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Abstract

Context and relevance. Accuracy of object distance estimation in a distant space is affected by the integra-
tion of visual, proprioceptive, and vestibular information. Objective: examining the contribution of visual,
proprioceptive and vestibular information in estimating the egocentric distance of an object in peripersonal
space. Hypothesis. Reliance on the integration of visual and proprioceptive information will predominantly
affect the accuracy of estimating the distance of objects in peripersonal space. Methods and materials.
22 participants were estimating egocentric distances of a stimulus, positioned on 20, 40 and 60 cm. Three
tasks were used: the guidance task — GT (including visual information), the verbal assessment task — VAT
(visual information and higher cognitive processes), and the motor reproduction task — MRT (visual and
proprioceptive information). In half of the experimental situations, the subjects were rotated around their
vertical axis, which caused the deprivation of vestibular information. Results. Results indicate that the
subjects most accurately estimated the stimulus distance when they integrated visual and proprioceptive
information (MRT). When relying only on visual information, respondents overestimated stimulus distance
(GT), while relying on a combination of visual information and higher cognitive processes when estimat-
ing distance (VAT), subjects consistently underestimated distance. Deprivation of vestibular information
reduce differences in estimation errors between the three tasks. Conclusions. The accuracy of distance es-
timation relies on the integration of all information available to them from the senses in order to estimate
egocentric distance as accurately as possible.
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Peszrome

Kowurekcr u peseBanTHOCTh. TOUHOCTD OL[EHKU PACCTOSIHUS 10 OOBEKTA B [IaJIbHEM [IPOCTPAHCTBE 3aBUCKT
OT UHTErPaIiy 3PUTEILHOL, IIPOIPUOLENTUBHON 1 BecTubysipHoii nndopmanuu. Iemns: usydyenue Briaja
3PUTEJILHOM, TPOIPHOIIENTHBHON U BECTUOYJISIPHOI HH(OPMAIMHY B OIIEHKY 3TOIEHTPHYECKOTO PACCTOSTHUST
10 00bEKTA B IIepUIiepcoHasbHOM npoctpancTse. Tunoresa. Onopa Ha MHTETPAIIO 3PUTENBHOI U TPOTIPHU-
olenTUBHON nHdopmaiu OyAeT B IIePBYIO 0YepPe/ib BAUSATh Ha TOYHOCTb OLIEHKH PACCTOSIHUST 10 00bEKTOB
B IIEPUIIEPCOHATLHOM TIPOCTPaHCTBe. MeToAbl M MaTepuaibl. 22 yYaCTHUKA OIIEHUBAJIM 9TOIIEHTPUYECKIe
paccTogHus cTUMYyJIa, pactioynoxkeHHoro Ha 20, 40 1 60 ¢cM. Bbin ncnoab3oBaHbl TPH 33/1aHUS: HA HaBe/le-
nue — GT (Bruovaloniee 3puTesbHyIo MHMOPMAIUIO), Ha Bepbaibiyio oleHky — VAT (3puTesibHyio mH-
dopMaImio u BbICIINE KOTHUTHUBHBIE TTPOIIECCHI), U HA MOTOpHOe BoctipousBenenne — MRT (3purenpuyio
U IIPOTIPHOIIENTUBHYIO HHGOPMAINIO). B 1To10BHHE 9KCIIEPUMEHTATBHBIX CUTYAIIUI UCTIBITYeMble Bpala-
JIUCH BOKPYT CBOEH BEPTUKATBHON OCH, UTO BBI3BIBAJIO ACTIPUBATINIO BeCTHOYIAPHON nHGopMarun. Pe3yib-
Tarbl. Pe3ysbTaThl MOKa3bIBAIOT, YTO UCIBITYeMbie HauboJIee TOUHO OLEHUBAIM PACCTOSIHUE JI0 CTHMY.JIA,
KOT/JIa OHM MHTETPUPOBAJIN 3PUTENbHYIO 1 TIporiprorentushayo nHbopmannio (MRT). Onupasich ToabKO
Ha 3pUTEIHHYIO WH(MOPMAIIUIO, PECIIOHEHTHI HepeotienuBasy paccrosinue 10 ctumysia (GT), B To Bpems
KaK I10J1arasich Ha KOMOUHAIHIO 3pUTETbHOI MH(MOPMAIINY 1 BBICIIMX KOTHUTHBHBIX IIPOIECCOB IIPH OIlEHKE
paccrostaust (VAT), ucnbiTyeMble TTOCIe0BaTeIbHO HEJOOIEHNBAIN paccTosHue. lenpuBaius BecTuoy-
JIIPHOI nH(pOpPMaIMK yMeHbIIaga Pa3inuns B OMOKaX OLEHKN MesKLy TpeMst 3ajaHusiMi. BeiBoasl. Tou-
HOCTB OIIEHKH PACCTOSIHUS 3aBUCUT OT MHTETPAINK BCeil MH(MOPMAIMH, IOCTYITHON OT OPTaHOB YYBCTB, JIJIs
MaKCHMAJILHO BEPHOTO OIIPE/le/IeHIS STOL[EHTPUUECKOTO PACCTOSTHILL.

