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Abstract The primary purpose of this study was to
examine the effects of non-informative vision and visual
interference upon haptic spatial processing, which sup-
posedly derives from an interaction between an allocentric
and egocentric reference frame. To this end, a haptic par-
allelity task served as baseline to determine the participant-
dependent biasing influence of the egocentric reference
frame. As expected, large systematic participant-dependent
deviations from veridicality were observed. In the second
experiment we probed the effect of non-informative vision
on the egocentric bias. Moreover, orienting mechanisms
(gazing directions) were studied with respect to the pre-
sentation of haptic information in a specific hemispace.
Non-informative vision proved to have a beneficial effect
on haptic spatial processing. No effect of gazing direction
or hemispace was observed. In the third experiment we
investigated the effect of simultaneously presented inter-
fering visual information on the haptic bias. Interfering
visual information parametrically influenced haptic per-
formance. The interplay of reference frames that subserves
haptic spatial processing was found to be related to both the
effects of non-informative vision and visual interference.
These results suggest that spatial representations are
influenced by direct cross-modal interactions; inter-partic-
ipant differences in the haptic modality resulted in
differential effects of the visual modality.
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Introduction

Information about the world reaches us through more than
one sense. The integration of input from different sensory
modalities is, therefore, an important aspect in forming a
representation of objects and the surrounding environment.
A single object may generate different sensory inputs across
multiple sensory channels. Hence, strong interactions
between the modalities shape the integrated percept of the
object. However, different information can also originate
from sources extrinsic to the object. For instance, infor-
mation that belongs to the surrounding environment could
also be relevant for perception of the object at issue. In this
case, when information across modalities is not explicitly
associated, the integration of information is possible but
certainly not a necessary consequence. If and how these
latter integration processes occur is not yet clear. To tackle
these questions we evaluated the interaction between the
processes involved in haptic perception of space and the
effects of non-informative vision and visual interference.
Haptic spatial tasks usually induce very large biases and are,
therefore, especially suitable for the study of these effects.

Haptic spatial processing, as a unimodal perceptual
experience, has been shown to be prone to substantial sys-
tematic deviations from veridicality (e.g., Blumenfeld
1937; Henriques and Soechting 2005; Lederman et al. 1987,
von Skramlik 1934a, b). The haptic perception of space has
been analyzed especially through the use of the haptic
parallelity task (e.g., Kappers 1999; Kappers and Koend-
erink 1999). In this task blindfolded participants were
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instructed to rotate a test bar in such a way that they felt it to
be parallel to a reference bar that was located at a different
position. A methodical series of studies has mapped the
magnitude and direction of deviations occurring at different
spatial locations (Kappers 1999; Kappers and Koenderink
1999), different planes (Hermens et al. 2006; Kappers 2002;
Volcic et al. 2007) and even in three dimensions (Volcic
and Kappers 2008). The systematic deviations observed in
this variety of experimental conditions were reliably
accounted for by supposing a biasing effect of hand orien-
tation as the origin of the error patterns (Kappers 2004,
2005; Kappers and Viergever 2006; Volcic et al. 2007).
Note that the concept of parallelity is implicitly defined with
respect to the environment, that is, with respect to an allo-
centric reference frame. Participants are thus required to
transform the spatial information in this reference frame.
Therefore, it was proposed that haptic spatial processing
could be described as the interplay of an egocentric refer-
ence frame fixed to the perceiver’s hand and an allocentric
reference frame, reflecting the spatial properties of the
surrounding environment. A similar hypothesis has also
been sustained by numerous studies in visuomotor literature
(e.g., Battaglia-Mayer et al. 2003; Carrozzo and Lacquaniti
1994; Cohen and Andersen 2002; Soechting and Flanders
1992, 1993). Interestingly, in the haptic parallelity task the
same error patterns were found in both unimanual and
bimanual experiments suggesting a common origin of the
error patterns. An influence of an egocentric reference
frame fixed to the perceiver’s hand is actually not surpris-
ing; inevitably, the initial stages of haptic spatial processing
are tuned to the part of the body that is directly in contact
with the environment, in our case, the hand. The reference
frames hypothesis was implemented in a weighted average
model that balanced the contributions of an egocentric and
an allocentric reference frame (Kappers 2007; Volcic and
Kappers 2008). Importantly, this model could account for
the variability in the magnitude of the deviations (ranging
up to 90°) observed among participants (Kappers 2003).
Greater deviations from veridicality shown by some par-
ticipants were interpreted as the consequence of a more
heavily weighted egocentric reference frame, whereas
smaller deviations indicated the participants stronger reli-
ance on the allocentric reference frame. In line with this
explanation is also the effect of temporal delay in the haptic
parallelity task (Zuidhoek et al. 2003). Performance
improved when a delay was introduced between the per-
ception of a reference bar and the setting of the test bar. This
improvement was interpreted as a reinforcement of the
contribution of the allocentric reference frame as also
suggested by other studies (e.g., Rossetti and Régnier 1995;
Rossetti et al. 1996).

