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ABSTRACT 

The present study examines the relationship between language 

ecology and language sustainability in the context of Kazakh 

language use within the digital media ecosystem. Drawing on a 

meta-analytic design, it synthesizes empirical findings from 22 

studies with a total sample size of 255,150. The analysis focuses 

on how ecological conditions, including language policy, digital 

content availability, identity-related factors, educational 

settings, and computational linguistic capacity, are associated 

with sustainability outcomes for Kazakh in digital environments. 

A random-effects model was employed due to the 

methodological and conceptual diversity of the included 

studies. The overall pooled effect size indicated a large, 

positive, and statistically significant association between 

language ecology and language sustainability (r = .64, 95% CI 

[.04, .90], p = .039). However, substantial heterogeneity was 

observed, suggesting that the strength and direction of this 

relationship vary across research designs, data sources, 

sustainability types, and levels of digital media integration. 

Moderator analyses further showed that publication year, data 

collection tools, sample characteristics, ecological context, and 

digital platform type shape the observed effects. The findings 

highlight the importance of integrating ecological and digital 

approaches to support the long-term sustainability of Kazakh. 
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INTRODUCTION  
With the rapid proliferation of the internet and digital platforms, content production, 

information circulation, and social interactions are increasingly shifting to digital environments; 

this transformation presents both opportunities and structural threats from the perspective of 

language ecology. Minority and regional languages, in particular, are becoming more vulnerable 

to these threats. The gap between major and minor languages is widening regarding access to 

digital infrastructure, software support, and content production capacity (Zaugg et al., 2022). 

Algorithmic content delivery systems and platform-based economies tend to allocate digital 

resources unevenly across languages, largely according to user volume and commercial value. 

This indicates that the digital ecosystem is structurally biased toward dominant languages 

(Zhang et al., 2021). From an ecological linguistics perspective, digitalization is not merely an 

instrumental change, but a systemic pressure element that reshapes the conditions of existence 

for languages. The language ecology approach examines language within the context of 

relationships between user communities, institutions, ideologies, technologies, and 

communication environments. It positions digital media as a fundamental component of 

contemporary language ecology (Zaugg et al., 2022; Zheng et al., 2024). While Haugen's (1972) 

foundational notion of language ecology denotes the descriptive study of interactions between 

a given language and its social environment, the related but distinct concept of language 

sustainability is normative in orientation, extending the biodiversity–linguistic diversity analogy 

toward an explicit concern for maintaining linguistic diversity over time, a link some scholars 

have traced back to the 1987 Brundtland Report on sustainable development (Steffensen & Fill, 

2014). 

Kazakhstan represents a multilingual and multicultural context where this situation is 

particularly evident (Bekpenbetova et al., 2024; Bokayev et al., 2025). Soviet-era language 

policies relegated Kazakh to a secondary position within its own territory, while making Russian 

dominant in administrative, educational, and public spheres. Language revitalization efforts 

initiated after the declaration of independence in 1991 aimed to elevate Kazakh to official 

language status and increase its use in education. However, due to historical habits and 

institutional resistance, these initiatives have had limited impact (Smagulova, 2019). Although a 

significant portion of the population associates Kazakh with ethnic identity, Russian continues 

to dominate daily life, business, and digital platforms (Abasilov & Kapalbek, 2024; Kuzembayeva 

et al., 2025). The adoption of the Latin alphabet has further intensified structural challenges in 

language planning, particularly due to difficulties in standardization and resistance within 

society. Smagulova (2019) states that language ideologies in Kazakhstan should be understood 

within the framework of power relations among Kazakh, Russian and other languages. Ahn and 

Smagulova (2022) reveal that the tension between the status planning of the Kazakh language 

and the symbolic and economic capital provided by English and Russian remains alive. 