Kantouesvte cnosa: onieHka paccTosHSL, 1e30PUEHTAIS, BU3YaJIbHasl, IPOIPHONENTHBHAS 1 BECTHOYIISIp-
Has nHGOopMaIns
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Introduction

Peripersonal space is the space around each individual in which it controls limb movements
(Graziano, Cooke, 2006). Practicing the precision of coordinating perception and action in this space
supports everyday activities such as pointing in the direction of an object, reaching for it, retrieving
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static or moving objects as well as manipulating an object. One of the domains of training refers to
the accuracy of estimating the distance of the object in relation to which an observer plans to carry
out an activity. Previous studies have shown that the accuracy of object distance estimation is af-
fected by the integration of visual, proprioceptive, and vestibular information (Toskovi¢, 2008; 2009;
2010). When estimating the distance of an object in a distant space, visual information is integrated
with proprioceptive information coming from the eye muscles and the neck muscles. However, when
the object of assessment is located in a space that is in the domain of limb movement, and bearing
in mind that in this space the coordination of hand movements is carried out from early childhood,
proprioceptive information from arm muscles can be added to the accuracy of distance assessment.

By researching the neural basis of visual information processing, it is discovered that on the
wider surface of zone 7a, there are visual-fixation neurons which are activated during the fixation
of static objects. Among these neurons, there are subgroups that register distance, position, and
gaze direction (Sakata et al., 1997). The activity of most neurons that register stimulus distance
(depth-selective neurons) increases as the distance between the observer’s eyes and the object
decreases. A small portion of this subgroup of neurons shows its activity when the distances be-
tween the object and the observer increase in the range of 2 to 3 meters (Sakata et al., 1997). The
results indicate that there are separate centers for processing information from the peripersonal
(near) and extrapersonal (remote) space.

When performing motor activity directed by an object (e.g. capturing a static object), it
is important to accurately estimate the distance at which it is located. Findings of numerous
studies indicate that estimating the egocentric distance of an object in peripersonal space is most
accurate when the subject relies on convergence, out of all depth cues available (Howard, 2012).
However, in these situations, shorter distances (10 ¢m, 20 ¢cm, 30 c¢m) are overestimated, while
middle-range (40cm) and longer distances (60 c¢cm) are slightly underestimated (Foley, Held,
1972; Mon-Williams, Tresilian, 1999). However, estimation errors are less than 1cm, when the
object is at a distance of 25 cm to 40 cm (Howard, 2012).

In addition to visual information, proprioceptive information from the arm muscles also
influence the assessment of the distance of the object to be retrieved. Previous research has indi-
cated that depending on the accuracy of the available information and the type of task, the state-
ment of the respondents about the position of their own hand changes. One group of studies was
conducted with the intention of examining the dominance of visual or proprioceptive information
when assessing the position of one’s own hand, which is static. By distorting only visual or only
proprioceptive information about the real position of the hand, respondents had the subjective
experience that the hand is localized in a position which is between those suggested by visual
and proprioceptive information, but still closer to the visually suggested location (Bagesteiro,
Sarlegna, Sainburg, 2006; Lackner, DiZio, 2005). In contrast, with the distortion of visual or
proprioceptive information when examining grasping movements, the observed hand location is
closer to that suggested by proprioceptive information (Rossetti, Desmurget, Prablanc, 1995).
It can be said that the respondents relied predominantly on visual information when they were
supposed to assess the static position of the hand. On the other hand, when assessing the position
of a moving hand, proprioceptive information was more important than visual information. Thus,
the importance of proprioceptive information is reflected in the current correction of hand move-
ments that the subject does not see, as well as when the subject quickly, in one movement, moves
his hand to the target location (Bagesteiro, Sarlegna, Sainburg, 2006).
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What should certainly not be left out is the importance of vestibular information when
estimating the distance of an object. It has been observed that short-term exposure of subjects to
the action of microgravity in parabolic flight (Lathan, Lockerd, 2008) or long-term exposure in
space stations (Clément, Skinner, Lathan, 2013) make objects look closer than they real are. The
assumption is that due to the influence of vestibular information there was a change in visual cor-
tical responses (Brandt et al., 1998; Seemungal et al., 2013). This would mean that the accuracy
of the distance estimate is affected by a change in the gravitational force.

