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Abstract: Research has shown that the haptic perceptiomigrfitation is susceptible to systematic spatias bisarge and
systematic deviations have been found in haptialfgity matching tasks supporting a reference gdrased model. It has been
suggested that the observed deviations result fnenuse of a frame of reference that is intermediatan allocentric and an
egocentric reference frame. The systemic bias ef daviations seems be caused by the strong biatuged by the
hand-centered egocentric reference frame. In tapepresults of studies are discussed showingoagstevidence for the
abovementioned model in which egocentric repreientexist in parallel to allocentric ones, anavirich the former is biased
by a hand-centered reference frame. The extenticveach representation is used appears to depefiadtors like orientation,
distance, gender, task instruction, practice amditrg. Manipulations stimulating allocentric presing or reducing egocentric
processing have been shown to affect haptic pétalterformance.
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1. Introduction

Humans are constantly interacting with objects hisirt
environment. To locate or orient an object in pergonal
space, visual, haptic, and auditory informatiortted object
can be used in such a way that one is able to feadgrasp
it, manipulate it and/or use it. Our sensory mdiediextract
spatial information of the object, which is encodedelation
to a certain reference. If this reference is coditk respect to
the own body, it is referred to as egocentric ahboentered
referencing. Allocentric or object-centered refeiag, on the
other hand, is referred to when the location ofolject is
coded in relation to another object and withoutrefice to the
body. In the former an egocentric reference frasnased to
specify the location or orientation of the objeestth space
being represented internal to the perceiver, inlatier an
allocentric reference frame is used in which spase
represented external to the perceiver and indep¢rudehe
position of the perceiver (Klatzky, 1998). An acater
representation of peripersonal space seems cruoial
successful interaction with objects in this spagentrary to

Guerraz, 2001; Henriques, Flanders, & Soechtin@420

It seems obvious that when visual input is notlatée, the
haptic sense plays an important role in providimfgrimation
about the space and objects around us. Howeveic lspatial
representations are prone to errors, meaning that we feel
as having the same line length (Lanca & Bryant,51 98arks
& Armstrong, 1996), path length (Lederman, Klatzly,
Barber, 1985), shape (Henriques & Soechting, 2063)
orientation (Appelle & Countryman, 1986; Kapper999;
Luyat et al., 2001) deviates from what is physicéfle same.
Already in the first part of the previous centugsearchers
reported that haptic space is distorted in relatmphysical
space (Blumenfeld, 1937, Von Skramlik, 1937). Itswaot
until later in that century that the metric of hapspace
interested other researchers who concluded thatichap
distance estimates are not Euclidean (Brambring/619
Lederman et al., 1985). At the end of the centheyjidgment
of haptic spatial relations was studied in moreaiieby
Kappers and Koenderink (Kappers, 1999; Kappers &

what one would expect, our perception of space as nKoenderink, 1999). They used a so-called haptialfsity

veridical. This pertains to the visual modality (jpars,

task in which blindfolded participants were instatto align

Kappers, & Koenderink, 2000; Hermens & Gielen, 2003two bars in such a way that the orientation of st tear,

Henriques, Flanders, & Soechting, 2005) as weltcashe
haptic modality (Kappers, 1999; Luyat, Gentaz, €0&

presented in a random orientation at another logatielt
parallel to the orientation of a reference bar, chivas
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oriented by the experimenter. Significant deviasidiom the
veridical orientations were found and it was shdhet what
participants feel as being parallel is distortegnfrwhat is
physically parallel. The distortions or deviatidosned out to
be not only large but also showed a systematictiineality in

the (natural) orientation of the hand. When a leat to be
paralleled at the right side of the participantyidéons were
mainly in clockwise direction, when the bar wathatleft side,
deviations were mostly directed counter-clockwisagpers,
2004).

These deviations have been observed in hapticlelisal
tasks performed in different planes, like the (iaf)zontal
plane (e.g. Kaas & Van Mier, 2006, Kappers, 1998ppers &
Koenderink, 1999; Newport, Rabb, & Jackson,

213

2. Reference Frames

As stated before, when manipulating objects ingegsonal
space we can use allocentric or egocentric referéraanes.
Using an allocentric reference frame in the hapétcallelity
task would result in veridical performance, withttbdoars
being physically parallel. However, the (often)grand
systematic deviations that are found in this tasgly that
participants do not (only) use an allocentric refee frame.
On the other hand, the deviations are smallertiranotations
of the hand when one would (only) favor an egodentr
reference frame (Kappers, 2002; 2003). Following th
suggestion of Soechting and Flanders that perfocman

opo2-eaching and grasping tasks is most likely deteechiny an

zuidhoek, Kappers, Van der Lubbe, & Postma, 2008 V intermediate frame of reference (Flanders & Soaghtl995;

Mier, 2013), the frontoparallel plane (Hermens, gais, &
Gielen, 2006; Volcic, Kappers, & Koenderink, 200Te
midsagittal plane (Kappers,
dimensional plane (Molcic & Kappers, 2008) and bmth

unimanual and bimanual responses (Kappers & Koamder

Soechting & Flanders, 1992), Kappers proposedaheegor
haptic spatial matching tasks (Kappers, 2002). siggested