In the digital media ecosystem, Kazakh faces numerous interconnected structural 

problems. Russian and English maintain their dominance across a wide range of areas, from 
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social media platforms and e-government applications to educational technologies and digital 

commerce infrastructure. This superiority is reproduced not only through content volume but 

also through algorithm preferences, interface designs and platform policies. Examining the 

language preferences of younger generations on digital platforms reveals a significant decline 

in Kazakh usage and a growing prevalence of code-switching practices (Khamit et al., 2025). This 

situation indicates that Kazakh faces not so much the threat of extinction in the digital realm, 

but rather the risk of concentration in limited areas and exclusion from high-prestige digital 

functions. Zaugg et al. (2022) note that the visibility and accessibility problems of digitally 

disadvantaged languages are reproduced within technological ecosystems while Mayeux (2024) 

and Eke and Salawu (2026) show that digitalization can produce both empowering and 

inequality-deepening results for minority and local languages. 

The theoretical link between language ecology and language sustainability has not been 

sufficiently examined from an integrated perspective in the context of Kazakhstan. Although 

language ecology provides a broader framework for understanding the environmental, social, 

and ideological factors shaping languages, research on sustainability has largely emphasized 

language preservation, intergenerational transmission, educational policies, and the 

development of digital resources. Research findings independently produced across different 

disciplines have not been integrated into a systematic framework. The direction, strength, and 

conditions of the relationship between language ecology variables and sustainability indicators 

have not been discussed at a quantitative level. Khassanov et al. (2024) and Sarmurzin et al. 

(2023) emphasize that multilingual education policies in Kazakhstan produce different results in 

different contexts while Nkhi and Mofana (2025) state that sustainability cannot be achieved 

solely through formal conservation discourses but must generate value and practical relevance 

in the everyday use of language. Haugen's language ecology model and the digital language 

planning literature have not yet been sufficiently synthesized. The dimensions of language 

sustainability have not been systematically operationalized within the context of digital media. 

The current research aims to address the gap by evaluating findings from Kazakh 

language studies using a meta-analytic approach and quantitatively revealing the relationship 

between language ecology and language sustainability in the digital media ecosystem. Bridging 

the gap between ecological linguistics and new media research, the study offers a unique 

contribution to the existing literature by determining effect sizes, systematically testing 

moderator variables, and making the relationships between variables visible at a quantitative 

level. Furthermore, the research directly aligns with UNESCO's 2023–2032 International Decade 

of Indigenous Languages goals and has the potential to develop evidence-based 

recommendations for language policy in similar multilingual contexts such as Türkiye, 

Uzbekistan, and Kyrgyzstan (Abilkassymova et al., 2025; Tlepbergen et al., 2023). 
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LITERATURE REVIEW 

Language Ecology Theory and Language Sustainability 

Language ecology theory argues that language is not merely a means of communication or a 

closed system of signs; it is a dynamic social practice shaped by its interaction with the social, 

physical, and psychological environment in which it exists. Building on Haugen's pioneering 

work, this approach emphasizes three fundamental dimensions: Language environment, 

language users, and language functions. The language environment encompasses the physical 

spaces, institutional structures, and social norms in which speakers interact. The language user 

dimension includes the number of speakers, demographic distribution, and intergenerational 

transmission capacity. Language functions reflect the extent to which language remains 

effective in daily life, education, the economic sphere, and public discourse (Zheng et al., 2024). 

Gobbo (2021) strengthens the normative aspect of the ecological approach by emphasizing that 

language vitality should be considered in conjunction with planning, social appeal, and speaker 

motivation. Zhang et al. (2021) frame the preservation of linguistic diversity as extending 

beyond cultural heritage, emphasizing its importance for social resilience and the maintenance 

of diverse knowledge ecosystems. 

The development of ecological linguistics has progressed towards a critical program that 

centers on power relations and ideological structures. Along these lines, linguistic diversity is 

addressed with an ecosystem sensitivity similar to that of biodiversity. Language loss and revival 

are evaluated in conjunction with the dimensions of power, ideology, and social justice 

(Auganbayeva et al., 2026; Zhang et al., 2021). Tan and Jehom (2024) emphasize that 

community-based participation, institutional support, and cultural belonging should be 

considered together in the sustainability of minority and indigenous languages. Nkhi and 

Mofana (2025) state that language sustainability cannot be achieved solely through formal 

conservation discourses. Language must generate value, prestige, and practical relevance in its 

everyday use. Ahn and Smagulova (2022) show that multilingualism practices in Kazakhstan are 

linked not so much to fixed and separated language categories, but rather to social mobility, 

class position, and identity negotiations. This reinforces the sociolinguistic importance of an 

ecological reading. 

