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Modern education is undergoing a process of digital transformation at all levels,
including preschool. The psychologically founded use of digital technologies
makes it relevant to study the child’s ideas about the objects of the digital envi-
ronment (virtual objects). This empirical study is aimed to test two hypotheses:
1) Preschoolers attribute the quality of weight to virtual objects; 2) Preschoolers
perceive virtual objects as light-weighted. 53 children, 3.5 to 5 years old, par-
ticipated in this study (M=4.3; SD=0.41). The study includes experimental tech-
nigue (H. Kloos, E.L. Amazeen), assessed children’s perception of weight based
on their interaction with these objects without verbal self-report. The weight was
operationalized through the location on a hill model (slope length — 40 cm) of
two real objects (lightweight — 27 g, heavy — 170 g) and a virtual object, which
was previously “lifted on the shelf” on a tablet PC screen. 92.5% of participants
designated a specific place on the hill for the virtual object, suggesting they
attributed weight to it. For 70.4% of children, the placement of a virtual object
(Me=40 cm) does not significantly differ (T, =13.5 p=0.933) from the place-
ment of a light real object (Me=40cwm). For 18.2% of children, the placement of
a virtual object (Me=14.5cm) does not significantly differ (T, =11.5 p=0.673)
from the placement of a heavy real object (Me=12.25cm). Further research is
necessary to better understand factors contributing to preschoolers’ perception
of virtual objects wight.

Keywords: weight perception, touchscreen, virtual object, attribution, pre-
schoolers.
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MpepcTaBneHHas ctatbs OCHOBaHa Ha akTyaslbHbIX MAesix O TOM, Y4TO coBpe-
MeHHoe obpa3oBaHVe nepexuBaeT npouecc LUmMdpoBor TpaHcopmaumm Ha
BCEX YPOBHSX, BKITHO4YAsA AOLUKOMbHbIN. ABTOPbI CHUTAIOT, YTO NCUXOSTOTUHECKN
060CHOBaHHOE MCMONb30BaHNe LMPOBbIX TEXHOMNOMMI fenaeT 3Ha4nMbIM KC-
crnepoBaHve NpeacTaBneHnin pebeHka 06 obbekTax LMdpoBo cpefpl (BUPTY-
anbHbIX 06beKTax). IMNMpMYeckoe uccnegoBaHmne 66110 HanpaeBneHo Ha Mpo-
BEPKY ABYX rmnotea: 1) AOLLUKONMbHWKM NPUMMCHIBAIOT BUPTYanbHbIM 06beKTaMm
Takoe KayecTBO, Kak BeC; 2) AOLUKONbHUKN UAEHTUDULMPYIOT BUPTYalbHble
06BbEKTbI Kak «nerkue». B uccnepgosannm npuHsanu yyactne 53 pe6eHka B BO3-
pacte oT 3,5 o 5 net (M=4,3; SD=0,41). B kayecTBe MHCTpyMeHTa paboTbl
npuMeHsincs metogmyeckuii npvem (X. Knooc, 9.J1. AMasuvH), no3sonstoLLmi
BbIABUTb NPEeACTaBNEHNs AeTel 0 Bece NpegMeTOB Ha OCHOBE pe3yrnbraTtoB
OEUCTBUI C 3TUMKN NpegMeTamMu 6e3 CNOBecCHOro camooT4yeTa. Bec 6bin one-
paLnoHann3npoBaH Yepes3 pacnonoxeHue Ha Mmogenu xonma (anuHa — 40 cm)
OBYX peasibHbIX 06BEKTOB (Nerkun — 27 rpamm, Tsxeneii — 170 rpamm) u
BMPTYyanbHOro 06bekTa, C KOTOpbIM AeTV MnpeABapuTeNibHO OCYLLEeCTBASNN
[eNCcTBMNe «MOAHATME Ha MOMKY» Ha 3KpaHe NnaHWeTHOro komnetoTepa. 92,5%
[eTen ykasanu onpefeneHHoe MecTo pacrnofioXeHns Ais BUPTYarbHOMo 06b-
eKTa, TO eCTb NpunucbiBany eMy Hanu4dme Beca. Y 70,4% feten pacnonoxe-
H1e BUpTyasibHoro o6bekta (Me=40 cm) sHaunmo He otnndaetes (T, =13,5,
p=0,933) oT pacnonoxeHus peasibHOro nerkoro o6bekta (Me=40 cm), y 18,2%
OOLLUKONbHUKOB pacronoXeHne BUpTyanbHoro obbekTta (Me=14,5¢cm) 3Ha4ummo
He otnnyaetca (T, =11,5, p=0,673) OT pacnofioxeHns peasibHOro TAXEsoro
obbekTa (Me=12,25 cm). OTmevaeTcs, 4TO HeobxoAMma NpoBepka [OMOSHM-
TeSbHbIX TMNOTE3 O haKkTopax, BAUSIOLLMX Ha NpeAcTaBneHne fOLLKONbHUKOB
0 Bece BMpPTyasbHbIX 06BEKTOB.

