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Gunnar Höst, and Konrad Schönborn
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Abstract. Haptics provides powerful cues about forces but cannot easily be integrated in all relevant applications, such as education. Pseudohaptic cues, visual information that simulate haptic sensations, have been
raised as an alternative. It is, however, largely unknown how (or even if)
pseudo-haptic cues are perceived by the haptic sensory modality. In this
paper we present an approach that applies theories on multimodal integration to testing if a pseudo-haptic cue is triggering haptic perception.
This approach is subsequently applied in designing an experiment that
tests a pseudo-haptic cue based on a visual force-causes-displacement
metaphor, similar to a rubber band.
Keywords: Pseudo-haptics, perception, cross-modal effects, multimodal
integration
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Introduction

The sense of touch has often proven useful in computer interaction, especially
in applications where the conceptual understanding of forces is of importance.
Examples include learning about electrostatic interactions or exploring scientific
visualizations of flow data. Due to economical or technical reasons, however,
haptic equipment is often inaccessible for direct application in these domains. In
these cases pseudo-haptics could be an alternative. Pseudo-haptics is defined as
the simulation of haptic sensations through visual stimuli in combination with
sensorimotor actions [3]. Transferability of research with this focus can have
potential beneficial cognitive implications for exploiting multimodal interfaces,
such as supporting the learning of abstract science concepts.
While studies have shown potential benefits, the influence of pseudo-haptics
on haptic perception is largely unknown. The current study aims to contribute to
further work in this direction. The aim of this paper is twofold. Firstly, to devise
an approach for testing the influence of pseudo-haptic cues on haptic perception.
Secondly, to apply this approach in an experiment that investigates a common
design of pseudo-haptics, based on a visual force-causes-displacement metaphor.
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Related Work

In 2000 Lécuyer et al. presented a friction-causes-slow-down metaphor to represent friction force[4]. Since then, there have been numerous publications in
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the field, including studies on subjects’ experiences with such feedback. For example, a pseudo-haptic feature of Richard et al.’s multimodal “Haptic Atomic”
interface[9] allows a user to move an electron within a virtual atomic space to
gain a sense of relative atomic energy levels. Paljic et al.[7] present a comparison
between isometric and elastic pseudo-haptic cues for simulating torque. Their
work provides indications as to what just-noticeable-differences (JND) to expect for the different cues, with possible implications for integration in a virtual
environment. In addition, Rodgers et al.[10] present a pseudo-haptic approach
for aiding users’ handling of the transition between multiple screens in a multimonitor setup. Furthermore, Pusch et al. present a design based on a forcecauses-displacement metaphor in flow visualization[8]. For a detailed description
of pseudo-haptic theory and a review of work on the topic see [3].
Biocca et al.[1] have explored the combined sensation of different cues in
multimodal virtual environments. While primarily focused on measuring the level
of presence in the environment, they also studied how subjects expressed their
perception of “physical force” through a virtual spring pseudo-haptic metaphor.
Based on their previous findings, Lécuyer et al. have expressed the need to
explore pseudo-haptic phenomena related to the weight of objects as well as the
contrasts between force and pseudo-haptic feedback.
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Measuring the Haptic Influence of Pseudo-haptics

In this study, we wish to measure the influence that pseudo-haptics has on haptic
perception. To achieve this, we devised an experiment to measure the multimodal
integration of pseudo-haptic feedback and real haptic feedback.
3.1

Using Multimodal Integration as an Influence Measure

Ernst et al. have shown (e.g. [2]) 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. Such multimodal integration will occur even when the stimuli are somewhat conflicting.
The degree to which each stimulus influences the integration is a function of an
estimation of the quality of each stimulus. Two stimuli that are too conflicting
or are perceived to represent different physical attributes will not be combined.
Based on the above, our idea for analysing cross-modal effects of pseudohaptics is as follows. Given that a visual pseudo-haptic 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 cross-modal effect, if it exists. The physical attribute of
weight is used in the present study. Adding visual cues to a haptic exploration
of the weight of objects should allow for multimodal integration to take place.
By adjusting the visual cues so that the weight of a heavy object is perceived to
be more similar to the weight of a decoy object, the discrimination between the
objects based on weight should deteriorate (see figure 1).
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3.2

Study Design

We designed a study to investigate the influence of pseudo-haptics on haptic
perception of physical attributes through a single factor within-subject experimental design, using weight as the physical attribute. 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 just-noticeable-difference (JND) in weight between the heavy
box and the two decoys. The perceptual condition was used as the independent
variable. Care was taken to design the study so that the integrated perception
was measured and not only the visual and haptic modalities alone. Therefore,
four different combinations of visual and haptic stimuli were used:
1.
2.
3.
4.

pure visual weight feedback, where a box is displaced downwards when lifted,
pure haptic weight feedback, where the haptic instrument applies real force,
haptic weight feedback and false uniform visual weight indication, and
haptic weight feedback and false contradictory visual weight indication.