2002; 2004), the thredhat what is haptically perceived as being parakeims to be

determined in a frame of reference intermediateato
egocentric frame centered on the body and an altdce

1999 Kappers, 2002). A study by Fernandez-Diaz arff@Me anchored to external space (Kappers, 20003)20

Travieso (2011) even found large and systematigations
when the parallelity task was performed in reaigsgsonal
space (behind the back of the participant), withiateons
clearly being influenced by the natural orientatidthe hand.
Furthermore, making two bars collinear or perpeudicto
each other resulted in deviations comparable toimgathe
bars parallel (Kappers, 2002; 2004; Kappers & Keeimd,

Making two bars perpendicular to each other reduite
similar deviations as making them parallel, withmean
deviation of 38.2° for parallel matching and 37@ making
the bars perpendicular to each other (Kappers, )200%as
assumed that for both tasks the outcome dependthen
reference frame used, with the biasing influence trod
egocentric reference frame being the same for peipelar

1999). In a recent study by Coleman & Durgin (2014 nd parallel matching. The use of an intermediaference

participants had to bimanually match the slope tdfarence
board that was felt with the left hand to that ofeat board
adjusted by the right hand in a sagittal plane. Témults
showed that the deviations in this haptic perceptask of
surface orientation reflected an egocentric biaspgarable to
those found in tasks where bar orientations hdwktmatched.
The magnitude of the deviations has been foundeto
participant-dependent, meaning that although atigpants
showed systematic deviations, the range of thoseiiens
varied between participants and was found to bg berad.
Van Mier (2013) found inter-individual variations ittv
deviations ranging from 3° to 44° over participaitsa study
by Kappers (2003), the deviation between the beesaged
over 68 subjects was 41°, but the size of the deviaanged
from 8° to 91°, showing a great inter-individualriadion in
deviation size. This variation has been reporteshamy other
studies (Kappers, 2004; 2007; Kappers & Liefers120
Kappers, Postma, & Viergever, 2008; Kappers & Seha

rame can explain why the size of the deviatiorgaigicipant
dependent, since it depends on the extent to vithiethaptic
performance of a subject is dominated by an egdcent
reference frame. If a subject relies more on ancegmic
frame of reference, large deviations can be expeirtehe
parallelity task, because within this referenceneahaptically
gparallel would be defined as “the same orientatiith
respect to the hand”. If, however, a subject reliese on an
allocentric frame of reference, haptically paraleduld also
be close to physically parallel. The errors obsgrnvehaptic
parallel matching suggest that an egocentric reterdrame
biases judgments of allocentric space. The deviats@em to
be the result of a combined use of egocentric dindemtric
reference frames (see figure 1). What is perceiasd
perceptually parallel is the weighted average dhbmmes,
with the weight (i.e., how much both reference feam
contribute), depending on the task and/or partitiidappers,

k 2004; 2007; Kappers & Viergever, 2006; Van Mier,120

2011 Kappers & Viergever, 2006: \olcic, Van RheedePICiC etal., 2007; 2008).

Postma, & Kappers, 2008; Zuidhoek et al., 2003),was not
accounted for by factors as arm length (Van Mi@13) and
span, or shoulder width (Kappers, 2003). Furtheemoo

differences regarding systematic directionally webserved
for left-handed participants compared to right-remsd
(Kappers, 2003). Despite these large errors, paatits were
convinced that both bars had the same physicattatien in

space.

In the parallel-setting task, the output is a carabon of
haptic orientation perception and haptic orientatio
production, and it therefore makes sense thatesarefe frame
intermediate between an egocentric and an allaceorte is
used. Hermens and colleagues (2006) hypothesizatl th
parallel matching involves three stages: 1. peforpf the
orientation of both bars, 2. transfer of the peredi
orientation of the reference bar to the locationthef test bar,
and 3. the production of the transferred orientatibthe test
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bar. Because there is no visual input, the firgtsghof haptic
input processing requires necessarily an egocefnémoe of
reference because the sensory input is channeledgth the
hands (Zuidhoek, Kappers, & Postma, 2007).
information then has to be transferred to the otierd to
match the orientation. When participants eithertoaderbally
report a perceived orientation or had to set a algrb
presented orientation, significantly smaller devias were
observed in these conditions than in parallel nmatch
(Hermens et al., 2006; Zuidhoek, Kappers, & Post2005;
2007). Because the sum of the deviations in botksta
(perception and production) was smaller than theatiens in
the parallel task, Hermens and colleagues (2006yesied
that the deviations must be the result of the feansf the
perceived reference orientation to the locatiothefmatching
bar, even when taking into account that the pdrakk was
performed bimanually while the perception and pubidun
tasks involved unimanual performance. Another enqguian
given by Hermens et al. (2006) is that participanight have
mainly used an allocentric reference frame in tBec@ption
and production tasks, while in the parallel matghissk both
an ego- and an allocentric frame was used.