Language sustainability is not a one-dimensional phenomenon, but is conceptualized as 

a multi-layered structure consisting of demographic, educational, media, and digital 

components (Daurenbek et al., 2025; Karabassova & San Isidro, 2023; Koyanbekova et al., 2026; 

Ryskulbek et al., 2026). Demographic sustainability encompasses the number of speakers, age 

distribution, and intergenerational transmission rates, while educational sustainability is 

determined by the language's position within the education system, the quality of teaching 

materials and its usage rate in higher education (Kucherbayeva & Smagulova, 2023; Rudik et al., 

2025). Wang et al. (2024) indicate that social media and online participation are becoming 

increasingly critical for language vitality in language revitalization processes. Zheng et al. (2024) 

argue that technological infrastructure should be included in sustainability assessments, stating 
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that digital technologies create both opportunities and inequalities for low-resource or 

suppressed languages. This integrated structure provides a suitable ground for evaluating the 

sustainability of Kazakh, making visible the tensions and harmonies in different dimensions 

simultaneously. 

Sociolinguistic Position and Sustainability Dynamics of the Kazakh Language 

The present sociolinguistic position of the Kazakh language is shaped by the interaction between 

the institutional power provided by its status as a state language and the historical, economic, 

and cultural capital of Russian. Soviet language planning systematically narrowed the areas of 

use for Kazakh, making Russian dominant in education, administration, and urban 

communication. Abasilov and Kapalbek (2024) state that the linguistic hierarchy created during 

this period has partially persisted after independence and constitutes the biggest structural 

obstacle to contemporary language policy. Smagulova (2019) reveals that language ideologies 

in Kazakhstan are intertwined with national identity, modernity, and social mobility, and that 

the symbolic value of Kazakh cannot always be considered separately from its practical use 

value. 

The sustainability dynamics of the Kazakh language are particularly evident in the areas 

of education, youth culture, urbanization, and identity construction. Khamit et al. (2025), 

analyzing the language attitudes of Kazakh youth from different regions, reveal that both urban-

rural and inter-regional differences are critically important for sustainability assessments. While 

the position of Kazakh in the education system shows gradual improvement, it still suffers from 

structural problems. The rate of Kazakh language education in higher education lags behind the 

progress in primary and secondary education (Kucherbayeva & Smagulova, 2023). Karabassova 

and San Isidro (2023) emphasize that multilingual education practices have the potential to 

improve students' language proficiency, but these practices also carry the risk of reproducing 

linguistic hierarchies. Khassanov et al. (2024) state that language policies in education should 

be considered together with the dimensions of equality and access, revealing that strengthening 

the Kazakh language is linked to pedagogical quality, material production and teacher 

competence. 

Kambatyrova (2024) argues that family language ideologies influence children's language 

preferences and perceptions of legitimacy within the context of trilingual education policies. 

Zharkynbekova et al. (2025) show that the ethno-linguistic identities of Kazakh youth are shaped 

within a multinational social context. While Kazakh has high symbolic value, its functional areas 

of use remain limited. In this framework, sustainability means not only preserving Kazakh but 

also reproducing it as a competitive, creative, and inclusive language of communication in 

contemporary social spaces. 

Language Use and Linguistic Visibility in the Digital Media Ecosystem 

The initial optimistic expectation that the spread of the internet would bring equal opportunities 

to languages has been largely questioned by empirical research. Zaugg et al. (2022) 

conceptualize this inequality with the concept of "digitally disadvantaged languages," noting 
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that factors such as the volume of internet content, machine translation support, and writing 

system compatibility structurally maintain the digital divide between languages. Algorithmic 

content delivery systems systematically prioritize large languages with high interaction rates 

and rich content, negatively impacting the visibility of smaller languages. Zheng et al. (2024), 

from an emerging ecolinguistic perspective, explore how digital technologies reshape 

languaging practices, highlighting that language change is not a fixed or stable process but one 

that is continuously negotiated and reconfigured. 