Thus, the conditions were either purely visual, purely haptic or a combination
of haptic and visual. Two variants of the combination of haptic and visual were
used that differed in the visual cue. In Condition 3, the visual cue was uniform
regardless of the weights of the boxes. In this condition the visual cue does
not provide an indication of weight differences. In Condition 4, the visual cue
actually contradicts the haptic cue by modulating the displacement to visually
indicate that a heavier box is actually slightly lighter than the decoys. Although
the outlined experiment measures haptic perception, the JND will be affected
by multimodal integration and will therefore indicate any influence of the visual
feedback on haptic perception.

4

User Study

The described study design was implemented in a user study. One challenge was
the design of the visual pseudo-haptic feedback, which must provide an intuitive
mapping between the visual cue and haptic interpretation to allow multimodal
integration to occur.
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Experimental Setup

The design of the visual pseudo-haptic feedback was based on a force-causesdisplacement metaphor. This metaphor represents force by introducing a displacement of the visual representation of an object, when it is subjected to a
force, similar to the visual appearance of lifting an object from a table using a
rubber band. To emphasize the displacement, a line was displayed between the
object and the point of attachment. This metaphor has previously been shown
to make users explicitly associate the visual impression with the forces involved
in the interaction.
The experimental setup was aligned with the three-alternative forced-choice
approach (3-AFC). The 3D environment was designed to contain three boxes
arranged horizontally (figure 2). Using the haptic device, users were able to grab
the individual boxes and lift them to assess their weights. A selection marker was
placed close to each of the boxes, and users could respond to the experimental
task by pressing the marker associated to the box that they perceived to be the
heaviest.
The experiment aimed to reveal subjects’ subconscious haptic perceptions.
To decrease the risk that subjects resorted to alternative visual strategies for
assessing weight, frequent context switches were created by interleaving conditions. Furthermore, for each task, the period available for actively probing the
weights of the boxes was limited to 20 seconds, from lifting the first box. After this time elapsed, the boxes disappeared from the screen, leaving only the
selection markers.
Hypothesis Formulation The following hypotheses were formulated:
1. Pseudo-haptic 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.
Confirmation of the first hypothesis would indicate that our visual sense has
a better JND than the haptic sense. Since this is known from earlier studies
(e.g. [2]), we can use this as an indication that both the haptic and visual cues,
and the experiment setup, worked as intended. Confirmation of the second and
third hypotheses would indicate the presence of a cross-modal effect.
Stimuli Levels We deployed the psycho-physical staircase procedure [6], a
technique for determining the intensity level that corresponds to a prescribed
probability of response. A one-up-two-down sequence was used to determine the
level at which the subjects had an accuracy 70.7 %. The step-size used was
initially as large as 24 pp, so as to quickly converge to an approximate level, and
then reduced to 0.5 pp in two steps, as per an adaptive approach [5]. A pilot
study was conducted to determine appropriate initial staircase and contradictory
visual cue levels. The latter was set to 5 %. For further details on the staircase
procedure see [6] for example.
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Based on the capabilities of the haptics hardware, the reference level was set
to 0.1 kg with a gravity acceleration of 9.82 m/s2 . The amount of displacement
in the pseudo-haptic cue was set to 40 mm/N (25 N/m), to fit the interaction
forces in combination with the size of the workspace.
Participants Fifteen (N=15) subjects participated in the study, 5 females and
10 males (aged between 21 and 41). Data from one of the participants were removed due to a technical system error that prevented task completion, leaving
14 complete data sets. All participants were either familiar with haptic interaction or exposed to an introductory session prior to commencing the experiment.
Participants received a complimentary meal as compensation for participating.
Data Collection Procedure Prior to the experiment, each participant was
provided with identical instructions about how to perform the tasks. Subjects
were free to take breaks between tasks when required. The experiment took
approximately one hour to complete.
Each session commenced with a practice run that started with large stimuli
levels (50 %), so that the participants could familiarize themselves with the
environment and the four feedback combinations. Each feedback combination
was presented in turn, with gradually reduced stimuli levels so that the subjects
could learn how to interact and make decisions within the system when the
tasks were also challenging for them. The subjects were instructed to explore
the weight of the three displayed boxes and identify and select the heaviest box.
Following the practice run, participants were informed that the experiment
commenced, and given the same task instruction. Throughout the experiment,
the four conditions were tested in parallel. For each condition, the stimuli levels were determined according to the corresponding individual staircase. The
experimental conditions were interleaved in a pre-determined repeating order,
designed to provide subjects with a high frequency of context switches. For this
reason, two alternative sequences of conditions were used: 1–3–2–4 and 1–4–2–3,
respectively. Each sequence was presented to half of the subjects to minimize order effects. Since individual staircases were used, the number of iterations could
differ between the conditions. However, to ensure that users still experienced
context switches, tasks for at least one visual and one bi-modal condition were
maintained until sufficient data was collected for all remaining conditions.
Post-experiment Questionnaire Upon completing the experimental session,
each subject filled out a questionnaire in a debriefing discussion. The questionnaire consisted of 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 haptic feedback was provided. A fifth free response item asked subjects
to try to describe the sensations that they felt when they did not receive any
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haptic feedback. This questionnaire was designed to supplement the quantitative
data by attaining subjects’ conscious impressions of their experiences.
4.2

