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The article addresses the classical epistemological debate on direct and indirect realism from
educational perspectives relating to the studies of Virtual Reality (VR) and Augmented Real-
ity (AR). Recently, D. Hoffman introduced the Interface Theory of Perception stating that
senses and thoughts mediate and represent reality similar to interface of computer represent-
ing hidden process in a computer. Hoffman goes further and compares the nature of cogni-
tion with production of virtual reality. Studies of VR partly confirmed such statements. For
instance, due to an interaction of our mind with computer-generated objects (signs), move-
ment and acceleration in VR during a virtual free fall from a parachute experienced as real.
By using the Interface Theory of Perception and semiotic theory, the paper examines how
the signs and interactions in VR scenarios can replace/construct studied realities and be used
for learning. It is argued that VR allows building for learners ‘developmental niches’ to ex-
perience and acquire new skills or conceptual knowledge. Overlays or signs augmented
on these VR environments give ‘semiotic scaffolding’ for learners who re-construct studied
social realities or receive instructions for the acquisition of professional skills. These results
were investigated in three types of VR environments with different degrees of semiotic scaf-
folding and evaluated by experts in cultural education. It is shown that VR provides learning
environments similar to the real world and provided semiotic scaffolding reduced the cogni-
tive loads in these developmental niches. VR environments for professional learning as well
as for general education can benefit from using semiotic scaffoldings in virtual apprentice-
ship and professional instruction. Augmented Reality could also scaffold and speed-up sci-
entific discoveries through the effective integration of researchers into the ‘collective me-
mory’ (global databases) and technically scaffolded processes of recognition.
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1. Introduction

Education provides various semiotic scaffoldings for individual development.
As an example, we can learn geography, language and culture of other countries
without the need to travel. Textbooks and multimedia (presentations, educational
videos, interactive blackboards, educational apps, etc.) represent a studied reality
in the classroom space or at home via different conventional and natural signs. Evo-
lutionary, advanced ability of symbolic representation, storage and transmission
of knowledge/skills about natural and cultural realities is unique to human socie-
ties [Sukhoverkhov, 2015; I1’in, Fomin, 2016; Rozin, 2022]. However, in the case
of Virtual Reality (VR) and Augmented Reality (AR), semiotic representation of re-
ality in society was advanced further [Tonnis et al., 2013; Yakovleva, 2022a;
Yakovleva, 2022b]. These technologies can partly take cognitive/educational pro-
cesses on them by playing the role of a virtual assistant or tutor. For example, com-
puter applications with Augmented Reality could give us on the screen of smart-
phone information about the object being studied (e.g., an unknown plant or insect)
and give instructions on what to do with them. In Virtual Reality, training programs
which provide instruction can be designed, for instance, assembling cars or con-
ducting a surgery [Hammerschmidt, April 10, 2019; Luca et al., 2020]. These mod-
ern achievements confirm ideas expressed in the theories of extended mind and dis-
tributed cognition [Clark, Chalmers, 1998; Paolucci, 2011]. Human cognition,
as well as the teaching process, could be extended and distributed through intelli-
gent technical systems. Furthermore, we can work with technical representations
of the world as effective as with the world itself. Current technologies also pro-
vide for extended and distributed human memory. M.A. Rozov, V.G. Gorokhov,
V.S. Stepin stated that science, as a social institute and special practice, can be
viewed as a mechanism of centralized social memory, which accumulates the prac-
tical and theoretical experience of mankind by making it public and shared [Stepin,
et al., 1996]. By doing this science helps people to avoid rediscoveries. When, for
example, Victoria Falls was discovered by David Livingston in 1855, it became part
of global scientific knowledge and this eliminated the possibility of its rediscovery,
even though local tribes knew about this waterfall with name Mosi-oa-Tunya long
before David Livingston. Modern databases and technologies of image recognition
allow everyone to have access to huge, fast growing amount of knowledge that one
person or groups of people would not be able to carry in their memory or share with
every person on the planet. Creation of virtual realities and software with aug-
mented realities have also given people better and faster access to knowledge accu-
mulated by humankind. Such tools provide extended and distributed technological
means for knowledge/skills transmission and constitutes further stages of non-ge-
netic inheritance in social evolution [ Sukhoverkhov, Gontier, 2021].

In this context, the paper investigates the cognitive foundation of learning
through the technical representations. On the basis of empirical analysis, the re-
search addresses problem how VR scenarios provide designed developmental
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niches which have a better sense of immersion into the studied reality than media
such as textbooks. Also, it is aimed to explain the cognitive, evolutionary and
scientific aspects of semiotic scaffolding of learning in virtual and augmented
realities.