Taken the above into account, one would expectwhain
the use of an egocentric reference frame woulddreficial
or comparable to an allocentric reference frameppmance
should be more accurate or close to veridical. T$hisdeed
what has been observed when participants wereuatstt to
position the test bar in such a way that the referebar and
the test bar formed each other’s mirror imagehis $o-called
haptic mirror task, which was performed in the rhatizontal

plane, small and random deviations have been regort

(Fernandez-Diaz & Travieso, 2011; Kaas, Van MieG@&ebel,
2007a; Kaas, Van Mier, Lataster, Fingal, & Sacl)Zi) Kaas
& Van Mier, 2006; Kappers, 2004; 2007; Van Mier,L3D. In
contrast to the parallelity task in which large aydtematic
deviations have been found, in the mirror task atdwns were
small and random. These differences in size of alevis
might be explained by the reference frame beingl lisethe
participants. In the mirror task, using the samefigoration
for the hands by mirroring the setting of the hatm®ach
other by utilizing an egocentric reference franesults in the
same high level of accuracy as the use of an altdce
reference frame (Kappers, 2004; 2007). For mirratamng
the use of both reference frames would corresponthé
setting of the test bar shown in C in figure 1.

To summarize, the size and direction of the demgti
found in haptic parallelity matching strongly suggea
reference based model, in particular, an intermtedeference
frame model, with involvement of egocentric as wed
allocentric representations.

3. Nature of the Egocentric Reference
Framein Haptic Parallelity Matching

When one refers to an egocentric reference fragerdang
haptic performance, it is important to establishwdrich body
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part(s) the reference frame is centered. Luyatcatiéagues
have suggested a hand- and shoulder-centeredrredcirame
for haptic tasks (Luyat, et al., 2001; Luyat, Marda Gentaz,

Thi2005), while others have proposed an arm-centeeegl. (

Blumenfeld, 1937; Flanders & Soechting, 1995; Stagh&
Flanders, 1992) and a body-centered (e.g. Millakl&ttar,
2004) frame of reference. Results reported by Kepped
Viergever (2006) support a hand-centered egocentric
reference frame with respect to haptic parallatigtching. In
this study participants were instructed to perfdaha haptic
parallelity task using different hand orientatiomgth their
hands being either oriented straight ahead, rotat¢de left,
to the right, outwards or inwards. They found ttegt size of
the deviations was strongly influenced by the redat
orientation of the hands as predicted by a predantin
hand-centered egocentric frame of reference. Horwvegehe
authors state, an additional but much smaller énfae of the
body-centered frame could not be excluded. Inlavielp to
the abovementioned study, Kappers and Liefers (Rased
participants to perform the parallelity task at $aene position
horizontally by presenting the bars in front of buaely midline,
with reference and test bar being 12 cm apartoadlyi This
set-up excludes the influence of a body-centeréerence
frame. The angle between the arms/hands was sytitaltya
varied from 40° to 180°. Systematic deviations wknend
that correlated positively and significantly withet angle
between the arms/hands and strongly suggest a drand/
centered egocentric reference frame.

Figure 1. lllustration of hypothetical responses in haptiarallelity when
using different reference frames. A. The orientatib the reference bar that
was explored with the left hand and had to be peled by the participant
with the right hand on the test bar. B. Orientatafrthe test bar when a purely
allocentric reference frame would have been useth Bars have the same
physical orientation with respect to an allocentréference frame, e.g. the
horizontal side of the table (a). Parallel matchiwguld have been veridical.
C. Orientation of the test bar when using a puegpcentric reference frame.
Here both bars have the same orientation with resfmethe participant’s ego
center, in this case the hands (b). Parallel matghivould have shown
deviations that corresponded to the natural ori¢giota of the hand at the
location of the test bar. D. Typical orientationtbé test bar by a participant,
with the setting of the bar being intermediate leetw allocentrically and
egocentrically parallel.

Additional evidence for a hand-centered egocentric
reference frame was found by Volcic and Kappers0820
using a three-dimensional unimanual parallelity ktas
Participants had to make eight test bars, whichldcde
oriented in three dimensions, parallel to a refeeelar. The
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orientations of the bars were specified by theaiitd slant
angles. Also in this task, the deviations coultést described
by a hand-centered weighted average model in which
weighted egocentric biasing effect of the hand te t
allocentric frame of reference is assumed. Usingaptic
mental rotation task, Volcic, Wijnties and Kappg&009)
explored the nature of the reference frame in ageition task
instead of a manipulation task. In this study p#ptints
bimanually explored two bars of 20 cm length tretlehad a
smaller bar attached at the top. The smaller batdcbe
attached on the right or left side of the main besulting in a
task comparable to the Shepard and Metzler meotation
task. Both bars were set at a predefined but differ
orientation, and participants had to keep both kaimda
divergent, convergent or aligned orientation. Rgéints had
to state if both bars were the same or differehie Tesults
were in line with the proposition of an interactiogtween an
allocentric and egocentric reference frame. Witipeet to the
latter, a hand- and body-centered reference framgibuted
to the haptic processing, although the hand-cediténame
was found to be the most dominant.