KnroueBble cioBa: BoCnpusiTve Beca, TaYCKPUH, BUPTYasibHbIi OGbEKT, Npunu-
CbiBaHWe, JOLUKOINbHUKM.
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Introduction

The objective to update the preschool
education system with new information
technologies was formulated by the Min-
istry of Education of the Russian Federa-
tion over 20 years ago. The prospects of
preschool education in the digital era are
still of interest and are widely discussed by
the scientific community [3; 5]. The psy-
chologically informed use of digital devices
requires an understanding of the nuances
of children’s perception of objects in a digi-
tal environment (virtual objects), and of the
way it may differ from their perception of
real life objects.

Various gaming applications are adver-
tised as promoting development. This im-
plies that the abilities, skills, and knowledge
acquired using these applications are trans-
ferable and can be utilized to interact with
real life objects. Such transfer is an impor-
tant component of the learning process. The
question is, to which extent the differences
in perception of virtual and real objects can
affect the quality of the transfer [4; 16].

Our recent study tested the hypothesis
that children perceive virtual objects on a
tablet PC screen as three-dimensional even
though they interact with these objects by
moving their fingers across a two-dimen-
sional screen surface [10]. According to
our results, 91% of children 4 to 6 years old
perceive virtual objects as three-dimension-
al. At the same time, children miss out on
shape details of virtual objects significantly
more often than when they interact with real
objects visually and visually-haptically.

Another property of virtual objects pre-
sumably perceived by children is weight.
Unlike shape/size, weight cannot be directly
perceived based on visual information.
Unless deliberately provided with haptic
feedback devices, haptic information about
virtual objects is unavailable, driving the in-
terest towards research on the perception of
virtual objects’ weight [8].
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The study of formation of the concept
of “weight” in children was initiated by
E.J. Gibson [6] and J. Piaget [13]. Analy-
sis of the related scientific publications
leads to the following conclusions: 1) until
a certain age, children do not differentiate
between size and weight [6; 13]; 2) during
development, the concepts of size, weight,
and density undergo differentiation [15];
3) felt weight is the core of the concept of
weight in children under 7 years old [15];
4) children of 8 to 9 years old conceptu-
alize weight as a fundamental property of
matter independent of feelings [15]; 5) the
lower age limit for the formation of the con-
cept of weight is 3—4 years [1; 15], how-
ever, infants are able to apply information
about the relative weight of objects to their
actions [7].

Since it is difficult for children under
7 years old to verbalize the properties of an
object that is experienced as “heavy”, there
are methodological issues in studying weight
perception in children of early and preschool
age [1]. In order to eliminate lexical restric-
tions, a number of techniques free of verbal
self-reporting have been proposed [9; 15].
One of them is called a “nonverbal weight
task”. It involves the creation of a game
scenario where a child is asked to imagine
to which observable consequences the in-
teraction of objects of different weights with
other game objects will lead. The advantage
of this technique lies in shifting the focus
from a visual, not directly observable prop-
erty (weight) to clearly observable changes,
as well as in eliminating the need for a child
to use the word “heaviness” (weight, mass)
which may be absent from his active vocab-
ulary [9; 15].

In the scientific literature, virtual objects
often model real objects rather than repre-
sent an independent class of objects with
unique features. Thus, this research is ex-
ploratory in nature and is aimed to test two
hypotheses: 1) Preschoolers attribute the
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quality of weight to virtual objects; 2) Pre-
schoolers perceive virtual objects as light.

The first hypothesis was formulated from
an experience-based learning approach.
According to it, interaction with objects leads
to the formation of associations between
distinct properties of these objects (size,
material, density, weight, category). These
associations underlie expectations that al-
low the prediction of the weight of an unfa-
miliar object based on one or several known
properties of it. Visual similarity between vir-
tual objects and their real prototypes forms
expectations about the weight of virtual
objects on the basis of their perceived size
and shape, similar to the perception of the
weight of real objects associated with these
properties.

The second hypothesis relies on the no-
tion that estimates of an object’s weight are
linked to dynamic characteristics of interac-
tions with these objects: objects that require
less effort to move are seen as lighter ob-
jects. Movement of virtual objects across the
tablet PC screen is carried out by sliding fin-
ger movements associated with light weight.
Since our hypotheses are meaningfully

P £
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related to the type of hypotheses about the
presence of the phenomenon, the research
plan did not include monitoring of object
movement characteristics. Testing the
causal hypothesis about the characteristics
of movement as a factor in the perception of
the weight of a virtual object represents one
promising future research direction.

