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Abstract. Digital transformation is influencing linguistic communication within the aviation
industry; however, linguistic data remains limited. This study examines these changes based on
120 publicly available trilingual texts related to the aviation sector, comparing two time periods:
2018-2019 and 2024-2025. Preprocessing revealed cross-linguistic similarities. Text processing
was carried out using a rule-based, Unicode-aware pipeline. Lexical richness was assessed using
the MATTR-50 metric, while sentence length and digital terminology were analyzed via five
conceptual categories and document-level variance analysis. Independent sample assessment
involved Mann-Whitney U-tests with the Holm correction applied across the entire text. Variance
analysis of terminology was conducted using Fisher's tests. The results indicate that sentence
length decreased in both Russian and English—though the changes remained statistically
significant after the Holm correction—whereas no changes were observed in Kazakh. While
digital terminology was present in the earlier period, modern terms place greater emphasis on
digital concepts such as Al, modeling, and learning.

Keywords: digital transformation, aviation discourse, multilingual corpus, digital aviation
terminology, professional standardization.

Introduction.

The digital transformation of the aviation industry represents a modern approach to the
advancement of scientific research. Currently, the implementation of digital systems involves the
use of Al, modeling, and decision-support tools across virtually all critical aspects of aviation [1].
These changes are transforming not only the technological processes themselves but also the
specialized discourse through the description, regulation, training, and coordination of
professional activities. This study examines these linguistic shifts as a consequence of the
industry's intensive digitalization.

The aviation industry is one of the most suitable fields for such research, given that
professional communication within it is standardized and multilingual. The international aviation
environment encompasses shared concepts, globally used abbreviations, and regulated
terminology. English serves as the language of international aviation communication, establishing
requirements for safety, precision, brevity, and mutual understanding [2]. The International Civil
Aviation Organization (ICAO) mandates a high level of English proficiency for flight crews and
air traffic controllers [3]. Corpus-based studies of aviation English reveal specific functional and
linguistic characteristics, as well as a procedural function [4].

However, aviation communication is not limited to radio exchanges. Professional
communication also encompasses news, safety-related messages, aeronautical documentation,
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regulatory documents, and educational matters. Regarding adherence to national standards, most
English-language terms are adopted through loanwords, abbreviations, and linguistic adaptation.
A study conducted in the Republic of Kazakhstan on the interplay of trilingual terminology
revealed that establishing equivalence and standardization across these languages is challenging
[5].

Consequently, Kazakhstan offers a convenient multilingual environment for professional
aviation communication. Kazakh and Russian serve as the languages of national professional
communication, while English is used for professional training, radio communication, and global
terminology. National regulations permit trilingual radio communication. This linguistic
configuration creates an environment in which the same process can be represented using different
linguistic structures [6].

Most previous studies have focused primarily on the use of aviation English, radiotelephony
phraseology, proficiency assessment, training strategies, and terminology. For instance,
Bieswanger (2016) identifies specialized aviation registers in his work [7], while Ishihara and
Prado (2021) highlight English as a language critical to safety [8]. Subsequently, the research focus
shifted toward the study of specialized vocabulary, the development of specific practical tasks, and
the analysis of multilingual document structures. Drayton and Coxhead (2023) demonstrated the
importance of aviation vocabulary in enhancing safety systems through language training
methodologies [9]. Pacheco et al. (2023) showed the feasibility of teaching aviation English using
authentic corpora and outlined the limitations involved in compiling such corpora [10]. Carvalho
et al. (2023) examined corpus-based methods through the study of multilingual documentation in
the context of lexicographical and professional training [11]. Rigaud Peixoto et al. (2023)
illustrated how aviation terminology can differ between institutional and specialized literature
[12].

A review of the literature relevant to this study reveals a specific gap in knowledge: a lack
of corpora that adequately reflect the growing role of digitalization within the multilingual aviation
environment. This article addresses that gap, recognizing that digital transformation entails more
than merely an increase in the frequency of these terms in texts. The aviation sector was already
high-tech prior to the widespread adoption of artificial intelligence; early studies examined
automated air traffic control systems, electronic navigation databases, cybersecurity measures, and
decision-support systems. Contemporary developments are characterized by the reorientation of
these technologies toward the use of artificial intelligence.