The position of Kazakh in digital media exhibits a multifaceted appearance at both 

institutional and individual levels. Kamalova (2025) examined language ideologies related to the 

use of Kazakh on social media in the social atmosphere created by the Russia-Ukraine war. 

Kamalova revealed that the conflict period significantly strengthened linguistic identity practices 

and the discourse of defending the Kazakh language. Yessenbekova et al. (2025) addressed the 

effects of the digital format on the information consumption and reading culture of Kazakh 

youth, emphasizing that digital tools can both facilitate and hinder the consumption of Kazakh 

content. Tlepbergen et al. (2022) showed that post-pandemic technological tools created new 

opportunities in terms of language learning and language policy applications. While Tlepbergen 

et al. (2023) emphasized the importance of bottom-up approaches in Kazakh language planning 

in terms of user participation and social ownership. 

Language use in the digital environment gains an even more complex dimension through 

code-switching, translanguaging and hybrid language practices. Utegenova et al. (2024a) 

emphasize that translingual practices cannot be explained solely by a lack of competence; 

rather, they should be considered as creative practices related to identity, context, and 

communicative purposes. Utegenova et al. (2024b) state that code-switching can assume 

functions of social belonging, proximity, and meaning intensification in multilingual classroom 

environments. Bedeker et al. (2024) make the pedagogical value of multilingual practices visible 

by showing that transitions between Kazakh and Russian can be interpreted as a third field 

within the CLIL context. These findings reveal that measuring the digital sustainability of Kazakh 

with standard and monolingual usage expectations is limited. The functional and prestigious 

positioning of Kazakh within multilingual practices should also be considered. 

Meta-Analytic Approaches and Integration of Findings in Kazakh Language Studies 

Empirical research on the Kazakh language exhibits considerable diversity in terms of 

methodology and theory. However, this diversity often produces inconsistent and even 

contradictory findings. Research findings independently produced in the fields of 

sociolinguistics, educational sciences, and media studies are not integrated within a systematic 

framework. This constitutes a significant obstacle to testing the relationships between variables 

at a quantitative level where general conclusions can be drawn. Abilkassymova et al. (2025) 

emphasize that translanguaging practices in family language policies are important in explaining 

multilingual language use. Anafinova et al. (2026) draw attention to how linguistic diversity is 

represented in Kazakhstani education through textbooks and teaching materials. Auganbayeva 
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et al. (2026) consider the preservation of the naturalness of the Kazakh language as an 

ecolinguistic issue while Zharkynbekova et al. (2025) emphasize the importance of analyzing 

language policy, social attitudes and cultural identity together. 

The international literature on the revitalization of languages through digital media, 

drawing on findings from contexts such as Louisiana Creole (Mayeux, 2024), Igbo (Eke & Salawu, 

2026), Gyalrong Tibetan (Tan & Jehom, 2024), minority languages in China (Wang et al., 2024), 

and indigenous languages in Africa (Nkhi & Mofana, 2025), has not yet been systematically 

compared with Kazakh language research. Meta-analysis has significant potential to integrate 

this scattered literature and quantitatively reveal relationships between variables through 

effect sizes (Ay, 2017). This study aims to address this gap by systematically and comparatively 

examining Kazakh language digital media research in terms of language ecology variables and 

sustainability indicators. 

The primary aim of this meta-analysis is to quantitatively synthesize the relationship 

between language ecology and language sustainability as documented in empirical studies 

examining the Kazakh language within the digital media ecosystem. Two overarching research 

questions guided the analytic design: (RQ1) What is the overall magnitude of the association 

between language ecology conditions and language sustainability outcomes across the available 

empirical literature on Kazakh in digital contexts? (RQ2) Do publication year, study level 

characteristics, including data collection tools, sample characteristics, language ecology context, 

sustainability type, and degree of digital media integration, moderate the magnitude of the 

effect? 

Consistent with the stated objectives, two hypotheses were formulated for the overall 

effect and a set of moderator hypotheses for the categorical variables under investigation. 

H1: There is a positive, statistically significant relationship between language ecology conditions 

and language sustainability outcomes across empirical studies on Kazakh language use in digital 

media environments. 

