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Abstract

The article presents a study conducted within the framework of discourse complexology —an integral
scientific domain that has united linguists, cognitive scientists, psychologists and programmers
dealing with the problems of discourse complexity. The issue of cognitive complexity of texts is one
of the central issues in discourse complexology. The paper presents the results of the study aimed to
identify and empirically validate a list of educational texts’ complexity predictors. The study aims
to identify discriminant linguistic parameters sufficient to assess cognitive complexity of
educational texts. We view text cognitive complexity as a construct, based on the amount of
presented information and the success of reader—text interactions. The idea behind the research is
that text cognitive complexity notably increases across middle and high schools. The research
dataset comprises eight biology textbooks with the total size of 219,319 tokens. Metrics of text
linguistic features were estimated with the help of automatic analyzer RuLingva (rulingva.kpfu.ru).
Linguistic and statistical analysis confirmed the hypothesis that text syntactic and lexical parameters
are discriminative enough to classify different levels of cognitive complexity of educational texts
used in middle and high schools. Text parameters that manifest variance in cognitive complexity
include lexical diversity (TTR); local argument overlap; abstractness index; number of polysyllabic
words, Flesch—Kincaid Grade Level; number of nouns and number of adjectives per sentence.
Empirical evidence indicates that the proposed approach outperforms existing methods of text
complexity assessment. The research results can be implemented in the system of scientific and
educational content expertise for Russian school textbooks. They can also be of some use in the
development of educational resources and further research in the field of text complexity.
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AHHOTALUA

B craTbe npencrasieHo ucciieioBaHue, IPOBEICHHOE B PaMKaX TUCKYPCHUBHOM KOMIUIEKCOIOTHH —
MHTETrpajibHOTO HAYYHOTO HaIpaBlieHUs, 00bEIUHSIONIETO JINHIBUCTOB, KOTHUTOJIOTOB, TICUXOJIO-
TOB M IIPOTPAMMHUCTOB, KOTOPBIC 3aHUMAIOTCS IIpoOIeMaMi CIIOKHOCTH TUcKypca. [Ipobmema ko-
THUTHUBHOU CIIO)KHOCTH TEKCTOB SBIISICTCS OJTHOW U3 IICHTPAIbHBIX B AUCKYPCUBHON KOMITIEKCOIO-
run. B paboTe moka3zaHbl pe3ynbTaThl UCCISAOBAHUS 110 BBIIBICHHUIO M SMIMPUICCKON BaJIHIAIIH
MepeYHsT NPEAUKTOPOB CIOKHOCTH Y4eOHBIX TeKCTOB. Llenb maHHOTO WMCCIeNOBaHUS — BBIIBUTH
JTUCKPUMHUHAHTHBIC IMHTBUCTHYECKUE TapaMETPHI, JOCTaTOYHBIE IJIs1 yCTAHOBJICHHUS YPOBHS KOTHU-
TUBHOW CIIOKHOCTH Y4eOHBIX TEKCTOB. MBI paccMaTpiuBacM KOTHHUTHUBHYIO CIIOKHOCTBH TEKCTa Kak
KOHCTPYKT, B OCHOBE KOTOPOTO JISXKUT 00beM MpeICTaBICHHON HH(POPMAIMY U YCIICIIHOCTh B3au-
MOJICHCTBHS YHUTATENsI C TEKCTOM. B OCHOBE JaHHOTO MOIX0Ja — UJesl O TOM, YTO KOTHUTHBHAsS
CJIO)KHOCTH TEKCTa 3aMETHO BO3PacTaeT B CPEJHMX M CTapIIMX Kiaccax o0I1eoO0pa3oBaTelIbHOM
mkonbel. Habop mccnenoBarenbCKiX JTaHHBIX BKIIIOYAET BOCEMb YYEOHHWKOB MO OMOJIOTHH OOIIUM
pasmepom 219 319 TokeHOB. MeTpUKH S3BIKOBBIX OCOOCHHOCTEH TEKCTa OIEHUBAIICH C TIOMOIIHIO
aBTOMaTH4YecKoro aHanmmzaropa RuLingva (rulingva.kpfu.ru). JIMHTBHCTHYECKAH U CTATUCTHYCCKHUHA
aHaN3 TOATBEPAMI THUIOTE3y O TOM, YTO CHHTAKCHYECKHE W JIEKCHYECKHE MapaMeTphl TEKCTa
JOCTAaTOYHO Pa3IMYHbBI, YTOOBI ITO3BOJUTH KIACCH(PHUIIMPOBATh pa3IMYHBIC YPOBHU KOTHUTHBHOW
CJIIOKHOCTH y4eOHBIX TEKCTOB, HCIIONB3YEMBIX B CpeiHell u crapimeii mkone. [lapamerpsr, maHu-
(dectupyrone pa3nuurs B KOTHUTHBHOHM CIOXHOCTH, BKJIIOYAIOT JIEKCHYECKOE pa3zHooOpasue
(TTR), TOKaTBHYIO CBA3HOCTH, HHAEKC a0CTPaKTHOCTH, KOJTMIECTBO MHOTOCIIOKHBIX CJIOB M HHIEKC
®nema-KuHkelina, KOMMYECTBO CYNIECTBUTENBHBIX M KOJMYECTBO IPHJIAraTelbHbIX B MPEIIOKe-
HUHU. DMIUPUIECKUE TaHHBIC TIOKA3BIBAIOT, UTO MPeaiaracMblil OX0 sBJIseTCs Ooee 3G HeKTHR-
HBIM IO CPaBHEHUIO C JIPYTUMH CYIIECTBYIOIIMMH METOAaMH OLIEHKU CIIOKHOCTH TeKcTa. Pe3yib-
TaThl WCCIEIOBAaHUS MOTYT OBITH BHEIPEHBI B CHCTEMY JKCIIEPTH3bl HayYHO-00pa30BaTEILHOTO
COJIepIKaHMs POCCUICKHX IIKOJIBHBIX YIeOHUKOB. OHHU TaKkKe MOTYT OBITH MOJIE3HBI IIPU pa3padoTKe
00pazoBaTeNbHBIX PECYPCOB M JATbHEHIINX HCCIETOBAHMUIX B 00JIACTH CJI0XKHOCTH TEKCTA.
KiaroueBble ¢JI0Ba: OUCKYPCUBHAS KOMMHIEKCONO2US, KOSHUMUBHAS CILONCHOCHb, CILONCHOCHIb
meKkcma, yueOHblll MeKcm, CIamucmui4eckutl aHauu3
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1. Introduction