Another issue addressed in this article is the use of direct translation—specifically, identical
identifiers—on the multilingual websites of official bodies. Analyzing such texts can result in an
inflated measure of interlingual similarity. To address this challenge, the study proposes
distinguishing between the diachronic analysis of a single language and descriptive methods of
cross-linguistic comparison, while also incorporating a check for dependencies between identifiers
and events.

The aim of this study is to identify and quantify diachronic changes in trilingual aviation
discourse - specifically those linked to the digital transformation of the aviation industry at the
institutional level. To achieve this aim, the researchers address the following objectives:

1. Assessing lexical and structural changes characteristic of institutional aviation discourse
across two time periods: 2018-2019 and 2024-2025.

2. Assessing changes in the distribution of digital aviation terminology and technical
concept groups for each language.

3. Assessing structural and terminological trends within the trilingual corpora.

4. Assessing indicators of the international standardization of aviation terminology within
institutional trilingual discourse.

This study combines an analysis of diachronic structural indicators with an assessment of
the variance of concept groups, incorporating controls for multiple comparisons and group
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variance. To this end, it employs multiple comparison controls and examines dependencies
influenced by translation quality and specific events.

Materials and research methods.

The study employs a comparative diachronic corpus analysis method. The research material
consists of texts related to professional aviation activities from two time periods: 2018-2019 and
2024-2025. These periods were selected to reflect the onset of the industry's digital transformation
and its current stage of development. The texts were compiled into three language datasets: KZ,
RU, and EN. Based on this design, six sub-corpora were created: KZ-1, KZ-2, RU-1, RU-2, EN-
1, and EN-2. The final collection comprises 120 aviation articles - specifically, 20 articles per sub-
corpus. The total size of the corpus is determined as follows:

N=LXPXCxn, (1)

where L is the number of languages, P represents time intervals, C denotes thematic categories,
and n is the number of documents per category.

The target metric is the number of documents rather than the volume of text. This is primarily
due to the fact that the institutional texts are limited to corporate news or professional informational
updates; consequently, word count is treated merely as an empirical characteristic of the corpus,
while statistical analysis relies on metrics calculated for each individual document.

The dataset was sourced from the public archives of RSE "Kazaeronavigatsia." A single
information source was deliberately chosen to ensure a unified publication environment, thereby
eliminating the influence of varying editorial policies across different institutional bodies. This
approach also facilitated the balancing of language samples based on temporal and thematic
criteria. Nevertheless, the results obtained cannot be automatically generalized to the entire
spectrum of aviation communication in Kazakhstan.

To mitigate the impact of thematic variations, the composition of each sub-corpus was
balanced across four thematic categories: air traffic management and navigation; flight safety and
regulatory compliance; professional training; and digital aviation technologies. Five documents
were selected for each category, resulting in a total of 20 texts per time period and language.

Corpus quality assessment was conducted via a two-stage verification process. In the first
stage, parallel records sharing identical identifiers were identified and marked by comparing
identifiers across languages. The second stage involved a manual review of events; this helped
identify events belonging to the specified time period that nonetheless had unique identifiers for
each language. Thus, it can be concluded that identical identifiers do not equate to statistical data
independence.

Due to the parallelism of events across language samples, direct statistical tests could not be
employed in the final analysis. The unit of inference in the model is the document, and statistical
analysis i1s based on comparing early and late periods for each sub-corpus. Convergences and
divergences are assessed descriptively using models of direction, magnitude, and scope.

Articles were stripped of non-textual page elements, and a deterministic rule pipeline was
applied to them. A token was defined as a contiguous sequence of letters and digits, preserving
hyphens and apostrophes, though individual punctuation marks were removed. Sentence
boundaries were determined by terminal punctuation marks. A unified set of rules was applied to
all three languages to avoid dependencies on inconsistent language-specific taggers or
morphological analyzers. Lexical diversity was assessed using the Moving-Average Type-Token
Ratio (MATTR), a metric less sensitive to text length than traditional measures [13]. MATTR
calculations were based on case-insensitive word surface forms, using a 50-token window and a
step size of one token.
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The final MATTR value is calculated as follows:

MATTRgo = -3k, 2L 3)

If a document's length fell below this threshold, the type-to-token ratio calculated for the
entire sequence was used for segmentation. This rule applies across the entire range of languages.
Average length is calculated as the ratio of the number of tokens to the total number of segmented
sentences. Surface word forms are used as lemmas to avoid inconsistencies in lemmatization
quality.