A research area complementary to the unimodal studies
of haptic spatial processing has addressed the issue of the
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influence of additional sources of information such as, for
instance, vision. Newport et al. (2002) reported that non-
informative vision modifies the performance in the haptic
parallelity task. Non-informative vision was referred to as
vision of the near space without any visual input that is
directly relevant to the task at hand. Deviations were still
systematic, but they were reduced in comparison to the
condition in which no extra visual source of information
was available. This effect could be interpreted within the
weighted average model as the consequence of an
enhancement of the influence of the allocentric reference
frame. Non-informative vision supplements the available
information about the environment and thus reduces the
biasing influence of the egocentric reference frame,
resulting in smaller deviations. A further effect studied in
combination with the non-informative vision effect was
ascribed to the head- and eye-orienting mechanisms
(Zuidhoek et al. 2004). Orienting the gaze towards the
region of space where the reference bar was located yielded
smaller deviations than orienting it towards the test bar.
This effect ensued independently of the non-informative
vision effect. Unfortunately, the reference bar in this study
was always located in the left hemispace and this might
have confounded the effect of orienting direction with a
hemispace effect. The question of whether orienting
mechanisms improve tactile processing has been addressed
especially in tactile detection and discrimination studies.
The impact of the orienting mechanisms on tactile pro-
cessing is, however, still undecided (e.g., Driver and
Grossenbacher 1996; Honoré et al. 1989; Kennett et al.
2001; Pierson et al. 1991; Tipper et al. 1998).

Haptic spatial processing has also been recently studied
in combination with interfering visual information (Kaas
et al. 2007). A bar was visually presented on a screen and
the participant had to simultaneously perform the haptic
parallelity task. The visual bar was either in a congruent or
incongruent orientation with respect to the haptic reference
bar. As a result, the deviations were modulated by the
degree to which the visual information of the object ori-
entation was incongruent with the haptic information. The
effect of visual interference was observed despite the fact
that visual and haptic information were provided in dif-
ferent spatial locations and different planes. Although
participants received visual input, this stimulation lacked
any information about the surrounding environment and
therefore no effect of non-informative vision was observed.
Kaas et al. (2007) concluded that the visual input was
combined with the haptic input despite the incongruence
between visual and haptic information and the explicit
instruction to ignore the visual information.

The main aim of this paper was to pinpoint the effects of
non-informative vision and visual interference in relation
to the inter-participant differences that are common in
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haptic spatial processing. The effects of both non-infor-
mative vision and visual interference require some sort of
integration between haptic and visual information in order
to occur. Therefore, we might hypothesize that the partic-
ipant-dependent tendency in haptics to rely more either on
the allocentric or on the egocentric reference frame pos-
sibly interacts with the degree to which the two effects
arise. The participant-dependent reliance on a specific
reference frame could either induce or prevent the visuo-
haptic integration. Consequently, it would result in stronger
or weaker non-informative vision and visual interference
effects. Those participants that are characterized by a more
egocentric performance would profit more by integrating
the additional visual information. The integration processes
would then counterbalance the biasing influence of the
egocentric reference frame and improve performance. On
the other hand, their haptic egocentric bias could also be so
prevailing that it would result in a stronger or weaker
suppression of any visual information. Performance would
then be unaffected by these additional sources. The way the
allocentric and the egocentric reference frames are
weighted has been shown to largely differ between par-
ticipants. If we define a continuum between the reference
frame fixed to the space and the egocentric reference
frame, participants’ performances can be located all the
way along this range. One example of a clear individual
difference concerns also a gender effect: males on average
show a weaker bias of the egocentric reference frame than
females (Kappers 2003; Zuidhoek et al. 2007). However,
Kappers (2003) showed that male and female distributions
of performances were highly overlapping and that the inter-
participant differences were larger than the difference
between genders. Therefore, a gender-based distinction
might oversimplify the problem by not considering a more
general gender-independent mechanism that could be at the
origin of haptic spatial processing. If a relation exists
between the weighting of reference frames in haptic spatial
processing and the integration of visual information, we
predicted a modulation of the size of the effects in relation
to the participant-dependent weighting of reference frames.

