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This study investigates the cognitive processing of educational PCTs by Russian-speaking readers, addressing the research gap concerning how this process is
executed, regulated, and influenced by various factors. The primary aim is to explore the principles of text-image integration during the reading of an
educational PCT by native Russian-speaking readers. Employing the concept that eye movements correspond to the logic of cognitive processing, the study uses
eye-tracking methods to analyse this process. It relies on eye-movement data from 67 Russian students in the socio-humanities who read an educational
polycode biology text in Russian. Findings reveal that the verbal component plays a dominant role in the cognitive processing of this text type, suggesting that
this dominance is not dependent on the national educational culture. At the same time, the reading pattern is influenced by the learners’ experience with
educational texts of a specific content type — in this case, biology. The study also confirms and identifies the mechanisms of the requlatory function of the verbal
component during the reading of an educational PCT. The implications of this study are both theoretical and practical: it contributes to the understanding of
how the cognitive processing of educational texts is carried out and what factors influence it and underscores the importance of the mindful use of images in the
design of educational materials. Moreover, its findings can be applied in developing principles for teaching visual literacy.
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1. INTRODUCTION An analysis of the eye-movement activity of readers of an

The study of the polycode text (PCT), including the educa-
tional PCT, has been an active area of research since the end of
the 20th century. Recently, this research area has gained new
momentum due to the high demand for information presented
in the form of units from different semiotic systems and trans-
mitted through various channels, which characterises both the
modern reader and the modern learner. The purpose of this
study is to identify the principles of semantic integration of the
verbal component and the image during the reading of an educa-
tional PCT in the native language by Russian-speaking readers.
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educational anatomy PCT, with the verbal component in Russi-
an, made it possible to reveal its reading patterns and the reader
orientation mechanisms, which are determined by the verbal
component and aimed at establishing a connection with the
pictorial component. The novelty of the results obtained is
primarily determined by the focus on educational text material
in the Russian language. In addition, this study for the first time
reveals the principles underlying the regulatory function of the
verbal component of an educational PCT in Russian during its
perception by Russian-speaking readers.
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‘A special role in obtaining significant information
about the processes of PCT perception is played by eye-
tracking data, the interpretation of which makes it
possible to analyse the sequence of processing different
elements of textual information and the proportion of
attention allocated to them. Studies aimed at
identifying patterns of cognitive processing of PCTs
with a verbal component in Russian are currently
scarce, and eye-tracking data on the reading processes
of Russian speakers engaging with educational PCTs in
their native language have been scarcely addressed by
researchers’

2. THEORETICAL BACKGROUND

The concept of the PCT aligns with the idea of non-linear-
ity and openness in text organisation, the origins of which trace
back to the works of Bakhtin (1986), Barthes (2004), the
French school of discourse analysis (Lacan, 1981; Pécheux et al.,
1995; Sériot, 1997; Foucault, 1971), post-structuralist text stud-
ies (Derrida, 2016; Kristeva, 2009), critical discourse analysis
(Wodak, 2004; van Dijk, 2015; Fairclough, 2023), and others.
Within this logic, the formation of the text’s content structure is
not limited to its verbal component alone but is ensured by the
conditions of its functioning.

The opposition of the PCT to the monocode text emerged
in linguistics in the 1970s. As a result, researchers argue that
‘PCTs in a broad semiotic sense should include cases of combining
the natural language code with the code of any other semiotic sys-
tem (image, music, etc.)’ (Eiger & Yukht, 1974, p. 107). Con-
sequently, within the concept of text non-linearity, a specific as-
pect arises: the non-linearity of a text’s content organisation is
determined by the interaction of its verbal component with
units of other code systems, which aligns with Paivio’s (1986)
Dual Coding Theory.

It should be noted that the heterogeneity of code units in-
volved in organising the text’s content can be facilitated by a
single mode of its transmission or by multiple modes — as a ‘so-
cially and culturally conditioned semiotic resource for making
meaning’ (Kress, 2009). Forceville (2006) connects them with
the five senses, which provide channels for information trans-
mission: (1) the pictorial or visual mode; (2) the aural or sonic
mode; (3) the olfactory mode; (4) the gustatory mode; and (5)
the tactile mode. Many scholars differentiate the modes of text
transmission in a similar way (Kibrik, 2010; van Leeuwen,
2005; Schnotz & Horz, 2009; Lemke, 1998; Jewitt, 2009; O’'Hal-
loran, 2004; Machin, 2007; Scollon & Scollon, 2003).

Thus, researchers fundamentally distinguish between the
codes of text organisation and the modalities of its transmission:
If a PCT is one that combines different semiotic codes, then a mul-
timodal text can be called a text that is perceived using different
moddlities — channels of information perception’ (Nekrasova,
2014, p. 45).
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The present study focuses on the specific nature of per-
ceiving a polycode monomodal text, organised based on the in-
teraction of verbal and pictorial codes transmitted through the
visual modality. This type of text has been studied in greatest
detail both in terms of its internal organisation, which determ-
ines the formal-semantic coherence of its heterogeneous com-
ponents and the communicative unity of their functioning
(Anisimova, 2003; Bernatskaya, 2000; Valgina, 2003; de Beau-
grande & Dressler, 1981; Halliday & Hasan, 1976; Levin, 1981;
Levin et al, 1987; Chernyavskaya, 2009), and in terms of its
perception (Kunitsyna, 2010; Sonin, 2005; Sorokin & Tarasov,
1990; Mason et al., 2013; Rayner et al,, 2001).

A special role in obtaining significant information about the
processes of PCT perception is played by eye-tracking data, the
interpretation of which makes it possible to analyse the se-
quence of processing different elements of textual information
and the proportion of attention allocated to them. Studies aimed
at identifying patterns of cognitive processing of PCTs with a
verbal component in Russian are currently scarce (Blinova &
Shcherbakova, 2020), and eye-tracking data on the reading pro-
cesses of Russian speakers engaging with educational PCTs in
their native language have been scarcely addressed by research-
ers.