Given the morphological structure of the languages, MATTR values were interpreted with
caution. For instance, the nature of Kazakh morphology can lead to increased variation in surface
forms. Consequently, conclusions are drawn based on diachronic changes within a single
language, rather than by comparing MATTR scores across languages.

Statistical metrics were calculated at both the document and sub-corpus levels. For each
level, MATTR-50 values and average sentence lengths were compared using the Mann-Whitney
test. Effect size was determined via rank-biserial correlation, noting the observed direction of
change across the two time periods. Result robustness was verified using the Holm correction. To
ensure model transparency, p-values adjusted by the Holm correction were used.

An analysis of terminological variance compared the proportions of documents present in
the early and late periods for each language set using Fisher's tests. In the analysis of concept
families, no p-values exceeding 0.05 were observed; consequently, the findings are interpreted as
descriptive shifts in terminology. Direct Kruskal-Wallis tests were excluded from the final analysis
because preliminary results indicated partial cross-linguistic dependency.

Results and their discussions

The experiment is built around a data set including 120 professional aviation texts taken
from the official resource of the RSE “Kazaeronavigatsiya”. The six sub-corpora are balanced and
have the same number of documents, as well as thematic composition. Preliminary analysis
showed partial cross-language parallelism. As a result, the conclusions are limited to the
framework of intralingual diachronic comparison.

As a result of the tokenization, the data set is presented in Table 1. It also presents the main
structural indicators: MATTR-50 and the results of the Mann-Whitney test (without corrections)
for each of the subcorpora. After introducing the Holm correction into the model, the parameters
did not retain statistical significance. As a result, the data obtained indicate a change in lexical
diversity within the subcorpora. The values of the MATTR indicator do not reflect the large lexical
diversity of the subcorpora due to different morphological structures.

Table 1 - Structural characteristics of subcorpora

Language Period Tokens MATTR-50 Mean sentence
length

English 2018-2019 4266 0.740 29.91

English 2024-2025 5009 0.758 24.90

Russian 2018-2019 3301 0.886 27.19

Russian 2024-2025 4821 0.896 19.93

Kazakh 2018-2019 1715 0.903 18.03

Kazakh 2024-2025 2578 0.915 16.90

Figure 1 illustrates the shift in the directions of diachronic changes.
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Figure 1 — Diachronic variation in MATTR-50 for multulanguage aviation discourse

MATTR-50 shows an increase across all language corpora. However, it is worth noting that
the magnitude of change and the statistical significance vary for each of them. For the Russian
language, the p-value is quite close to the standard threshold, whereas for the other languages, the
results remained statistically insignificant. Corpus-based studies demonstrate that English
possesses a specialized register characterized by specific lexical, functional, and discourse
features. This study extends that approach by moving beyond the established research questions
surrounding radiocommunication, thereby allowing the structural dynamics of institutional texts
to be measured as well.

The most notable change concerns sentence length. For instance, in English, the figure stood
at 29.91 words in 2018-2019 but dropped to 24.9 words in the second period. Russian showed a
more substantial shift, with the average length falling from 27.19 to 19.93 words, while Kazakh
exhibited only minor changes, moving from 18.03 to 16.9 words. Table 2 presents these changes,
incorporating additional statistical analysis.

Table 2 — Structural characteristics of subcorpora

Language Undicator U-mean Raw p Holm p Trb Interpretation
English MATTR-50 | 130.0 0.060 0.212 0350 | Inerease, not
robust
Mean Decrea
English sentence 275.5 0.042 0.212 0.378 cerease,
nominal only
length
Russian | MATTR-50 | 127.0 0.050 0.212 0365 | Mnerease, not
robust
Mean Deer
Russian sentence 314.0 0.002 0.013 0.570 eerease,
robust
length
Kazakh MATTR-50 | 156.0 0.239 0.479 0220 | nerease, not
significant
v Decrease, not
Kazakh sentence 182.5 0.646 0.646 0.088 e
significant
length

Applying the Holm correction affects the scope of the conclusions drawn. The effect of
sentence length remains significant for Russian but not for English. The MATTR result for Russian
1s nominally close to 0.05. Thus, the statistical results are primarily linked to changes in sentence
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length in Russian; a similar trend with nominal statistical significance is observed for English,
whereas the indicator remains stable for Kazakh.