Subjects and procedure

53 children, 3.5 to 5 years old, participat-
ed in the present study (M=4.3; SD=0.41).
The research procedure relies on a tech-
nique developed to study the “size-weight”
illusion in preschoolers [9]. For the proce-
dure, a schematic drawing of a hill with a
house on top of it was made (Fig. 1).

Additionally, a computer application
modeling a “lift onto a shelf” action was de-
veloped as most informative for estimating
the weight of an object compared to other
actions (Fig. 2). The application runs on
the Android operating system. All the ob-
ject models were created using the Blender
three-dimensional computer graphics editor
and imported into an application, written in
Java using the LibGDX framework. The ap-

Fig. 1. A drawing of a hill used to locate objects of different weights
(the flag marks the position indicated by the child)
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plication was installed on a Huawei tablet
computer (model AGS2-L09).

Fig. 2. A photo of the tablet PC screen
with the initial location of the virtual cube
in relation to the shelf

The study was conducted as individual
play sessions under the supervision of a
psychologist from a preschool educational
institution. The experimental procedure con-
sisted of 4 stages.

1. Explanation and demonstration. Three
polymer clay balls (“apples”) with a diameter
of 3.5 cm and a weight of 6, 40, and 83 grams
(light, medium, and heavy) were made for the
experiment. The psychologist tells a child a
fairy tale about a mouse that lives in a house
on a high hill. To stock up for the winter, she
has to carry apples to the house on the hill.
The psychologist hands the child the “heavy”
ball and explains that if an apple were really
heavy, it would be hard for the mouse to carry
it to the top of the hill and she would have to
take a rest. As a resting site, the psycholo-
gist points to a place near the base of the hill
(5 cm). Similarly, for an apple of a medium
weight, the resting site is located in the mid-
dle of the hill (20 cm), and for a light apple it
is on the top of the hill (40 cm).

2. Checking understanding of informa-
tion about weight. The psychologist gives
the child the heavy and then the light “apple”
and asks the child to show where the mouse
would take a rest.

40

3. The main stage with real objects. The
psychologist presents a new fairy tale sce-
nario (a mouse that is carrying three piec-
es of cheese to her house). As “pieces of
cheese”, 4 polymer clay cubes with a length
of 4 cm are used. They vary in weight: light
(27 g), medium (80 g), and heavy (170 g).
At the beginning of this and the following ex-
perimental stages, the psychologist hands
the child a cube of a medium weight and
shows that the mouse carrying this cube
would stop for a rest in the middle of the
hill (20 cm). Then the child is given a heavy
and a light cube. The psychologist asks the
child to point to the place on the hill where
the mouse would stop to rest. As a control
for the sequence effect, half the participants
(27 children) were presented with the light
cube prior to the heavy cube, and the other
half (26 children) were presented with the
heavy cube prior to the light cube.

4. The main stage with virtual objects. The
psychologist shows the child a cube and a
shelf on a tablet PC screen and explains that
this “piece of cheese” (a cube with a length
of 1.7 cm) was sent to the mouse by mail.
The child is asked to place the cube on the
shelf, moving it across the tablet PC screen.
The child completes the “lift the cube onto
the shelf” action 2—3 times. Then, the psy-
chologist asks the child to point to the place
on the hill where the mouse would stop to
rest when she would be carrying home this
“parcel of cheese”.

The results of the third and fourth main
stages were represented by three indica-
tors: the placement of the heavy and the
light real cubes, and the placement of the
virtual cube (the distance from the hill base,
cm). The placement of the heavy and the
light real cubes are considered to be cor-
relates of the child’s weight estimates for
these objects: heavier objects were placed
closer to the hill base, while lighter objects
were placed closer to the hilltop. The place-
ment indicators of the light and the heavy
real cubes were used as reference points
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to quantify the child’s weight estimate of the
virtual cube. Statistical data analysis was
carried out in Statistica 6.0.

Results

During the processing of the data array
(53 children), the results of 5 children were
excluded as there was no significant differ-
ence between their placement of the heavy
and the light real cubes, together with the
results of 4 other children who could not
answer the question about the placement of
the virtual cube (“l don’t know”).

The results from the rest of the children
were sorted into three groups based on the
placement of the virtual cube in relation to
the real cubes: group 1 (“light’) — closer
to the light cube (31 participants), group 2
(“heavy”) — closer to the heavy cube (8 par-
ticipants), group 3 (“uncertain”) — in between
of the light and the heavy cube (5 partici-
pants) (Table 1, fig. 3). To assign the value of
the placement of the virtual cube to a certain
group, rather than an objective scale (0—40
cm), subjective scales were used, determined
by the individual values of the placements of
the light and heavy real cubes for each child.