Equipment

The study was performed on a semi-immersive haptic workstation, see figure 2,
running software based on the H3D API. This display system is equipped with
a Desktop PHANToM device from Sensable, which is a high fidelity kinaesthetic
haptics device based on the impedance control paradigm. The haptic feedback is
co-located with stereoscopic graphics by reflecting an LCD monitor in a mirror
over the haptic workspace. Users wear shutter glasses for stereo vision and the
user interface is fully 3D.

Fig. 2. The hardware (left) and a screenshot from the software (right) used in the
experiment, with the pseudo-haptic cue shown in the inset image.

4.3

Results

For each participant, success in each experimental condition was estimated by
calculating the JND based on the three last turning points in each staircase. This
measure was designated as the dependent variable in the statistical analysis,
using a decision criterion of p < 0.05.
Statistical analysis of the data obtained from the experiment (N = 14) consisted of a one-way within-subject analysis of variance (ANOVA) of JND measures, using the experimental condition (1, 2, 3 or 4) as the independent variable.
The ANOVA indicated a significant difference (F(3, 39) = 11.04, p = 0.00002)
between the four conditions (table 1). Post hoc Bonferroni-corrected 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.
The post-experiment 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
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Table 1. Mean and standard deviations for the measured JNDs in each of the four
experimental conditions.

1.
2.
3.
4.

Condition
Pure visual
Pure haptic
Haptic with false visual
Haptic with contradictory visual

x̄
0.0469
0.1308
0.1067
0.1080

σ
0.0320
0.0480
0.0548
0.0429

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

1.
2.
3.
4.

Question
Used touch during the tasks
Used vision during the tasks
Experienced contradiction
Experienced weight without haptic feedback

6
2
4
6

Subjects’
65574
24313
36513
42422

ratings
5667
3311
2314
3211

(1–7)
6666
2222
3516
2221

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. See table 2 for the full list of ratings.
Overall, subjects rated that they did not have a pseudo-haptic sensation of
weight in tasks where no force feedback was present. A free response item asking
subjects to try to describe in words the sensations that they felt when they did
not receive any haptic feedback, however, revealed three interesting qualitative
responses. These included, “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”.

5

Conclusions

We have presented an approach to test whether a pseudo-haptics design provides
haptic perception, by considering the possibility of measuring cross-modal interference between visual pseudo-haptic and haptic cues. The experimental design
was based on the principle that multiple stimuli representing the same physical
attribute will be integrated into a single perception of that attribute. Specifically, we tested a pseudo-haptics cue based on a visual force-causes-displacement
metaphor, analogous to stretching a rubber band.
Results showed that our pseudo-haptic cue resulted in a significantly better
JND than the pure haptic cue (hypothesis 1 confirmed). This confirms previous
findings in the field that vision has a better JND than touch. The absence of
a statistical difference between pure haptic and multimodal cues (hypotheses 2
and 3 rejected) indicates that this particular design of pseudo-haptic 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 bi-modal sensory input was judged to invoke a degree of intermodal sensory conflict when solving the tasks. Furthermore, some participants
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revealed a haptic sensation in the language used to evaluate the experience of
pure visual weight feedback.
In mirroring Lécuyer’s contention[3] that science does not yet know with
certainty whether any pseudo-haptic phenomenon is due to the design of the experiments aiming to measure it, or merely an associative perceptual mechanism,
the results here also raise the question of what level of consciousness pseudohaptic phenomena operate at. Since the presented study investigates only one
of many possible pseudo-haptics designs, a future study should consider the design of the pseudo-haptic cue, the physical attribute to be associated with the
pseudo-haptic cue (e.g. magnetic instead of weight attributes), the sensorimotor
actions that are associated with the pseudo-haptic cue, and further delineating
the conscious and subconscious in the notion of pseudo-haptic sensations.
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