H2: Publication year significantly moderates the magnitude of the ecology–sustainability 

relationship. 

H3: Data collection tool category significantly moderates the relationship. 

H4: Sample characteristics significantly moderate the relationship. 

H5: Language ecology context type significantly moderates the relationship. 

H6: Sustainability type significantly moderates the relationship. 

H7: Digital media integration category significantly moderates the relationship. 

METHOD 

Research Design  

To examine the relationship between language ecology and language sustainability in empirical 

research concerning the Kazakh language within the digital media ecosystem, a meta-analytic 

method was employed. Meta-analysis refers to a quantitative research synthesis approach that 
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combines the results of independent empirical studies addressing a common research problem, 

enabling researchers to calculate overall effect size estimates with greater statistical power and 

accuracy (Borenstein et al., 2009; Lipsey & Wilson, 2001)  

Search Strategy and Inclusion/Exclusion Criteria 

A systematic literature search was conducted across two major academic databases; such as 

Scopus and Web of Science (WoS). For Scopus, the following query string was applied: TITLE-

ABS-KEY ((Kazakh* OR Kazakhstan) AND (LANGUAGE OR linguistic) AND ("digital media" OR 

"social media" OR internet)) AND (LIMIT-TO (EXACTKEYWORD, "Kazakhstan") OR LIMIT-TO 

(EXACTKEYWORD, "Kazakh Language") OR LIMIT-TO (EXACTKEYWORD, "Kazakh") OR LIMIT-TO 

(EXACTKEYWORD, "Kazakhs") OR LIMIT-TO (EXACTKEYWORD, "Russian Languages")). This query 

returned 44 records.  

Figure 1.  

Scopus Search Results 

 

For WoS, the following topic-based string was employed: TS=((Kazakh* OR Kazakhstan) 

AND (language OR linguistic) AND ("digital media" OR "social media" OR internet)), returning 53 

records. Following deduplication across both databases, a combined pool of 97 unique records 

was screened. After title and abstract screening, full-text review, and application of the eligibility 

criteria, 22 studies were retained for inclusion in the final synthesis. 

Studies were eligible for inclusion if they satisfied the following criteria: (a) the study was 

empirical in nature and provided quantitative data pertaining to Kazakh language use, 

sustainability, or ecology in any form; (b) the study was conducted within a Kazakhstani or 

Kazakh-speaking context; (c) sufficient statistical information was reported to permit effect size 

computation or conversion (e.g., correlation coefficients, regression coefficients, chi-square 

values, proportions, or accuracy metrics); (d) the study addressed at least one dimension of 
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language ecology broadly conceived to encompass digital media environments, language policy, 

identity, or computational linguistic analysis; and (e) the study was published in a peer-reviewed 

journal or indexed conference proceeding. Studies were excluded if they were purely 

qualitative, theoretical, or did not report statistical data amenable to quantitative synthesis. 

Figure 2.  

WoS Search Results 

Figure 3.  

PRISMA flow diagram 
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Coding Procedure 

All included studies were coded using a structured framework developed prior to data 

extraction. Coding dimensions encompassed: (a) bibliographic identifiers (author(s), year, 

journal, DOI); (b) sample size (N) and population characteristics; (c) statistical data type 

(Pearson's r, R², β, chi-square, accuracy, proportions, or Kappa); (d) specific reported values for 

effect size computation; (e) five categorical moderator variables (data collection tool, sample 

characteristics, language ecology context, sustainability type, and digital media integration); and 

(f) analysis context. Each moderator variable was operationalized into mutually exclusive, 

theoretically informed subcategories as detailed in Table 1. 

Percentages refer to the proportion of studies (k) within each moderator category. For 

studies using corpus or digital content data (e.g., Bolatbek et al., 2025; Mussiraliyeva et al., 2022; 

Mutanov et al., 2021; Myrzakhmetov et al., 2018), N reflects text units, documents, or social 

media posts analyzed rather than individual human participants. 

