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Abstract: The manuscript addresses models concerning the speaker's temporal
orientation during communication within virtual reality (VR). VR denotes an
environment constructed through computer technologies and technical apparatus.
Presently, VR is regarded as an experimental domain or research methodology.

The research was procured via experiment and analyzed 725 reactions from 24
participants, identifying temporal deictics that indicate temporal proximity or distance,
which helped delineate temporal orientation modalities within VR.

This research seeks to delve into the complexities of temporal orientation models
within VR environments, concentrating on their role in shaping communication
and optimizing human-machine interaction (HMI). Through a detailed VR-based
experimental framework, the study investigates cognitive and communicative processes,
uncovering distinctive temporal orientation models and their variations, which are
influenced by extralinguistic factors. The analysis further highlights the speaker's

temporal orientation in VR, referred to as virtual-temporal deixis, which forms a
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unique communicative-indicative coordinate system. The results underscore VR’s utility

as a powerful tool for exploring cognitive and communicative dynamics, alongside

mechanisms of language transformation. Moreover, the findings offer a theoretical basis

for developing HMI systems that more closely align with human temporal perception,
fostering more intuitive and natural user interactions.

Keywords: virtual-temporal deixis, deictics, models, VR, speaker bebavior,

orientation, HMI.

1. Introduction

The growing use of virtual reality (VR) in recent years has created new challeng-
es for understanding the perception of time and its cognitive transmission in the
digital space. The article explores the concept of the speaker's temporal orientation
within the framework of VR. VR is an emerging field that is important for under-
standing cognitive and communicative dynamics in immersive environments. Its
innovation is based on a thorough experimental study of temporal deixis in VR,
which allows us to get an idea of this special environment in which traditional time
landmarks are changing and rethinking.

By VR, we mean a digital environment designed to simulate interactive three-di-
mensional spaces that reproduce both real and imaginary scenarios. This tech-
nology allows users to experience various degrees of immersion — from partial
to full immersion in a VR environment (Lanier, 1992; Castronovo et al., 2013).
By creating stimuli that accurately mimic sensory signals coming from a person,
VR systems are able to elicit responses corresponding to cognitive, more precisely
motor actions and reactions in real time. This ensures a dynamic and responsive
interaction between the user and the environment (Lanier, 1992; Powell, 1996).
In addition, objects in VR are perceived as having a spatial presence, creating the
illusion of physicality and enhancing the sense of realism in virtual space (Bryson,
2013). VR environments can be described as the artificial reproduction of real or
imaginary worlds that may or may not obey physical laws (Fox et al., 2009). This
combination of sensory alignment and spatial perception makes VR a powerful
tool for both practical and experimental applications in various fields.

It is worth noting that these qualities of VR stem from the very properties of the
artenvironment. VR embodies five key properties known as the "Five Selves": visibility,
immersion, interactivity, intuitiveness and intensity, proposed by McMillan (1994)
and Sherman & Judkins (1992). These properties form the fundamental basis for VR
technology. Interactivity is often emphasized as one of the key characteristics VR,
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distinguishing it from other digital environments. Equally important are the concepts
of presence and immersion. Presence refers to a psychological state in which users
feel physically located in a virtual world, while immersion includes both technology
that creates an adaptive, attractive environment and psychological absorption that
disconnects users from their real environment, allowing them to perceive virtual
space as reality. The effectiveness of VR depends on the dynamic interaction between
interactivity, presence and immersion (Steuer, 1992; Walsh & Pawlowski, 2002; Ryan,
2015; Miitterlein, 2018; Slater & Wilbur, 1997; Witmer & Singer, 1998). Nosov
(2000) also highlights interactivity, generality, relevance and autonomy as the main
properties that are influenced by the user's perception of time. Relevance is deter-
mined by what is happening here and now, while autonomy refers to the subjective
perception of space and time in VR. Interactivity measures the extent to which users
can change the VR environment in real time (Gryaznova, 2013; Macmillan, 1994).

The properties of VR reflect the virtual space-time continuum, as reality itself
is inconceivable without time and space. Each point in space is defined by three
coordinates, and time is determined by the point of reference on the time axis
(Blascovich et al., 2002). However, the perception of VR is not merely a matter
of spatial or temporal measurement; it is closely tied to the cognitive mechanisms
through which individuals construct experiences of stability and safety. As Muhic
(2024) argues, conceptual metaphors of space such as walls, barriers, and protective
boundaries serve as cognitive frames that ensure a sense of security and continuity.
These domains of protection and limitation are not only spatial but also temporal,
helping users establish reference points when traditional temporal markers are
disrupted in immersive environments.

In this context, the notion of a reference point becomes crucial for understand-
ing temporal orientation in VR. A reference point functions similarly to the deictic
center in language, providing a temporal anchor that allows the organization of
events relative to the present moment. Temporal deixis is expressed through tem-
poral adverbs and the grammatical category of time, which defines time intervals
relative to the act of speaking (Erzinkyan, 1978; Zherebilo, 2010). In most languag-
es, time is perceived linearly, representing a unidirectional axis along which events
of the past, present and future are sequentially arranged (Benveniste, 1956). The
deictic center, usually corresponding to the moment of speech, serves as a reference
point for the organization of these temporal connections, and grammatical tenses
— past, present and future — are tied to this center. The present tense corresponds
to the moment of speech (now), the past tense refers to the time before the speech
act (to the present), and the future indicates the time following the speech act (after
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the present) (Apothéloz, 2021; Bondarko, 2001; Jespersen, 1924; Marino, 2020).

