one : the visual or the haptic?
During each test, the time spent and the number of
changes from one spring to the other were recorded together
with the result finally provided by the subject. The experiment lasted between 25 and 45 minutes for each subject.

4. Psychophysical Analysis

Figure 3. PSE and JND

4.1 Global Values of PSE and JND
The analysis of the results follows the method described
in [7]. The differential threshold, the Weber fraction, the
Just Noticeable Difference (JND), and the Point of Subjective Equality (PSE) are calculated on the basis of the proportion (or probability) of “the comparison spring is stiffer”
answers, over the entire population. The Weber fraction
represents a standardized value for the Just Noticeable Difference and is computed from the JND intensity, divided by
the intensity of the stimulus. For the sake of simplicity, from
now on the JND will be associated to the Weber fraction. As
already mentioned, the PSE represents the value of the compared stimulus subjectively perceived as being equal to the
stimulus of reference. This particular point defines a point
in the result curve at which the subjects act as if they answer
in a random manner - i.e. there is an equal probability for
them of choosing either of the stimuli presented.
The global results for the JND and for the PSE are given
for each difference of haptic stiffness (between the two
compared springs) as values of difference of visual stiffness
(see Figure 3). Globally, the average “visual” JND found

4.2 Discussion
The global JND found in this study is consistent with
previous research carried out on stiffness discrimination
[19] [11], which found values of 22% and 23%. This consistency would indicate that the pseudo-haptic system used
in this experiment globally provided spring behaviors which
are comparable with real ones.
The high value found for the global PSE (-24%) suggests a strong distortion of perception. This distortion increases monotonically with the difference of haptic stiffness
between the reference spring and the pseudo-haptic spring.
It is as if more visual deformation is necessary to compensate large haptic differences and to distort the proprioceptive
sense. However the necessary visual deformation remains
greatly inferior to the haptic one ( F9PKQ CRC GBM O Q ), as if the
subjects’ perception is globally more affected by the former
rather than the latter.
The PSE represents the moment when the discrimination
result is inverted and when the pseudo-haptic spring looks

less stiff than the reference spring, even though it is much
stiffer haptically. This is the boundary of a sensory illusion
- the illusion brought about by a visual displacement which
replaces the proprioceptive one. A visual PSE of S F9PKQ
would then be sufficient to simulate “realistically” a stiffness of FGH I 29J with a pseudo-haptic system, and generate
the appropriate sensory illusion.
Surprisingly, however, the global PSE found here (-24%)
goes against that found in the previous paper (+9%) [13].
This could be due to the greater number of differences between the real and the virtual environments in the previous
paper, which probably affected the discrimination task. Another reason could be that, in the previous paper, the visual
display of the virtual spring was horizontal and perpendicular to the sagittal plane of the subject, while the spring
was manually actuated via the K 7 T TM perpendicularly
to the sagittal plane. Hogan et al. [10] and Wu et al. [22]
demonstrated that the perception of force, stiffness, size and
length is not metrically consistent. This property of human
perception implied therefore one more distortion in the previous paper’s task of discrimination. A final explanation
could be that in the first study, the input stiffness of the
 7 T TM was constant and thus that the haptic difference may have had less influence on the discrimination result than the visual information. However, this issue needs
to be investigated with further experiments.

5. Effects of Visual and Haptic Information on
the Discrimination Task
5.1 Global Results
The data collected during the study were treated as an experimental plan to analyze the potential effect of two types
of information. The two factors are : the difference in visual stiffness between the two springs compared (12 possible values, from -70 to +40 percent), and the differences in
haptic stiffness (4 possible values, from 0 to 186 percent).
These two factors define the situation of comparison (see
Figure 2).
An analysis of variance - anova - was carried out on the
subjects’ answers, which are calculated as the average result of the three trials in each case of the plan. For a given
test case the value ranges between 0 and 3. If the value is 0,
it means that the subject always answered that the pseudohaptic spring was less stiff than the reference spring, and
if the value is of 3 this means that the subject systematically answered that the pseudo-haptic spring was stiffer.
The anova showed a significant effect of both the haptic
difference (F(3,90) = 19.4, UVC>W HH HG ) and the visual difference (F(11,330) = 164.9, UXC=W H H HG ) on the result of the
discrimination task. The two-way interaction between the
haptic difference and the visual difference was significant

(F(33,990) = 3.829, UYCZW H H HG ). Globally the number of
“stiffer” responses increases with the haptic difference as
well as with the visual difference.
The time it took the subject to answer was significantly
affected by both the haptic difference (F(3,90) = 15.07,
UYC[W H HHG ) and the visual difference (F(11,330) = 8.665,
U=C\W HH HG ). There was a significant two-way interaction
(F(33,990) = 4.498, U]C[W HH HG ). The number of changes
from one spring to the other for each trial before the subject
decides which spring is the stiffer of the two is also significantly affected by the two factors. When the haptic difference increases, the subjects need fewer changes of springs
to respond (F(3,90) = 18.393, U?C=W H HHG ). When the visual
difference increases - the orientation of this difference being
either ^ H or C H - the subjects need also fewer changes of
spring to answer (F(11,330) = 9.137, U;C_W H HHG ). The two
factors show a significant two-way interaction (F(33,990) =
4.84, U`C]W HH HG ).
These results show that the difficulty of the task increased when the two springs got closer, in haptic and/or
visual terms. Furthermore, the global results suggest that
both haptic and visual information affected the processes of
discrimination and decision during the task.