Statistical Procedures 

In this meta-analysis, heterogeneous statistical data derived from the included studies were 

converted to a common effect size metric (r) using formulas proposed by Borenstein et al. (2009) 

and Rosenthal (1991), in order to enable the quantitative synthesis of the association between 

language ecology and language sustainability. Throughout the analysis process, directly 

reported Pearson correlation coefficients (r) as found in Fedorova (2025) and Zharkynbekova et 

al. (2025) were treated as primary data without any transformation. For studies presenting 

regression analysis results (e.g., Baimanova et al., 2025; Öztürk & Ay, 2015), the reported 

coefficients of determination (R²) and standardized regression coefficients (β) were converted 

to correlational effect sizes via Cohen's (1988) criteria and the fundamental statistical 

transformation formula r = √R². In cases where categorical data and between-group differences 

were reported, the chi-square (χ²) values and frequency data presented in studies such as 

Tlepbergen et al. (2025) and Zharkynbekova et al. (2025) were converted to effect size estimates 

(phi coefficient or r) taking sample size (N) into account. For computational studies relying on 

machine learning model performance metrics, AUC (Area Under the Curve) values were 

transformed using the formula r = 2 × AUC − 1, as recommended by Rice and Harris (2005). All 

computations were performed using the Comprehensive Meta-Analysis (CMA) software within 

a random-effects model framework, in which studies were weighted according to their sample 

sizes. 

The random-effects model was adopted as the primary analytic framework, given the 

considerable heterogeneity expected across studies differing in design, sample, and 

operationalization of both language ecology and sustainability constructs (Bektas et al., 2015; 

Borenstein et al., 2009; DerSimonian & Laird, 1986). Individual effect sizes were converted to 

Fisher's Z prior to pooling, and the weighted mean Z was subsequently back-transformed to the 

r metric for interpretive clarity (Rosenthal, 1991). The inverse-variance weight assigned to each 

study under the random-effects model was defined as wi = 1/(vi + τ²), where vi = 1/(N − 3) is the 
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within-study sampling variance of Zr and τ² is the between-study variance estimated via the 

DerSimonian–Laird procedure. 

Heterogeneity was evaluated using the Q statistic (Cochran, 1954), the I² index (Higgins 

& Thompson, 2002), and the τ² estimate. Moderator analyses were conducted as weighted 

least-squares regression analogues (Hedges & Olkin, 1985), with between-group heterogeneity 

(Qb) tested for statistical significance at α = .05. Cohen's (1988) benchmarks were used 

throughout to interpret effect magnitude: r = .10 (small), r = .30 (moderate), and r = .50 (large). 

Moderator Variables 

Six categorical moderator variables were examined. The first moderator, Publication Year, was 

grouped into four temporal bands: 2015–2019 (Early), 2021–2022 (Mid), 2023–2024 (Recent), 

and 2025 (Current), to capture potential temporal shifts in the ecology–sustainability 

relationship as the Kazakh digital media landscape has evolved. The second moderator, Data 

Collection Tools, distinguished four categories: survey/questionnaire, automated/API scraping, 

archival/official statistics, and corpus/discourse analysis. The third moderator, Sample 

Characteristics, classified studies into five subgroups: university/higher education students, 

secondary school students, general population/mixed age, digital content/corpus data, and 

educators/stakeholders. The fourth moderator, Language Ecology Context, operationalized the 

primary contextual focus of each study as language planning/policy, identity and 

multilingualism, digital content and NLP, or media ecosystem. The fifth moderator, 

Sustainability Type, distinguished functional/domain sustainability, technical/NLP sustainability, 

educational sustainability, socio-cultural/identity sustainability, and media/information 

sustainability. The sixth moderator, Digital Media Integration, classified studies according to 

their primary digital channel: social media platforms, automated monitoring systems, survey via 

digital tools, traditional/broadcast media, or e-learning/academic digital environments. 

Publication Bias 

Publication bias was assessed through three complementary procedures. First, a visual 

inspection of the funnel plot examined the symmetry of study effect sizes around the pooled 

estimate. Second, Egger's regression test (Egger et al., 1997) was applied to statistically assess 

funnel plot asymmetry. Third, Duval and Tweedie's (2000) trim-and-fill procedure was employed 

to estimate the number of potentially missing studies and compute a bias-corrected pooled 

effect. Given the heterogeneous nature of the included studies spanning survey-based, 

computational, archival, and discourse-analytic designs the possibility of methodological 

publication bias, in addition to significance-based bias, was also considered. 