The term ‘complexity’ appears in different research areas. As the modern
world is becoming increasingly complex, unpredictable and non-linear, it is hardly
surprising that in recent years the phenomenon of ‘complexity’ has attracted the
attention of numerous scholars. One of the most famous works on this topic is the
work “On Complexity” by the French philosopher Edgar Morin (2021), where the
author presented the conceptual apparatus of his theory of complexity viewed by
many as “a bold challenge to the fragmentary and reductionistic spirit that continues
to dominate the scientific research” (Rodrigues et al. 2014: 1). According to Morin,
it is complexity that underlies the majority of natural and social phenomena.
“Complexity asserts itself first of all as an impossibility to simplify; it arises where
complex unity produces its emergences” (Morin 2005: 386).

Complexity studies as a wide and dense research field provide numerous
descriptions of ‘cognitive complexity’, investigated in computer science,
psychology, pedagogy and linguistics (Andrews 2002, Weir 2008, Wang 2012,
McComb 2016, Wijendra 2021, Lavazza 2022, Sharoff 2022, Solnyshkina 2022,
Solovyev et al. 2022, Silva 2023). In computer science, researchers scrutinize
cognitive complexity of a program code viewed as a risk factor which can cause
problems with program debugging, technical support and program modernization.
Special metrics have been developed to assess the level of program code cognitive
complexity, as well as algorithms to reduce it (Bolbakov 2016, Gladkikh 2017,
Wijendra 2021, Lavazza 2022). In psychology, the term ‘cognitive complexity’ is
used as a characteristic of a person, or rather a psychological characteristic of a
person’s cognitive sphere. Cognitive complexity in this sense reflects “the degree
of categorical dismemberment (differentiation) of an individual’s consciousness,
which contributes to the selective sorting of impressions of reality that mediates the
individual’s activity” (Petrovsky 1998: 164).

Cognitive psychology views ‘cognitive complexity’ as a construct, a coherent
whole comprised of psychological characteristics of independent components
which are interrelated and connected. Cognitive complexity of a situation is viewed
as a function of the number of its elements and their connections (Kholodnaya
2004). Cognitive complexity “is interrelated with a subject's real behavior, his
flexibility and adaptability; it relies on the degree of an individual’s freedom to
make decisions in a specific content area” (Petrenko 2010: 83).

For over a decade, cognitive complexity has also been an object of research in
pedagogy and education (Kudzh 2018). Research in the area focuses on complexity
of educational resources, comparative complexity of a subject domain, comparative
difficulty of mastering a topic, etc. As students progress, they are expected to be
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provided with resources of appropriate complexity, i.e. as they evolve, so do
educational materials. The latter are the only foundations of the so-called “zone of
proximal development” as “the distance between the actual development level,
determined by independent problem solving and the level of potential development,
determined through problem solving under adult guidance or in collaboration with
more capable peer” (Vygotsky 1978: 86).

Linguistics lacks a unified approach to cognitive complexity of a ‘linguistic
whole’ thus referring to the notion either as complexity, difficulty, or ‘accessibility’
(see Fulcher 1997, Solnyshkina 2015). The common doctrines regarding cognitive
complexity of a text comprise three traditions and are viewed as a function of: (1)
text informativeness (Hansen 1990, Valgina 2003, Nevdakh 2008, Zhu 2020); (2)
linguistic features of a text (Ushakov 1980, Solnyshkina 2020, Gatiyatullina 2023);
(3) reader’s (in)ability to process a text or accessibility of a text to the reader
(Tsetlin 1980, Just 1987, Fulcher 1997, Valgina 2003, Koda 2005, Das 2020).
Interdependence and interrelatedness of the phenomena is obvious: texts addressed
to different categories of readers differ in their informativeness: a 200-word text for
elementary school readers is cognitively less complex than a summary of the same
length addressed to college students. Higher informativeness is likely to be
manifested in more complex syntax and vocabulary of lower frequency thus being
less accessible for less qualified readers. Hence, cognitive complexity of a text is
viewed by the authors as a text ‘accessibility’, i.e., degree of cognitive efforts a
reader employs to decode and comprehend it.