This structure provides clarity in the sequence and interpretation of events in the
communication process.

Various concepts for allocating reference points consider positioning along the
time axis relative to communicative moments. Reichenbach's model (1947: p. 289)
outlines three points: the moment of speech, the moment of the event, and the
point of reference. Apresyan's concept (1986: p. 21) incorporates these and adds a
fourth component —the speaker’s time, distinct from the moment of speech. This
theory connects the "point of reference” and "moment of speech,’ defining relative
time versus absolute time, with the point of reference aligning with the moment
of speech (Apothéloz, 2021; Baranzini & de Saussure, 2021; Bondarko, 1990;
Haspelmath, 1997: p. 23; Smith, 2006: p. 92).

In our study, we are trying to identify, systematize all temporal relationships/
structures and present them in the form of behavioral models. Our research is based
on an experiment conducted in a VR environment. The purpose of the experiment
is to study the speaker’s deictic behavior in VR. Analyzing the reactions in various
simulated scenes, we are trying to solve several problems: to determine the speaker’s
coordinate system and build models of the speaker’s communicative behavior in VR
in order to understand the temporal orientation in VR; demonstration of the effec-
tiveness of VR as a tool for the study of cognitive and communicative processes; de-
velopment of a unique communicative orientation coordinate system specific to VR.

This work uses a multimodal approach to the study of linguistic data on cognitive
processes in VR, with an emphasis on the perception of time as the fourth dimension
of reality. The cognitive processes of speakers in a virtual environment remain insuf-
ficiently studied, especially with regard to the features of communication and deictic
behavior, including the temporal orientation of participants. Analyzing the temporal
deixis, the authors of the study determine the methods of temporal orientation charac-
teristic of various scenes and communicative behavior. Here, "deictic” includes lexical
(pronouns, adverbs, interjections), morphological (some lexemes, affixes, postfixes)
and syntactic means (syntagmas, sentences) with indicative semantics.

To deepen our understanding of these issues, modern linguistics requires the
introduction of innovative interdisciplinary research methods, as well as flexible
and effective technologies to study various processes such as analysis and learning.
One of these technologies is VR, which currently, in addition to the rest, is actively
functioningas an experimental platform and research methodology. The versatility
of VR makes it possible to explore complex cognitive and communicative phenom-

ena, which makes it a valuable tool in advancinglinguistic research. Its widespread
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use demonstrates the integration of various modalities such as speech, gestures, gaze
and facial expression, as well as the manipulation of virtual space and objects in it.
This highlights the numerous advantages of VR, which makes it possible to explore
complex cognitive processes (Peters, 2019: p.899; Zinchenko et al., 2015: p.61).

Although the research is primarily based in linguistics and cognitive science,
particularly in the study of temporal deixis — how time is referenced in commu-
nication - it also has indirect implications for other scientific fields, such as hu-
man-machine interfaces (HMI).

VR has the ability to simulate both real and fantasy environments, allowing partici-
pants to actively interact in these immersive environments. By eliminating the artificial
spatial boundaries that usually exist between stimuli and participants, VR promotes
more natural and direct interaction in the simulated space. Hence, this approach allows
to assess the degree of immersion of the user in a highly realistic three-dimensional
environment (3D), where the quality of the data collected is much higher compared
to traditional experimental methods using two-dimensional computer monitors (Fox
etal,, 2009; Peeters, 2019). The enhanced sense of presence and realism provided by
VR enhance the user’s depth of perception, offering a more accurate understanding
of human behavior. In addition, this technology reflects key aspects of human-ma-
chine interaction (HMI), which makes it an invaluable tool for studying cognitive
and communication processes in artificial environments (Partarakis & Zabulis, 2024).

The data provided and the theoretical basis for improving interfaces and systems
that respond better to user actions, create more natural and intuitive interaction con-
ditions. In our opinion, this knowledge can help in the development of HMI systems
that provide a better user experience by more accurately matchinghow people perceive
time and interact with it in artificial conditions. This may be due to the provision of
data and a theoretical basis for improving interfaces and systems that respond better
to user actions, resulting in more natural and intuitive interaction conditions. Thus,
the knowledge gained can help in the development of HMI systems that provide a
better user experience by more accurately matching how people perceive and interact
with time in artificial environments, in particular in VR (De Crescenzio & Frau,
2013; Katona, 2021; Shi et al., 2020). In this article, we will also try to present some
considerations and recommendations for solving a number of HMI problems.

2. Design and Methodology

In this section, we present the stimulus material and describe the scenes and scenarios

created in the VR environment. We outline the experimental conditions and detail the
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methodological approach used in the analysis, including data collection and processing,

Additionally, we explain the principles guiding the experiment and the framework used
to interpret the cognitive and communicative behaviors observed in the VR setting.

The experiment is carried out in a VR environment and it involved 24 Rus-

sian-speaking participants (12 men and 12 women), all residents of the city of

Perm with higher or incomplete higher education and limited experience with VR

devices. A fragment of the virtual environment is shown in Figure 1.