2. Theoretical framework

There are two main theories concerning our perception of reality: direct realism
and representational realism. Direct realism and common sense tell us that the rea-
lity we perceive is given to us directly and there are physical/objective ‘affordances’
of our actions and perceptions [Beaton, 2016]. Indirect or representational realism
argues that senses and thoughts mediate and represent reality as signs of reality.
D. Hoffman, to prove the validity of the second approach, proposed recently the In-
terface Theory of Perception. He compared the perception with species-specific
‘user interface’ (that guides behavior of living systems) similar to an interface
of computer or smartphone that represents for users hidden technical process or
functions [Hoffman, 2016; Hoffman, 2019]. On this ground, D. Hoffman suggests
to describe the nature of cognition similar to processes that happen for the produc-
tion and usage of Virtual Reality [Hoffman, 2010].

Virtual Reality, which uses computer-generated simulations to produce high fi-
delity, three-dimensional experiences, seems to confirm the indirect realism theory
[Bower et al., 2020]. A heightened sense of presence and immersion causes our
senses to experience the movement and acceleration such as during free fall in a para-
chute, or the excitement in a rollercoaster ride even when there is no movement.
This ‘indirect realism’ has enabled VR to be used for exposure therapy in the treat-
ment of anxiety, phobias and traumas as it enables a safe environment for these ex-
periences [DeWitt & Adams, 2021]. Hence, we interact with objects in VR as these
objects are the signs and symbols for virtual actions on the computer to produce vir-
tual events [Brey, 2014]. In a similar way, we use virtual money for purchasing
items in virtual transactions in the virtual world [Ibid.], feeling no difference be-
tween virtual and real.

Yet, we can find proves for direct realism too. Even if we do not have access
to reality in itself, actions in the real world are something that scaffolds our indi-
vidual or social development and reveal objective affordances/properties of things
in the environment. As was shown by the proponents of direct realism, cognition
and learning is situated, embodied and embedded [Young et al., 2002; Fowler,
2010]. Studies of the language origin and acquisition also show the effectiveness
of situated learning, learning from the context and actions because such learning is
grounded in ‘natural signs’ causally connected with their signifieds [Sukhoverkhov,
2012; Nurdin et al., 2020]. In this regard, we can here be in line with the idea
of V.A. Lektorsky that future in epistemology belongs to the constructive or active
realism [Lektorsky, 2015; Lektorsky, 2018].
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2.1. Developmental niches and semiotic scaffoldings
in VR education

Learning of conventional and natural signs of reality as well as learning via ac-
tions are the main objectives in education based on VR. Designers of VR provide
for that special symbolically loaded learning environment that we propose to call
‘developmental niches’. The idea of the developmental niches belongs to K. Stotz,
who elaborated this concept in the framework of evolutionary theory. She differenti-
ates these niches from ecological and selective niches and defines them as “a multi-
dimensional space of environmentally induced and developmentally regulated, heri-
table resources that scaffold development” [Stotz, 2017, p. 2]. Such niches provide
a link between the generations through the non-genetic or exogenetic mechanisms
of inheritance that promote the transitions for young and adult species-typical de-
velopment. It has to be mentioned, that such niches provide not just physical or bio-
logical scaffoldings but complex ‘semiotic scaffolding’ [Hoffmeyer, 2015; Kull,
2015] of individual development both in nature and society [Stotz, 2010; Knyazeva,
2015; Strugovshchikova, 2023].

Educational system also creates ‘semiotic developmental niches’ with symboli-
cally and conceptually augmented environments for the learners. Virtual reality
makes a step further in this work and optimises the signs and actions for learning
through the design of ‘virtual developmental niches’ and ‘virtual affordances’ for
actions. Especially for the special cases when learners do not have available re-
sources in the real world or in the real learning environment. As in case of natu-
ral and social scaffoldings (e.g., by means of language and verbal instructions),
in instances of technological means of learning we have further extended version
of non-genetic inheritance of social memory (cultural traditions and knowledge)
and new extended tools to represent and learn the reality.

These human-generated ‘niches’ scaffold development of individuals via con-
ceptual/semiotic augmentation of everyday experience (e.g., via Google Lens,
SkyView Lite or other apps) or design of special learning VRs. In these develop-
mental niches, learners can develop emotionally and experience a change of beha-
vior for example, caring for the environment and making an effort to conserve na-
ture, or learn names and properties of rare plants in parks and national reserves
or acquire new cognitive and practical skills in their profession (as in case of BMW
where learning occurs with VR [Hammerschmidt, April 10, 2019]). Overlays, signs
and instruction augmented on these virtual environments gives semiotic scaffolding
for learners, allowing them to re-construct cultural or scientific realities that they
are learning supplying them with virtual apprenticeship and guidance.