Studies on the processes and results of PCT perception, in
turn, are based on developed theories of reading, for instance,
the concept by Hoover and Gough (1990), who consider decod-
ing and comprehension as two main stages in reading compre-
hension. Decoding is viewed as a basic process of word recogni-
tion that provides access to the mental lexicon and the retrieval
of a word’s semantic information. Comprehension is a higher-
level process that involves integrating words and constructing a
mental model of the text. Jian (2013) and Lee and Wu (2017)
suggest that this reading model can be applied to the analysis of
a PCT that includes verbal and pictorial components.

The present study is aimed at identifying the specific fea-
tures of cognitive processing of educational PCTs. The results of
examining the specifics of their reading may prove useful in the
development of educational practices, primarily in addressing
the problem of effective acquisition of educational information
presented in the PCT format (Levin, 1981; Levin et al, 1987,
Mayer & Gallini, 1990; Mayer, 2005, 2009; Schnotz, 2005).

Solving this problem relies on theoretical conclusions
drawn from psycholinguistic studies of cognitive processing of
PCTs by readers.

The most actively developed issue concerns the distribu-
tion of significance between the verbal component and the im-
age in PCT perception. Several previous studies investigating
the reading of text—picture combinations have found that read-
ing behaviour appears to be largely directed toward the verbal
component (Hegarty & Just, 1993; Rayner et al., 2001; Kosenko,
2019).

This conclusion has been reached both in the study of edu-
cational texts (Hegarty & Just, 1993; Rayner et al, 2001) and
texts of other types — for example, advertising (Rayner et al,,
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‘Studies on the processes and results of PCT perception,
in turn, are based on developed theories of reading, for
instance, the concept by Hoover and Gough (1990), who
consider decoding and comprehension as two main
stages in reading comprehension. Decoding is viewed
as a basic process of word recognition that provides
access to the mental lexicon and the retrieval of a
word’s semantic information. Comprehension is a
higher-level process that involves integrating words
and constructing a mental model of the text. Jian (2013)
and Lee and Wu (2017) suggest that this reading model
can be applied to the analysis of a PCT that includes
verbal and pictorial components’

2001) or artwork descriptions (Kosenko, 2019). These conclu-
sions were based on various data, the main ones being the fol-
lowing.

1. Data on the sequence of processing the verbal and
pictorial components of an educational PCT, reflecting its read-
ing strategies corresponding to eye-movement patterns, allowed
for the identification of three main strategies: (a) text-first with
references to the image (readers process the verbal part of the
PCT, periodically referring to the image); (b) text-first (readers
turn to the illustration only after processing the verbal compon-
ent); and (c) image-first (readers turn to the verbal component
only after processing the illustration) (Hannus & Hyond, 1999;
Hegarty, 1992; Hegarty & Just, 1993; Jian, 2015, 2016; Jian &
W, 2015). The dominance of the verbal component in this case
is evidenced by the priority use of strategies (a) and (b).

2. Data on the distribution of visual attention indicated that
the proportion of time spent by most readers processing the
verbal component of the educational PCT out of the total pro-
cessing time was greater than that spent processing the image
(Hannus & Hyona, 1999; Jian, 2015).

The proposition concerning the dominance of the verbal
component of PCTs, including in the reading of educational
texts, is not disputed by researchers, and in the present study
we anticipated its confirmation.

At the same time, the question of the mechanisms underly-
ing the integration of the content of heterogeneous components
of educational PCTs, as well as the factors determining these
mechanisms, remains unresolved.

A number of studies analysing the nature of reading educa-
tional PCTs on the basis of eye-tracking data take into account
the specifics of their subject domain, although the question of
whether reading strategies for educational PCTs depend on the
subject domain has been explicitly raised in only a few studies.
For example, Jian (2015) draws attention to the importance of
visual literacy in extracting meaning from a PCT, which, accord-
ing to the author, does not depend on its subject area but is de-
termined by general reading and writing practices. In contrast,
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Lee and Wu (2017), who study the features of reading geo-
metry texts, believe that in terms of the distribution of visual at-
tention between the components of a PCT, geometric reading is
different and is largely focused on the figure. Although they, like
their predecessors, conclude that the reading pattern for illus-
trated geometric descriptions is verbally-oriented (most readers
first looked at the text and then studied the corresponding ele-
ments in the figure), they emphasise that fixations on geometric
figures took up a significant proportion of the participants’ time
— almost 40%, since geometry is the study of shape and space.

In substantiating the mechanisms of integrating heterogen-
eous components of PCTs, researchers identify readers’ prior
experience with PCTs of a certain type as one of the significant
factors. Such experience determines the anticipated outcome of
perception (Jian, 2015; Lee & Wu, 2017; Zlokazov & Lipnitsky,
2018; Kosenko, 2019; Sonin, 2005; Vashunina et al., 2020). An
educational PCT may be considered ‘typical’ or ‘familiar to read-
ers’ and therefore processed in a standard way, provided that it
corresponds to the principle of organising heterogeneous com-
ponents characteristic of a given subject domain. For example,
Jian and Wu (2015) characterise the images included in their
stimulus materials, taking into account their specific features.
Drawing on Kress and van Leeuwen (2020), they point out that
such illustrations are used to represent part-whole relations in
the structure of an object, to indicate the names of individual
components of the object, and to display their spatial arrange-
ment. As an example, they cite an illustration of the internal
structure of a cell, including the nucleus, the cell membrane, and
so forth. Importantly, such illustrations, first, correspond to the
semantic and spatial representation of the object and, second, ac-
cording to Slough et al. (2010), are the most frequently used
type in science textbooks. Since educational texts with a verbal
component in Russian and their processing by Russian-speaking
readers have not previously attracted scholarly attention, it is
particularly important in their analysis to consider the typical
ways in which information is presented in Russian textbooks.