Role of gravitational force in distance perception can be mediated by effort needed to per-
form certain actions. Many findings show that the estimate of the effort to cross a given distance
uphill increases, if the road is steeper, and accordingly, it increases the perceived path length
(Berkeley, 1709; Proffitt et al., 2003). This relation of perceived effort and distance can be seen in
findings showing that distances above the observer are perceived as longer that physically equal
distances in front of them (Toskovi¢, 2004; 2009; 2011; 2013). Namely, the imaginary movement
of reaching towards an object stationed above the head would be performed contrary to the gravi-
tational force, because of which effort will be perceived as larger and object’s distance too. This
can be related to vestibular information, since they register the change in the head and body posi-
tion in regard to direction of the gravitational force. Changing the position of the head leads to a
change in the orientation of the eyes. Reliable assessment of the egocentric distance of an object
when viewed through the legs (Higashiyama, Adachi, 2006; Toskovi¢, 2010) as well as when it
is peripherally localized depends on the information about eye orientation (Blohm et al., 2008).
Knowing the importance of vestibular information for perceived distance of an object, researchers
tried to examine the influence of artificial stimulation of the vestibular apparatus on the accuracy
of distance estimation. Stimulation with galvanic current, strength 1mA with 3s duration, ap-
plied on both mastoid bones as well as the neck of the subjects’ show an increase in the deviation
of the distance estimate (Torok et al., 2017). Specifically, respondents observe that the object is
even more distant when it is located above the horizon while their head is raised, or that it is even
closer when it is located below the horizon while their head is lowered. These results are in line
with the previously mentioned results.

Having in mind above mentioned results on the importance of various types of information
from different sensory modalities (visual, proprioceptive and vestibular) for the assessment of
distance, the aim of our paper is to examine their individual and combined contribution to the
accuracy of estimating the egocentric distance of an object in peripersonal space. So, we wanted
to examine how each of the mentioned information types affects the assessment of distance in the
peripersonal space, but also how it interacts with the other two types of information. Also, it was
important for us to separate the possible individual effects of information from different sensory
modalities on the assessment of distance from the effects that are a consequence of their mutual
interactions. For example, it is important to know whether information from different sensory
modalities are important for distance estimation themselves, or whether they are important only
in their mutual interactions.

Materials and methods

Participants
Since in our previous studies of perceived distance anisotropy, obtained effects ranged be-
tween 2 = 0.5 and n2 = 0.75, with study power of 0.8 and alpha level of 0.05 we would need a
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minimum of 10 participants in order to obtain similar effects in this study. Accordingly, this re-
search involved 22 psychology students from the Faculty of Philosophy in Kosovska Mitrovica,
both genders (12 females), aged 18 to 31, M = 20.95, Sd = 3.24. All subjects were right-handed
and had normal or corrected to normal vision. Informed consent was collected from all subjects
prior to their participation in the experiment.

Stimulus and apparatus

According to specific needs of this research, a movable stand with a flat surface (platform)
was designed. The stand is made so that there is a possibility of adjusting the height at which the
platform is located, in order to adapt to individual differences in the height of subjects, i.e. the
platform is always adjusted to the height of the eyes of each subject. The surface of the platform
is white with a black line along the entire length, with surface area of 10 cm * 90 cm and it was
used to expose the stimulus to the subject. A yellow rectangular parallelepiped, with dimensions
2.5 cm * 4.5 cm * 1.5 c¢m, horizontally oriented, attached to the platform with a magnet was used
as a stimulus (Fig. 1).