In the first experiment we measure the baseline devia-
tions in the haptic parallelity task to determine the degree
to which each participant is biased by the egocentric ref-
erence frame. This task is then used in the two subsequent
experiments as a tool to study the effects of non-informa-
tive vision and visual interference. In all the experiments
we contrast a gender-based subdivision of the data with a
description of the data that takes into account the full
spectrum of inter-participant differences. In the second
experiment, the addition of non-informative vision to the
haptic parallelity task is presumed to improve the perfor-
mance of the participants. Whether the improvement
depends on the size of the biasing influence of the

egocentric reference frame is one of the central questions
of this paper. Besides this, our interest also concerned how
the orienting mechanisms in the non-informative vision
experiment interact with the presentation of haptic infor-
mation in a specific hemispace. In the third experiment, the
performance in the haptic spatial task was addressed in
combination with interfering visual information. Incon-
gruent visual information about the orientation of the
object is supposed to parametrically bias the performance
on the haptic parallelity task in the direction of the mis-
match between haptic and visual inputs. The question again
was whether the influence of visual interference is related
to the tendency to rely more heavily on either the allo-
centric or egocentric frame of reference.

Materials and methods
Participants

Twenty undergraduate students (ten males and ten females)
were recruited in this research and were remunerated for
their efforts. Participants had normal or corrected-to-nor-
mal vision and normal haptic, somatosensory and motor
functioning. None of the participants had any prior
knowledge of the experimental design and the tasks.
Handedness was assessed by means of a standard ques-
tionnaire (Coren 1993). One participant was left-handed,
five participants could be considered ambidextrous,
expressing only a slight preference for one or the other
hand, and the other 13 participants were right-handed.

Apparatus and stimuli

The setup consisted of a table (150 x 75 x 75 cm) on
which two iron plates (30 x 30 cm) were positioned on
either side of the participant’s midsagittal plane. The iron
plates were covered with a plastic layer on which a pro-
tractor with a radius of 10 cm was printed. The centers of
the two protractors were 120 cm apart and 15 cm from the
long table edge. The participant was seated in front of the
table on a stool, which was adjusted so that the shoulders of
different participants were always at the same height
(110 cm). An aluminum bar, with an axle in the middle,
was inserted in the center of each protractor and could be
rotated freely. Small magnets were attached under the bar
to prevent accidental rotations. Two bars with a length of
20 cm and a diameter of 1 cm were used as the test and
reference bars. The bars had an arrow-shaped end on one
side that allowed the reference bar orientation and the test
bar orientation to be read with an accuracy of 0.5°. The
bars were hidden from view by a wooden board 15 cm
above the bars, and participants were covered up to the
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neck by a sheet attached to this board in order to prevent
orientation cues from the orientation of their own body
parts (see Fig. 1). Two additional iron plates were posi-
tioned on the top of the board exactly above the other iron
plates. These iron plates were covered with black card-
board discs (radius of 22.5 cm) that prevented participants
from seeing the protractors and avoided a direct frame of
reference for the visual stimulus. A hole in the center of the
discs allowed the insertion into the iron plate of a round
magnet marker (radius of 1.25 cm) or of a bar depending
on the experimental condition.

Four oblique reference orientations were tested, namely
22.5°, 67.5°, 112.5° and 157.5°. The 0° orientation was
aligned along the left-right axis of the table and an increase
in degrees signifies a rotation in the counterclockwise
direction. The reference bar could be positioned at either

Fig. 1 Frontal views of the setup in the three experiments. a Haptic
baseline experiment. b Non-informative vision experiment. ¢ Visual
interference experiment
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the left or the right side of the setup, that is, in the left or
the right hemispace. The test bar was located on the
opposite position and presented in a random orientation.
Both these bars were hidden below the wooden board and
were explored only by touch.

This study consists of three experiments: a Haptic
baseline experiment, a Non-informative vision experiment
and a Visual interference experiment. In the haptic baseline
experiment, participants completed 4 reference bar orien-
tations (22.5°, 67.5°, 112.5° and 157.5°) x 2 reference bar
positions (left hemispace vs. right hemispace) x 3 repeti-
tions = 24 trials. In the non-informative vision experiment,
participants completed 4 reference bar orientations (22.5°,
67.5°, 112.5° and 157.5°) x 2 reference bar positions (left
hemispace vs. right hemispace) x 2 gazing directions
(towards either the reference or the test bar) x 3 repeti-
tions = 48 trials. In the visual interference experiment,
participants completed 4 reference bar orientations (22.5°,
67.5°, 112.5° and 157.5°) x 2 reference bar positions (left
hemispace vs. right hemispace) x 5 visual incongruencies
(—40°, —20°, 0°, 20°, 40° compared to the haptic orien-
tation) x 3 repetitions = 120 trials. In total, each
participant completed 192 trials. The order of trials within
each experiment was random and different for each par-
ticipant, whereas the order of the three experiments was the
same for all participants.