We aim to identify a list of linguistic features of informational texts exhibiting
various degrees of cognitive complexity. We hypothesize that different degrees of
cognitive complexity of informational texts are manifested in syntactic, lexical and
morphological parameters. In other words, cognitive complexity ranks
corresponding to different grade levels reveal themselves on the syntactic, lexical
and morphological levels. We also hypothesize that grade differences are stable and
as such, once identified for certain grade levels, they could be used to predict the
cognitive complexity of a text.

The study was conducted to answer two Research Questions:

RQ 1: What linguistic parameters discriminate texts cognitive complexity?

RQ 2: What are the ranges of values of cognitive complexity predictors
inherent in informational texts for Grades 5—11?

2. Text comprehension and complexity

Text comprehension depends on a range of factors. Cognitive psychology
describes this process as developing inner understanding, based on the knowledge
previously gained (Matlin 1998, Polya 2015). Reading comprehension begins and
finishes with non-verbal representation, also referred to as a mental model
(Johnson-Laird 1983). It is also noted that comprehension is individual and closely
connected with the background knowledge a reader acquired: no matter what people
are trying to comprehend, they draw on their background knowledge (Matlin 1998,
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Wang 2012, Polya 2015). It is for this reason separating the study of text
comprehension and the study of a reader’s specific features would seem unfeasible.

Weir’s model of reading comprehension reflects both lower-level processes
(e.g., decoding) and higher-order processes (e.g., comprehension) and comprises
seven aspects (Weir & Khalifa 2008): 1) word recognition, the ability to “match the
form of a word in a written text with a mental representation of the orthographic
forms of the language” (Weir 1993: 6); 2) lexical access, the “retrieval of a lexical
entry from the lexicon, containing stored information about a word’s form and its
meaning”; the form addresses orthographic and phonological mental
representations of a lexical item and possibly information on its morphology (Field
2004); 3) syntactic parsing which involves grouping “words into phrases, and into
larger units at the clause and sentence level to understand the message of the text”
(Weir & Khalifa 2008: 6); 4) establishing propositional (core) meaning at the clause
or sentence level, “a literal interpretation of what is on the page, the reader has to
add external knowledge to it to turn it into a message that relates to the context in
which it occurred” (Weir 2003: 6); 5) inferencing as “a creative process whereby
the brain adds information which is not stated in a text in order to impose
coherence” (Weir 2003: 6); 6) building a mental model “entails an ability to identify
main ideas, to relate them to previous ideas, distinguish between major and minor
propositions and to impose a hierarchical structure on the information in the text”
(Field 2004: 241), it is when “the propositions representing the meaning of a text
are linked together, usually by argument overlap, to form a hierarchical text base”
(Kintsch & van Dijk 1978: 374); 7) creating a text (or discourse) implies not only
recognizing the hierarchical structure of the whole text but also determining which
items of information are central to the meaning of the text and which are secondary
propositions, that is the ability to recognize significance of different parts of the text
to the writer or reader (Weir 2003: 6).

In cognitive linguistics, text comprehension is irrevocably linked with the
analysis of a fundamental problem known as cognitive complexity of texts and its
relationship to syntactic and semantic complexity in natural languages. According
to McCarthy, text comprehension is a function of several factors (McCarthy 2019).
First, there is complexity of the very idea that the author conveys through the text,
i.e. the so-called text informational complexity. Hence, the amount of information,
i.e. text information intensity is often seen as a text complexity predictor (Hansen
1990, Valgina 2003, Nevdakh 2008, Zhu 2020). Second, there are linguistic means
selected by the author to express his/her ideas (Valueva 2017). Consequently, text
complexity is viewed as a text characteristic dependent on the text linguistic
parameters. This type of complexity is referred to as linguistic complexity
(Solnyshkina 2020). Text linguistic parameters associated with text complexity
include but are not limited to the following: average sentence length, number of
polysyllabic words, genitive case mean, word frequency, narrativity, number of
abstract words, lexical density, etc. (Ushakov 1980, Solnyshkina 2020,
Gatiyatullina 2020, 2023). Mathematical methods introduced into complexity
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studies confirm statistical significance of numerous text parameters with /inguistic
complexity thus enabling to categorize them as complexity predictors (Krioni 2008,
Nevdakh 2008, Sheehan 2010, Fitzgerald 2015, Valueva 2017, Solovyev 2021,
Kupriyanov 2022, Shardlow 2022). The third factor is reader's ability to process
information. The idea behind it is that text comprehension involves cognitive
activity, intensity of which is related to the type of information to be processed
(Dehaene 2007). Consequently, a reader is expected to meet certain cognitive
requirements, and readers’ characteristics affect the understanding of the
information embedded in the text. The most significant among the readers’
characteristics are general knowledge, knowledge of the subject domain, verbal
intelligence, cognitive abilities of the reader including working memory and
motivation, etc. (Tsetlin 1980, Just 1987, Valgina 2003, Koda 2005, Das 2020).