Fig. 1. Experimental setting, with specially designed apparatus and a stimulus on it

Procedure

General task of the subjects was to estimate the stimulus distance, which was varied and
used as one of experimental factors. The stimulus distance refers to the egocentric distance at
which the stimulus is shown to the subject (for 2 seconds, after which it is removed) and it had
three possible values, 20 ¢cm, 40 cm and 60 c¢m, only known to experimenter, with subjects not
knowing their values.

In order to examine the contribution of information from each sensory modality to
the accuracy of estimating the egocentric distance of the stimulus, we used three versions
of the tasks. In all versions, visual information was always available while the availability of
proprioceptive and vestibular information was varied. The task type is related to the way in
which the examinee is expected to reproduce the distance at which the stimulus was located.
There were three different distance estimation tasks: (1) The motor reproduction task, in
which the examinee is expected to move the stimulus with his hand to the position where he
originally saw it. The task is designed to examine the contribution of visual and propriocep-
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tive information from the arm muscles to the accuracy of distance estimation; (2) Guidance
task, in which respondents are expected to use words closer/further to guide the researcher
to move the object to the place where they think the stimulus was located. In this task, only
visual information is available to the respondent during distance estimation; (3) The verbal
assessment task, in which subjects are expected to estimate the distance of the stimulus in
centimeters, and to say at what distance the stimulus is located, using metric units previ-
ously mentioned. In this task, in addition to visual information, the respondent uses higher
cognitive processes, i.e. reasoning about estimated distance. Depending on the type of task,
subjects were told: “Carefully examine the distance of the object relative to yourself and
after I remove the stimulus, you need to reproduce the distance of the stimulus as quickly
as possible by: 1. using your hand; 2. guiding me to do so; 3. verbally estimating the distance
in centimeters.” The respondents were allowed to rest for 5s after rotation and then encour-
aged to give an answer as accurately as they could (Cheung, Hofer, 2003; Wang, Spelke,
2000). We decided not to provide performance feedback or information about the maximum
distance of the presented stimulus because respondent would adjust their response based on
received information, which may compromise our aim in investigating contribution of indi-
vidual sensory information during estimation process (Wearden, Jones, 2007). All subjects
were naive and did not receive any additional training prior to the experiment since we were
interested in comparing their non-trained estimates.

Besides stimulus distance and task type, we also included two experimental situations, re-
ferring to whether the subject was rotated or not around vertical axis before giving an estimate of
the distance at which the stimulus was located. Having in mind the procedures in previous stud-
ies (Hermer, Spelke, 1996; Lourenco, Huttenlocher, 2006; Waller, Hodgson, 2006; Wang, Spelke,
2000) and findings related to the symptoms of driving sickness, we decided that rotation speed
will last for 1 minute. In half of the experimental situations, we passively rotated subjects, at a
constant speed of 15 times per minute. During the rotation, the respondent’s eyes were closed.
Subjects opened their eyes immediately before estimating the distance on the platform. In this
way, we avoided stabilization of the retinal image by involuntary eye movements (nystagmus)
activated by VOR during the passive rotation process (Khan, Chang, 2013).

Generally, all subjects participated in all 18 situations, i.e. all combinations of experimen-
tal factors (3*3*2). The order of situations was randomized for each subject: 3 stimulus distances,
3 task types and rotation (with or without). Prior to performing an estimate, subjects were ac-
quainted with the ways in which they should reproduce the location of the stimulus, as well as with
the fact that in half of the experimental situations we will rotate them around vertical axis. In order
to prevent the prolonged influence of the rotation consequences on subsequent estimates, a break
of 15 minutes (Chang et al., 2023) was made between each distance estimation task. During the
experiment the respondents wore glasses with 1mm wide horizontal apertures which limit the eye
movements and allow only convergence. Before the experiment started, the height of the stand was
adjusted to each subject so that they could rest the tip of their nose on the platform with the stimu-
lus. The platform was not attached to the subjects’ glasses, so subjects could quickly and easily move
away from the platform during the break. During the assessment, the respondents sat upright in the
chair. Before the main part of the experiment all subjects performed a few trial distance estimations.
This would allow the subjects to get used to the experimental situation and feel comfortable during
the duration of the experiment (about 3 hours per respondent).
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Results