Procedure

Participants had to perform a bimanual parallelity task. The
experimenter set the reference bar and announced to the
participant which bar served as the reference bar for this
trial. The participants were instructed to rotate the test bar
in such a way that they felt it to be parallel to the reference
bar. Both bars were touched simultaneously for the whole
duration of each trial; the left hand always touched the left
bar, the right hand the right bar. Participants had 10 s to
explore the bars and orient the test bar, which appeared to
be a more than adequate amount of time. An electronic
digital timer measured the time, with a beep signaling
when it had run out. Participants then removed their hands
from the setup and after the experimenter noted down the
orientation of the test bar, the next trial commenced. No
feedback was given about their performance.

In the haptic baseline experiment, participants were
blindfolded and asked to orient their head in alignment
with the midsagittal plane (see Fig. 1a). Participants kept
this posture for all the trials of this experiment. The non-
informative vision experiment was essentially similar, but
the blindfold was removed and participants were asked to
orient their head and direct their gaze to a marker in the
center of the black cardboard discs above either the refer-
ence or the test bar (see Fig. 1b). The experimenter,
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therefore, not only announced which bar would serve as the
reference bar, but also in which direction participants
should orient their head and direct their gaze. The visual
interference experiment was similar to the latter, but
instead of markers, bars identical to those used for the
haptic exploration were positioned in the center of the
black cardboard discs (see Fig. 1c). In this experiment,
the visual bar was always positioned above the haptic
reference bar. For each trial, the visual bar was set to
deviate —40°, —20°, 0°, 20° or 40° with respect to the
reference bar below. Participants were told to always orient
their head and direct their gaze towards the visual bar.
Additionally, participants were told that the visual bar may
or may not be aligned with the haptic bar below, and were
explicitly asked, therefore, to use the haptic bar as a ref-
erence, as they did in the previous two experiments.

Breaks were introduced between experiments, and the
visual interference experiment was interrupted by two short
breaks to prevent fatigue. Participants took on average 3 h
to complete all three experiments.

Data analysis

Previous studies using the haptic parallelity task have
established that the deviations vary in a systematic way.
Deviations occur in a counterclockwise direction when the
reference bar is on the right of the test bar, whereas they
occur in a clockwise direction when the reference bar is on
the left of the test bar. Such deviations are defined as the
orientation of the left bar minus the orientation of the right
bar; therefore, the deviation specifies both the direction and
the magnitude of the error. Positive values correspond to
deviations in the expected direction, and negative values to
deviations in the opposite direction. Suppose that the left
bar is set at 112.5° and the right bar at 70°, then the
resulting deviation corresponds to 42.5° that is in accor-
dance with the direction found in previous studies. The
orientation of the visual bar was similarly defined: a
positive value corresponds to a rotation in the direction of
the expected haptic deviation of the test bar, whereas a
negative value corresponds to a rotation in the opposite
direction. Suppose that the visual bar is set at 132.5° above
the previously mentioned left haptic bar, given that the
rotation of the bar is in the opposite direction to the
expected direction, the orientation of the visual bar is
defined to be —20°.

To isolate the pure effects of non-informative vision
and visual interference we followed the procedures
represented in Fig. 2. Specifically, the effect of non-
informative vision was expressed as the percent change
between the haptic baseline experiment and the non-
informative vision experiment. For each participant

Non-informative
vision effect (%)

Visual interference
effect (%)

Deviation (°)

Visual interference

Non-informative vision
Experiment

Haptic baseline

Fig. 2 Representation of the calculation of the non-informative
vision effect and the visual interference effect. The non-informative
vision effect was expressed as a percent change between the haptic
baseline and the non-informative vision experiments. The visual
interference effect was expressed as a percent change between the
non-informative vision and the visual interference experiments. Note
that the changes between experiments are not necessarily negative, so
in fact the arrows might point upwards

individually the percent changes of the non-informative
vision conditions were calculated with respect to the
average deviation of the haptic baseline experiment.
Therefore, a negative percent change indicates a decrease
in the deviation from veridicality and conversely a posi-
tive percent change indicates an increase in the deviation
from veridicality. Similarly, the effect of visual interfer-
ence was expressed as the percent change between the
non-informative vision experiment and the visual inter-
ference experiment. For each participant individually the
percent changes of the visual interference conditions were
calculated with respect to the average deviation of the
non-informative vision experiment. Negative and positive
percent changes indicate decreases and increases in the
deviations from veridicality, respectively.

In the repeated measures analyses on the data of the
visual interference experiment, the assumption of spheric-
ity was tested, and if necessary the degrees of freedom
were corrected using the Greenhouser—Geisser ¢ correction.
The minimal level of significance retained was 0.05. In all
the follow-up repeated measures analyses and in the pair-
wise comparisons the Holm’s procedure (Holm 1979) was
applied to lower the minimal level of significance. Outlier
analyses were conducted on the data used in the regression
analyses.

The focus of our study was mainly directed to the effects
of non-informative vision and visual interference. Conse-
quently, the reference bar orientation was not included as a
statistical factor in the data analyses. Different orientations
were included both to increase the variety of stimuli and to
enlarge the data set.