Furthermore, technologies with Augmented Reality can be useful for research
and new scientific discoveries. For example, to ensure that the new insect that
someone discovered has never been discovered yet, the researcher needs to know all
insects of the world, or at least all insects of his/her region or country. Sometimes
it is impossible, for instance, for regions like the Amazon rainforest. However,
the apps like Google Lens with image recognition software could be used to scan
the insect and find equivalent images in its database. If there are no matches, it po-
tentially indicates that this insect is unknown to science and we need further



116 Hayka, mexnuka, obuiecmao

research and global sharing of this information. Another challenge for scientists is
studies of different species of bacteria. Researchers hypothesize that the total num-
ber of these species range from about 10 million to a billion. Without big databases
with systems of effective image recognition, it would be impossible to make a well-
ordered catalog of these species.

3. Learning in VR: empirical study in Malay University

Most cultural realities (‘institutional facts’) cannot be ‘read’ or perceived di-
rectly; they are symbolic by nature and need guided explanation and interpretation.
In the Department of Curriculum & Instructional Technology (Universiti Malaya),
we created virtual reality tours that explain cultural semiotics of different ethnicities
in Malaysia. It is very important for Malaysia because as a multicultural country,
there is a variety of traditions and religious observances that may be too difficult
to understand for foreigners at the beginning. Hence, tourists and travelers who ar-
rive in Malaysia could learn first in virtual reality, the basic skills, traditions and
cultures of different religions and nations via virtual tours before their arrival. Ex-
planation of the functions and meanings of objects through the augmented informa-
tion can help newcomers to Malaysia avoid getting lost in the new environment. For
example, you can learn that in Malaysia, some people eat with their hands (but only
with the right hand) and be familiar with various types of food and places where
you can find these foods, or learn about names of medicinal herbs in a traditional
Chinese medicine store.

VR is effective not only for explanation of symbolic realities but also for ac-
tions (practical skills) training. It allows to replace affordances for action from real
world with virtual affordances. For example, VR is very effective in learning of ac-
tion-oriented skills like navigating in new environments, doing surgery, or assem-
bling car or engine [Hammerschmidt, 2019; Luca et al. 2020]. Especially VR is effec-
tive in a case when resources for practical learning are not available (e.g., playing
the organ or exploring how to do surgery of rare diseases) or in case of a pandemic
when students have to learn at home.

3.1. Methodology

In this section, several VR scenarios were selected and analysed to determine
the extent to which these environments could be used for learning. Experts’ opi-
nions were sought to evaluate the VR environments and identify possible develop-
mental niches and semiotic scaffolding in the environments. The experts were se-
lected based on their experience and practice in academia and in multicultural
education in Malaysia [Bourne et al., 2014]. Each of the expert had more than
20 years’ experience and practice. Their opinions were sought on the different cul-
tural ethnicities in Malaysia when they viewed the VR environments. After the ex-
perts had identified and coded the environments, they were interviewed to gather
their opinions.
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3.2. The VR scenarios

A selection of 360-degree photos related to cultural education in Malaysia was
used for this purpose. Some of these 36 0-degree photos had been provided to stu-
dents in a polytechnic school in Malaysia, and they had developed immersive learn-
ing environments in VR by identifying and tagging objects / augmenting these objects
with information. The VR produced by the students were used for this purpose.

The VR were categorized into three categories: (1) VR environments without
information augmented in the 360-degree photos; (2) VR environments with a little
information, such as name of the object augmented in the 360-degree photos; and
(3) VR environments with detailed explanation of object augmented in the 360-pde-
gree photos. There were two VR environments for each category.

3.3. Analysis of the VR environments

Each VR environment was analysed to identify developmental niches and
semiotic scaffolding which could contribute to the learning of culture. Notes
on the possibilities for learning culture were identified and coded separately by two
experts in the area of cultural education. They would determine how these niches
could be used for learning independently. Any differences were discussed and
the experts would come to a consensus on the data. The data was analysed to iden-
tify emergent themes.