The deviation from the given standard distance was calculated for each individual distance
estimate. In case the respondent underestimated the stimulus distance in relation to the standard,
the value of the deviation was negative and vice versa. So, the dependent variable was an error
in estimate distance. According to Hair et al. (Hair et al., 2010) and Bryne (Byrne, 2013) skew-
ness values between —2 to +2 and kurtosis values between —7 to +7 indicate normally distrib-
uted scores, and all values on dependent variable fulfilled that condition. Based on the performed
three-factor analysis of variance for repeated measurements, it was determined that there is a
main effect of the task type and distance at which the stimulus is located, as well as the interac-
tion of task type and stimulus distance and interaction of task type and rotation of respondents
(Table). No statistically significant differences between groups of participants were detected,
such as gender differences. Accordingly, we will present only effects of experimental factors re-
lated to the aims of our study.

Table
Significance of the effects of task type, stimulus distance and subject
rotation on the distance estimate

dft df2 F p n?
42 | 47438 | .000 .693
42 112989 | .000 382
21 .002 963 .000
84 3.077 | .020 128
42 5.070 | .01t 194
42 339 14 016
84 2.356 | .060 101

Task type

Stimuli distance

Participant rotation
Task type * Stimuli distance
Task type * Participant rotation

Stimuli distance * Participant rotation

BN (DO [ [ =N

Task type* Stimuli distance * Participant rotation

It can be said that the accuracy of stimulus distance estimation will depend on all three
mentioned factors: task type, distance at which the stimulus is located and on whether the sub-
ject is rotated around its axis or not. Stimulus distance effects are expected and they only show
observers sensitivity on different distances — further distances are estimated as larger. But, task
type effects and their interactions with stimuli distance and participants’ rotation are indicative
for our research aims. Since the task type showed significant interactions with both stimulus
distance and subject rotation, we performed Scheffe post-hoc tests, in order to examine the differ-
ences between the three tasks, separately in situations where subjects were rotated or not, and on
three different standard distances (Appendix).

Between the situations with and without the rotation of respondents (disorientation),
there were no significant differences in the errors of estimated distance, in any of the tasks,
nor in any of examined standard distances. The results indicate the marginal significance
(p =0.054), only when participants were estimating the stimulus at a distance of 40 cm in the
motor reproduction task. The direction of the differences is such that the respondents make
smaller errors in distance estimation when they were not rotated around vertical axis than
when they were rotated. But rotation does show significant interactions with task type, and
therefore we will show differences between tasks separately for a situation with and without
rotation.
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When the respondents were not rotated, all three tasks differed from each other, at all three
standard distances. The differences are such that in the guidance task the respondents overesti-
mate the given distances, in the motor reproduction task the errors are close to the zero or there
is a slight underestimation of the distance, while in the verbal assessment task the respondents
underestimate the given distances. In more detail, at the closest distance, of 20 c¢m, the errors
in the guidance and verbal assessment task are similar in intensity, but they are in the opposite
direction, i.e. overestimation occurs during guidance and underestimation during verbal assess-
ment. At other distances, 40 cm and 60 cm, the errors in verbal assessment tasks are also in the
direction of underestimation, but they are far more intense than the errors obtained in the other
two tasks. As for motor reproduction task, at the closest distance, of 20 cm, is estimated quite
precisely, almost without error, while greater distances, 40 cm and 60 cm, are slightly underesti-
mated. The underestimation of the distance in the motor reproduction task at 40 cm and 60 cm
is of similar intensity as the distance overestimation in the guidance task, i.e. the errors are of
similar intensity, only in the opposite directions (Fig. 2).

In situations where distance estimates were given after the subjects were rotated (disori-
entated), the differences between the three different tasks still exist, but are somewhat smaller.
Namely, in this case as well, in the guidance task the given distances were overestimated, while in
the verbal assessment task, they were underestimated, for all three standard distances. In the motor
reproduction task, as well as in situations without subjects’ rotation, the closest distance, of 20 cm,
is estimated quite accurately, while greater distances, 40 cm and 60 cm, were underestimated. This
underestimation in the motor reproduction task, at a distance of 40 cm, is similar to the underesti-
mation in the verbal reproduction task (they do not differ significantly). At a distance of 60 cm, the
errors in the motor reproduction are larger than in the guidance task, and smaller than in the verbal
assessment task. Thus, after rotating the subjects, the profile of intensity and direction of errors (un-
derestimation or overestimation) is similar to that in situations where the subjects were not rotated,
but the differences between the three tasks were somewhat smaller (Fig. 2).