3. Cognitive complexity of informational texts and cognitive abilities
of schoolchildren

The research shows that the phenomenon of cognitive complexity manifests
itself in the interaction of a person with the outside world and therefore is associated
with the human factor (Kudzh 2018). Hence, evaluating cognitive complexity of a
text implies considering two types of factors, i.e. text parameters which are
objective and stable, and reader’s characteristics which are individual and variable.
Thus, the same text may be quite easy to comprehend for one category of readers
and demanding for another group of readers. This occurs due to the fact that the
concept of complexity is de facto formed on the basis of psychological or cognitive
factors (Kudzh 2018).

As a construct and psychological characteristics of a person’s cognitive sphere
(Petrovsky 1998), cognitive complexity of a person also implies numerous abilities,
including the ability to identify characteristics of an object or the ability to evaluate
characteristics and reveal links between and/or among them. In other words,
cognitive complexity encapsulates cognitive differentiation and integration of
individual consciousness (Kalinkina 2021). The concept of cognitive complexity,
first propounded by James Bieri as early as in 1955, is to do with the organization
of constructs and their similarity. Cognitive complexity has also been defined as
“an aspect of a person's cognitive functioning which at one end is defined by the
use of many constructs with many relationships to one another (complexity) and at
the other end by the use of few constructs with limited relationships to one another
(simplicity)” (Pervin 1984: 507). Cognitive complexity describes an individual's
ability to perceive things in the world around them. It also describes the number of
cognitive processes required to solve a problem or complete a task. Individuals with
more complex cognition can see shades of nuance and meaning. A person of high
cognitive complexity is able to perceive nuances and see subtle differences between
the objects he/she perceives, understand connections between events and
phenomena.
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Cognitive complexity is also argued to be essential for understanding a
complex and uncertain environment (Da’as 2020). One of the methods to evaluate
a person’s cognitive complexity involves measuring the number of classification
bases that an individual uses consciously or unconsciously while differentiating
between objects in any content area. The basic condition necessary for an individual
to acquire a high level of his/her cognitive abilities is through verbal intelligence
which enables a person to classify objects on various grounds. Inability to name
different types of objects causes difficulties while performing mental operations
with them.

In the most general terms, cognitive characteristics of people are traditionally
ranked based on their age. While selecting books for readers, educators use their
age as the basic classifying principle matching texts for primary or middle school,
high school or University level. Aging is strongly associated with cognitive
complexity growth, since life experience allows people to perform cognitive
operations they were unable to perform in childhood. Therefore, cognitive
complexity of informational texts increases alongside with the readers’ age they are
addressed to. This is especially evident with books assigned to schoolchildren when
their cognitive abilities undergo intensive development. As regards informational
texts specifically, their classification is based on the level of readers’ education, for
example, “Grade 6 textbook”, “Books for College Students”, etc. Readers’ age
characteristics and their level of education are generally viewed as interdependent.

Cognitive complexity of a person in childhood and adolescence is closely
related to the psychophysiology of developing his/her cognitive sphere, as cognitive
abilities develop gradually alongside with the extension of memory, attention, etc.
The research shows that the very style of thinking changes as a person matures
(Perry 1981). Perry (1981) argues that learning changes students’ ideas about the
nature of knowledge. Another area of development is reasoning, the nature of which
modifies dramatically as students learn to organize and evaluate knowledge. Perry
(1981) grouped these changes into four cognitive stages: dualism, multiplicity,
relativism, and commitment. The first stage, that is, dualism, is characterized by a
dichotomous structure in which information is divided into two categories: correct
and incorrect. In the second stage, the dualistic structure is discarded and replaced
by uncertainty. Knowledge becomes subjective: there are conflicting decisions,
therefore, one needs to trust their "inner voice", but not some external authority.
The third stage is relativism. Knowledge is relative to the context in which a
decision is made, hence it is necessary to learn how to evaluate decisions based on
the situation. In the fourth stage, there is an integration of knowledge received from
others with personal experience and reflective analysis. People rely not only on their
knowledge, but also on values; they use moral and ethical positions to make
decisions.

Theoretical, formal and reflective thinking typically begins to develop in the
cognition of middle school students and is viewed as their age-related feature. The
cognitive system of an early adolescent still has a relatively small number of loosely
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coupled constructs thus reflecting his/her low cognitive differentiation and low
values of cognitive integration. It will be fully formed at the next stage of
development (youth) in high school (Konogorskaya 2014). The transition from
childhood to adulthood is usually divided into two stages: adolescence and youth
(early and late). As regards the research described in the given article, it focused on
middle school students of 11 to 15 years of age and high school students of 15 years
of age and above. The research shows that the ability to reflect and introspect one's
inner world develops in youth. The brainwork of a high school student, unlike that
of a middle school student, is more affective and personalized, it is at this age that
people form their worldview, search for their place in society and identify their life
goals. Cognitive abilities in adolescents reach a maximum, they form and develop
skills of abstract thinking, from 13 to 16 years of age the ability to memorize
increases dramatically, theorizing becomes their age-related feature. High school
students are able to independently perform planning, putting forward and testing
hypotheses, which indicates the ability for scientific thinking (Klyueva 2003).
Academic success in high school largely depends on the extent to which a person
managed to develop conceptual thinking (Konogorskaya 2014).