4. Findings

Table 1. Analysis of VR environments

VR Envi- Developmental Semiotic Notes
ronment niches Scaffolding

Environments without information augmented in 360-degree photo

Malay — Types of food 1. Colour and Indirectly to realise;
restaurant | — Utensils for eating textures of food sensed from nuances
— Culture and seating denotes spicy food | in arrangement
arrangement 2. Use of hand for of people and perceived
consuming food behavior
3. Too casual
interactions

between different
genders are
not encouraged

Hindu 1. Surroundings 1. Colourful nature Indirectly seen and
temple 2. Statues of deities of prayer and perceived
3. Colourful structures religious

in the temple observances
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2. Importance
of particular deities
3. Offerings to deities
Environments with limited information augmented in 360-degree photo
Chinese 1. Types of food 1. Labels of cultural Labels were for
Restau- 2. Utensils artifacts for providing verbal
rant 3. Seating arrangement decoration information and
2. Labels for food not much elaboration
and utensils of culture.
However, perception
Chinese | 1. Decorations 1. Labels of cultural | of arrangement of seats
temple in the surroundings artifacts for and types of food could
2. Offerings decoration help understanding
to the deities 2. Labels of some hierarchy and
3. Colourful architecture offerings importance of the food.
and structures
in the temple
Environments with information augmented in 360-degree photo
Chinese 1. The storage of herbs | 1. Names and uses Elaboration
tradi- 2. The position of partcular herbs of significance
tional of the salesperson 2. Recommendations | of objects, and their
medicine and purchaser of herbs for certain | extended meanings
shop treatments given makes meanings
clearer.
Chinese | 1. Importance of certain | 1. Names and It is easier and faster
tradi- cultural items for significance to identify objects and
tional decoration of cultural objects | their significance
home 2. Position of furniture and pictures when information

for receiving guests

2. Features and
position of spaces
in a home

is augmented

on the 360-environment.
Perception of additional
information, which

is not elaborated can
also be identified from
VR environment.

5. Discussion

Although VR has many benefits and have been used in education, there are still
pedagogical issues related to designing learning environments related to VR, for in-
stance, nausea during the usage of VR mask or the large cognitive load in VR. AR
which is used in the Google Lens or other apps could be used to reduce the cogni-
tive load in VR environments and be applied for scientific discoveries/researches.
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As in the case of the Chinese traditional medicine shop and home, augmentation
of the meanings of objects created by semiotic scaffoldings also reduced such cog-
nitive load. When VR scenarios with little semiotic scaffolds were used such as
at the Malay restaurant and the Hindu temple, the virtual environment provided
a developmental niche but had a much higher cognitive load.

We can design developmental niches and their semiotic content in educational
environments for professional learning as well as for the curriculum. VR for educa-
tion and training requires relevant semiotic content from professionals or experts
from industries, who could be consultants in designing specific semiotic scaffol-
dings that should be learned in these niches. Every profession has its unique pecu-
liarities and details that could be augmented in the form of instructions or prompts
into the semiotic structure of virtual reality and this could be used to prevent mis-
takes during the production of goods, repairing of devices and even during medical
treatment. In this regard, educational developmental niches create extended ‘collec-
tive memory’ where people accumulate, share and transmit the practical and scien-
tific experience (achievements) for young generations or other leaners. In terms
of R. Dawkins, they exemplify ‘extended phenotype’ that became in society loaded
with semiotic and cognitive functions.