e 1 Otor reproduction task  ==e=guidance task = efemverbal estimation task

10
5
0
-5 H §\§
-10
-15
-20
without after without after without after
rotation rotation rotation rotation rotation rotation
20 cm 40 cm 60 cm

Fig. 2. Average deviation in estimating stimulus distance depending on the type of task,
subject rotation and stimulus distance (error bars represent SE mean)
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Interaction of task type and stimuli distance, shows that in the guidance task, the errors in
estimating the distance are the same at all stimulus distances regardless of whether the subjects
are rotated or not. In the verbal assessment task, the errors are the same at all three distances in
situations where the assessments were given after the rotation of the respondents. If, on the other
hand, the estimates were given without rotation of the subjects, the errors were significantly
smaller at the closest distance of 20 c¢m in relation to the remaining two distances, 40 cm and
60 cm. In the third, motor reproduction task, the differences in errors of estimated distances are
somewhat more pronounced, i.e. the errors at the closest distance are smaller the errors of the
other two. In motor reproduction task, with and without rotating the subjects, at a distance of
20 cm there are almost no errors, i.e. the distance is estimated quite accurately, while at greater
distances the errors increase and the distance is underestimated (Fig. 2).

Discussion

Previous studies have highlighted the impact of visual information as dominant for plan-
ning and implementing motor actions (Bagesteiro, Sarlegna, Sainburg, 2006; Harris, Mander,
2014) However, in the peripersonal space, in addition to predominantly visual information,
observers also rely on proprioceptive, especially for the purpose of correcting hand movements
when visual feedback is not available (Bagesteiro, Sarlegna, Sainburg, 2006; Rossetti, Desmurget,
Prablanc, 1995). The third very important source of information about the distance of the object
is the vestibular apparatus. The importance of vestibular information is not only reflected in the
perception of the action, gravity and acceleration. This is indicated by the research in which the
respondents estimated the distance traveled only on the basis of information about the accelera-
tion of the body (von der Heyde et al., 2000). The importance of vestibular information is also
indicated by errors in reaching for a peripherally localized object, related to the perception of
head position (Blohm et al., 2008) as well as estimating the distance of the object when viewed
through the legs (Higashiyama, Adachi, 2006; Toskovi¢, 2010). Also, it should be noted that at
the neural level, all information is integrated with each other at some level of processing. Some
studies state that due to artificial stimulation of the vestibular apparatus, there was a change in
the visual cortical responses (Brandt et al., 1998; Seemungal et al., 2013).

Our intention was to examine the contribution of visual, proprioceptive, and vestibular
information to the accuracy of estimating the egocentric distance of a stimulus in the periper-
sonal space. The task of the respondents was to see the stimulus at one of the three distances (20
cm, 40 cm and 60 ¢m), to reproduce the distance themselves (motor reproduction task in which
both visual and proprioceptive information are available), lead the researcher to do it (guidance
task in whom visual information is available) or to estimate the distance in centimeters (verbal
assessment task in which visual information is available but also higher cognitive processes are
engaged). Considering that the respondents acquired formal education in mathematics, verbal
distance estimation was based on previously acquired knowledge but also on experience in esti-
mating distance in metric units in a space within arm’s reach. Although there are many possible
sources of error during distance estimates in our experiment, we were primarily interested in
differences between estimates given on two directions. Whatever those additional errors might
be, they should be constant on both examined viewing directions (horizontal and vertical) and
accordingly should not affect primary results, since they are not correlated with our main inde-
pendent variable, viewing direction. For example, during verbal estimation task, it is possible that
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the magnitude of the subjects’ error was associated with the criterion that the subject defined for
himself or herself when solving this task, but this criterion is probably constant on both view-
ing directions and it should not change the main effect, difference in distance estimates on two
directions. On the other hand, decrease in error in verbal response after rotation may indicate
that the subjects in difficult conditions pay more attention to the task and, as a result, give more
accurate answers. This can be further investigated maybe through activation of Type I and Type
IT processes (Kahneman, 2011; Kannengiesser, Gero, 2019). Prior to the assessment, respondents
were either rotated or not. By rotating the subjects around their vertical axis, the effect of disori-
entation was achieved, which affected vestibular information when estimating the distance. Each
subject participated in all experimental situations. In this way, we enabled a comparison of the
achieved results depending on the type of sensory information available.