Levels of individual cognitive complexity, though they vary from child to
child, are expected to be matched with the reading texts children are exposed to.
Texts that are not suitable for readers’ cognitive abilities, i.e. either too easy or too
difficult, may cause lack or loss of students’ motivation, their boredom or
frustration. The latter may result in inability to develop high reading skills
(McCarthy 2019). Therefore, selection of educational texts assigned to readers of a
certain age is viewed as a global problem and a practical task in numerous fields.
The modern interdisciplinary paradigm of discourse complexology identifies
appropriateness of a text to readers’ cognitive complexity, i.e. text cognitive
complexity, based on a number of text variables. The latter comprise significant
characteristics of the object(s) described or events narrated, dimension of the
semantic space presented in the text and links between its elements.

4. Dataset and research methodology

The dataset comprises Russian textbooks for middle (Grades 5 and 6) and high
school (Grades 10 and 11). To reduce the statistical noise which the author's
individual style and subject domain of academic disciplines may produce, we
selected eight biology textbooks by the same authors for middle and high school
and grouped them into "Level II" (Grades 5, 6) and "Level III" (Grades 10 and 11).
The research was based on the two premises that are widely accepted in the modern
interdisciplinary paradigm of discourse complexology mentioned above: a) high
school students, on average, possess higher levels of cognitive complexity
compared to middle school students; b) textbooks for different academic levels
differ in cognitive complexity. A textbook designed for a higher level has a higher
cognitive complexity.
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The Research was designed in 3 stages. The first, preparatory, stage included
selecting and preprocessing the dataset, i.e. 8 biology textbooks. To ensure
consistency of the genre and content, we deleted text meta descriptions, prefaces,
authors’ introductory words, contents, illustrations, inscriptions, phrases like
“Figure 17, notes, self-control questions, laboratory tasks, chapter titles,
subheadings, footers and afterword. Then we divided the materials into 220 texts
with about 1000 tokens in each. The range of the text size varied between 959 and
1143 tokens, all texts comprised full sentences. The total size of the research corpus
comprised 219,319 tokens (Table 1).

Table 1. Corpus Size

Academic Level Textbook code Grade Number of tokens | Number of texts

Level Il V-5 5 23919 24
S-5 5 13784 14

V-6 6 22994 23

S-6 6 15 689 16

Total 76 658 77

Level IlI V-10 10 43 871 44
S-10 10 24 871 25

V-11 11 33969 34

S-11 11 39950 40

Total 142 661 143

In the second stage, we measured metrics of text parameters with the automatic
text profiler RuLingva'. Indices of educational texts comprise relative indices, i.e.
assessed on two relative scales, 1000 tokens and per sentence, and composite
indices. Composite indices include more than one variable. All parameters analyzed
were divided into four groups:

1. Syntactic indices: average word length, average sentence length, average
number of nouns, verbs, adjectives per sentence.

2. Descriptive indices: readability (Flesch-Kincaid index, FK(SIS)),
abstractness, local argument overlap, global argument overlap, lexical diversity (or
Type token ratio, TTR per 1000 tokens), ratio of verbs to nouns, ratio of adjectives
to nouns or descriptiveness, rate of nouns in the genitive case.

3. Morphological indices: number of nouns in a certain case per 1000 tokens.

4. Phonological indices: number of monosyllabic, disyllabic, trisyllabic and
four-syllabic words per 1000 tokens.

The third stage was analytical. In this stage, we employed Mann-Whitney test
to compare and contrast indices of educational texts used on Level II and Level III.
Statistical analysis of the data was carried out with the software STATISTICA.

!rulingva kpfu.ru/ (ENA, 20.08.2023).
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5. Results

The results of statistical analysis demonstrate that educational texts of different
cognitive complexity have statistically significant differences on the syntactical,
morphological and phonological levels. As Table 2 below indicates, most of the
indices measured demonstrated statistically significant differences of Level II
(Grades 5 and 6) and Level III (Grades 10 and 11) texts. The exceptions are Number
of verbs per sentence and Global argument overlap.