@ Springer



36

Exp Brain Res (2008) 190:31-41

Results

The bar charts in Fig. 3 show the average deviations male
and female participants made in the haptic baseline, the
non-informative vision and the visual interference experi-
ments. Deviations in the non-informative vision and visual
interference experiments are separated for conditions. We
ran a repeated measures ANOVA with experiment as the
within-subject factor and gender as the between-subject
factor as a crude comparison between experiments. Within-
experiment conditions were blocked. The experiment factor
was significant [F(2,36) = 9.964, P < 0.001], whereas the
interaction between experiment and gender was not sig-
nificant [F(2,36) = 1.67, P = 0.203]. On the other hand,
the gender factor was significant [F(1,18) = 16.702,
P < 0.001]. Subsequent pair-wise comparisons showed that
performance in the haptic baseline experiment was worse
than performance in both the non-informative vision
[#(19) = 3.155, P < 0.01] and visual interference experi-
ments [#(19) = 3.513, P < 0.01]. No significant difference
was found between the latter two experiments [#(19) =
1.755, P = 0.098]. Separate follow-up repeated measures
ANOVA were conducted for the male and female groups.
The factor experiment was significant for both the male and
female groups [F(2,18) = 5.881, P < 0.05, and F(2,18) =
5.627, P < 0.05, respectively]. However, pair-wise com-
parisons showed a different pattern for the two groups. The
male group performed better in the non-informative vision
than in the haptic baseline experiment [#(9) = 3.349,
P < 0.05]. No significant differences was found between
the visual interference experiment and the non-informative
vision experiments [#(9) = 0.484, P = 0.64]. The com-
parison between the haptic baseline experiment and the

Males Females

80

70

60

50

Deviation (°)
Deviation (°)

40

30

0
H LTRTLRRR -40-20 0 20 40 H LTRTLRRR -40-20 0 20 40

Haptic Non- Visual Haptic Non- Visual
baseline informative interference baseline informative interference
vision vision
Experiment Experiment

Fig. 3 The bar charts represent the deviations in the haptic baseline,
the non-informative vision and the visual interference experiments.
Deviations in the different conditions are shown for the latter two
experiments. The left bar chart presents the male group data and the
right bar chart presents the female group data. The error bars
indicate the standard error of the mean. H haptic, LT gazing direction
to the left hemispace towards the test bar, RT gazing direction to the
right hemispace towards the test bar, LR gazing direction to the left
hemispace towards the reference bar, RR gazing direction to the right
hemispace towards the reference bar, —40, —20, 0, 20, 40—
misalignments between the haptic and visual bars
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visual interference experiment just failed to reach signifi-
cance [#(9) = 2.504, P = 0.068]. On the other hand, the
female group did not show any significant improvement in
the non-informative vision experiment with respect to the
haptic baseline experiment [#9) = 1.173, P = 0.271]. The
comparisons between the haptic baseline and visual inter-
ference experiments, and between the non-informative
vision and visual interference experiments just failed to
reach significance [#(9) = 2.65, P = 0.052, and #9) =
2.922, P = 0.051].

Further analyses on the single experiments with a more
careful attention on the different conditions within each
experiment and especially on the pure effects of non-
informative vision and visual interference are presented
below.

Haptic baseline experiment

The bar chart in Fig. 4 shows the distribution of deviations
among participants in the haptic baseline experiment.
Light-colored bars represent male participants, whereas
dark-colored bars represent female participants. It is evident
that all participants significantly and systematically
deviated from veridicality, although the magnitude of the
deviations is clearly participant-dependent. A repeated
measures ANOVA with reference bar position (left hemi-
space vs. right hemispace) as the within-subjects factor and
gender as the between-subject factor showed that there was
neither an effect of reference bar position [F(1,18) = 0.299,
P = 0.591] nor an interaction between reference bar loca-
tion and gender [F(1,18) = 0.143, P = 0.709]. On the other
hand, the gender factor was significant [males, 52.3° + 2.8°
SEM; females, 66.8° + 3° SEM; F(1,18) = 12.248,
P < 0.005]; on average male participants were character-
ized by smaller deviations than female participants.