Differences in the cognitive processing of PCTs across sub-
ject domains, revealed through eye-tracking data, are observed
in two respects.

First, while not disputing the dominant role of the verbal
component in processing educational PCTs, some researchers
differentiate the degree of its significance when reading texts
from various subject areas. Thus, Jian and Wu (2012), Lin and
Lin (2014), and Lee and Wu (2017) noted that in reading geo-
metry texts, fixation durations on figures were relatively high.

Second, according to researchers, data on the cognitive pro-
cessing of educational PCTs from different subject domains dif-
fer with respect to the presence or absence of preferred reading
strategies. For example, Hegarty (1992) and Hegarty and Just
(1993) documented the absolute priority of the ‘text-with-refer-
ence-to-picture’ strategy when reading PCTs in mechanics. By
contrast, Jian and Wu (2012, 2015) found that, when working
with materials in biology, a substantial number of readers em-
ployed the ‘text first’ or ‘picture first’ strategies. They compared
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their findings with earlier studies and suggested that one pos-
sible explanation lies in differences in the content: materials on
mechanical systems can only be understood by relying on im-
ages that capture the spatial relations between elements, where-
as materials in biology allow readers to extract information
about spatial relations from the verbal component of the PCT.
Therefore, the ‘text-with-reference-to-picture’ strategy is not
necessarily dominant for readers of biology texts (Jian & Wu,
2015). Later, however, Lee and Wu (2017) confirmed the abso-
lute priority of the ‘text-with-reference-to-picture’ strategy
when reading geometry PCTs.

Thus, previous studies have provided important observa-
tions on how the mechanism of integrating heterogeneous com-
ponents of educational PCTs is implemented and what it de-
pends on.

However, no definitive conclusions have been reached
concerning the specific factors that influence these mechanisms
(e.g., particular subject domains, prior experience with them, or
the thematic focus of the material).

Since visual perception processes in reading are largely un-
conscious and not subject to self-control, it seems that valuable
insights into this issue can be gained from examining the mo-
ments in which readers shift their visual attention from the
verbal component of the PCT to the image — that is, when integ-
ration occurs. This question can be posed within the framework
of analysing the ‘text-with-reference-to-picture’ reading
strategy. In studies focused on educational PCTs in biology, the
verbal component has not been considered in this respect. In
analysing a geometry text, however, Lee and Wu (2017, p.
711-712) noted that ‘the timing of transferring to the figure was
the reference to new geometric elements in the text’, and readers
turned to the figure in order ‘to make sure that the spatial relation
of geometric elements was in accord with the spatial image formed
by reading the text’

In our study, we intended to devote special attention to
those units of the verbal component of PCTs that direct the
reader to the image.

3. MATERIAL AND METHODS

3.1. Research questions and hypotheses

The first question addressed in this study is whether the
reading process of Russian-speaking learners of a PCT, typical of
Russian biology textbooks, is verbally- or illustration-oriented.
Most previous research has found that reading of educational il-
lustrated texts is verbally directed. However, we assume that
Russian learners may have a different experience with such
texts. Previous studies did not focus on the specifics of educa-
tional experience.

In differentiating reading patterns, we used the methodo-
logy of Jian and Wu (2015). If a reader initially scans the illus-
tration, fixating at least three times, this movement indicates an
image-oriented reading pattern. In this case, we can conclude
that the process of examining the figure stimulates the sub-
sequent process of reading the text. Otherwise, we can conclude
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that the reading of illustrated PCTs remains text oriented. To
answer this question, we used eye-tracking technology to record
the readers’ eye-movement patterns.

Furthermore, to identify the dominant role of the verbal
component or the illustration, we considered an eye-movement
index such as the mean processing time of the verbal compon-
ent and the image (the ratio of the total processing time of one of
the heterogeneous components of the PCT for all respondents to
the number of respondents).

The second research question relates to the specifics of pro-
cessing an educational text in which the verbal and pictorial
components, placed in the same frame, may or may not have a
semantic link. The formulation of this question is determined by
the fact that in textbooks, an image is often placed next to a
verbal description that does not correspond to it, which can
cause additional difficulties for learners. In this regard, we posed
the question of how the processing of the frame changes if the
image does not semantically correspond to the verbal descrip-
tion. We determined whether the mean fixation duration on the
verbal component and the image differs when processing
frames of the two designated types and calculated their level of
processing difficulty using the method of Anisimov and Luzhin
(2020).

Answering this question also allowed us to make assump-
tions about the verbal mechanisms for regulating the reading
process of an educational PCT. First, we hypothesised that the
verbal component contains certain typical elements that trigger
a reference to the image. We designated them as verbal predict-
ors of reference to the image. If the hypothesis that there are
verbal signals determining the reader’s attention shift to the im-
age is confirmed, it can be argued that the verbal component of
an educational PCT regulates the reader’s activity of integrating
the meaning of its heterogeneous components, and that the reg-
ulatory mechanism is set by the organisation of the verbal com-
ponent.

Second, we hypothesised that the significance of the regu-
latory function of the verbal component of the PCT is so high
that even in the absence of a semantic link between the verbal
component and the image, the verbal predictors will continue to
perform their function. An alternative hypothesis was that,
upon detecting a semantic mismatch between the verbal com-
ponent and the image in the early stages of reading, respondents
might refuse to refer to the image.

To identify the verbal predictors of reference to the image,
we analysed the composition of the fixation zones from which
there are progressive saccades to the image and identified the
average number of saccades for each such fixation (the ratio of
the total number of fixations for each zone to the number of re-
spondents).