5.2 Further Analysis
For a better analysis of the experimental situation the
experimental plan was divided into 4 cases (as shown
in Figure 2). The data used for the analysis remains the
average value of the three answers for each situation of
comparison.
Case 1 - Springs with the same haptic stiffness
The pseudo-haptic spring has the same haptic stiffness as
the reference spring. The pseudo-haptic springs have 12
different values of visual stiffness, ranging from less stiff
(-70%) to stiffer (+40%) than the reference one.
In these 12 situations, the visual feedback (i.e. the visual
difference) had a significant effect on the result of the
discrimination task (F(11,330) = 141.206, UDC@W H HHG ). This
replicates the result of a previous study [13] in showing that
pseudo-haptic feedback may be generated by simulating
“visually” the stiffness of a spring.
Case 2 - Springs with the same visual stiffness
The pseudo-haptic spring has the same visual stiffness as
the reference spring. The pseudo-haptic spring has 4 different values of haptic stiffness, ranging from identical to
stiffer (+186%) than the reference one.
In one situation it should not have been possible to discriminate between the two springs since both their haptic
and visual stiffnesses were identical. In the 3 remaining
situations, the pseudo-haptic spring was stiffer. The haptic

feedback (i.e. the haptic difference) had a significant effect
on the result of the discrimination task (F(11,330) = 5.227,
UaCbW HHF N ). Since both springs have the same visual
behavior it implies that the haptic information was utilized
to perform the task.
Case 3 - Consistent visual and haptic information
The pseudo-haptic spring has 3 different values of haptic
stiffness, and 4 different values of visual stiffness, all of
which are always stiffer than the reference one. This is a
particular set of situations where both the haptic and the
visual information are consistent.
In these 12 situations, the anova shows that only the
visual feedback seems to have a significant effect (F(3,90)
= 9.114, UDC]W HH HG ) on the result of the discrimination task.
There is no significant effect of the haptic feedback, and no
significant two-way interaction. Nevertheless, in all these
situations, the subjects largely succeeded in discriminating
between the springs, regardless of the haptic and visual
combinations (the lower average of results found is 2.581/3
- i.e. 86% of correct responses - and the higher average of
results found is 3/3 - i.e. 100% of correct responses).
Case 4 - Inconsistent visual and haptic information
The pseudo-haptic spring is characterized by 3 different
haptic stiffnesses which are stiffer than the haptic stiffness
of the reference spring, and with 7 different visual stiffnesses which are always less stiff than the visual stiffness
of the reference spring. This is a particular set of situations
where both the haptic and the visual information are inconsistent.
The anova performed on the collected results of these 21
situations shows that both haptic and visual feedback have
an effect on the discrimination results. When the visual
stiffness of the pseudo-haptic spring decreases, the value
of the result decreases (F(6,180) = 45.49, UcCdW HH HG ) - i.e.
the subjects answer more frequently that the pseudo-haptic
spring is less stiff than the reference one. But when the
haptic stiffness of the pseudo-haptic spring increases, the
value of the result increases (F(2,60) = 14.761, U;CeW H H HG )
- i.e. the subjects answer more frequently that the pseudohaptic spring is stiffer than the reference one. There is no
significant two-way interaction between the factors.
Discussion
These results validate and extend the results of the previous
paper [13] since they show that the visual feedback, differently combined with a haptic feedback can offer a wide
range of possibilities to the simulation of the properties of a
virtual object.
The results of case 4 imply that in a situation of sensory inconsistency, both visual and haptic information are,
in fact, used to discriminate between the springs. The phe-

nomenon of visual dominance [17] must therefore be qualified. Indeed, visual dominance is evoked by the strong impact of the visual difference over the result of the discrimination task, but the haptic difference is far from being ignored and also influences the subjects’ choices. Within the
particular context of the boundary of illusion experiment,
the two inconsistent factors had opposite effects.
This analysis was a global study. A subject-oriented
analysis follows and shows a wide dispersion of the results.

6. Variability of the Boundary of Illusion
6.1 Dispersion of the values of PSE and JND
Figure 4 displays the values of average visual PSE and
average visual JND calculated for each subject. Each dot
corresponds to a subject’s average PSE on the X axis and
his/her average JND on the Y axis. However these results
must be taken cautiously because of the small number of
trials per test case (=3). Some subjects are not reported in
this Figure because their visual PSE could not be calculated.
Within the chosen visual range, these subjects never found
the pseudo-haptic spring less stiff than the reference spring
(i.e. fhg i_CRCjSk HlQ ).
The PSE values available range from -49 to +14 percent,
and show a high variability in the boundary of illusion depending on the subjects.