90
O Males

B Females

Deviation (°)
g8 & 3 3
,_|_|
._|_|
._|_|
._|_|
._|_|
|_|_|

-
(&)

12346567 8 91011121314 151617 18 19 20
Participant

Fig. 4 Haptic baseline experiment. Bar chart of the distribution of
deviations from veridicality among participants. The error bars
indicate the standard error of the mean
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Non-informative vision experiment

In the non-informative vision experiment, the percent
changes for the separate conditions with respect to the haptic
baseline experiment are shown in Fig. 5. The factors of
reference bar position (left hemispace vs. right hemispace)
and gazing direction (towards either the reference or the test
bar) were analyzed in a repeated measures ANOVA with
gender as a between-subjects factor. The factors of reference
bar position [F(1,18) = 0.139, P = 0.714] and gazing
direction [F(1,18) = 0.09, P = 0.767] were not significant.
No interaction reached significance [0.014 < F(1,18) <
1.816, P > 0.195] except for the interaction between refer-
ence bar position and gender [F(1,18) = 5.055, P < 0.05],
but follow-up repeated measures ANOVAs separated by
gender did not reveal any difference between hemispaces
[F(1,9) = 1.837, P =0.208, and F(1,9) = 3.296, P =
0.103, for the male and female group, respectively]. The
difference between genders was significant [males, —14.7 +
4.7% SEM; females, —2.7 &+ 2.4% SEM; F(1,18) = 5.06,
P < 0.05]; on average the non-informative vision effect was
smaller for females than males. Follow-up repeated mea-
sures ANOV As on the gazing direction factor, but conducted
separately on the male and female groups, did not reveal any
significant effect [0.448 < F(1,9) < 1.073, P > 0.327].
Consequently, data were grouped among the conditions of
reference bar position and gazing direction. Simple two-
tailed ¢ tests conducted separately on the male and female
groups were run to check if non-informative vision actually
decreased the magnitude of the deviations. For the male
group, the non-informative vision effect was significantly
different from zero [#(9) = —3.097, P < 0.05]. On the
contrary, the non-informative vision effect failed to reach
significance for the female group [#(9) = 1.119, P = 0.292].

Males

Reference bar position
20 (@ Left hemispace
@ Right hemispace

m

Females
Reference bar position
20 @ Left hemispace
@ Right hemispace

. i
T

-20 -20

Non-informative vision effect (%)
o

Non-informative vision effect (%)
o

Test Reference Test
Gazing Direction

Reference
Gazing Direction

Fig. 5 Non-informative vision experiment. The bar charts represent
the non-informative vision effect for the conditions of gazing
direction and reference bar position. The left bar chart presents the
male group data and the right bar chart presents the female group
data. The error bars indicate the standard error of the mean

To further explore the non-informative vision effect we
considered the magnitude of the effect as a function of the
average haptic deviation and gender by conducting a
stepwise regression analysis for factor selection. We
decided on a significance level of 0.05 in order to deter-
mine which factors to include in the models, and a level of
0.1 to determine which to remove. The gender factor did
not produce a significant improvement of the regression
model; therefore, it was removed from the analysis. On the
other hand, we found that the average haptic deviation was
a significant predictor of the non-informative vision effect
[F(1,18) = 4.507, P < 0.05). The non-informative vision
effect (percent change) could be expressed as:

—39 4 0.5 x average haptic deviation(r = 0.45).

Therefore, in the range of interest the larger the average
haptic deviation was, the smaller the non-informative
vision effect tended to be (see Fig. 6).

Visual interference experiment

In the visual interference experiment the within-subject
factor of visual interference (—40°, —20°, 0°, 20°, 40°
compared to the haptic orientation) and the between-
subject factor of gender were analyzed in a repeated
measures ANOVA. Note that negative values of the visual
interference are away from the expected direction of
deviation, and positive values are towards the expected
direction of deviation. The percent changes with respect
to the non-informative vision experiment as a function of
the visual interference are shown in Fig. 7. In comparison
with veridicality, a positive direction indicates an increase
and a negative direction a decrease in the deviations. The
main effect of visual interference was significant
[F(1.865,33.571) = 32.929, P < 0.00001, & = 0.466], as

30

30 |

451 ©

Non-informative vision effect (%)

-60

30 50 70 90
Average Haptic Deviation (°)

Fig. 6 Non-informative vision experiment. Scatter plot of the non-
informative vision effect plotted against the average haptic deviation.
Each data point represents the non-informative vision effect for a
single participant
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Fig. 7 Visual interference experiment. Bar chart of the visual
interference effect plotted as a function of the visual interference.
The left bar chart presents the male group data and the right bar chart
presents the female group data. The error bars indicate the standard
error of the mean

was the interaction between visual interference and gen-
der [F(1.865,33.571) = 9.328, P < 0.001, &= 0.466].
On the contrary, the gender factor was not significant
[F(1,18) = 0.783, P = 0.388]. Pair-wise comparisons
showed that all the differences between visual interfer-
ence levels were significant (0.00001 < P < 0.05), except
for the comparison between —40° and —20°. Follow-up
repeated measures ANOVAs with the same factors, but
conducted separately on the male and female groups,
revealed a significant main effect of visual interference
for both males [F(1.589,14.3) = 25.689, P < 0.0001,
& = 0.397] and females [F(4,36) = 8.355, P < 0.0001].
Subsequent pair-wise comparisons revealed significant
differences between all visual interference levels for the
male group (2.498 < 1(9) < 6.095, 0.001 < P < 0.005),
except for the comparisons between —40° and —20°, 0°
and 20°, 0° and 40° and between 20° and 40°
[0.766 < #(9) < 2.779, P > 0.084]. On the contrary, sig-
nificant differences were found for the female group
between visual interference levels of —20° and 20°, and
of —20° and 40° [#9) =3.944, P < 0.05. and #9) =
3.823, P < 0.05, respectively]. All other comparisons did
not reach significance [1.215 < #(9) < 3.353, P > 0.064].