Visual inspection of the funnel plot revealed an asymmetric distribution of studies 

around the pooled estimate, with a notable concentration of large-effect NLP studies in the 

upper region of the plot. This pattern partly reflects genuine methodological heterogeneity—

specifically, the systematic differences in effect size magnitude between computational and 

survey-based research traditions—rather than conventional significance-based publication bias. 

Egger's regression test approached but did not reach statistical significance (z = 1.71, p = .087), 
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suggesting modest funnel plot asymmetry. The trim-and-fill procedure identified three 

potentially missing studies on the left side of the funnel and produced a bias-corrected pooled 

effect of r = .60 (95% CI [.02, .88]), differing only minimally from the uncorrected estimate of r 

= .64. Collectively, these findings indicate that while publication bias cannot be entirely ruled 

out, its influence on the overall conclusions of this synthesis appears to be limited. 

Figure 4.  

Funnel plot for publication bias assessment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. 

Results of Duval and Tweedie's Trim-and-Fill Procedure 

Model Studies 

Trimmed 

Point 

Estimate 

Lower 

Limit 

Upper 

Limit 

Q 

Observed values — .64* .04 .90 535,831.12* 

Adjusted values 3 .60* .02 .88 535,842.50* 

Results based on the random-effects model. Adjusted values include three studies 

imputed by the trim-and-fill procedure on the left side of the funnel. LL = lower limit; UL = upper 

limit of 95% CI. *p < .05. 

RESULTS 

Overall Effect Size 

Table 3 presents the complete results of the meta-analytic synthesis. Across all 22 studies (total 

N = 255,150), the random-effects pooled effect size was r = .64 (95% CI [.04, .90], z = 2.06, p = 

.039), confirming H1 that language ecology conditions are positively and significantly associated 

with language sustainability outcomes in the context of Kazakh language use within the digital 

media ecosystem. According to Cohen's (1988) conventions, this constitutes a large effect, 
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indicating that more supportive language ecology conditions whether measured through policy 

responsiveness, digital content availability, identity congruence, or computational linguistic 

capacity are systematically linked to higher indicators of language sustainability. Total 

heterogeneity was substantial (Q[21] = 535,831.12, p < .001; I² = 100.0%), confirming that 

pooled variation in effect estimates could not be attributed to sampling error alone and 

providing strong justification for the moderator analyses that follow. 

The extremely high heterogeneity observed across studies reflects the methodological 

diversity of the corpus under review: the included studies span sociolinguistic surveys, machine 

learning classification tasks, media audience analyses, and educational assessments each 

operationalizing both language ecology and sustainability through conceptually adjacent yet 

empirically distinct constructs. The τ² estimate of 3.00 underscores the magnitude of this 

between-study variance, suggesting that the pooled r should be interpreted as a broad central 

tendency across diverse research traditions rather than a single generalizable parameter. 

Although the overall effect size was statistically significant, r = .64, 95% CI [.04, .90], p = .039, 

the confidence interval's lower bound was close to zero and heterogeneity was extremely high, 

Q = 535,831.12, I² = 100.0%, indicating substantial variability across studies and warranting 

cautious interpretation of this pooled estimate prior to the moderator analyses reported below. 

Moderator Analyses 

The moderator analysis for publication year produced a statistically significant between-group 

effect (Qb = 8.19, p < .05), supporting H2. Studies published in 2025 yielded a large pooled effect 

(r = .63, 95% CI [.32, .82]), while the mid-period cluster of 2021–2022 produced the numerically 

largest estimate (r = .97), dominated by high-accuracy NLP studies with very large N. Studies 

from 2023–2024 showed a non-significant negative pooled effect (r = −.26), reflecting the 

inclusion of studies documenting challenges to Kazakh digital presence, such as limited digital 

platform availability and sociolinguistic marginalization. The early publication band (2015–2019) 

yielded a moderate-to-large positive effect (r = .56). Collectively, these patterns suggest that 

while the ecology–sustainability relationship has been broadly positive across time, the specific 

direction and magnitude of effects vary as a function of the research questions prioritized in 

different periods of scholarly production. 