This shift in sentence structure aligns with the current trend toward brevity in
communication; however, the diachronic nature of the study does not account for technological
causal factors. Based on the document analysis, it can be concluded that aviation discourse
prioritizes precision, clarity, and conciseness. Consequently, the observed linguistic reductions can
be interpreted as language changes driven by the extensive adoption of digital technologies.
Diachronic changes in sentence length for each corpus are shown in Figure 2.
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Figure 2 — Mean sentence length for multulanguage aviation discourse

The authors do not perform a final comparative analysis, as partial parallelism was identified
during the preprocessing stage. In the descriptive experiment, the sub-corpora retain their initial
metrics and exhibit distinct diachronic trajectories. Russian demonstrates a pronounced and
consistent trend toward compression; English shows a less distinct direction of change; and
Kazakh maintains a stable profile. These differences justify an interpretation based on "selective
standardization."

The initial hypothesis regarding the impact of digital transformation on lexical frequency
was not confirmed by the experiment. Such terminology was already in widespread use as early
as 2018-2019. Aviation English discourse had previously addressed terms such as "automated
control systems" and "software modernization." Consequently, digital transformation is
understood not as a shift between discourses, but rather as a redistribution and diversification of
technologies.

To determine specific characteristics, the input distribution was divided into five conceptual
groups. Figure 3 illustrates the distribution of these groups across the sub-corpora, accounting for
language-specific features and timeframes.
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Figure 3 — Document coverage of aviation digital concepts
This visualization demonstrates the early integration of digital concepts into the professional
aviation context - for instance, through the application of automation, software, and digital air

navigation concepts. Changes in the sub-corpora are presented in Table 3.

Table 3 — Document coverage of aviation concepts

Language Concept family 2018-19, % 2024-25, % Change, pp
English Automation/software/data 50 20 -30
English Al/immersive technologies 0 20 +20
English Digital AIM/ATM 35 30 -5
English Digital 10 35 +25
training/communication
Russian Automation/software/data 75 75 0
Russian Al/immersive technologies 0 0 0
Russian Digital AIM/ATM 5 30 +25
Russian Digital 10 5 -5
training/communication
Kazakh Automation/software/data 55 50 -5
Kazakh Al/immersive technologies 0 0 0
Kazakh Digital AIM/ATM 10 10 0
Kazakh Digital 10 10 0
training/communication

The changes shown in Table 3 do not reach the level of statistical significance according to
Fisher's test. Consequently, such terminological shifts should be viewed as descriptive variations
in usage rather than as changes in specific details.

One such example is the following shift in terminology: in 2024, articles discussing the
acquisition of a new simulator use the term "pseudo-pilot" instead of "artificial intelligence."
Materials regarding participation in the Airspace World 2024 conference highlight the
transformation of the aviation industry through the application of Al and the Skyline-X platform.
Professional training utilizing Al technologies incorporates 3D modeling and next-generation
simulator systems.

An analysis of the English-language corpus suggests a shift from "digital infrastructure" to
"AL" However, the analysis using Fisher's test yielded statistically insignificant results, indicating
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a descriptive trend rather than a confirmed shift. This pattern aligns well with recent corpus-based
linguistic studies, which demonstrate that technical vocabulary and linguistic data play a pivotal
role in training and testing within the aviation sector [14].

An analysis of the Russian language corpus reveals a different picture. Documents
concerning automation, software, and data processing account for 75% of the total volume across
both time periods, while the scope of digital technology application has expanded from 5% to
30%. Fisher’s p-value was 0.091; although this figure did not reach the generally accepted
threshold of significance, it points to important changes that warrant verification using a larger
language corpus.

The developed model demonstrates the increasing integration of digital technologies into air
navigation processes. Such integration is viewed as a form of auxiliary information system. A
prime example is Performance-Based Navigation (PBN), which plays a crucial role in the digital
transformation of air navigation in Kazakhstan; this involves the use of satellite navigation and the
modernization of airspace infrastructure. Thus, the transformation is characterized by a shift from
mere digital infrastructure to aviation operations that integrate digital technologies.