The active use of VR and AR technologies will boost number of scientific dis-
coveries in the future and the increased amount of knowledge will only induce fur-
ther development of these technologies for designing educational environments, for
professional learning and training. Because of active (interactive), instructional and
developmental nature of these new, highly technological learning environments, we
can consider them also as an example of socially and technically distributed cogni-
tion and active constituent of non-genetic inheritance in society.
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B crathe paccMaTpuBaeTCs KIaCCUMUYECKUI SMUCTEMOJIOTMYECKUI CIOp MPSMOro («HauBHO-
rO») ¥ penpe3eHTaTVBHOIO peaay3Ma C TOYKM MCCIeNOBaHMI BUPTyaabHO peasibHOCTH (VR)
1 nononHeHHou peanbHocTH (AR) B o6pasoBanmn. Hemasuo [I. XodbdmaH mpencTaBui MHTEP-
(delicHYIO TeOPUIO BOCIIPUATHS, YTBEPIKIAIONIYIO, UTO YYBCTBA ¥ MbICJIY OMOCPEMYIOT U Tpe[-
CTaBJ/ISIOT PEaIbHOCTh MOJOOHO TOMY, Kak MHTepdeliC KOMIIbIOTepa perpe3eHTUpyeT CKPbI-
Thle Iporecchl/GyHKIMM B KOMIIbloTepe. XoddmaH Takoke CpaBHMBAET IMPUPOLY MO3HAHMS
C TIPOLIECCOM CO3IAHMSI BUPTYaJIbHOM peanmbHOCTM. VccinenoBanmsa VR yacTMyHO mopTBep-
IV Takue yTBepskneHusl. Hampumep, 61aromapsi B3aMMOIENCTBUIO CYOBEKTa C CO3LAHHBI-
MM KOMITBIOTEPOM OOBEKTaMM, ABVOKEHME ¥ YCKOPEHME B BUPTYaIbHOM PeabHOCTY BO Bpe-
MsI UMUTUPYEMOTO CBOGOMHOTO TMafeHusl C TapallioTa BOCIPUMHUMAIOTCS KaK peasbHbIE.
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Vcnonb3ys nHTEpGhECHYIO TEOPUIO BOCIIPUSITHUS M CEMUOTUYECKYIO TEOPUIO, B CTaThe MC-
CJleyeTcst TO, KaK 3HaKM M B3aMMOIEVCTBUSI B CLIEHAPVSIX BUPTYaJbHONM PEaJibHOCTY MO-
I'YT 3aMEHSITh/KOHCTPYUPOBATh U3yYaeMyIO0 PeaJbHOCTb M MCIIOIb30BAThCS IJIS1 OOYYEHMSI.
VTBepKIaeTcs, YTO BUPTya/lbHAasl PeaJibHOCTh IIO3BOJISIET CO3[AaBaTh I OOYYalOLIVMXCS
«HUIIY PasBUTHUSI», B KOTOPHIX OHM MOTYT HMPMOBPECTU HOBBbIE MOBeAEHYECKue/mpodec-
CHOHAJIbHbIE HABBIKY MJIM KOHIIENTyasibHble 3HaHus. Habop MHCTPYMEHTOB MM MOLCKa3-
KU, OOTIOJHSIIOLIME 3TY BUPTYIbHBIE CPEIbl, CO3MAIOT «CeMuoTnueckuin ckabdoaayar»
(semiotic scaffolding) mis obyvarommxcsi, peKOHCTPYUPYIOIIMX COLIMOKYJIbTYPHBIE pea-
JIMV VJTU TIOJTYYArOIIMX IpodeCcCMOHaIbHbIe HaBbIKM. B cTaTbe MpakTuKa TaKoro 06yJyeHus
6GblIa MCCIeNOBaHa B TpeX TUIIAX BUPTYaJbHOM Cpefbl C pasHOM CTEMeHbI0 CEMUOTH -
YeCKOi MONIEPKKM M OlleHeHa 3KcIepramy B 06sacTi o6pasoBaHusi B chepe KyIbTyphl.
ITokasaHo, YTO BMPTYya/ibHAsl PeajbHOCTb OOecreunuBaer y4yeOHYIO Cpemy, aHaJOrMYHYIO
peaJibHOMY MUPY, & «CEMUOTHMUECKUI cKabbOJAMHT» CHMUKAET KOTHUTUBHYIO HAarpysky
B BUPTYaJIbHbIX «HMIIAX Pa3BUTUSI». BuUpTyanbHble cpenbl IS IpodeccuoHaaIbHOro oby-
YeHMs], @ TaKKe [IJisT 061ero o6pasoBaHmss MOTYT BbIMTPATh OT MCIIOJIb30BAHMS «CEMUOTH -
yeckoro ckabbosauHra» Ojis pasBUTUS BUPTYAJIbHOIO HACTAaBHMYECTBA M IIPOBEAEHMS
podheCcCMOHABHOTO MHCTPYKTaka. [IOMo/IHeHHAsT peaibHOCTh MOYKET TaKKe CITOCO6CTBO-
BaTh M YCKOPSATb HayYHble OTKPBITHS 33 CYeT 3(PHEeKTUBHON MHTErpauun UCciIenoBaTeein
B «KOJUIEKTMBHYIO IaMSTh» M IIOCPEICTBOM TEXHMUYECKM OPraHM30BaHHBIX IPOLIECCOB
pacrosHaBaHus: 06beKTOB.

Kntouesvle cnoea: BUpTyaabHasi peayibHOCTb, MOTOJHEHHAash peajbHOCTb, PElpe3eHTaTUB-
HbIM peayiM3M, HUIIM PasBUTHUSI, CEMUOTMYECKMIT cKaddOIANMHT, pacIIMPEHHBIN pasyM, pac-
MpenesieHHOe TI03HaHKe, MHTepdenCcHasT Teopys BOCIIPUSITHS
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