The task of verbal assessment proved to be the least reliable way of estimating distance.
In this task, the respondents made the most errors in the direction of underestimating the given
distance. Thus, the combination of visual information and higher cognitive processes such as rea-
soning, relying on knowledge of metric units, gives the worst result in estimating distance. This
result is consistent with previous studies in which using measurement units for estimates (mm
or cm) lead to underestimation of the displayed line length or underestimation of the image ex-
posure time (Ogden, Simmons, Wearden, 2021). The errors in the estimated distances remained
the same after the rotation of subjects, which means that the change in vestibular information did
not significantly affect the distance estimates in this type of a task. What is interesting about this
task is that as the distance of the standard increased, the error in estimating the distance made by
the respondents increased linearly.

The guidance task, i.e. estimating the distance by instructing the experimenter to move the
stimulus (closer or further) until the desired estimated distance is reached, proved to be some-
what more reliable. In this type of a task, respondents rely solely on visual information and show
systematic overestimations of given distances. This finding is consistent with earlier ones that
indicate the dominance of visual information in action planning (Bagesteiro, Sarlegna, Sainburg,
2006).Namely, the procedure used in investigation of the movement planning phase, in which
the estimation of the distance of the object is based only on the visual information without hand
movements, coincides with the guidance task used in our study. Stimulation of the vestibular
system, i.e. disorientation of the subjects by rotation, did not lead to a change in errors in the
assessment of distance in this type of task either. So, if only visual information is available, the
distance is estimated more precisely than if we rely on some higher cognitive processes (reason-
ing, knowledge of metric units), i.e. these higher cognitive processes seem to interfere with the
assessment of distance. On the other hand, the hyperactivation of vestibular system does not
significantly change the process distance estimation, because the errors in estimated distance
remained the same after the rotation of the subjects.

In the motor reproduction task, the subjects gave the most accurate estimates of the stimu-
lus distance, but only at the closest distance, of 20 cm. In this situation, the subjects reproduced
the distance fairly accurately and the errors were close to zero. At longer distances, 40 cm and
60 cm, errors occur in this task as well, in the direction of underestimating the given distances. In
this task, for when estimating distance respondents rely on visual and proprioceptive information
from the arm muscles and we can say that this combination of information gives the most accurate
distance estimates, but only at the shortest distances. Accordingly, it seems that proprioceptive

25



1 BecTHOYIAPHOI MHMOPMAINK B OIIEHKE PACCTOSHUAL... information for the estimation of distance...
IxcrepuMenTansbras nenxosorus, 18(3), 16—30. Experimental Psychology, 78(3), 16—30.

Tonnu-Axmmy T.P., Tomkosnu O.M. (2025) Todi¢ Jaksi¢ T., Toskovi¢ O. (2025)
‘ ! Posib 3puTeIbHOIL, IPOIPUOIENTUBHOIT The role of visual, proprioceptive and vestibular
information has the role of correcting the movement of the hand directed towards the goal, dur-
ing its performance, as previously established (Bagesteiro, Sarlegna, Sainburg, 2006; Rossetti,
Desmurget, Prablanc, 1995). The trend of errors generally does not change with the rotation of
respondents, even in this task. In fact, there is one marginally significant difference, but only at
a distance of 40cm, such that respondents seem to make fewer mistakes in estimating distance
when they were not rotated before the assessment than when they were rotated. In addition, the
rotation of the respondents leads to increasing the errors in this task for greater distances, and
they become more pronounced than in the guidance task (visual information only).

Summarizing the results obtained on three different distance estimation tasks, we see that
the inclusion of higher cognitive processes in distance estimation leads to the largest errors and
we can say that it does more harm than good to such estimates in peripersonal space. In contrast,
the combination of visual and proprioceptive information gives a more accurate perception of
distance at the closest distances, while at greater distances this combination of information gives
almost as accurate estimates of distance as relying only on visual information. It should also be
mentioned that in the guidance task, the respondents always overestimated the distance, while in
the motor reproduction and verbal assessment tasks, they almost always underestimated the dis-
tance. That is, at greater distances in the peripersonal space, visual information shows a tendency
to overestimate distance, and a combination of visual and proprioceptive leads to underestima-
tion of a given distance. Finally, the disorientation of subjects by rotation leads to increasement
of errors in distance estimate based on combination of visual and proprioceptive information, i.e.
at larger distances of 40cm and 60cm estimates were less accurate than based on purely visual
information. In a situation where subjects give distance estimates after rotation, distance estima-
tion errors are greater in the motor reproduction task (combination of visual and proprioceptive
information) than in the guidance task (only visual information is available). This last finding
indicates the importance of vestibular information and their interaction with the visual and pro-
prioceptive in distance assessment.