Table 2. Biology textbook indices

Level lI Level lll Mann-
Indices (N =77) (N =143) Whitney U p-value
Mean| SD |Mean| SD
| Il 11 [\ \% \Y| VII Vil
Syntactic indices
1. |Mean sentence length (in tokens) 11,66 | 1,34 | 12,81 | 1,54 3032 <.01*
2. |Mean word length (in syllables) 6,10 | 0,24 | 6,69 | 0,22 392 <.01*
3. |Mean nouns per sentence 4,68 | 0,59 | 5,39 | 0,69 2258 <.01*
4. |Mean verbs per sentence 1,54 | 0,27 | 1,53 | 0,23 5336 0,71
5. |Mean adjectives per sentence 1,63 | 0,30 | 2,04 | 0,33 2084 <.01*
Descriptive indices
6. |FK (SIS) 7,27 | 0,89 | 9,30 | 0,74 451 <.01*
7. |Abstractness 2,57 | 0,10 | 2,66 | 0,10 2888 <.01*
8. |Local argument overlap 0,61 | 0,20 | 0,55 | 0,16 4480 0,023*
9. |Global argument overlap 0,23 | 0,08 | 0,21 | 0,07 4750 0,093
10. [TTR per 1000 tokens 0,45 | 0,04 | 0,47 | 0,04 4067 <.01*
11. |Ratio of verbs to nouns 0,33 | 0,05 | 0,28 | 0,04 2483 <.01*
12. |Descriptiveness (adjective-to-noun) 0,35 | 0,05 | 0,38 | 0,05 3486 <.01*
13. |Rate of nouns in the genitive case
(to the total number of nouns in the text) 0,341 0,04 1 040 | 0,03 1487 <01
Morphological indices
14. |Nominative case (NOUNS) per 1000 tokens |113,98| 16,55 |101,63(12,84 2927 <.01*
15. |Genitive case (NOUNS) per 1000 tokens 138,62| 20,47 |169,03| 18,53 1468 <.01*
16. |Dative case (NOUNS) per1000 tokens 14,07 | 5,16 | 15,91 | 6,03 4536 0,03*
17. |Accusative case (NOUNS) per 1000 tokens 69,13 13,07 | 64,17 | 11,20 4201 <.01*
18. |Instrumental case (NOUNS) per 1000 tokens | 28,78 | 7,19 | 26,28 | 6,40 4251 <.01*
19. |Prepositional case (NOUNS) per 1000 tokens | 35,87 | 9,01 | 39,52 | 8,76 4194 <.01*
Phonological indices
20. |Number of one-syllable words per 195,50| 20,55 |169,92| 18,03 1865 < 01*
1000 tokens
21. [Number of two-syllable words per 258,88| 27,93 |201,19| 21,68 543 < 01*
1000 tokens
22. [Number of three-syllable words per 215,83| 20,38 |203,95| 20,47 3720 < 01*
1000 tokens
23. [Number of four-syllable words per 165,01| 21,86 181,31/ 23,86 3286 < 01*
1000 tokens

* p <.05 — statistically significant differences
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The most significant differences observed across Levels II and III include the
following:

1. The number of nouns per sentence increases by 15% (from 4.68 on Level 11
to 5.39 on Level III).

2. The average number of adjectives per sentence grows by 25% (from 1.63
to 2.04).

3. Readability (FK (SIS) rises by 28% (from 7.27 to 9.30).

4. Ratio of verbs to nouns decreases by 15% (from 0.33 to 0.28), which means
that the nominativity of the text increases.

5. The number of nouns in the genitive case increases by 22% (from 138.62 to
169.03), while the proportion of nouns in the genitive case to nouns in other cases
increases by 18% (from 0.34 to 0.40).

6. The number of disyllabic words decreases by 22% (from 258.88 to 201.19).

Below we interpret and explain the meanings and effects of the trends observed
in light of the theory of cognitive complexity. The most obvious growth trajectory
is that of readability (FK(SIS)): from 7.27 on Level II to 9.30 at Level III (Fig. 1).
As readability metrics is based on two indices, i.e. sentence and word length, its
growth implies that Level III readers are expected to possess higher cognitive
complexity. Successful comprehension of Level III texts is cognitively more
difficult and requires more effort.

12

1

— o
9
%)
L
s 8
R=]
z 1
bt D
. )
6
5 T o Median
[125%-75%
T Non-Outlier Range
4 o Qutliers
Level Il Level Il * Extremes

Figure 1. Flesch-Kincaid (SIS) growth across Levels Il - 1l

Statistically significant are also dynamics of Local argument overlap and TTR
values: the values of local argument overlap decreases from 0.61 to 0.55, TTR per
100 tokens (Lexical diversity) rises across levels from 0.45 to 0.47 (cf. Fig. 2
below).

651



Roman V. Kupriyanov et al. 2023. Russian Journal of Linguistics 27 (3). 641-662

The increase in Lexical diversity of educational texts and the decrease in
cohesion manifested in both Local and Global argument overlap (cf. Table 2) in
Level III texts are accompanied by Abstractness growth (from 2.57 on Level II to
2.66 on Level III). The latter indicates that Lexical diversity increases to a certain
extent due to appearance of abstract words, which is typical of scientific
terminology (Fig. 3).
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Figure 2. a) Local argument overlap; b) TTR
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Figure 3. Abstractness

Lexical diversity growth coincides with the increase of two other metrics, i.e.
the number of nouns (from 4.68 to 5.39) and number of adjectives per sentence
(from 1.63 to 2.04), while the metric of number of verbs across levels remains
intact. Thus, on Level IIl we observe the growth of nominativity and
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descriptiveness (Fig. 4) which in fact manifests higher informativeness and
cognitive complexity of texts.

