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Pseudohaptics, defined as the simulation of haptic sensations through visual stimuli
in combination with sensorimotor actions, can be an alternative to real haptics in some
applications. While studies have shown potential benefits, its influence on haptic
perception is largely unknown. The aim of this paper is twofold. Firstly, to devise an
approach for testing the influence of pseudohaptic cues on haptic perception.
Secondly, to apply this approach in an experiment that investigates a common design
of pseudohaptics, based on a visual forcecausesdisplacement metaphor.

Study on Pseudohaptic Influence
The experimental task was to select, among three virtual boxes, the box that was
heavier than two identical decoy boxes that weighed less. The perception measure used
as the dependent variable was the justnoticeabledifference (JND) in weight between
the heavy box and the two decoys.
Four different combinations of visual and haptic stimuli were used:
1. pure visual weight feedback, where a box is displaced downwards when lifted,
2. pure haptic weight feedback, where the haptic instrument applies real force,
3. haptic weight feedback and false uniform visual weight indication, and
4. haptic weight feedback and false contradictory visual weight indication.
Hypothesis
1. Pseudohaptic cues perform better than purely haptic cues,
2. Purely haptic cues perform better than haptics with false visual cues, and
3. False visual cues perform better than haptics with contradictory visual cues.
Fourteen subjects provided complete data sets (N=14), 5 females and 9 males (aged
between 21 and 41).
Postexperiment Questionnaire
A questionnaire, filled out in a debriefing discussion, consisted of a free response item
asking subjects to try to describe the sensations that they felt when they did not receive
any haptic feedback and four items where subjects rated, on a scale of 1 to 7
1. to what extent they used their sense of touch during the tasks,
2. to what extent they used vision,
3. to what extent they felt that their haptic and visual sensations were contradictory, and
4. to what extent they had a sensation of weight even when no haptics was provided.

Multimodal Integration as an Influence Measure
Ernst et al. (2006) have shown that when a physical attribute is
presented by multiple sensory stimuli from different perceptual
modalities, these stimuli will be combined into a single, more reliable,
perception of the attribute. The degree to which each stimulus
influences the integration is a function of an automatic quality
estimation of each stimulus. However, two stimuli that are too
conflicting or are perceived to represent different physical attributes
will not be combined.
If a visual pseudohaptic cue is interpreted as a haptic attribute at a
perceptual level, then that visual cue should be integrated with a haptic
stimuli of the same attribute. By carefully adjusting the visual and
haptic stimuli and measuring how the attribute is perceived, it should
be possible to detect a crossmodal effect, if it exists.

Semiimmersive Environment

The study setup (right), with the pseudohaptic cue shown in the inset
image, was programmed in Python and X3D using H3D API and is
running on a Devinsense IW (left) presenting active stereo 3D graphics
and colocated haptics through a Desktop PHANToM.

Quantitative Data Analysis
An ANOVA indicated a significant difference (F(3, 39) = 11.04,
p = 0.00002) between the four conditions (see table 1). Post hoc
Bonferronicorrected pairwise comparisons revealed that the
participants were significantly more successful in the condition with
pure visual weight feedback than in any of the other three conditions
(p1–2 = 0.00003, p1–3 = 0.015, p1–4 = 0.002). There were no other
significant differences between the conditions.

Questionnaire Response
The postexperiment questionnaire revealed that when asked to rate, on a scale of 1 to
7, to what extent subjects felt that their haptic and visual sensations were contradictory,
two subjects revealed a rating of 6, two of 5, and two of 4. Thus, six of the subjects felt
that there was a degree of conflict when interpreting the bimodal sensory information.
On the free response question some subjects expressed interesting impressions such as
"A longer rubber band made the weight feel heavier", "The cubes with longer rubber
bands felt slightly heavier" and "The box felt heavier the longer the band was
stretched". See table 2 for the complete list of ratings.

Table 1. Mean and standard deviations for the measured JNDs in
each of the four experimental conditions.
Condition
mean
stddev
1. Pure visual
0.0469
0.0320
2. Pure haptic
0.1308
0.0480
3. Haptic with false visual
0.1067
0.0548
4. Haptic with contradictory visual
0.1080
0.0429

Table 2. Collection of ratings provided by each subject (N=14) on the questionnaire.

Poster Weblinks

Question
1. Used touch during the tasks
2. Used vision during the tasks
3. Experienced contradiction
4. Experienced weight without haptic feedback

Conclusions
The absence of a statistical difference between pure haptic and multimodal cues (hypotheses 2
and 3 rejected) indicates that this particular design of pseudohaptic feedback
is, in our experimental setup, not perceived as representing the physical
attribute of weight. The qualitative evaluation data suggested that at the
conscious level at least, the received bimodal sensory input was judged to
invoke a degree of intermodal sensory conflict when solving the tasks.
Furthermore, some participants revealed a haptic sensation in the language
used to evaluate the experience of pure visual weight feedback.
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