Kappers (2007) asked her participants, after thag h
finished the parallelity task, to place their hamis natural
way at the locations at which they also had peréatrthe
parallel-setting task. The direction of the midfiteger was
defined as the orientation of the participant’s dvaantered
reference frame for each location.
orientations of the hand settings with the origatet in the
parallelity task for each participant and fitte@ ttesults to a
hand- and body-centered model. She found that &itise 10
participants the results were best described tand{tentered

model, while a body-centered model outperformed th

hand-centered model for only 2 participants. Voleiod
colleagues (2007) reported a similar correlatiotien hand
orientation differences and parallelity deviatioms the
frontoparallel plane.

Van Mier (2013) showed that when the egocentris loifa
the hands was reduced in the parallelity task,aleris were
considerably smaller. When participants were ircséd to
parallel the orientation of the reference bar lawing instead
of setting the orientation of the test bar, deviadi were

She compared t
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orientations had to be matched compared to cardinal
orientations (e.g. Kaas & Van Mier, 2006; Kappetr999,
2002; 2003; Van Mier, 2013). Additionally, the mégde of

the deviations has been found to be influenced dsk t
instruction (Kaas & Van Mier, 2006; Van Mier, 2013}
combination of training and feedback resulted maginally
improvement (Kappers, et al., 2008).

4.1. Distance between and Orientation of the Bar(s)

An interesting observation has been that deviatioms
haptic parallelity showed a horizontal gradientt lmot a
vertical gradient. Deviations from parallel incredglinearly)
when the distance between the reference and testdraased
in the horizontal direction (Fernandez-Diaz & Tesg, 2011;
Kaas & Van Mier, 2006; Kappers 1999, 2002, 2003 &as
& Koenderink, 1999; Van Mier, 2013; Zuidhoek et 2003),
but not when the distance was changed Vvertically
(Fernandez-Diaz & Travieso, 2011; Kappers & Koeimier
1999). This finding is additional evidence for th&sing
effect of the hand-centered egocentric refererammdr When
the horizontal distance between the bars is inedgathis
affects not only the distance with respect to theyb(Kaas &
Van Mier, 2006), but also the orientation of thents
(Kappers & Viergever, 2006).

Remarkably, the magnitude of the deviations intthptic
parallelity task has also been found to be depdnderthe

ientation of the bar. It has been shown that mpasicipants
have smaller deviations when matching cardinalnbaigons
of 0° and 90° than when matching oblique orienteitike
45° and 135°. This so called oblique effect, faisserved and
described by Appelle (1972) for the visual domana dater
feplicated by Lechtelt, Eliuk and Tanne (1976)tfoe haptic
domain, reflects a generally faster and also ma®urate
processing of stimuli aligned with vertical and iaontal
orientations than with oblique orientations. Thptimoblique
effect has been observed in studies using an etpgor
reproduction task (e.g. Gentaz & Hatwell, 1995; kens et
al., 2006; Kaas & Van Mier, 2006; Kappers, 19992®003;
2004; Kappers & Viergever, 2006; Lechtelt & Verenk880;
Van Mier, 2013; Volcic et al., 2007). An importariservation
is that the reference frame one relies on playsieal role in

reduced up to 70%. Because the drawing movements W&o presence of the oblique effect. This means dbéique

directed by the arm/shoulder, the hand was maisiduo
hold the pen, thereby reducing the bias of handwhatching
the orientation of the reference bar.

In sum, the outcome of the abovementioned studipsiés
that performance in the haptic parallelity taskmigst likely
influenced by the use of a mainly hand-centereccexgiic
reference frame.

4. Factors Affecting Parallelity Matching

Several factors have been reported that affectedxtent
in which ego- and allocentric processing influendegptic
parallelity performance. It has been found thatfqrerance
deviated more from veridicality when the horizordadtance

orientations and cardinal (horizontal and verticaigntations
are defined with respect to a reference frame and,
consequently, do not have to be the same for altdceand
egocentric frames of reference. Thus, if a parictprelies
more on an allocentric frame of reference, thequigieffect
will lead to larger deviations for 45° and 135°emtations,
since those are considered as oblique orientafidappers,
2003; 2007). However, for a more egocentricallyeoréd
participant, 45° and 135° orientations are alignégth the
hand and therefore are cardinal with respect tetgoeentric
reference frame. This leads to a reverse obligdectef
deviations for cardinal orientations are largemtltiaose for
oblique orientations (Kappers, 2003). This effeen cbe
expected primarily when the hand is placed atgeladistance

between the hands was increased and when obligygh respect to the body, since the hand is théented more
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obliquely than at a shorter distance. Participahtaving large
deviations in the parallelity task most likely ratyore on an
egocentric reference frame, whereas participants amnly
small deviations might rely more on an allocenframe of
reference. As a consequence, for egocentricallgnted
participants with large deviations, the obliqueeeffshould
reverse. This was indeed observed in several st{dermens
etal., 2006; Kappers, 2003; 2004; Kappers & Vieege2006;
Volcic et al.,, 2007). Thus, the occurrence of thevérse)
oblique effect is also providing further evidencer fthe
existence of an intermediate frame of referenceolaigue