A detailed analysis of noun morphology indicates that the noun per sentence
increase occurs mainly due to the sharp increase of genitive case (Fig. 5).
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Figure 4. a) Mean nouns per sentence; b) Mean adjectives per sentence

0,50

0,46

0,44 S

0,40 |

0,38
0,36
0,34

032 r

Share of nouns in the genitive case

0,30 ¢

028 r

0,24

o Median

[0 25%-75%

T Non-Outlier Range
o Qutliers

Level ll

Level ll * Extremes

Figure 5. Genitive case nouns

Significantly, increase of nouns in the genitive case (from 138.62 to 169.03) is
accompanied by the decrease in the number of nouns in the nominative case (from
113.98 to 101.63) (cf. Fig. 6 below).

Text phonological parameters reflect statistically significant interdependence
between text academic levels and word length. Trajectories of mono-, di-, three-
and four-syllabic words fluctuations in educational texts of different cognitive
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complexity indicate that the most significant changes are manifested by disyllabic
words (Fig. 7). In Level III texts, the number of disyllabic words decreases by 22%
(from 258.88 to 201.19), while a similar tendency is not observed in Level II texts.
The number of four-syllabic words is significantly higher in Level III texts in
comparison with Level II texts: 181.31 and 165.01, respectively.
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Figure 6. a) Nouns in the nominative case; b) Nouns in the genitive case
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Figure 7. Numbers of mono-, di-, three- and four-syllabic words in educational texts
of different levels *

6. Discussion

The data received provides insights into specifics of cognitive complexity of
educational texts and its manifestation on the phonological, morphological, lexical
and syntactical levels.

Our main findings referring to the phonological level features fluctuations
reveal that text complexity across academic levels grows mostly due to the dramatic
decrease of disyllabic words and slight increase of four-syllabic words. These
findings are new and as such need further investigation. To the best of our
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knowledge, trajectories of metrics of phonological parameters of Russian
educational texts across academic levels have been predominantly studied in terms
of word length but not specified to the ratio of mono- or disyllabic words
(Solnyshkina 2015). Matskovskiy readability formula based on publicistic texts
(Matskovskiy1976) incorporates the variable of three-syllabic words: X1=0, 62 X2
+0, 123 X3 + 0, 051, where X1 — text complexity; X2 — average sentence length
(in words); X3 — percentage of three-syllabic words. However, researchers argue
that Matskovsky formula was not validated and cannot be used as such to assess
text complexity.

Our findings of the notable increase of nouns in genitive case as a
morphological manifestation of cognitive complexity growth are in correspondence
with the conclusions made by Gatiyatullina et al (2020) and drawn on the research
of Social Science texts. We share the researchers’ view on a noun in the genitive
case as a dependent word denoting belonging, composition, participation and origin
of an object (see Blake 2001), and its increase as such reflects the growing number
of multi-element terms that complement and clarify meanings in educational texts.

As regards the findings on the share of different parts of speech per sentence,
they do correspond to those of O. B. Sirotina (Sirotina 2009) and A. F. Zhuravlev
(Zhuravlev 1988), but nevertheless are new with regard to educational texts and
may be used as referential indices in assessment of textbook complexity.

Comparison of Level III and II educational texts metrics also revealed a
significant increase in Lexical diversity and Abstractness, which implies that higher
academic levels correspond to higher levels of students’ verbal intelligence, general
knowledge and scientific background. Increase of Lexical diversity and
Abstractness of t educational exts in high school (Level III) reflects age-related
changes in human psyche, 1.e. developing the ability for abstract thinking. Thus, we
confirm Konogorskaya’s (2014) conclusion that high school students are expected
to exercise the ability for abstract thinking, which is viewed as the basic intellectual
ability determining students’ progress.

Having confirmed the general idea that short texts are easier to comprehend
and better to remember (Kotova 2021), we also identified the specifics of general
interdependence of sentence length on the one side and academic levels on the
other. Our findings on sentence length specify metrics range characteristic for Level
IT and III texts thus serving as a framework for recommendations addressed to test
and educational material developers. The revealed increase of cognitive complexity
of educational texts across academic levels implies that high school students are
expected to be able to apply more cognitive effort to comprehend longer sentences
and complex syntactic constructions while processing a text (Dobrynina 2019). The
data obtained are also in good agreement with Valueva’s (2017) findings on
cognitive complexity of literary texts.
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7. Conclusions

Linguistic and statistical analysis confirmed the hypothesis on linguistic
differences between educational texts of different cognitive complexity. These
differences manifest themselves in statistically significant dynamics of numerous
parameters from Level II (middle school) to Level III (high school). Lexical
diversity (TTR), text abstractness, sentence and word lengths, Flesh-Kincaid index,
nominativity (nouns per sentence) and descriptiveness (number of adjectives per
sentence) increase notably, while local cohesion (Local argument overlap)
demonstrates a tendency to decrease. Thus, the research revealed that cognitive
complexity of educational texts manifests itself in longer sentences, higher
abstractness and lexical diversity, growth of polysyllabic words and lower local
cohesion. All these set higher cognitive demands for the activities of high school
students who are expected to have a high capacity of working memory and
sustained attention involving concentration.