Third, we analysed the nature of the verbal units that most
regularly referred to the image and attempted to determine
whether their content is typical and how it relates to the subject
matter being studied. If the content proves to be subject-specific,
this will confirm the idea put forward by earlier researchers that
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‘Since visual perception processes in reading are largely
unconscious and not subject to self-control, it seems
that valuable insights into this issue can be gained
from examining the moments in which readers shift
their visual attention from the verbal component of the
PCT to the image — that is, when integration occurs.
This question can be posed within the framework of
analysing the ‘text-with-reference-to-picture’ reading
strateqy. In studies focused on educational PCTs in
biology, the verbal component has not been considered
in this respect’

the nature of educational PCT processing depends on the sub-
ject content. Additional insights into these questions may be
provided by comparing the data obtained from processing
frames with images that semantically correspond and do not cor-
respond to the verbal description: do the verbal predictors iden-
tified in the first and second cases coincide?

3.2. Approach and research tools

Due to the lack of reference to contrastive material — edu-
cational texts from other subject areas — we did not plan to draw
significant conclusions about cognitive processing of PCT in bio-
logy. However, in interpreting the results, we used the conclu-
sions obtained in the aforementioned studies, i.e. in mechanics
(Hegarty, 1992; Hegarty & Just, 1993), natural sciences (Jian,
2013; Jian & Wu, 2015), and geometry (Lee & Wu, 2017).

At the same time, we paid special attention to the features
of the educational text, as it seems to us that the specifics of its
functioning and the reader’s experience of its perception, ac-
quired in the practices of participating in educational discourse,
influenced the resolution of the questions posed.

Within this logic, an educational text is defined as a speech
product that ‘serves as a means for the primary and secondary tex-
tual activities of learners and is understood as methodological and
didactic educational material’ (Kuryanovich, 2022, p. 55). Re-
searchers note that the purpose of an educational text is to or-
ganise the activities of both the teacher and the student, ensur-
ing the systematisation of the content of the studied discipline
(Babakova, 2022, p. 42). First and foremost, an educational text
is intended to convey the fundamentals of scientific knowledge
corresponding to the curriculum. It is an important source of
knowledge for students and a guide for teachers (Tyutkova,
2016, p. 122), reflecting the system of knowledge at a given
level of education. Significant features of the educational text for
this study are ‘(1) the ability to be a carrier of general and profes-
sional knowledge’; (2) an orientation towards unambiguous per-
ception and construction according to the laws of logical thinking;
(3) a special principle of organisation, suggesting that ‘such texts
have the same set of informative units (semantic blocks), the same
set of lexical-grammatical units that realise these meanings’
(Sabinina, 2009, p. 223).
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The educational text used by us belongs to texts that have
a particular complexity of informational content and a significant
multiplicity of information details that the recipient must assim-
ilate.

Given that in most of the studies our work is based on, the
type of PCT under consideration is termed an illustrated scientif-
ic text, we will pay special attention to the relationship between
the concepts of scientific text and educational text.

The use of the term scientific text indicates the type of con-
tent it represents, reflecting the results of scientific cognition.
This type of content implies its presentation in accordance with
the laws of logical thinking and an orientation towards unam-
biguous perception — that is, it has a number of features dis-
cussed by researchers when characterising an educational text.
At the same time, an educational text has distinctions significant
for our research. In our study, we designate the object of the in-
vestigated cognitive processing as an illustrated educational text,
thereby emphasising the purpose and sphere of its use — in edu-
cational discourse, and specifically, in a textbook. Within educa-
tional discourse, a scientific text possessing these features can be
used as an educational text (van Dijk, 1997; Sweller, 1994).

In this regard, the purpose of presenting an educational
text — as a product of educational discourse — is the dissemina-
tion of knowledge that is new to the learner. Text-based learn-
ing is the addition of new information to the reader’s back-
ground knowledge. The discursive conditions of using an educa-
tional text presuppose specifics in its presentation and percep-
tion. For this study, particular significance is attached to such
conditions of its presentation as a special substantive selection of
material corresponding to the reader’s background knowledge,
and the manner of its presentation, which reflects the typical
features of educational experience. The placement of a text in a
textbook, for example, presupposes the assimilation of its con-
tent by the target group of users of that textbook, and its author
selects the material accordingly, arranging it in accordance with
the typical attitudes of the educational culture, in particular,
with the attitudes of interest to us regarding the use of a PCT
that includes a verbal component and an image. Thus, in Russian
literature textbooks, it is common to illustrate information
presented in verbal form with portraits of writers, reproductions
of paintings based on literary works, and so on; in textbooks on
technical disciplines — with diagrams of mechanisms’ operation,
and so on.

Special principles for using PCT also exist in biology text-
books, the material of which is used as a stimulus in the present
study. Typical for the educational culture is illustrating the char-
acteristics of a biological object with an image of its structure
(we will focus on this in more detail when characterising the
stimulus material).

The reader’s mindset, according to researchers (Luria,
20009; Shelestyuk, 2010), also plays an important role in the pro-
cess of text perception. The perception of an educational text
also has certain features, and for this study, the readers’ mindset
for subsequent monitoring of the assimilation of the information
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received is important. This mindset is conditioned by a discurs-
ive goal — the focus of educational discourse on the dissemina-
tion of information, which for the learner as its participant is ex-
pressed in the acquisition of new knowledge. The novelty of the
information for the recipient and the detail of its presentation is
a discursive condition for the functional significance of an educa-
tional text: ‘the meaning of the main text is the quintessence of
teaching a subject, the basis of the professional properties that we
wish to instil in the student to realise the competency-based
paradigm of education’ (Kalugin & Prokhorov, 2023).

We took these features of the educational text into account
when analysing its cognitive processing during reading.