Table 1
Placement of the real and the virtual cubes as indicators of weight estimates
Real cubes
ight- Virtual cube (V
S | Numberof | ‘\Weight-based o0 (RH) Light (RL) irtual cube (V)
o children identification of - - -
5} the virtual cube |Bange| Median | Range | Median | Range | Median
(cm) (cm) (cm) (cm) (cm) (cm)
1 31 (70.4%) |light 0—30 9 21—40 40 33—40| 40
2 8 (18.2%) |heavy 4—30 | 12.25 |40—40 40 5—28 14.5
3 5(11.4%) |uncertain 0—14 9 40—40 40 22—27| 23
40 ©
gz °
w2 3
c o} [o}
£ ¢ 0 °
° 20 g
= °
E ¢ 10 0 Ogroup 1(light)
= [ ] ] @ group 2 (heavy)
> ® o hd 0
o0 ® group 3 (uncertain)
-40 30 -20 10 0 10 20 30
_ § ) -10
g <
¥
25 2
heavier lighter
than light V-RL (cm) than light

Fig. 3. Individual indicators of the virtual cube placement in relation
to the light and the heavy real cubes
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Based on an analysis of the results,
we confirmed our first hypothesis. A child
would not be able to accomplish the task of
choosing a specific location on the hill for
the virtual object presented without perceiv-
ing it as having weight. Of 53 participants,
49 (92.5%) accomplished the task, implying
that children attribute the property of weight
to virtual objects.

To test the second hypothesis, the
distribution of the frequency of choice of
position for the virtual cube was compared
to a uniform distribution using Pearson’s
chi-squared test. The resulting value
Kemp=27-59 (p<0.001) shows statistically
significant discrepancies between the
distributions. Thus, the choice by the ma-
jority of the children of a position for the
virtual cube that is close to the position
of the light real cube is not accidental. It
suggests that the virtual cube is identified
as a light cube.

For both of groups 1 and 2 (“light” and
“heavy”, respectively), the reliability of the
shift in the value of the position of the virtual
cube in relation to the position of the real
cubes was assessed using the Wilcoxon
T-test. For 70.4% (group 1) of children, the
placement of a virtual object (Me=40cm)
does not significantly differ (T, =13.5
p=0.933) from the placement of a Iig%t real
object (Me=40cm). For 18.2% of children
(group 2), the placement of the virtual object
(Me=14.5cm) does not significantly differ
(T,p=11.5 p=0.673) from the placement of

em|

a heavy real object (Me=12.25cm).

Discussion

Kloos and Amazeen developed a re-
search technique for identifying a real ob-
ject’s weight without verbal self-report [9]. It
enables us to study the ability of preschool-
ers to compare different weight gradations
in the perception of real and virtual objects.

Virtual object manipulation lacks realis-
tic haptic feedback [8]. Nevertheless, pre-
schoolers tend to attribute to virtual objects
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those properties of real objects that can be
directly perceived through haptic feedback.
Likely, the transfer of the properties of real
objects to virtual ones facilitates a child’s
exploration of virtual reality. The results
of our study of weight attribution to virtual
objects in preschoolers are consistent with
the results of the study of personal ‘theories’
about mass that examines the understand-
ing of mass of drawn objects in 4-to 6-year-
old children [12].

Our results are also in agreement with
the conclusions of Russian [1; 2] and for-
eign [11; 14] psychologists regarding the
role of active sensorimotor interactions with
real objects for the development of a child’s
perceptual abilities, as well as for the abil-
ity to predict the physical characteristics of
visually perceived objects. In addition, we
showed that the experience obtained as a
result of a child’s interaction with real objects
(memory-based representations about the
properties of objects) can be transferred to
the perception of virtual objects.

The main result of this study was that
the specifics of weight attribution to virtual
objects by preschoolers were identified.
Taking our previous study [10] into ac-
count, we propose that children perceive
virtual objects as three-dimensional (often
missing out on shape details) and possess-
ing the property of weight (often perceived
as light).

Besides the small sample size, the limi-
tations of this study lie in the differences
between the conditions for presenting the
real and the virtual objects, such as the ob-
jects’ size and movements when interact-
ing with them. The experimental procedure
does not provide an exact quantitative cor-
relation of the positions of the real and the
virtual objects but rather defines the gen-
eral rule: the bottom part of the hill is for
the heavier objects, the top part is for the
lighter ones. Nonetheless, the differences
noted in object presentation may cause re-
duced validity.
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Given the associations between weight
and other sensory features [18], further
research should be aimed at investigating
factors determining the perceived weight of
virtual objects, such as movement charac-
teristics when interacting with these objects
(less force applied/ more force applied),
and visually perceived characteristics (size,
density).

Conclusions

1. The results of this study support our
hypothesis that preschoolers attribute weight
to virtual objects. Weight attribution may be
shaped by the association of the visually
perceived properties of real objects and their
weight, formed during interactions with these
objects, as well as by the visual similarity
of virtual objects with their real prototypes,
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