Figure 4. Dispersion of PSE and JND
The JND values range between 5 and 19 percent. Other
studies showed that the usual JND for a manual discrimination task of stiffness was approaching 22% [19], but a
JND of 8% was also found [19] for a discrimination task of
stiffness with terminal force cues. This suggests that some
subjects paid attention to the red mark on the visual display
of the piston on the computer screen, while others did not
use the maximum pushing limit and evaluated the stiffness
of the springs without any terminal force cues.

Moreover, there is a correlation between the JND and the
PSE (m )@H WonN ). It is as if the strategy each subject resorted
to also had an impact on the location of his/her boundary of
illusion.

6.2 Characterization of Different Populations
The evolution of the visual PSE depending on the haptic
difference also varies greatly among the subjects. But it
seems possible to categorize descriptively the subjects into
4 types of population.

The visual information is used to discriminate between the
springs.
 population 3 (n=3) : A “haptically oriented” population. The absolute value of the visual PSE would certainly
be high - the visual feedback has very little influence on the
result of the discrimination task.
 population 4 (n=3) : A population, whose visual PSE
sometimes goes in the “wrong” direction (i.e. ^ H % ).
The visual information is apparently used to discriminate
between the springs. But how the subjects estimate the
stiffness of a spring is different from how they would
estimate it in reality : a spring which is haptically and
visually stiffer than the reference spring may nevertheless
be perceived as bein less stiff. The pseudo-haptic effect
probably altered the subject’s perception.
These four different types of population imply different
types of sensory integration as well as different types of influence of the visual feedback on the haptic perception :
from nearly no influence at all (population 3) to a strong,
continuous influence (population 2). But further work is
necessary to model the various cognitive strategies which
use information such as : haptic force, visual displacement,
haptic displacement.

7. Conclusion and Future Work

Figure 5. Population Profiles
In Figure 5 each chart corresponds to the results of a
subject taken from one type of population. The results of
each chart correspond to the result of the discrimination
task of each situation described on Figure 2. On each of
these charts evolution curve of the PSE is represented.
 population 1 (n=15) : Most subjects were sensitive
to both visual and haptic information. In this case, the
absolute value of the PSE increases depending on the haptic
difference (1a), sometimes with a regression (1b). The
haptic difference influences the perception to some extent,
and the visual information is obviously used to discriminate
between the springs.
 population 2 (n=10) : A “visually oriented” population.
The PSE is nearly constant : the increase in the haptic
difference does not really affect the distortion of perception.

This paper examined the integration and mutual influence of visual and haptic information in the course of a
discrimination task of stiffness with a pseudo-haptic system. For a great majority of people, it is clear that the visual feedback influenced the perception of a virtual spring
operated with a force feedback device. The visual feedback contained information of displacement that was integrated during the process of estimating stiffness. However,
it seems that, especially in cases of conflicting visual and
haptic information, the haptic information also influenced
the choices of the subjects. This qualifies the notion of visual dominance [17].
The boundary of illusion experiment showed that a
strong distortion of perception was observed when sensory
conflict occurred. This distortion increased monotonically
with the degree of the conflict. In other words, this implies that more visual deformation is necessary to compensate large haptic differences.
The PSE can be considered as the moment when an illusion occurs or, in other words, the boundary of a sensory
illusion. The value of PSE and the way it evolves are very
different according to the subjects, and depend on the integration process of each person. The boundary of illusion
is highly correlated to the subjects’s cognitive strategy. It
appeared that some people were “haptically oriented” while
others were “visually oriented” during the test.

As regards integrating pseudo-haptic feedback and illusions in the early design stage of VEs, the paper addresses
the complexity of the perception issue. In one example, it
shows the principles of a method for finding the equivalent
stimulus with a pseudo-haptic system : the pseudo-haptic
simulation of a stiffness of FKGBH I 2LJ would globally require
a visual PSE of -24%. But there is also a strong need for
a calibration that takes into account the high variability
of this result between different individuals. Finally, it
shows that the pseudo-haptic concept - i.e. “the generation,
augmentation or deformation of haptic sensations by
information coming from other sensory modalities” - can
be applied to cases were the VE integrates a true force
feedback device. Indeed, different haptic sensations were
actually generated with the same force coming from the
haptic interface, but with different visual feedbacks.
Future work will focus on determining the cognitive
strategies the subjects employ when estimating the stiffness
of virtual objects. Other data such as the forces applied
on the springs, the visual and haptic displacements were
also recorded during the tests and should help to model
the cognitive integration of a pseudo-haptic stiffness by the
subjects. In addition, there is a need to study the possibility
of simulating other properties - viscosity, mass - of virtual
objects with a pseudo-haptic system and then to assess the
potential of pseudo-haptic systems in an industrial task.
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