As far as vestibular information is concerned, we see that in almost all task types there was a
difference in distance estimation errors between situations when subjects were rotated and when
they were not. Also, a direct comparison of errors in the two situations did not give a significant
result, i.e. main effects of rotation were not significant. Nevertheless, the rotation of the respon-
dents did show a significant interaction with the task type, which is reflected in the compression
of the differences between the three tasks when assessments are given after the rotation of respon-
dents. Thus, stimulating the vestibular system by rotating subjects did not give effects on dis-
tance estimation errors in each individual task, but it did reduce the differences in errors between
the three tasks. It looks like as if the disorientation of the respondents in some way reduced the
differences that occurred as a consequence of combining different sensory information in three
different tasks. In addition, the disorientation of subjects at greater distances, 40 cm and 60 cm,
led to the combination of visual and proprioceptive information (motor reproduction task) giv-
ing a less accurate estimate of distance than purely visual information (guidance task). These
findings are in line with previous research examining the impact of vestibular information on the
accuracy of distance estimation, in which it was found that a change in the position of the body
of the subject affects the accuracy of the estimation (Toskovi¢, 2004). However, in these studies,
vestibular information was always present and intact. The change of participant’s position solely
does not change the constant effect of gravitational force on the body. In present study, however,
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disorientation caused by rotation, did affect vestibular information and in some sense modified it
during the distance estimate.

Conclusions

Based on the results of the research, we can say that the respondents rely on the integration of
all the information available to them from the senses in order to most accurately estimate the ego-
centric distance. An interesting trend is that relying only on visual information leads to overestima-
tion of distance, while the interaction of visual and proprioceptive information, as well as the com-
bination of visual information with higher cognitive processes leads to distance underestimation.

At closer distances, the combination of visual and proprioceptive information gives more
accurate distance estimates. The estimates obtained in this way do not change with the variation
of the quality of vestibular information. The importance of the interaction of the two modalities
in the assessment of distance, visual and proprioceptive, most likely stems from the role that pro-
prioceptive information plays in correcting the movement of the hand directed towards the goal.
However, at greater distances in the peripersonal space, the interaction of visual and propriocep-
tive information gives equally accurate estimates as relying only on visual information, but in
the opposite direction — the interaction of two types of information leads to underestimation of
distance, and usage of only visual information leads to distance overestimation. The change in the
quality of vestibular information further changes this relationship, because the disorientation of
the respondents leads to the fact that the combination of visual and proprioceptive information
becomes less precise when estimating the distance from relying on purely visual information.
These data suggest that the cognitive system in a state of disorientation begins to rely solely on
visual information, while other modalities role is being modified.

On the other hand, the inclusion of higher cognitive processes in distance assessment has
been shown to be a disruptive factor. Our results are consistent with previous studies on dis-
tance conservation. Namely, researchers have explained similar findings by assuming an increased
cognitive load during distance estimation by using metric units, which is associated with in-
creased engagement of short-term memory resources and executive functions (Ogden, Simmons,
Wearden, 2021; Ogden et al., 2018). The task of verbal assessment, which, in addition to visual
information, also includes knowledge of metric units and, to some extent, reasoning, leads to the
least accurate distance assessments. Thus, it seems like the cognitive system integrates informa-
tion from different sensory systems when estimating distance, but the inclusion of higher cogni-
tive processes complicates such assessments and leads to larger errors.

Limitations. The limitations of the study are integrated into our plans for further research
in which we would explore the influence of primarily vestibular information on the accuracy of
distance estimation in different directions of the subject’s body orientation. Also, by using ad-
vanced technologies, such as the galvanic vestibular stimulator, which directly affect the work
of the vestibular apparatus, we will be able to obtain more precise data on the contribution of
vestibular information to the accuracy of distance estimation.
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tasks, for three estimated distances and participants’ rotation.
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