Haptic Perception ofiRgity

by training and feedback. Without informing thearficipants
about their biased performance, they studied tifectsf of
visual training (seeing the correct orientatiohsjptic training
(feeling the correct orientations) and combinedieibaptic
training (seeing and feeling the correct orientajo In
addition they studied the effect of error feedbaxk the
performance of the participants, again under viwgitic and
visual-haptic conditions. They showed that the sbbess of
the deviations persisted even after participarasived haptic
and/or visual feedback and training. Haptic or &lduaining
did not significantly decrease the magnitude ofdbeiations,

effect is expected when participants rely more am aonly combining both training modes resulted in aalrut
allocentric reference frame, whereas a reversgqubkeffect is significant improvement. This improvement was ekmd by
expected for participants giving higher weight tbet a more pronounced reliance on an allocentric raferérame.

egocentric reference frame. Additionally, thesedifigs
support a hand-centered egocentric reference frame.

4.2. Influence of Task I nstruction

That the size of the deviations can also be depermiethe
task instruction has been shown in studies by Fele#&Diaz

Although providing participants with haptic and was
feedback about their errors reduced
performance was still far from being veridical, sirg that
the egocentric component of the reference frame stidls
persistent. As the authors state, it might be ¢xéénsion of
the feedback phase would eventually lead to mor&lical

and Travieso (2011), Kaas and Van Mier (2006), kapp Parallel matching.

(2004) and Van Mier (2013). In these studies pipdicts
performed a regular haptic parallelity task as aslla haptic
mirror task. In both tasks, matching a 90° (vef}icaientation
involves the same setting of the bar and positiproh the
hands, regardless if the test bar had to be madslgleor
mirrored to the reference bar. One would expedtttiexefore
the deviations at the 90° orientation would be nmrkess the
same. When Kaas and Van Mier (2006) and Van Mi@t32
directly compared deviations at this orientationthia parallel
and mirror task they found that making the barsalbelr
resulted in significantly larger deviations thanrmmiing the
bars. This difference is also clearly apparenthia tlata of

5. Task Manipulations Affecting
Allocentric and Egocentric Processing

If haptic parallel matching is indeed influenceddgo- as
well as allocentric reference frames, it might éogected
that manipulations favoring more allocentric praieg, or
minimizing egocentric processing, would result imadler
deviations. Several studies have provided evidématethis is
certainly the case. A shift to the use of more cafdric
processing by introducing a delay between explonatind
matching (Postma, Zuidhoek, Noordzij, & Kappers0&0

Fernandez-Diaz and Travieso (2011) and Kappers4§200 7 idhoek et al., 2003; 2007; zuidhoek, Kappers, idai,

although they did not statistically compare the idéens.
These results indicate an intra-individual weightiof the
egocentric and allocentric reference frames depgndn the
experimental task instruction.

4.3. Influence of Training and Feedback

When performing the haptic parallelity task, pap@nts
usually don't receive feedback regarding their gemiance
and the orientation of the test bar and deviatieperted so
far have been based on 3 to 5 repetitions onlafparticular
orientation.
experience with haptic parallelity matching, itrgs up the
question if deviations would be smaller or evemeiated,
once participants were given information about thek,
feedback about their settings and/or were abledotjce the
task. Hermens et al. (2006) showed that being inéar about
the task did not influence performance. They comgahe
deviations of participants who had prior knowledd®ut the
systematic errors in this task with naive partiotgawithout

this knowledge and found that the deviations weot n

significantly different. Additionally, Kappers armbworkers
(2008) found that the deviations were only mardynaffected

Because most humans do not have mu@,l']]

Van der Lubbe, & Postma, 2004a), or providing vistees
(Newport et al., 2002; Van Mier, 2013; Volcic et,&008;
Zuidhoek, Visser, Bredero, & Postma, 2004b), resulin
improved performance. The same was observed wiednidls
of the hand-centered egocentric reference frameradisced
or eliminated (Kappers & Schakel, 2011; Van Mid€¥12).