We used these features of the educational text when inter-
preting the results of the experiment that recorded the eye
movements of a reader of an educational PCT. In its design and
implementation, we relied on the extensive tradition of eye-
tracking studies of reading, described, for example, in Rayner
(1998). Most of these studies were conducted in the so-called
‘default’ reading mode, that is, ‘when comprehension occurs
without difficulty and the eyes continue to move forward along the
line of text’ (Reichle et al., 2009, p. 9), i.e., with a relatively small
number of regressions. This reading mode is certainly used by
some respondents at certain stages of reading an educational
PCT. However, eye behaviour when perceiving the verbal
component and the image during learning activities can differ
significantly from that in ‘default’ reading modes, and it is pre-
cisely for this reason that many researchers of PCT reading raise
the question of the sequence of cognitive processing of the het-
erogeneous components of an educational PCT, which form its
various reading patterns. Moreover, most eye-tracking studies
have examined English-speaking readers, not the Russian-speak-
ing readers discussed in this article, whose behaviour may differ
significantly.

An NTrend-ET500 was used as the eye-tracker, which has
no chin rests, helmets, or other distracting factors, ensuring the
most natural user behaviour possible. The scanning frequency
can be varied in the range of 60 to 520 Hz. Additionally, the
device was equipped with binocular tracking (rather than
single-eye tracking) and a face camera.

3.3. Participants

The subjects were students of socio-humanitarian faculties
of Tomsk State University (Tomsk, Russia), native Russian
speakers (n = 67). The subjects were divided into 2 groups, each
of which was presented with a separate stimulus. One group
was the main group (stimulus 1), and the second was the control
group (stimulus 2). The main group included 45 participants,
and the control group included 25. Data on the eye movements
of three participants from the main group and two from the con-
trol group were excluded due to technical flaws in their record-
ing. The subjects read on-screen text consisting of verbal and
pictorial components.

All participants signed the relevant ethical and personal in-
formation consent forms.
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3.4. Stimulus material

The experimental material was an illustrated educational
text, adapted from a biology textbook for medical students used
in Russia (Sapin & Bilich, 2010, p. 98). The topic of the text was
the structure and functions of human skin. The text consisted of
254 Russian words. For stimulus 1, it was accompanied by an il-
lustration from this textbook that semantically corresponded to
it (Table 1), and for stimulus 2, by an illustration from the same
textbook (Sapin & Bilich, 2010, p. 99) that did not semantically
correspond to it (Table 2). The illustration for stimulus 2 was
chosen so that its external form corresponded as much as pos-
sible to the authentic illustration: it was created in the same visu-
al style (e.g, colour scheme), also reflected the structure of a hu-
man body organ, and did not allow the semantic discrepancy to
be detected at a first cursory glance. The illustrations for both
stimuli were placed above the text, which could stimulate their
processing at the beginning of reading, in accordance with the
standard pattern of eye movement on a page.

The text conveyed detailed special information but did not
contain fragments whose full understanding would be im-
possible without reliance on specialised background knowledge;
that is, the information contained within them was presented in
such a way that it could be understood by a non-specialist in the
field. The influence of such prior knowledge had to be excluded
to achieve maximum attention from readers to all fragments of
the text.

The text consisted of three parts: the first, introductory
part provided a general characterisation of the layered structure
of human skin; the second and third parts described the struc-
ture and functions of each layer. The statements that made up
the text, in their content, included (1) a description of the spatial
relationships between the internal elements of the skin, as
in I'Tod cocoukosbim C10em Haxodumcest cemuamoiti caot [Under
the papillary layer is the reticular layer]; (2) a description of the
external features of its individual elements, as in bsiazodaps
HAAUYUIO COCOUKO8 HA NOBEPXHOCIMU KOXMCU BUOHbI ZpebeuKuy,
pasdenentsvie 6oposdkamu [Because of the presence of papillae,
scallops separated by grooves are visible on the surface of the
skin]; (3) an indication of the functions of these elements, as in
Smom ol uzpaem BAXHCHYIO pOAb 6 MepMopezyaayuu u
aesemest Huposvim deno opeaqusma [This layer plays an im-
portant role in thermoregulation and is a fat depot for the body];
(4) information supplementary to the structure and functions of
the organ, as in M3yuerue demaseti peavedpa kosxcu (nanuaasp-
HbIX AUHUL U Y30p08) NOAYUUAO HA3BAHUE 0epMAmMozaugduKu
[The study of the details of the skin’s relief (papillary lines and
patterns) is called dermatoglyphics].

The participants were asked to review the material dis-
played on the screen and answer some questions about its con-
tent. The respondents received the following instruction: ‘Before
you on the screen you will see a text followed by several questions.
Imagine that you are taking a test, and your answers to the ques-
tions will be graded. Please read the text carefully and write your
answers on the answer sheet’. The instruction for subsequent
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monitoring of the material assimilation allowed the situation
model to be brought as close as possible to the educational condi-
tions for mastering an educational PCT. The content of the ques-
tions, as well as the results of the answers, were not considered
in this study, which was aimed at studying the process (not the
result) of mastering an educational PCT.

It is important to note that, despite the absence of profes-
sional knowledge among the subjects — students of socio-hu-
manitarian fields — regarding the content of this text, they had
significant experience in mastering similarly organised educa-
tional PCTs, gained during their school education. An analysis of
three Russian school biology textbooks (Dragomilov & Mash,
2008; Kolesov et al., 2016; Rokhlov & Trofimov, 2007) showed
that in terms of illustration content (schematic representation of
the structure of a human body organ) and the structure of the
corresponding verbal component, PCTs of this type account for
58% to 92% of the content in these textbooks.

Based on this, we can assert that our respondents relied not
only on perceptual conditions but also on their discursive exper-
ience in establishing a connection between the components of
the PCT and had a certain image of the predicted result of its
perception, the significance of which is actively discussed by re-
searchers (Vashunina et al., 2020).