The research possesses certain strengths as well as a number of limitations.
This study examines the influence of linguistic parameters on the cognitive
complexity of texts. These parameters are only some of the factors that determine
the cognitive complexity of a text. Additional research is needed to assess the
influence of other factors, such as propositional density (P-density) and
terminological density of the text and characteristics of its readers (students’
background knowledge and level of their cognitive development). It is also
important to note that the scope of our research is to a certain extent limited by the
existing functionality of RuLingva text profile; more specifically, at present the said
profiler does not provide its users with the possibility to automatically single out
scientific terms from the analyzed texts.

Nevertheless, it seems reasonable to conclude that the data obtained may serve
as a framework for a text complexity profiler able to identify markers of cognitive
complexity on the syntactical, lexical, morphological and phonological levels. The
research results can also be useful for textbook writers and test developers, as well
as researchers in text and discourse complexity.
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Dataset
Textbook
code
S-5 [Sivoglazov, Vyacheslav I. & Pleshakov, Andrey A. 2019. Biology, 5" grade.

Moscow: Prosveshcheniye. (In Russ.)]

S-6 [Sivoglazov, Vyacheslav I. & Pleshakov, Andrey A. 2019. Biology, 6 grade.
Moscow: Prosveshcheniye. (In Russ.)]

S-10 [Sivoglazov, Vyacheslav I. et.al. 2020. Biology. General biology. 10" grade.
Textbook. Base level. Moscow: Prosveshcheniye. (In Russ.)]

S-11 [Sivoglazov, Vyacheslav 1. et.al. 2020. Biology. General biology. 1
Textbook. Base level. Moscow: Prosveshcheniye. (In Russ.)]

V-5 [Lovyagin, Sergei N. et al. 2012. Biology. 5™ grade. Moscow. (In Russ.)]

V-6 [Lovyagin, Sergei N. et al. 2011. Biology. 6" grade. Moscow. (In Russ.)]

V-10 [Vakhrushev, Alexander A. et al. 2013. Biology. General patterns. 10" grade.
Moscow. (In Russ.)]

V-11 [Vakhrushev, Alexander A. et al. 2013. Biology. General patterns. 11" grade.
Moscow. (In Russ.)]

1" grade.
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Caenenns 00 aBpTopax:

Poman Baagumuposuu KYITPUSAHOB — kanaunat ncuxoloruuecKux HayK, TOICHT Ka-
(dbenpsl conuanbHON PabOTHI, TEJAroTUKH U Ncuxoyoruu KazaHckoro HalMOHaILHOTO HC-
CJIEJIOBATEIHCKOTO TeXHONornyeckoro yHuBepcuteTa (Kasanp, Poccns); crapmmii Hayd-
HeIi coTpyaank HUJI « TekcroBas ananmmuTrkay MHCTUTYTA GUIIOIOTHN U MEXKYJIBTYPHON
kommyHuKanuu Kazanckoro denepanpaoro yHuBepcutera. Cdepa ero HayuHbIX UCCIIE0-
BAHMM BKIIFOYAET IICUXOJUHIBUCTUKY, IEJArOTMKY BBICIIEH IIKOJIbI, COLUUAJIBHYIO IICUXO-
JIOTHIO M COMaNbHYI0 paboTy. OH sBnseTcst aBTopoM Oosiee 120 HaAyIHBIX My OIHKAIHA.
e-mail: kromanl@mail.ru

https://orcid.org/0000-0001-9794-9607

Oasbra BaagucaaBoBua BYKAU — xanaugaTt Guiionornyeckux HayK, JOUEHT Kadeapsl
TEOPHH U MPAKTUKU NPEnoAaBaHusl HHOCTPAaHHBIX S3bIKOB MHCTUTYTa humonoruu u Mex-
KyJIbTypHOH KoMMyHuKanuu Kazanckoro genepanpaoro yausepeurera (Kasans, Poccus).
Ona sBisteTcsa PYKOBOOUTEIEM IIPOCKTA IO BHYTPECHHEMY S3BIKOBOMY TCCTHPOBAHHUIO
B UOMK KOV ocymiecTBisieT 0TOOp MaTepHasoB [isl pa3padaThiBaeMbIX TECTOB, 3aHH-
MAaeTcsl UCIOJIb30BaHUEM CTaTHCTUYECKUX METOAOB AJIS1 OOpabOTKH M aHAM3a AaHHBIX,
TMMOJIYYCHHBIX B PE3YJILTATE IPOBCACHUS A3BIKOBBIX TeCTHpOBaHI/Iﬁ.

e-mail: olga.bukach1987@gmail.com

https://orcid.org/0009-0009-8638-5119

Oxcana UBanoBna AJIEKCAHIAPOBA - xanmunmat ¢Guioi. HAyK, MOIEHT Kadeapbl
00IIIer0 U PycCKOro s3biko3HaHus ¢uionorundeckoro ¢akynpreta PY/IH, 3amecturens
JeKaHa 1o HaydHoH pabore. OOnIacTh UCCIe0BaHNS — CEMaHTHKA, KOTHUTHBHAS TMHTBH-
CTHUKa, IUCKypc-aHaMm3. SIBnseTcss aBTropoM Oosee 60 HAyIHBIX Ty OIHMKAITNN.
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