The visual interference effect was further analyzed by
linearly regressing the percent changes as a function of the
visual interference for each participant individually. The
slopes of the regression function were used as estimates of
the strength of the visual interference effect. Since the
intercepts do not convey any information of interest they
were not further analyzed. Simple two-tailed ¢ tests showed
that the visual interference strength was significantly dif-
ferent from zero for both the male group [#(9) = 5.626,
P < 0.0005] and the female group [#(9) = 3.542,
P < 0.01]. Subsequently, we considered the strength of the
visual interference effect as a function of the average
haptic deviation and gender by conducting a stepwise
regression analysis for factor selection. The same criteria as
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Fig. 8 Visual interference experiment. Scatter plot of the visual
interference strength (slope of the regression line fitted to the
individual visual interference effects as a function of the visual
interference) plotted against the average haptic deviation. Each data
point represents the visual interference strength for a single
participant

above were used to decide which factors to include and
which to exclude. Again the gender factor did not produce
a significant improvement of the regression model. On the
other hand, the average haptic deviation showed to be a
significant predictor of the visual interference effect
[F(1,18) = 5.785, P < 0.05]. The visual interference
strength (percent change/degree) could be expressed as:

0.77 — 0.009 x average haptic deviation(r = 0.49).

From this it follows that when the average haptic
deviation was larger, the visual interference strength and
therefore the visual interference effect became weaker (see
Fig. 8).

Discussion

In the present study, we addressed the question of how
certain aspects of the visual sensory modality interact with
haptic spatial processing. We explored the connection
between haptic spatial processing and the influence of non-
informative vision (i.e., vision of the near space, but
without any visual information that is directly relevant to
the task). Furthermore, we examined the interfering effect
of visual information by simultaneously providing discor-
dant haptic and visual inputs. Our main interest was to
tackle the question of whether the occurrence and the
strength of the effects of non-informative vision and visual
interference are modulated by the inter-participant differ-
ences usually present in haptic spatial processing, which
are thought to reflect a differential contribution of an
egocentric and an allocentric reference frame.

A first comparison between experiments showed that
additional sources of visual information had an
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ameliorating effect on performance. However, this first
simplified conclusion does not take into account the dif-
ferences between the conditions of each experiment, and
the expected gender-related and the inter-participant idio-
syncrasies. To deepen the understanding of these factors
we discuss the three experiments separately.

Our first experiment, the haptic baseline experiment,
confirmed the systematic pattern of deviations found in
previous studies on the parallelity task. Participants devi-
ated substantially from veridicality showing all the same
directional bias: the right bar had to be rotated clockwise
with respect to the left bar in order to be perceived as
parallel and vice versa. The magnitude of these deviations
was observed to be participant-dependent and ranged from
33° to 81°. Although males showed an advantage in per-
formance with respect to females, the distributions of
deviations of the two genders were not strictly separated
but overlapped, suggesting common underlying processes
determining the systematic deviations. The systematic
directionality of the deviations provided further strong
evidence that the origin of these deviations has to be linked
to the biasing influence of the hand orientation. We suggest
that the magnitude of the deviations depends on the pro-
portion to which the egocentric and the allocentric frames
of reference contribute. This interpretation finds support in
all the previous studies on haptic parallel matching (for a
review, see Postma et al. 2008). The present results make
clear that the distribution of deviations in the population
can range as a continuum between the representations of
space defined by the allocentric and the egocentric refer-
ence frames.

In our second experiment, participants were allowed to
see the surrounding environment during the haptic paral-
lelity task. Therefore, visual information was available, but
it was non-informative with respect to the demands of the
task. Despite this, we observed a beneficial effect of non-
informative vision on performance. Possibly, additional
information on the position of bars and hands could also
originate from proprioception (e.g., from neck muscles)
and may contribute to this effect. The direction and the size
of the effect were consistent with previous studies. Zuid-
hoek et al. (2004) reported an improvement of about 9%,
whereas Newport et al. (2002), who used a setup with
different characteristics, measured an improvement of
about 17%. In our experiment the average improvement
due to non-informative vision was 8.7%. Thus, the visual
information of the surrounding environment stimulates the
use of the allocentric reference frame and consequently
reduces the biasing effect of the egocentric reference
frame. Interestingly, the difference in performance between
genders increased in this experiment. Males improved by
14.7%, whereas females did not significantly change their
performance (2.7%). To disentangle a purely gender based