Figure 1. A fragment of VR environment (Sc3)

The VR environment was created using Unreal Engine 4.22, featuring a rectangu-
lar-shaped bar environment with 11 tables (4 round, 7 square) and 2 bar counters (one
L-shaped, one shorter). The referent, represented by a bottle, was placed on three dif-
ferent tables during the experiment, sequentially labeled R1, R2,and R3 (see Figure 2).

| Ty

\* BAR COUNTER
| @ |
| |
Q..
<

BAR COUNTER

Figure 2. Virtual room plan with its components (Scl)
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The experiment consisted of five scenes: three person-oriented and two dis-
tance-oriented. Person-oriented parameters focus on the spatial and communica-
tive relationship between the speaker and addressee, emphasizing face-to-face or
close-proximity interactions, often within the same field of view and using personal
deixis. In contrast, distance-oriented parameters involve interactions where the
speaker and addressee are farther apart or in different fields of view, requiring in-
direct communication strategies and reliance on spatial deixis to reference objects
or locations outside the immediate interaction space (Fillmore, 1982; Anderson
& Keenan, 1985; Jungbluth, 2003; Diessel, 1999).

Each scene in our experiment involved different combinations of three parameters:
the relative positioning of the speaker and addressee (face-to-face, face-to-back, side-
to-side), the positioning of the referent within the internal or external communication
space, and whether the referent was within or outside the field of view of the com-
municants. These variations created unique communicative situations for each scene:

1. Scl: A person-oriented, face-to-face interaction where the referent is lo-
cated within the internal communicative space, visible to both the speaker
and the addressee.

2. Sc2: A person-oriented, face-to-face interaction with the referent posi-
tioned in the external communicative space, visible to the addressee but
located behind the speaker.

3. Sc3: A person-oriented, face-to-face interaction where the referent is in the
external communicative space, visible to the speaker but situated behind
the addressee.

4. Sc4: Distance-oriented with the speaker standing alongside or behind the
addressee, and the referent in the external communicative space within the
field of vision of both.

5. Sc5: Distance-oriented with the speaker to the right of the addressee and
the referent in the external communicative space within the speaker’s field
of vision but outside the addressee's view.

Participants completed a questionnaire and were briefed on the task: to request
the addressee (an animated character) to retrieve the referent from the table. The
experimenter altered scenes, requiring the speaker to locate the referent and instruct
the addressee accordingly. The communication process was recorded usingan internal
camera in the VR glasses and an external camera, with the videos synchronized and
merged for analysis (see Figure 3). A total of 725 reactions were recorded, each

combining linguistic deictics and, if present, gestures and other modalities:
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1) Bosvmume Gymoiixy, cmosugywo na 8mopom om 6ac cmoae, cnpasa. Jaice npamo.
(Denaem waz eneped)*

Figure 3. A fragment of the synchronized recording of both cameras

The experimental data undergoes a multi-step processing and classification
procedure. Verbal reactions are decoded and synchronized with body movements,
with cues segmented into phrases and gestures. This synchronization is essential
as gestures act as deictic elements for some participants. The annotated material is
then processed in IS 'Semograph' (Belousov et al., 2017), creating a project for each
subject’s reaction, including context and metadata such as gender and education.
This stage provides data on component connections and their metadata links.
Each reaction is analyzed for deictic or communicative semantics, categorizing
syntagmas into deictic and communicative classes. The result is a universal clas-
sifier with categories like 'Structure of the Situation, "Type of Communication),
and 'Means of Communication, visualized as an interactive circular graph in the
SciVianalytics system (Ryabinin et al., 2020). The interactive graph of deictic and
communication parameters can be viewed at: https://scivi.semograph.com/?pre-
set=Graf_obschee_gender.json?

The full design of the experiment is presented in Taleski's work (2024).

OUNONOr Xvi 2025 32
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3. Results and discussion

Through the analysis of the collected data, several distinct models of the speaker's
temporal orientation in VR have been identified. Participants primarily employ
linguistic elements such as verb tenses, temporal expressions, and adverbs to navigate
and express time within the VR environment. These linguistic markers serve as key
tools for anchoring communication in time. This paper focuses specifically on the
variability in the use of temporal adverbs, highlighting their role in shaping temporal
orientation during interactions in VR. The following sections will outline the
specific models of temporal orientation derived from these observations, detailing

their characteristics and applications within the VR context.

Table 1: Factors and Their Influence on Temporal Adverb Frequency in VR

Interactions

Type of the

Scenes P Gender
scene

Factors s 3 83 o )
~ o W o (=R —_ «
Q Q (9] Q (8] 2 g S e [ =
%) A %) A 95 g .2 2 9 = 5]
[V =N &

o | QO ©°
Variability, = | & | & | & | £ | & & N N
share =) S S S S =) S S =

From Table 1, it is evident that the usage of temporary adverbs varies based on
gender and scene types. In the first four scenes, a consistent usage of temporary
adverbs is observed, ranging from 0.090 to 0.111. However, in scene 5, the pro-
portion of occurrence is nearly double (0.175).

The large number of temporary adverbs (deictics) used in the speech of partici-
pants in Sc5 compared to other scenes can be explained by several factors. The scene
might possess heightened emotional intensity due to the fatigue of the participants,
as it is the last in the sequence, which leads to more expressive and time-anchored
speech, where speakers use more deictic means to emphasize the immediacy or
urgency of their statements. Additionally, if Scene 5 focuses on temporal events or
the sequence of actions, such as recounting a timeline, references to past moments
(events), or, less frequently, planning for the future, this could naturally lead to
a more frequent use of temporal adverbs to clarify the sequence and timing of

events. Thus, Sc5 can be defined as a communicative situation with more complex
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temporal references, requiring participants to frequently anchor their statements

in time, which may be related to shifts in narrative time, discussions of past events,
or detailed sequencing of actions.