5.1. Effect of a Delay

One of the manipulations that has been shown toawep
haptic parallel matching is the introduction ofeday between
e exploration of the reference bar and the pelraditting of
the test bar (Zuidhoek et al., 2003; 2007). A deai0 sec led
to improved, however still biased, performance, parad to
parallel matching without a delay. The authors psmul that
due to the inclusion of a delay, visual imagerytlod felt
orientation was stimulated resulting in a shift nfroan
egocentric reference frame towards a more allomentr
reference frame. Thus by introducing a delay, thréhution
of the allocentric reference frame was increasedreds the
influence of the egocentric reference frame waseaiesed,
consequently leading to better performance on #rallelity
task (Zuidhoek et al., 2003, 2007). In contrasthi® above,

the deviations,
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Kaas, Van Mier and Goebel (2007a) did not showftateof
a 10 sec delay on haptic parallel matching. Inrtheictional
magnetic resonance imaging study participants pedd the
parallel task while lying in an MRI scanner. An ianfant
difference is that in this study an intermanuatatise of only
35 cm was used, while Zuidhoek and colleagues (22037)
used distances between 60 and 120 cm. Deviatidhe ahort
35 cm distance were already very small in the doi
without delay. However, brain activations obserdedng the
delay showed involvement of different visual areadivation
in fusiform gyrus, active during the first periofitbe delay
and parieto-occipital cortex being activated latethe delay
interval (Kaas et al., 2007a), in line with the gegted visual
imagery of the orientations during a delay.

Evidence pertaining to a shift from ego- to alldcien
processing due to a delay also comes from studitsbhnd
people, showing that a delay improvement on pdrsdiing
was only found in adventitiously blind participantsot in
congenitally blind participants (Postma et al., 00uidhoek
et al.,, 2004a). It was suggested that the condbniténd,
who were blind from birth on, have limited spatialagery
abilities necessary to generate allocentric reptasens and
therefore profit less from a delay. This is in lwéh results
reported by Ruggiero, Ruotolo and lachini (2012pvibund
that congenitally blind participants showed a diffty in
processing allocentric information regarding spatations
in a horizontal plane compared to adventitiousipndyl who
became blind later in life, and blindfolded sighgedticipants.
Results pertaining to deaf individuals showed tppasite
pattern. Van Dijk, Kappers and Postma (2013) stlitiptic
parallelity in deaf signers, hearing sign languaderpreters

and hearing controls. They found that the formed hasuggested by results reported by Lawson, Boylan and

significantly smaller deviations after a 2 and &6 delay than
both hearing groups, whose deviations were notfggntly
different. According to the authors, these ressitggest that
deaf individuals might be better in processing adltric
spatial information, most likely because of a sgy@mnreliance
on visual spatial processing and/or superior vigatal
capacity.

Although not directly comparable to the above-nmdd
delays, unimanual performance resulted in quaiviiiyt
smaller deviations than bimanual performance (Kep#999;
Kappers, 2002). In the former the same hand exgplthe
orientation of the reference bar and reproducedatientation
on the test bar, while in the latter both handsewesed
handling both bars simultaneously. It was suggestatithe
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haptic parallelity task in which participants wéaedfolded,
was compared to performance on the parallelity taskhich
they were provided with non-informative vision.the latter
condition, the set-up and the hands of the patitip were
blocked from their view but they were able to fyeddok
around. A significant reduction in deviations i tharallelity
task was found in the condition with non-informativision
(Newport et al., 2002; Volcic et al., 2008; Zuidkoet al.,
2004b). The results of these studies imply thaibbmiseven
although non-informative, stimulated the use oflocentric
reference frame. However, the bias of the egoaergference
frame could not be cancelled out completely, seystematic
deviations were still obtained and improvements tha
parallelity task were only reflecting a small perage of the
total deviation. Non-informative vision has alscebeshown
to improve the spatial resolution of touch in pap@nts
(Kennett, Taylor-Clarke, & Haggard, 2001). In aduit when
participants were instructed to orient their heiad @yes in the
direction of the reference bar in a no-vision adl &s in a
non-informative vision condition, smaller deviatiorwere
observed in both conditions compared to directingchand
eyes straight ahead (Zuidhoek, et al., 2004b). dlhors
hypothesized that this orienting behavior might éhav
increased visual imagery and/or attentional resmjrc
modifying the initial egocentric representationcird more
allocentric representation resulting in improvedcpetion of
the haptically perceived orientation of the refeerbar.
However, another explanation might be that the owement
is due to the fact that when the head is turnectdsvthe bar
that is explored, proprioceptive and haptic inpetthought to
be remapped in a more allocentric reference frage,

Edwards (2014).

Areduction in deviations was even found when pagoréints
received interfering visual information in the petity task.
In a study by Volcic and colleagues (2008) a bath vein
orientation that was different from the felt oriation, was
visually presented while participants had to mateh latter.
Even interfering visual information seems to stiatelthe use
of an allocentric reference frame. In a study byaKat al.
(2007b), in which a bar, either oriented congruentr
incongruently with the orientation of the refererwa, was
visually presented on a screen while the partidipaas
simultaneously performing a haptic parallelity tasko
beneficial effect of visual information was foundl.notable
difference with the above mentioned studies is thathe

memory component involved in the unimanual conditio study by Kaas and colleagues (2007b) participamtfdconly

might have stimulated the use of a more alloceméference
frame, by means of visual imagery or cognitive pssing.

5.2. Influence of (Non-) Informative Visual I nformation

Haptic parallelity judgments have also been affétig the
provision of vision, informative as well as nonénfative,
resulting in smaller deviations. Non-informativesioin refers
to the fact that, although participants were predidwith
visual information about their environment, thioimation
was not directly relevant to the task itself. Parfance on the

see the screen through a black tube, without afeyenece to
the edges of the screen or any other external clieis.
suggests that it is the information obtained frohe t
surrounding environment that induces the use aillanentric
reference frame, not vision per se.