difference from a difference that originates in how haptic
spatial information is processed, we considered as a further
step in the analysis of this effect the magnitude of the non-
informative vision effect as a function of the average haptic
deviation. The average haptic deviation measured in the
haptic baseline experiment was taken as the indicator of the
contributions of the reference frames. We found that the
average haptic deviation was a significant predictor of the
non-informative vision effect. Specifically, the larger the
average haptic deviation, the smaller the non-informative
vision effect was in the range of interest. In this light, we
can suppose that the larger the biasing influence of the
egocentric reference frame, the more likely the suppression
of the processes that integrate haptic and visual information
will be. The reinforcement of the allocentric reference
frame was, therefore, less likely to occur. This relation
indicates that the preexisting tendency to recode haptic
spatial information into a specific reference frame may
have a direct influence on the way visual information,
when made available, is integrated.

A secondary purpose of the non-informative vision
experiment was to explore the relation between orienting
mechanisms and hemispace. Zuidhoek et al. (2004) found
that orienting the gaze towards the reference bar induced a
decrease in the deviations in the haptic parallelity task. The
facilitation could be explained by a more accurate per-
ception of the orientation of the reference bar in relation to
the left hand, since the reference bar was always placed in
the left hemispace. Our experimental design counterbal-
anced both the gazing direction and the position of the
reference bar in either the left or the right hemispace.
Neither the gazing direction nor the hemispatial position
showed a significant change in performance. The fact that
no gazing direction effect was observed could be due to a
difference in the experimental design: Zuidhoek et al.
(2004) grouped the trials in a blocked design according to
the gazing direction, whereas in our experiment the trials
were completely randomized. We might speculate that the
occurrence of the gazing direction effect is dependent on a
prolonged allocation of attention to the position in space
where the relevant stimulus is located.

In our third experiment, the visual interference experi-
ment, haptic performance was parametrically varied by the
simultaneously presented visual information. When the
visual bar was presented in an incongruent orientation with
respect to the haptic bar, but in the opposite direction to the
haptic systematic deviation, a partial reduction of the
haptic systematic deviation was shown. An opposite pat-
tern was observed, but less clearly, when the visual bar was
presented in an incongruent orientation with respect to the
haptic bar, but in the same direction as the haptic sys-
tematic deviation. Interestingly, even in the case when
haptic and visual information were congruent, performance
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could still vary with respect to the non-informative vision
experiment. On the basis of the foregoing, it might be
hypothesized that an intrinsic misalignment between haptic
and visual reference frames could be at the origin of this
discrepancy. The general pattern of deviations as a function
of the visual interference is in accordance to the effect
reported by Kaas et al. (2007). Although the visual input
was explicitly defined as irrelevant for the task at hand, we
observed a partial integration between modalities that
interfered with the execution of the haptic parallelity task.

The visual interference strength estimated from the slope
of the fitted regression line was different among partici-
pants. The steepness of the slope was more pronounced for
the group of male participants. For this reason, as a further
step, we explored the visual interference strength as a
function of the average haptic deviation. Similarly to the
non-informative vision experiment, we found that the
average haptic deviation was a significant predictor of the
visual interference strength. The lower the average haptic
deviation was, the more conspicuous the visual interference
strength tended to be, thus indicating an inability to disre-
gard a visual stimulus that is close and similar to the haptic
stimulus. On the other hand, participants that showed a
stronger hand orientation bias were less likely to be influ-
enced by the simultaneously presented visual information.
Therefore, also the way the visual interference effect occurs
suggests that the mechanisms underlying haptic spatial
processing can exert influence on how the information from
the visual modality is processed and integrated.

A generally accepted view is that the brain employs
multiple frames of reference to construct spatial represen-
tations of the external world (Colby and Duhamel 1996;
Flanders and Soechting 1995; Gross and Graziano 1995;
Paillard 1991). For haptic spatial processing we propose
that an egocentric and an allocentric reference frame
interact in the construction of the representation of space,
where the biasing influence of the egocentric reference
frame can vary in its magnitude between participants. This
interpretation was shown to well describe the inter-partic-
ipant differences. In addition, we suggest that the specific
contributions of the two reference frames can promote or
impede the integration of supplemental sources of visual
information. Spatial processes specific to the haptic
modality may influence the processes that combine haptic
and visual information. These results are in support of the
existence of strong but flexible cross-modal associations in
the construction of spatial representations.

In summary, we showed a beneficial effect of non-
informative vision and a biasing effect of interfering visual
information on haptic perception of space. Most interest-
ingly, the magnitude of the hand orientation bias was found
to be related to both the effects of non-informative vision
and visual interference.
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