Regarding scene types, there is a higher proportion of temporary adverb oc-
currence in Distance-oriented scenes (0.132) compared to Person-oriented scenes
(0.100). In terms of gender, male participants exhibit a proportion of temporary
adverb occurrence more than four times higher (0.091) than that of female partic-
ipants (0.021). This significant disparity may suggest that men in this study tend
to anchor their speech more frequently in time, possibly reflecting differences
in communication styles between genders. Results also has shown that men and
women may prioritize different aspects of communication, with men potentially
focusing more on the temporal structure of events, which could explain the higher
use of temporary adverbs among male participants.

In discussing models of temporal orientation in VR, it is noteworthy that speak-
ers primarily orient themselves in time by utilizing present tense verb forms, as
exemplified in e.g.1, largely due to the experimental task itself. Here, the speaker
serves as the point of reference, aligning with the actual time of speaking in the

VR environment (Figure 4).

Sel Sc2 Sc3 Sc4 Se5

R1 iRZ R3 Rl R2 R3 Rl1 R2 R3 Rl R2 R3 Rl R2 R3

LY
.

Point of re*erencesl/‘
VR time axis +

Speaker position l

Figure 4.Visual representation of Model 1

This model of the speaker’s orientation is also observed when the speaker uses
temporary adverbs indicating the actual moment of speaking. Firstly, we are refer-
ring to temporal adverbs such as meneps "now’, cesiuac "at this moment', and nopa
"it’s time", which are used by speakers to anchor their statements in the present
moment, guiding the listener’s understanding of when an action is expected to
occur or is being referenced, as seen in the example:

2) Bauocatimuii cnpasa om 8ac cmo. TCUEPh Co0epHcum GYmuLiKY, noNaryicma,
nepedatime eé mue. (Omycxaem 20408y 8HU3, CMOTPUIN 8A€80, ULEBEAUIN NANYAMIL).
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In this model, communication is specifically oriented toward the VR addressee,
with all three key elements of the communicative interaction — the speaker, the
addressee, and the referent — fully embedded within the VR environment. This
alignment effectively constructs a temporal axis unique to the virtual setting, enabling
temporal relationships to be established and navigated within the VR space. Such
a configuration allows for precise temporal coordination and interaction, where
the dynamics of time are integrated directly into the virtual context, reflecting the
fluidity of temporal deixis in artificial environments. This can be qualified as Model
2. Unlike Model 1, which is used for real-time tasks and provides responsiveness and
clarity, Model 2 can be applied to scenarios that reflect a more subtle and flexible
interaction between communicants. Thus, by integrating both models, HMI sys-
tems can provide a more natural and intuitive interface, reflecting the complexity of
human perception of time and increasing user engagement in the VR environment.

The presence of a separate time axis in VR, alongside the real-time axis, becomes

more apparent in reactions devoid of spatial reference points:

3) a) (Ilosopaunsaemcs na 90 2padycos. Kauseas.) A nadewcy 6am ne cocmasum
mpyda (cxaadvisaem pyxu na scusome) dame npunecmu my 6ymataxy, (nposodum

nPABOLL PYKOU, 20PUOHINAABHO YKABLEASL ) KOMOPAs CIOoum 34 6auett CnuHo.
b) Emé 6auxe 34 sausedi cnunoii. (kusaem)

c) CoBceM 6AuSKO (Momaem 2040601L), TOABKO PyKy NPOTSHYTb. [Ipousy sac.
(npuzaacumenvio nposodum npasos pyxod, 20pU30HMANLHO YKA36LE4S)

In example 3, the speaker’s three consecutive reactions (a, b, ¢) form a cohesive
and integrated discourse. The speaker uses coordinating words to reference previous
situations, drawing on earlier contexts to address the task at hand. These lexical
cues help connect past interactions with the current communicative act, ensuring
continuity and aiding the addressee (the VR character) in completing the task
successfully.

This type of temporal orientation remains confined to a single scene, in this case,
Sc3. The speaker’s use of what can be termed "chain orientation” is restricted to the
boundaries of that specific scene, without extending beyond it. This suggests that
the speaker perceives the scene as a distinct unit or episode, with a clear start and
end, anchored alonga specific temporal axis that parallels the VR time continuum.

Chain orientation, as observed here, represents a unique model of temporal
alignment within VR. It is characterized by sequential references within a single
interaction, where temporal coordination is established and maintained only within
the given scene, as illustrated in Figure 5.
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3
a) b ¢
Scl Sc2 Sc3 Sc4 Scs
Rl R2 R3 Rl R2 R3 hﬂl 1R2 lR.’j Rl R2 R3 Rl R2 R3
L

—
=

Point of referencesl;”
VR time axis —_—

Scene time axis

Speaker position l

Figure 5. Visual representation of Model 3

Model 3 indicates the ability of users not only to make references to several
time points of reference in VR, but also to simultaneously perceive several time
frames, interacting with the environment in the present, observing events in the
past or manipulating them without changing contexts. The time dimensions in
this model can be dynamically and smoothly integrated and synchronized, which
creates a sense of a sequence of actions in one "virtual" time axis, creatinga dynamic,
interconnected time experience that is convenient for a successful HMI.

It is important for HMI within the framework of Model 3 to be able to work
with multiple time contexts simultaneously, offering a customizable time interface
that improves understanding of complex systems and allows you to create potential
linear, multi-level narratives in VR.