Table 1
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4.STUDY AND RESULTS

The results of our study showed the presence of all three
previously identified strategies for reading an educational PCT,
but for most respondents, the priority of the verbal component
of the PCT and the dominance of the ‘text-first with references
to the image’ strategy were confirmed. The absolute majority of
respondents used this strategy both when processing stimulus 1
(36 out of 42; 86%), where the illustration content correspon-
ded to the verbal component content, and when processing
stimulus 2 (15 out of 20; 75%), where the illustration content
did not correspond. Among the respondents of both groups, 82%
of readers used this strategy.

In addition, 4 respondents from the group reading stimulus
1 and 3 respondents reading stimulus 2 used the ‘text-first’
strategy, thus also focusing on the verbal component of the PCT.
Only 2 respondents from each group used the ‘image-first’
strategy, meaning they showed at least three fixations on the il-
lustration at the beginning of reading.

Furthermore, the dominance of the verbal component is in-
dicated by data on the average processing time of the verbal
component and the image. For both stimulus 1 and stimulus 2,
the dwell time in the verbal component zone was significantly
predominant (Table 1).

Mean dwell time in the zones of the verbal component of the PCT and the image

TOTAL MEAN TOTALMEAN READING ~ TOTAL MEAN READING TOTAL MEAN TOTAL MEAN
READING TIME OF TIME OF VERBAL TIME OF VERBAL READING TIME OF READING TIME OF
PCT,MS COMPONENT, MS COMPONENT, % IMAGE, MS IMAGE, %
Stimulus 1 83091 78306 94.2 47185 5.8
Stimulus 2 101858 92110 90.4 9748 9.6

To address the question of how educational PCTs are read
when the accompanying image either corresponds or does not
correspond to the content of the verbal component, we analysed
the indicators of the overall mean processing time for stimuli 1
and 2, as well as the indicators of mean subjective complexity
during their reading.

The indicator of the overall mean processing time for stim-
uli 1 and 2 was considered significant because readers were al-
lowed to choose a comfortable pace of reading and were not re-
stricted in the time allotted for working with the PCT. As shown
in Table 1, this indicator was considerably higher for stimulus 2.

The indicator of mean subjective text complexity was cal-
culated by dividing the number of fixations followed by regress-
ive saccades by the total number of fixations, where a fixation is
defined as the concentration of the reader’s gaze on specific
areas of the text material (Anisimov & Luzhin, 2020). This in-
dicator was also computed for the processing of stimuli 1 and 2.
The results demonstrated that processing stimulus 1 required,

on average, a smaller number of regressive fixations (mean =
85), and the coefficient of subjective complexity was lower
(14.7094%), whereas processing stimulus 2 involved a larger
number of regressive fixations (mean = 147) and showed a
higher coefficient of subjective text complexity (23.1864%).
Separately, we analysed the mechanisms regulating the
process of reading educational PCTs when employing the
strategy ‘verbal component with references to the image. An
analysis of fixation zones from which progressive saccades to
the image were made revealed that the maximum mean number
of saccades (five or more per participant) originated from fixa-
tions on text components that corresponded in content to state-
ments of the following types: (1) a description of the spatial rela-
tionships between the internal elements of the skin, and (2) a
description of the external features of its individual elements.
Moreover, the analysis of the verbal component of the PCT
demonstrated that, for participants in the control group (stimu-
lus 2 — the image does not correspond to the verbal component),
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all fragments of this type presented in the text were included as
references to the image, while for participants in the experi-
mental group (stimulus 1 — the image corresponds to the verbal
component), only three such components were not included
(Table 2). The total number of saccades to the image recorded
during the processing of stimulus 1 was, on average, 85 saccades
per reader, and for stimulus 2, it was 147.

Table 2

doi: 10.22363/2521-1442X-2025-9-3-113-125

Consequently, the saccades to the image initiated from the
identified fixation zones constituted 79% for stimulus 1 and 77%
for stimulus 2. Saccades from other fixation zones were isolated
(no more than two per zone on average), and therefore can be
attributed to random eye movements, and the verbal units
forming the corresponding fixation zones cannot be considered
typical.

Mean (per participant) number of saccades to the image from text components

No.  VERBAL COMPONENT ZONES OF THE PCT

MEAN NUMBER OF
SACCADES TO THE
IMAGE (STIMULUS 1)

MEAN NUMBER OF
SACCADES TO THE
IMAGE (STIMULUS 2)

1. B Hei pa3nuyatoT COCOUKOBbIV M CeTYathi cnou [In it, the papillary and reticular layers are 15 20
distinguished)]
2. CocoukoBbIl CNoit HaxoauTes Nof 6asanbHol Membparoit anuaepmuca [The papillary layer is 12 18

located under the basement membrane of the epidermis]

3. OH chopMUPOBaH PbIX/I0i BONOKHUCTON HEOQOPMIEHHON COBAMHUTENBHOI TKaHbIO, KOTOpast 10 15
pacnonoxexa B Biae cocoukos (It is formed by loose fibrous unformed connective tissue,

which is located in the form of papillae]

4. Bnaronaps Hanuunio COCOYKOB Ha MOBEPXHOCTM KOXM BIAHBI rpebellkm [Because of the 8 12

presence of papillae, scallops separated by grooves are visible on the surface of the skin]

5. I'pebeLuky, COOTBETCTBYIOLLME BO3BbILUEHUSIM COCOYKOB AIEpMbl... [The ridges, corresponding T 10

to the elevations of the dermis papillae...]