The analysis conducted in this study highlights parallel processes in the standardization of
international terminology. Various terms and acronyms—such as ICAO, ATM, ATC, and PBN—
are increasingly being used in professional discourse within national languages. Research carried
out in Kazakhstan demonstrates a correlation between international and national standards and the
translated professional terminology [15].

The results obtained in this study do not demonstrate uniformity across linguistic constructs.
Although the dataset exhibits signs of cross-linguistic dependency, no statistical analysis of the
differences between linguistic distributions was performed. Instead, the study compares the
directions and magnitudes of changes identified through diachronic analysis.

The MATTR metric shows an increase across all sub-corpora. This observation aligns with
previous studies of aviation communication—though those studies took context into account [16].
The findings also resonate with research on multilingual corpora, where a shared technical domain
fosters terminological standardization while respecting language-specific characteristics [11, 12].
The heterogeneous nature of these changes is illustrated in Figure 4.
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Figure 4 — Diachronic changes in documents

English shows the most pronounced shift toward Al technologies compared to traditional
concepts. In Russian, the scope of topics related to digital ATM systems has expanded, whereas
Kazakh demonstrates stability across all concept groups. This asymmetry serves as further
evidence against the hypothesis of multilingual diversity.

In conclusion, selective convergence—viewed from a descriptive perspective—reflects a
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combination of evolving trends and professional context. However, it is worth noting that the
languages examined follow similar trajectories. Based on these results and experience, one can
conclude that while international standards establish common benchmarks, their linguistic
implementation remains language-specific.

Conclusion

The study examined diachronic changes in institutional literature in three languages actively
used in Kazakhstan. The reviewed literature is divided into two time periods 2018-19 and 2024-
25 for comparative analysis. The findings show how digital transformation is selectively
influencing changes in aviation discourse. The most significant result was a reduction in the length
of sentences in Russian. The English language has the same tendencies, and the Kazakh language
remains stable in this regard. Lexical diversity improves description in all three languages, but the
overall language pattern remains statistically significant.

Analysis of language terminology showed that digital transformation is considered as a
redistribution of concepts, and not as digital vocabulary. In the texts of the first time period, terms
associated mainly with automation are used, and modern discourse is associated with the
integration of artificial intelligence terminology. General international terminology has
standardization of concepts taking into account the specifics of linguistic discourse.

The proposed study allows us to expand corpus research in the aviation industry. They often
involve learning radio communication and aviation English. This work also shows the importance
of separating direct translations from the main comparison of the corpus in an interlingual
environment. In the future, work will be carried out to expand the data array. There will also be a
detailed study of the borrowing process, phraseology and human-machine interaction.
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KOCIBW ABUAIIUAHBIH KOII TLIII BAMJIAHBICTAPBIHBIH, IIA®PJIBIK
TPAHCO®OPMALIUACHI: KOPITYC HEI'I3IHAET'I BEPTTEY

Anoamna. Lugpnovix mpancopmayus asuayus canaceiHoagvbl MindiKk KOMMYHUKAYUARA
acep emyoe; OeceHMeH, MiNOIK depekmep uiekmeyni 6onvin Kaia oepeodi. Byn zepmmey asuayus
canacvina kamvicmul 120 scannviea Koncemimoi yul mindi Mominee cytieHe omulpuln, eKi YaKvlm
Ke3eHiH canvblcmuvlpa omulpvin, ocbl e32epicmepdi sepmmenioi: 2018-2019 oscone 2024-2025.
Anovin ana eHoey minapanvlk YKcacmolKkmaposl anblkmaowsl. Maminoi oeyoey epediceze He2iz0eeeH,
FOnuxoomul eckepemin KyowvipObl nAtioanany apkulibl Hcy3eee acvlpvliobl. JIeKcukaivlk 0ailivlk
MATTR-50 mempukacsi apkbiivl 6a2ANAHObL, Al COUNEM Y3bIHObIZbI MEH YUDPAbIK MEPMUHONO2USL
bec MmysHcolpbiMOAMAanblK CAHAM JHCoHe Kyorcam OeHeeliHoe2i OUCNepCUsIbIK MAaloay apKblivl
manoanowl. Tayenciz yaeini bazanayza Xoam myzemyi OyKin mominee Kondauviiean Mann-Yummu
U-mecminepi kipoi. Tepmunonozusnviy oucnepcusivlk manoayvl Quwep mecmmepin KOIOAHY
apkwlibl Hcypeizindi. Homuoicenep cotiiem Y3vblHObIZLIHbIY OPbIC HCIHE ARbLIUbIH Mildepinoe Oe
asauzaHviH Kepcemeoi - OeceHMeH o32epicmep Xoam my3emyiHeH KeuiH CMmamucmuKaibly
MYpavlOan Maysi30bl OOILIN KAIO0bL - All KA3aK milinoe ewkanoat ezeepic oaukaimaosi. Canowvix
MEPMUHONO2USL epmepeK KeszeHOoe OONRAHbIMEH, KA3ip2li mepMuHoep Hacanobl UHMENIeKm,
MoOenboey JHcaHe OKbIMY CUAKMbL CAHObIK Y2bIMOapea Kebipek MaH bepeoi.