It is noteworthy that in e.g. 3, the primary spatial point of reference is the
body of the addressee. During orientation, the speaker utilizes a specific spatial
reference point from a previous interaction, known as chronotope orientation, to
contextualize and indicate elements of the current situation. This strategy enables
the speaker to draw on past spatial-temporal relationships to guide communication
in the present context.

A clear example of this is demonstrated in example 4, where reference points com-
bine elements from both the current and prior situations. In this case, the addressee
becomes the focal point for establishing temporal deixis, serving as the anchor for
orienting the speaker’s temporal and spatial references within the communicative act
(see Figure 6). This method highlights the integration of past and present reference
frames, facilitating continuity and clarity in VR-based interactions.

4) Monodoti wenosex, A0 Bac desyusxa He mozaa 3a6pamv, 803Mume GYMvLIKY,

nwmmydcma, CAeBa 07711 MEHA 5}/7’”17//[76&1 cmoum...
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5a) b)

Sel Sec2 Se3 Sc4 Se3

Ri1 R2 R3 R1 R2 R3 R1 R2 R3 Ri1 R2 R3 1 R2 R3
L
L
3 b =

Point of referencesllu
Real time axis +
VR time axis —

Scene time axis

Speaker position l

L
r

Figure 6.Visual representation of Model 4

Model 4 can be thought of as a model where the boundaries between time,
space, and user perception are blurred. In this model, the virtual environment and
the speaker's perception of time and space are deeply interconnected and adapt
in real time.

This model allows speakers to perceive time and space in a multidimensional
form, interacting with several versions of the script at the same time. The speaker,
within the framework of orientation, can move through the "layered” environment
of events, rearranging the perception of time and space in such a way as to better
match his immediate needs and goals, encouraging the speaker to think outside
the framework of linear temporal progress, and creating a personalized chronotope
structure. Thus, Model 4 involves the creation of interactive and adaptive interfaces
for the design of HMI systems that will contribute to the chronotope.

In Model 4, we can note the frequent use of verbs, adverbs, and expressions
such as meneps (as in e.g. 2), cetinac, crosa, onsmo nosepuyucs, etc., to reference
previous situations. In this context, the previous situation serves as a direct or
indirect reference point.

The previous situation serves as an effective reference point only when it is di-
rectly relevant to the current task and sufficient for its successful completion. This
is evident in example 2, where the speaker explicitly highlights the earlier absence
of an object on the table. By contrasting this with the current state — where the
table, now functioning as the spatial reference point, contains the referent — the
speaker effectively utilizes past context to frame the present scenario. This approach
underscores the importance of temporal and spatial continuity in virtual environ-
ments, as the reference point not only aids in orientation but also reinforces the

logical progression necessary for task completion.
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It is crucial to note that both participants of the communicative act should be
aware of the carlier situation. Otherwise, the orientation to the previous situation
remains incomplete, as one of the communicants lacks information about the state
of the VR objects until the time of the speech act. In cases where the previous situ-
ation is referenced to highlight a specific aspect of the communicative act, thereby
adding context or enhancing its meaning — such as in the phrase onsm» nosepmyiuce
"you turned again" — the prior situation serves to support effective communication
in the present context. However, when the previous situation is used in this way, it
is classified as an indirect reference, as it enriches the current interaction without
being directly necessary for task completion.
When using these time deictics, different types of orientation models are de-
tected.

5) a) (06opannsaemcs snpaso-6aeso) I'de meneps? (noduumaem pyxu packpoimoim
aadonsmu 61u3) [lozadu eac wepes 06a cmora Haxodumcs cmon, Ha KOMOPOM HA
Kpar naxodumes Gymoiixa. Moxceme nepedamo mne ee? (wseserum nasvyam pyx)

b) A eé cetraac cama 603bM) (yxzwﬁaemm ). Bosvmume, nosycanryicma, ney 6ymbz/ucy

(maxmyaa npasoti pyxoi 64¢80).

In Model 5, we discuss orientation in the present tense. The speaker is oriented
relative to themselves and their body at the moment of the speech act. In e.g. 5a),
they pose a question, attempting to clarify the spatial coordinates of the referent's
location. These are reactions specific to situations at the beginning of a particular
scene. The speaker often requires a certain amount of time to orient themselves after
scene changes, searching for the addressee and determining the coordinates of the
referent in VR, as their location changes instantly after the previous scene concludes.

In example Sa, the challenge revolves around determining the direction of com-
munication. If the question is directed inward, from the speaker to themselves
(autocommunication), where the sender and receiver are the same, we can assert
that the speaker functions as the primary reference point. In this case, the speaker
is oriented with respect to the actual speech act along the VR time axis, positioning
themselves relative to their own actions in the virtual environment.

Alternatively, the communication could initiate external interaction, where the
speaker's actions or requests necessitate input or feedback from outside the VR
environment. This occurs when the speaker seeks to clarify the location of an object
or adjust their behavior based on self-observation, addressing an addressee who
exists outside the virtual realm, typically an experimenter. The external addressee

operates on a real-time axis distinct from the VR temporal framework. In such a
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scenario, it becomes evident that the speaker, while immersed in VR and aligned
with its time axis, is also able to perceive and interact with the real-time axis. This
dual awareness highlights the complexity of communication in VR, as the speaker
navigates both virtual and real-time temporal planes simultancously.