To study the effect of informative vision, Van Mig013)
conducted a study including a condition in whicltiggpants
had full view of the test bar and their matchingdavhile the
reference bar and exploring hand were blocked ftbeir
view. Compared to a reduction in deviations of 9%l¢ic et
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al., 2008; Zuidhoek et al., 2004) to 17% (Newpogle 2002)
as a result of non-informative vision, deviations the
so-called visual haptic parallelity task of Van Mig@013)
were almost half the size of the deviations obskrvethe
standard haptic parallelity task. It was suggesked being
able to make use of external visual cues in thaaliaptic
parallelity task, like the sides of the table amdhe sides of
the metal plate with the protractor and bar, stated the use
of an allocentric reference frame even more tham-no
informative vision.

5.3. Reduction or Elimination of the Egocentric Bias of the
Hand(S)

Improved parallelity matching has been reported
conditions where the egocentric bias of the hands w
decreased. Van Mier (2013) showed that when theergdc
bias of the hands was reduced in the parallelityk,ta
deviations were considerably smaller (up to 70%)ome of
the conditions of this study, the visual haptic ghiatity
drawing condition, participants were instructeghéwallel the
orientation of the reference bar by drawing instehdetting
the orientation of the test bar. They had full vieftheir
drawing hand, but the reference bar and consequéethand
that explored this bar, were blocked from theimviBecause
participants had to draw lines with a length ofeaist 20 cm,
the drawing movements were directed by the armisleou
(Dounskaia, Goble, & Wang, 2011), compared to mamm
that were guided by the hand when participantslieéed the
orientation of the reference bar using the testlbahe haptic
parallelity condition participants use the wholenthato
position the bar in the perceived orientation amsttikely try
to align both hands. In the visual haptic parajetirawing
condition the hand is mainly used to hold the medraw and
parallel the orientation of the reference bar, wiiile drawing
movement is made from the arm/shoulder. The imprere
was not just due to the fact that subjects were tbsee their
drawing hand. In the same study participants expldhe
orientation of the reference bar, with both hand laar being
out of view, while they had full view of their métiog hand
and the test bar. In this visual haptic paralletiyndition,
deviations were almost half the size of those i tigular
haptic parallelity task. However, deviations in thkisual
haptic parallelity and the visual haptic paralieldrawing
condition differed significantly, with an additidnsignificant
improvement in the drawing condition. Although paEpants
had full view of their ‘matching’ hand in both cadtidns, in
the visual haptic parallelity task participantsdbed the entire
length of the bars with their full hands in ordeperceive and
parallel the orientation. The improved performameen
drawing the orientation must therefore be due &r#duced
bias of the hand and the use of the arm/shoulder.

Kappers and Schakel (2011) included a visual candin
their study in which the use of the hands was cetep}
eliminated. Participants did not rotate the testthamselves,
but they had to instruct the experimenter how tateothe test
bar in order to make it parallel to the referenee. bThe
distance between the bars was 120 cm. Comparéed taaptic
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condition deviations in the visual condition weignificantly
smaller, being only 25% of those in the haptic dtiol.
Performance, however, was not veridical, and sigjgests an
egocentric bias in the visual condition. In thisndiion,
participants most likely used an eye-centered eefss frame,
being less biased then the hand centered-refefeac® in
haptic parallel setting.

6. Gender Differences

A consistent finding in haptic parallelity matchiig the
observation that men outperform women in this taskher
study including 68 participants, 34 males and 3dhdies,

ifkappers (2003) found that women had on averageatiens

that were 12.7° larger than those of men. It mighsuggested
that these gender differences in Kappers’ studyevaere to
differences in education or job experience. Witl§646f the
female participants having administrative jobs &€l being
physicists, only 3% of the male participants had an
administrative job while 97% were either physicigis
technicians. However, a direct comparison betwesmafe
and male physicists showed that the latter hadatiewis that
were 7° smaller than those of their female collesgu
suggesting that the gender difference was not dependent
on education and/or job experience. This gendeatadl
advantage for men regarding haptic parallelity maig has
since then been replicated by others in the midzbotal
plane (Kaas & Van Mier, 2006; Kappers, 2007; VareMi
2013; Volcic et al.,, 2008; Zuidhoek et al., 200Mda
frontoparallel plane (Hermens et al., 2006).