Tyiiin ce30ep: canovlk mpanchopmayus, asuayusiiblk OUCKYPC, KONMINOI KOpnyc, CAHOblK
aA8UAYUATBIK MEPMUHOTI02US, KICIOU CIanoapmmay.
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HHU®POBASI TPAHC®OPMALIMAA MHOT OS3bIYHOIH KOMMYHUKAILIUA B
IMPOPECCHUOHAJIBHOU ABUAIIUU: KOPITYCHOE HCCJIIEAJOBAHUE

Annomayun. [ugpposas mpancopmayus oxasvieaem  GIUAHUE HA  A3BIKOBYIO
KOMMYHUKAYUIO 8 aBUAYUOHHOU OMpPAciu;, OOHAKO JUH2GUCMUYECKUe OAaHHble OCMAlOmCsl
02paHUyeHHbIMU. B OanHom ucciedoeaHuu u3yyaomcs dmu usmMeHeHusi Ha ocHose 120
00Ue00CMYNHBIX MPEXbAZLIUHBIX MEKCMO8, OMHOCAWUXCA K ABUAYUOHHOMY CEKmopy, C
cpasHenuem 08yx epemeHuvix nepuodos: 2018—2019 u 2024-2025 ze. IllpeosapumenvHras
0Opabomka  8vIABUNA  MeNCHAZBIKOBble cxoocmea. (Qbpabomka mexkcma npo8oouUlacy ¢
UCNONB308AHUEM OCHOBAHHO20 HA NPABUNAx Konegetiepa, yuumoisaioujeco Unicode. Jlexcuueckoe
bocamcmeo oyeHusanocs ¢ nomowvio mempuxku MATTR-50, a onuna npeonodicenuti u yughposas
MEPMUHONO2USL  AHATUSUPOBATUCL C NOMOWDLIO NAMU  KOHYENMYAIbHLIX —KAMe2opuu U
OUCNEepCUOHHO20 aHanusa Ha yposHe dokymenma. Hezasucumas oyenka @vibopku exnouana U-
mecmul Manua-Yumnu ¢ nonpasxou Xonama, npumensiemou ko ecemy mexcmy. JJucnepcuonHbiti
AHANU3  MEPMUHONIO2UU NPOBOOUNCS C UCNOIb308aHueMm mecmoe Duuiepa. Pesynrsmamol
NOKA3b18AIOM, YMO ONUHA NPEONONCEHUU YMEHbUULACL KAK 8 PYCCKOM, MAK U 8 AH2AULCKOM
AZbIKAX — XOMs UBMEHEHUs. 0CMABAIUCy CIAMUCIMUYECKU 3HAYUMbIMU NoCle nonpasku Xonima,
— Mo20a KaKk 6 KA3aXCKOM A3blKe UMEHEeHUll He Habnoanocs. B mo epemsa kax yugposas
MEPMUHON02USL NPUCYMCMBOBANA U 8 Dolee PAHHULL Nepuood, COBPeMeHHble MepPMUHblL YOesaom
Oonbue 6HUMAHUA YUDPOBLIM NOHAMUAM, makum Kak MU, modenuposanue u obyuenue.

Knroueswie cnosa: yugposas mpancgopmayus, asuayuoHHblli OUCKYPC, MHO20A3bIYHbIL
KOpPNYC, Yughposas aeuayuOHHas MePpMUHON02US, NPOPDECCUOHANLHASL CAHOAPMUAYUSL.
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  N = L × P × C × n
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