Here we are talking about synchronizing orientation in virtual time with the
expectation of feedback in real time, when the speaker is oriented both along the
time axis of VR (for internal actions) and along the axis of real time (for external
interactions). With such interaction, the HMI system is required to effectively
integrate these measurements. This synchronization leads to the alignment of var-
ious time dimensions (axes), in particular, to temporal convergence. Thus, Model
5 emphasizes the ability of users to manipulate multiple events on different time
axes, and the point of intersection of these dimensions can be defined as a point

of temporal convergence. This model is clearly shown in Figure 7.

5a) b)

Sel Se2 Se3 Sc4 ScS
Rl R2 R3 R1 R2 R3 Rl R2 R3 Ri R2 R3 1 R2 R3

L
r

Point of referencesl/’
Realtime axis  w=p
VR time axis —

Scene time axis
Speaker position

Addressee position J

Figure 7.Visual representation of Model 5

In certain reactions, such as in e.g. 6, participants refer to a specific scene that
has already been completed when they complete a task.

6) Bymuoiixa ocmanrace mam, 20¢ cmosia ABa cToaa Hasap. bydeme dobpuL,

3aﬁepume €€, MONCARYUCTNA.

Here we observe a model centered on the presence of shared memories among
communicants (Figure 8). In this model, the reference point encompasses both a
specific scene from the past (temporal orientation) and a particular VR object — the

table (spatial geocentric orientation).
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>
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>
>

Point of referencesl/‘

Real time axis —
VR time axis —

Scene time axis
Speaker position

Addressee position W

Figure 8.Visual representation of Model 6

Another model of temporal orientation merits attention, as it shares similar-
ities with the previous behavioral strategy, yet exhibits some notable differences.
Unlike models 1-6, which mainly focused on linear time structures, Model 7 may
represent a significant deviation because it takes into account nonlinear or distorted
time structures. In this model, the speaker directs their attention to a previously
completed scene prior to initiating a new task, without explicitly referencing the

earlier context by name:
7) Mot nosmopsiemcs...

In this scenario (Figure 8), there is no explicit reference to a specific scene,
which suggests the existence of multiple timelines. The speaker employs phrases
such as "repeat,’ "again,’ or "the same thing, which, on one hand, suggest that a
similar action was previously performed in an identical context. On the other
hand, ambiguity arises, as it remains unclear which past situation the speaker is
referencing, leaving the time reference uncertain. This lack of clarity disrupts the
chronological order, with temporal markers becoming less precise. The ambiguity
can apply to both the events unfolding within the VR environment and the actions
performed by the experimenter. A similar instance is observed in the expression
Onsmv mosce camoe ("Again, the same thing"), where the speaker hints at repetition
without providing a clear temporal reference, further complicating the temporal
framework. This highlights the challenge of maintaining consistent time markers
in virtual communication.

The speaker's deployment of temporal strategies by using temporal deictics to
navigate parallel temporal realities is a critical component in developing innova-
tive communication methods for effective engagement with complex temporal

frameworks. Consequently, Model 7 can be characterized as a scenario in which
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the speaker simultaneously engages with multiple timelines, allowing for interac-
tion with temporal markers associated with different points in time concurrently.

This indicates that the speaker perceives the scenes as time cycles in which the
user repeatedly goes through the same time interval. In such cases, the speaker per-
ceives recurring events as being in a time loop, where he constantly returns to the
same moment. This can strongly influence communicative behavior, in particular the
speaker's use of a unique temporal deixis to perform a successful communicative act.
It directly testifies to the consequences in the interaction of human and machine.

Itis noteworthy that in e.g. 7, uncertainty also arises concerning the inclusivity
of the personal pronoun "We". Consequently, from the context, it remains ambig-
uous who, besides the speaker, the pronoun "We" encompasses: the addressee, the
experimenter, or both.

7

Sel Se2 Se3 Sc4 Se3
Rl R2 R3 Rl R2 R3 Rl R2 R3 Rl R2 R3 R1? R2 LR:i
{E—
>

v

Point of referencesl/‘
Realtime axis  —=3p
VR time axis —

Scene time axis
Speaker position

Addressee position | ‘

Figure 9.Visual representation of Model 7

It is noteworthy that participants frequently exceeded the designated task pa-
rameters, resulting in the utilization of various temporal expressions, including
forms of the past and future tense, along with adverbs with temporal semantics.

Regarding the future tense, it is important to highlight that it is only present in
reactions when the speaker deviates from the task and envisions various events intended
to occur in the future, as exemplified in e.g. 8. The reference point in such instances is
the speaker themselves and the current time of speaking within the VR environment.

8) Cuyusati, k Ham ce2001s NPUAYT, HABEPHO, Bce cmoaux OYAYT 3ansmoL (deraem
JHcecmn Ae80tL PYKOtl, NOOHUMAEN €€ K 04KAM, QAAEIN. YKASATENOHBLIL HCECTIL YKAZATMEN-
Houm nassyen npasoss pyxu,). Ilocmass na kaxncdviii cmonx 1o maxots OymoLixe, GyACT
CBaAbO, 8 00ugem, Kajcdomy cmory no 3axycke u maxoi OymoLixe, 4mo psoom ¢ moboi.

Participants occasionally articulate adverbs or complex expressions denoting
specific time periods, such as cez0dx., or particular times of the day. The designation
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of specific times of the day is primarily observed when participants use greetings,

such as dobpaisi dens, dobpoe ympo etc. This phenomenon primarily occurs when
the speaker exceeds the predefined task boundaries of the experiment.