6. CTpoeHue KOXHOro penbeda LUMPOKO MCNOb3YeTcs AN MAEHTUOUKALLAN TMYHOCTY B —/= 8
KpuMmuHanucTuke [The structure of the skin relief is widely used for personal identification in
forensics|

T. B cOC0OYKOBOM C0E MMEOTCS MUOLNTBI... [In the papillary layer, there are myocytes...] —/= 5

8. Mof COCOYKOBbIM CNOEM HAXoaMTCS ceTyatbiit cnow [Under the papillary layer is the reticular 9 10
layer|

9. Hapsmy ¢ KonnareHoBbIMW B CETYATOM COE UMEETCS CETb 9N1ACTUYECKNX W HEBONbLLIOE 6 T

KOMMYeCTBO PETUKYIUHOBbLIX BONIOKOH [Along with collagen fibers, the reticular layer contains a

network of elastic and a small number of reticulin fibers|

10.  Tlyyku KonnareHoBbIX BOJIOKOH CETYATOr0 /1051 NEpPeXOLsT B MOLKOXHYI 0CHOBY... [Bundles of —/= 8

collagen fibers of the reticular layer pass into the subcutaneous base...|

TOTAL

67 113
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‘As expected, our material confirmed the dominance of
the verbal component in reading educational PCTs. The
data obtained from readers whose educational
experience was shaped within the Russian educational
environment do not differ from previously reported
findings, which demonstrated the dominance of the
verbal component in PCTs: in the process of processing
a PCT aimed at mastering its content for subsequent
control, readers concentrated on its verbal component.
At the same time, our data on reading strategies differ
from those obtained by Jian and Wu (2015), who
reported that a considerable proportion of readers
adopted either ‘text-first’ or ‘image-first’ strategies
when processing educational PCTs in biology’

5. DISCUSSION

As expected, our material confirmed the dominance of the
verbal component in reading educational PCTs. The data ob-
tained from readers whose educational experience was shaped
within the Russian educational environment do not differ from
previously reported findings, which demonstrated the domin-
ance of the verbal component in PCTs: in the process of pro-
cessing a PCT aimed at mastering its content for subsequent
control, readers concentrated on its verbal component.

At the same time, our data on reading strategies differ from
those obtained by Jian and Wu (2015), who reported that a
considerable proportion of readers adopted either ‘text-first’ or
‘image-first’ strategies when processing educational PCTs in bio-
logy.

Since in our stimulus material we employed a typical rep-
resentation of PCT's from Russian biology textbooks, which cor-
responded to their typical representation in the textbooks ana-
lysed by Lee and Wu (2017), it was not possible to assess the
impact of educational background.

In addressing the second research question, based on the
average reading time of stimuli 1 and 2 as well as their mean
subjective complexity, we confirmed the earlier and rather obvi-
ous conclusion that presenting verbal text and a non-matching
image in a single frame creates additional difficulties for readers
in text processing.

This conclusion gains further importance when interpreted
in light of the mechanisms of integration of verbal text and im-
age that we identified. These mechanisms are expressed in the
unconscious search for correspondence between components
during the detection of verbal predictors.

Analysis of fixation zones from which progressive saccades
were directed to the image confirmed the presence of predictors
within the verbal component that prompt references to the im-
age. These predictors regulate reading when the ‘verbal com-
ponent with references to image’ strategy is applied, determin-
ing the readers’ intention to establish a link between the hetero-
geneous components of the PCT. Their composition proved to

by Inna V. Tubalova and Alena V. Garina

be stable not only for stimulus 1 but also for stimulus 2. This
demonstrates the regulatory function of the verbal component —
namely, its role in guiding readers’ integration of heterogeneous
elements of an educational PCT and the mechanisms by which
this regulation is implemented.

We cannot claim that the specific textual fragments we
identified will serve as predictors for all PCTs with different
subject content. However, for biology PCTs aimed at assimilat-
ing knowledge of biological objects, such predictors are clearly
manifested. The experience of educational practice directs read-
ers to search in the pictorial component for information about
structure and visual features, and this search is triggered by the
content of the verbal component. The stable reader needs to
turn to the image to confirm information received verbally is
realised not spontaneously, but precisely in accordance with the
organisation of the verbal component. This indicates not only its
dominance but also its regulatory function.

In addressing the issue of whether subject specificity plays
a role in the implementation of integration mechanisms of het-
erogeneous components of educational PCTs, the analysis of the
composition of the identified predictors becomes particularly sig-
nificant.

This content in its representation in Russian is organised
by certain verbal units that semantically encode:

(1) the spatial position of a part of the described object relat-
ive to other parts: cocoukosuiii u cemuamoiti caou (papillary and
reticular layers), cocoukosbitl coti Haxodumesa nod... (the papil-
lary layer is located under..), na nosepxxocmu Kodcu 6UOHbI
epebewku  (ridges are visible on the surface of the skin), 6
cocoukosom coe umeiomes... (in the papillary layer there are..),
nod cocoukosbiM caoem Haxooumes.... (under the papillary layer
there is..), 8 cemuamom cnoe umeemcs... (in the reticular layer
there are..), Nyuku KO/MAZEHOBbIX BOOKOH CEMUAMOZO CA0
nepexodsm & nodkodxicHyio ocHosy (bundles of collagen fibers of
the reticular layer pass into the subcutaneous base);

(2) the presence of specific external features of these parts:
pacnosodcea 6 sude cocouxos (located in the form of papillae),
HA NOBEPXHOCMU Koxcu 8uOHbI zpedewku (ridges are visible on the
surface of the skin), as well as these external features themselves:
COOMBEMCMBYIoUUE B036bLUIEHUSM COCOUKO8 OepMbl (correspond-
ing to the elevations of the papillae of the dermis). We draw atten-
tion to the character of verbal predictors referring to the image.
Hegarty and Just (1993) noted that the primary purpose of in-
specting a diagram when reading an educational PCT in mech-
anics is to confirm the spatial relations presented in the verbal
description. Similar observations were made by Lee and Wu
(2017) when analysing the cognitive processing of geometry
texts.