The abovementioned gender difference in deviatioiggt
be explained by different contributions of the egudc
reference frame in women than in men when perfagnan
parallelity task. Kappers (2007) found that malad Bmaller
egocentric weighting factors than females, and estggl that
women might be more egocentrically oriented than.rBased
on the fact that the inclusion of a delay of 10 skowed an
improvement that was similar in men and women, Hoik et
al. (2007) proposed that men not necessarily ralyenon an
allocentric reference frame, but that they arecbétian women
at overcoming egocentric biases when performingdidhégsks.
In the same study they asked participants to r@akar to
match a clock time that was verbally presentedh¢ont by the
experimenter and found no significant differencesited to
gender. According to the authors, the act of nogadi bar seems
to be less bhiased by an egocentric (hand) referizan®e. No
information was provided regarding the way partcis
performed this task. However, it is very plausitieat
participants did not use their whole hand to roth&ebar, but
their fingers, resulting in a reduction of the bidishe hand. On
the other hand, when participants were instruaeeport the
orientation of a bar as a clock time, significargénder
differences were found. In this so-called perceptiask,
participants pressed the hand on the bar somefothesed by
a hand movement over the bar, most likely using tthole
hand to explore and feel the orientation of the in&roducing
an egocentric bias by the hand. This idea is stipgdny results
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of Van Mier (2013), who found that providing visualinfluence of the hand-centered egocentric referénacee was

information resulted in improved performance thaswimilar
in both genders. Although both males and females aBle to
use the allocentric cues provided by the visuarimftion of
(the set-up of) the test bar, performance of thmafe

reduced, the latter did not bias performance of fdmale
participants as was the case in the haptic patglbaid visual
haptic parallelity conditions. Only in the latteonditions,
performance of the male participants was signifigaetter

participants was significantly worse than of the lana than of the female participants.

participants. In this condition participants touththe entire
length of the bars with their full hands in orderperceive and
replicate the orientations, which most likely bihst¢he

Additionally, no differences between women and mene
found in the haptic mirror task, where the useroégocentric
hand reference frame is beneficial (Kaas & Van M2806;

performance of the women more than of the men. Théan Mier, 2013). Even when the distance betweenbtims

abovementioned results suggest that both gendefis tprthe
same extent when allocentric processing is stiradlafhe
finding that women still had larger deviations thman can be

was twice the length of the arm, both genders perdd
equally. As stated before, even when women perfarstask
egocentric and men allocentric, in the mirror tdsk would

ascribed to the fact that women have more problemgsult in the same orientation, which was indeedctise.

overcoming the egocentric bias of the hand.

If the latter is indeed the case, differences ifqgemance
between women and men should not significantlyedifh
conditions where the egocentric bias is absentinimmzed.
In studies that reported non-significant gendefedénces in
parallelity matching, this can most likely be dttried to the
above. In one of the studies, Kappers and Schak¥l1i
compared gender related performance between aclaqtia
visual parallelity condition. They found signifidcagender
related differences in the haptic condition, butindhe visual
condition. In the |latter, participants instructechet
experimenter to orient the test bar so it would anathe
reference bar, instead of orienting the test bemtfelves, as in
the haptic condition. Therefore, the egocentris bitthe hand
and arm was completely eliminated in the visualditon.

Differences between male and female participante aiso
not significant in the study of Kappers and Lief€¢@812). As
stated above, in this study participants explonmed matched
the orientation of the reference and test bar at dhme
location horizontally with a slight difference \ieglly. The
authors assumed that the non-significant gendderdifce
was due to the limited number of participants (6emand 6
females) in their study. However, one might speteulhat the
lack of a gender difference in their study is du¢he fact that

Taken together, the findings with respect to gender

differences in the parallelity task corroborate tha&m that
women profit from the use of an allocentric refeeframe in
parallel setting to the same extent as men, buhibg less
efficient in overcoming the egocentric bias of tzand.

7. Conclusion

Research performed during the last 15 years hasgrstiwat
haptically perceived parallel settings deviate faaridicality.
The reported deviations support the view that &erinediate
frame of reference modulates the haptic perceptdn
parallelity. The biases found in haptic paralleltching are
consistent with the idea that ego- and allocenierence
frames play complementary roles. The systematacton of
the deviations suggests that the nature of the esdoc
reference frame is most likely centered on the harte
extent to which each frame contributes has beenddo
depend on factors such as the horizontal distaeteden the
hands; the orientation of the bars; training aretiback; task
condition and instruction; gender of the participamclusion
of a delay; provision of (non)informative cues; arduction
of the egocentric bias. The reported findings gjtlean the
idea of a reference frame based model in the hpptizeption

the distance between the hands was zero. As has beax parallelity.

described above, for
participant, increasing the horizontal distancewieen the
bars will affect the orientation of the hands mthran for a
participant that is more allocentrically oriente§o in

conditions where there is a horizontal distancevbeh both
hands, a more egocentrically oriented participaifit vave

larger deviations. However, when the hands perfibrentask
at the same position in horizontal space, as wasdke in the
study by Kappers and Liefers (2012), no differewcaild be

expected between more ego- and allocentrically nte
participants. The absence of a gender effect i shidy is
consistent with the abovementioned idea.

When the egocentric bias of the hands was minimagéh
the study by Van Mier (2013), deviations betweendte and
male participants did not differ significantly. Agported
above, in the visual haptic parallelity drawing diion
participants had to draw the matched orientati@taBise the
drawing movement was guided by the arm/shouldet,the

a more egocentrically oriented
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