In addition to verbal means, a model of temporal orientation in VR was also
identified through the use of non-verbal cues. Specifically, the thumbs-up ges-
ture (Figure 10) was observed. Following each statement, the participant turns to
the experimenter and performs a thumbs-up gesture. This gesture in this context
can be interpreted in two ways: first, as an endorsement of an action (initiating
a certain process), and secondly, as an indication of the successful completion of
a communication act (concluding the successful fulfillment of a particular task).
Both interpretations entail temporal semantics.

Given that the speaker immediately redirects their attention to the experimenter
after engaging with the VR character, this model can be understood as signifying a
shift in the direction of communication - transitioning from the virtual environment
to the external world via non-verbal cues. This redirection highlights the dual-layered
nature of interaction, where participants oscillate between immersive virtual tasks
and real-world communication. The frequent occurrence of such shifts may suggest
alower level of immersion in the VR environment, as participants continually break
the virtual context to engage with external elements. This behavior potentially reflects
limitations in the VR system's ability to fully captivate the user's focus, or it may indi-
cate the participants’ cognitive struggle to remain immersed within the virtual setting,

Figure 10. A fragment of nonverbal communication with the addressee
outside of VR
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These observations suggest that VR functions not only as a medium for mod-
eling temporal deixis but also as a mechanism for restructuring the user’s commu-
nicative and cognitive experience. By creating conditions in which participants
simultaneously navigate multiple temporal axes, VR fundamentally alters the
perception of temporal relations. This transformation is particularly relevant for
educational and training contexts, where immersive environments can strengthen
memory consolidation, improve task sequencing, and foster new forms of temporal
awareness that are unattainable in traditional learning settings. Consequently, VR
introduces a qualitatively new communicative reality in which temporal deixis

becomes both a tool for interaction and a medium for cognitive development.

4. Conclusion

The conducted study yields several key conclusions concerning both the prede-
fined objectives and those that emerged during the course of the research.

The study primarily highlights the effectiveness of VR as a potent research tool
for examining and modeling cognitive and communicative processes, particularly
in understanding linguistic transformations in speaker behavior, including deictic
behaviors. VR's success in this regard is attributed to its ability to replicate exper-
imental conditions with high precision, standardize variables, and manipulate
independent factors: scene configurations, object placements, and reference points.
This flexibility allows researchers to explore complex interactions that traditional
experimental paradigms may not fully capture, offering deeper insights into human
communication and cognitive processes dynamics.

Moreover, the analysis of speaker behavior through verbal elements, such as
adverbs, verbs, and other temporally relevant linguistic units, reveals the emer-
gence of distinct temporal orientation models. These include chain orientation,
orientation to shared memories, and orientation to an undefined previous scene,
each providing a framework for understanding how temporal dynamics are man-
aged within VR contexts. In brief, the implications of these findings are profound
for the development of human-machine interfaces (HMI) and improvements to
existing ones, as they pave the way for creating more natural and intuitive systems
that align closely with human temporal perceptions. Enhancing user engagement
and immersion through such interfaces can significantly improve the overall user
experience in virtual environments, making interactions more seamless and realistic.

The obtained models of temporal orientation, based on temporal coordinates

and the communicative orientation of speakers collectively form a temporal axis.
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This study identifies three distinct temporal axes guiding communicative interaction

within VR: the VR temporal axis, the episodic temporal axis, and the temporal

axis of reality. These axes can intersect, replace each other, or run parallel without

interfering with each other during communication. The ability to simultaneous-

ly perceive and interact with different temporal axes allows for the creation of

a dynamic and interconnected temporal experience, which is important for the
development of sophisticated HMI systems.

Thus, the unique nature of these temporal axes, as integral components of more
complex deictic and temporal behavior models in VR, underscores the significant
impact of VR on speakers’ communicative behavior, even under standard VR con-
ditions. It is evident that the nature of VR substantially shapes both communicative
and more narrowly deictic behavior, despite similarities with behavioral patterns
observed in the real world.

Ultimately, the primary objective of this study has been successfully achieved,
establishinga coherent, communication-oriented coordinate system and temporal
orientation known as virtual-temporal deixis. This system vividly portrays temporal
models of deictic behavior with their specificity and uniqueness, particularly those
observed within the VR environment.

Beyond its role as a methodological instrument, VR should also be regarded as
a transformative mechanism of communication and learning. The reconfiguration
of temporal deixis within immersive environments demonstrates how users adapt
to new patterns of temporal reference, thereby reshaping their communicative
behavior. This implies that VR is not limited to simulating real-world temporal
dynamics but rather generates novel frameworks of temporal experience that can
be effectively integrated into human—machine interaction systems, as well as in
pedagogical practices. In this sense, the study provides not only theoretical insights
but also outlines practical directions for employing VR in education, training,
and communicative technologies, where the ability to manage complex temporal
structures is crucial.