In this study’s material, predictors prompting reference to
the image include descriptions not only of spatial relations but
also of external characteristics of the object, which are likely de-
termined by readers’ experience with presenting such informa-
tion in biology textbooks. This also explains the absence (or rar-
ity) of saccades to the image from verbal fragments that describe
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‘The conducted study contributes to the development of
the concept of perception of an educational PCT, and
specifically, it reveals the mechanisms by which a
reader establishes a connection between its
heterogeneous elements. For the first time, such
mechanisms of integration were identified. Moreover,
this type of study, conducted using the eye-tracking
method, was for the first time carried out on data
concerning the cognitive processing of an educational
PCT in Russian by Russian-speaking readers.

This study confirmed the dominance of the verbal
component of the PCT in conditions that orient towards
subsequent monitoring of the knowledge obtained. This
conclusion corresponds to the results obtained earlier
from data on the processes of reading educational
PCTs’

spatial relations but do not refer to the biological structure of the
object (e.g, Ha cmone, siokmax, KoHuesbix hananzax nasbues,
nodeepearowuxcs NOCMOSHHOMY 0ae/eHUl0, AvelKU cemu
wupokonemaucmole). Thus, the need to establish a link
between verbal and pictorial components of educational PCTs is
regulated not only by the content and organisation of the verbal
component but also by readers’ experience.

Both when a semantic link between heterogeneous PCT
elements is present and when it is absent, the overall proportion
of saccades to the image from the identified predictors was ap-
proximately the same (79% and 77%), and their intensity de-
creased during reading.

Furthermore, particular interest is raised by the results of
comparing the composition of verbal predictors prompting ref-
erences to the image with the frequency of such references
when readers processed stimuli 1 and 2 (Table 2). The number
of saccades to the image in the absence of semantic correspond-
ence between components of the PCT was considerably higher
than in its presence, which indicates the greater difficulty of pro-
cessing such material for readers (subjective complexity meas-
ures are presented above).

Of greatest interest, however, for addressing the research
questions is the distribution of saccades to the image during the
processing of stimuli 1 and 2. The data show that when a se-
mantic link between verbal and pictorial components is present,
the number of saccades to the image decreases as reading pro-
gresses (from an average of 15 saccades at the first predictor to 6
saccades at the last; the exception is the eighth predictor (9 sac-
cades), which marks the beginning of a new part of the text and
introduces new content). Some fragments that are formally and
semantically capable of referring to the image cease to serve as
predictors in the latter part of the text (zones 6, 7, 10). The pos-
sibility of inconsistent reference to the image may be explained
by the observations of Jian and Wu (2015), who, comparing
their data with those of Hegarty and Just (1993), noted that in
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processing biology texts, unlike mechanics texts, readers were
relatively less dependent on the information presented by im-
ages. In this regard, having established a link between compon-
ents of a PCT at early stages of processing, readers subsequently
lose the need for regular confirmation of this link, although
when they do confirm it, they rely on the identified verbal pre-
dictors.

When no semantic link is present between the components
of a PCT, a relative decrease in the mean number of saccades to
the image also occurs from the beginning to the end of reading.
However, all fragments that are formally and semantically cap-
able of referring to the image consistently function as predictors,
despite the potential independence from the image’s content.
Thus, the failure of early attempts to establish a link between
verbal and pictorial components of a PCT does not diminish the
functionality of verbal predictors. Encountering them during
reading, respondents subconsciously continue to actively refer to
the image.

6. CONCLUSION

The conducted study contributes to the development of the
concept of perception of an educational PCT, and specifically, it
reveals the mechanisms by which a reader establishes a connec-
tion between its heterogeneous elements. For the first time, such
mechanisms of integration were identified. Moreover, this type
of study, conducted using the eye-tracking method, was for the
first time carried out on data concerning the cognitive processing
of an educational PCT in Russian by Russian-speaking readers.

This study confirmed the dominance of the verbal compon-
ent of the PCT in conditions that orient towards subsequent
monitoring of the knowledge obtained. This conclusion corres-
ponds to the results obtained earlier from data on the processes
of reading educational PCTs (Jian & Wu, 2015; Lee & W,
2017). It is based on the absolute prevalence of the chosen read-
ing strategy ‘text-first with references to the image’, as well as
the significantly larger proportion of time spent processing the
verbal component compared to the proportion of time spent pro-
cessing the image. Differences between the strategies used by
readers were not considered in this study.

At the same time, a comparison with the results of the
aforementioned studies, conducted on the basis of an analysis of
the processes of reading texts of various subject content, as well
as taking into account the typical principles of placing a PCT in
biology textbooks, gives reason to believe that the nature of
reading is influenced by the learners’ experience gained when
working with educational texts of a certain content type. The co-
incidence of the results of using this experience is determined by
the unity of information presentation in biology textbooks.

This assumption, of course, needs further clarification with
the involvement of data on the reading of educational texts of
other content types.

Furthermore, the study confirmed the regulatory function
of the verbal component of an educational PCT during its read-
ing. This function is manifested in the presence of a stable set of
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verbal predictors of reference to the image, which determine the
reader’s need to establish a connection between the heterogen-
eous elements of the PCT in situations where information about
the structure of the described object is found in its verbal com-
ponent, which he is accustomed to receiving in the form of a
PCT within his educational experience. The composition of the
verbal predictors that realise the regulatory function corres-
ponds in content to the potentially visualisable information that
is usually presented in the image in textbooks. This conclusion is
confirmed, firstly, by the consistent focusing of saccades to the
image on verbal units of a certain type, and secondly, by the
preservation of their regulatory function in the absence of a se-
mantic link between the heterogeneous elements of the PCT,
and even by the strengthening of its activity. The activity of the
regulatory function of the verbal component in the absence of
its semantic link with the image confirms the idea that readers
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