Finally, to validate these models and data as fundamental aspects of virtual-tem-
poral deixis, further meticulous experiments with varied parameters and tasks
should be conducted. Consequently, these models can be subjected to testing and
potentially confirmed based on empirical evidence, thereby reinforcing their valid-

ity for development of human-machine interfaces (HMI) and its improvements.
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Koncrantun M. beaoycos
Deaopycku Ap>KaBHU YHHBEP3UTET CTPAHHUX je3HKA
DakyATeT €HIACCKOT je3HKa

KaTeApa 32 TEOPHjCKY ¥ IPUMUjEHEHY AMHTBUCTHKY

Haraauja B. boponukosa
ITepmckn Ap>KaBHU YHHBEPSHUTET
®usosomxu paxyarer

Kareapa 3a TeopHjcKy ¥ NpUMHjeHEHY AUHTBUCTHKY

Aasexcanpap X. Tasecku
ITepmcku Ap>KaBHH YHHBEP3HTET
®usoromku pakyarer

Kareapa 3a Teopujcky ¥ mpUMHjemheHy AMHIBUCTUKY

MOAEAN BPEMEHCKE OPUJEHTALIMJE TOBOPHHMKA
YBHUPTYEAHOJ PEAAHOCTH U IbUXOB YTHUIIA] HA
CHUCTEME CYYEMSABAKHA YOBJEKA 1 MAIIIMHE

Pesume

OBaj paa 6aBU ce MOACAMMA KOjU Ce TUYY BPEMEHCKE OPHjeHTallHje
rOBOPHMKA TOKOM KOMYHHMKAIIUje Y OKBUPY BUPTYEAHE PEAAHOCTU (BP).
I'lojam BupTyesHe peaAHOCTH O3HAYABA jEAHO OKPYXKEHE KOje ce CTBapa
y3 IIOMOR KOMIIjyTepCKHX TEXHOAOTHja M TEXHUYKOT amapara. AaHac ce
BUPTYEAHA PEAAHOCTH CMATPa JEAHHM OA EKCIIEPHMMEHTAAHUX OS2 HAU
HCTPOKUBAYKUX MeToAoAOrHja. OBO MCTpaxkuBare 06aB&SEHO je mytem
€KCIIEPUMEHTA, IIPU YEMY je aHAAM3HpPaHO /25 peaklidja IHOTEKAHX
0A 24 ydecHMKa, Y KOjUMA CY HACHTH(HKOBAHE BPEMEHCKE ACHKTHKE
(pnje'm HAU U3Pa3U YHje 3HAYCHE 3ABUCH OA KOHTEKCTA) KOje 03HAYaBajy
BPEMEHCKY OAMCKOCT HAM YAAACHOCT, IITO j€ IMOMOTAO Ad CE€ OIHILY
MOAAAUTETH BPEMEHCKE OPUjEHTAIIMjE YHYTAp BUPTYEAHE PEAAHOCTH.
Y 0BOM HCTpa>KHBamby TEXH CE TEMESHO] 06paAn CAOKECHOCTH MOACAR
BpEMEHCKE OPHjEHTALHj€ YHYTap Pa3HHUX OKPY>Kekba BUPTYEAHE PEAAHOCTH,
IIpH YeMy ce o6pa1’1a rmocebHa MakKia Ha BUXOBY YAOTY Y 06A141<03a1-by
KOMYHHKAIIHje i OITHUMH30Balba MHTEPAKIIHje YOBjeKa 1 MallliHE (YMU).
I'lyrem aeTasHOr eKCIIEPUMEHTAAHOT OKBHPA 3aCHOBAHOT HA BUPTYEAHO]
PEaAHOCTH OBa CTYAHja MPOy4aBa KOTHUTUBHE U KOMYHHKAIIMOHE ITPOIIECE,
paaoTKpnBajth AUCTHHKTHBHE MOAEAE BPEMEHCKE OPHjEHTAIHje H IhUXOBE
BapHjalyje, KOje Cy IOA YTUIIAjeM BAHAMHIBUCTHYKHX pakTopa. HaseseHa
aHAAH32 Ad/b€ HATAAIIIABA BPEMEHCKY OPHjEHTALM)y TOBOPHUKA Y BUPTYEAHO]
PEaAHOCTH, KOja ce 03HAYaBa KA0 BUPTYEAHO-TEMITOPAAHA ACHKCA U TBOPH

jeAaH jCAI/IHCTBCHI/I KOMYHHKAaTHBHO-UHAHUKATHBHH KOOPAMHATHU CUCTCM.
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Pesyaratu noteplyjy BpHjeAHOCT BUPTYeAHE PEAAHOCTH KaO jEAHOT
CHXHOT Opyha y HcTpaskuBatsy KOTHUTUBHE M KOMYHHKALIMOHE AMHAMUKE,
y3 MexaHH3Me jesnuke TpaHcpopmanuje. ITopes Tora, mosanu Ao kojux ce
AOIIAO TOKOM HCTPA)KHBAKbA HYAE jEAHY TEOPHjCKY OCHOBY 32 Pa3BOj CHCTEMA
HHTEPAKIIHj€ YOBj€Ka M MallIMHE KOjU Cy OAKH SYACKOM ITOMMakby BPEMEHa,
jayajyhu mpupoAHUje 1 HHTYUTUBHUjE KOPUCHUYKE HHTEPAKLH]eE.

» Kwyune pujenn: BUPTYeAHO-TEMITIOPAAHA AEUKCA, ACUKTHKE, MOAEAH,
BUPTYEAHA PEAAHOCT, IIOHAIIAhE TOBOPHUKA, OPHjEHTAlIUja, HHTEPAKIHja
yoBjeka u Mamnne (YMM).

Preuzeto: 18. 1. 2025.
Korekcije: 10. 9. 2025.
Prihvaceno: 14.9. 2025.
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