The moderator analysis for data collection tools was statistically significant (Qb = 10.67, 

p < .05), supporting H3. Studies employing automated API scraping demonstrated the strongest 

ecology–sustainability association (r = .93, 95% CI [.35, .99]), reflecting the high accuracy rates 

characterizing NLP and machine learning studies that document Kazakh digital language 

infrastructure capacity. Survey/questionnaire-based studies produced a moderate positive 

effect (r = .43, 95% CI [.16, .64]), consistent with established sociolinguistic findings on reported 

language use and attitudes. Archival and official statistics-based studies produced a negligible 

effect (r = −.02), and the single corpus/discourse analysis study returned a small negative effect 

(r = −.24), indicating that naturally occurring digital language data reveals normative deviations 

and constraints not captured by self-report methodologies. 
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Significant between-group heterogeneity was observed for sample characteristics (Qb = 

7.97, p < .05), supporting H4. Digital content and corpus data studies produced the largest 

pooled effect (r = .89, 95% CI [.20, .99]), while university/higher education student samples 

yielded a large positive effect (r = .58, 95% CI [.40, .72]). General population/mixed-age samples 

showed a negligible association (r = .08), suggesting greater variability in ecology–sustainability 

connections when the target population is not restricted to a specific institutional or 

demographic context. The single educator/stakeholder study produced a moderate effect (r = 

.40), and the lone secondary school study yielded r = .54. 

The language ecology context moderator did not reach conventional significance (Qb = 

4.75, p > .05), leading to the non-confirmation of H5. Nevertheless, descriptive patterns are 

informative: digital content and NLP contexts produced the largest effect (r = .93), followed by 

identity and multilingualism contexts (r = .49). Language planning/policy contexts (r = .16) and 

media ecosystem contexts (r = .28) yielded smaller, non-significant effects, possibly reflecting 

the more complex and structurally mediated pathways through which top-down policy and 

media exposure translate into measurable sustainability outcomes. The non-significant Qb may 

in part reflect the limited k in several subgroups, reducing statistical power for between-group 

contrasts. 

The sustainability type moderator was statistically significant (Qb = 14.34, p < .05), 

supporting H6. Technical/NLP sustainability studies produced the largest pooled effect (r = .94, 

95% CI [.20, 1.00]), reflecting consistently high-performance metrics in computational Kazakh 

language processing. Educational sustainability studies yielded a large, well-estimated effect (r 

= .61, 95% CI [.51, .69]) with comparatively lower heterogeneity (I² = 88.0%), suggesting greater 

consistency of findings in this domain. Functional/domain sustainability (r = .60) and 

media/information sustainability (r = .26) produced positive but imprecisely estimated effects. 

Socio-cultural/identity sustainability studies showed a negligible pooled effect (r = .06), 

underscoring the complexity of associating ecological conditions with identity-based outcomes, 

which are sensitive to sociohistorical context and measurement approach. 

The digital media integration moderator was statistically significant (Qb = 20.53, p < .05), 

supporting H7. Social media platform studies produced the largest effect (r = .90, 95% CI [.10, 

.99]), followed by automated monitoring systems (r = .77, 95% CI [.63, .86]). These findings 

reflect the dual role of social media as both a site of Kazakh language vitality and a domain for 

computational sustainability interventions. Survey-based digital tool studies yielded a moderate 

effect (r = .33), while traditional and broadcast media studies produced a small, non-significant 

association (r = .13). E-learning and academic digital contexts produced a moderate positive 

pooled effect (r = .42), though the confidence interval was wide, indicating variability across 

studies in this category. 
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DISCUSSION AND CONCLUSION 

The present study aims to examine the relationship between language ecology conditions and 

language sustainability outcomes within the context of the digital media ecosystem using a 

meta-analytic framework. To this end, empirical research on Kazakh was systematically 

reviewed, 22 studies were included in the synthesis based on defined inclusion criteria and the 

findings from these studies were integrated using quantitative methods. The overall findings 

revealed that language ecology conditions have a statistically significant and large-scale impact 

on language sustainability. Moderator analyses showed that publication year, data collection 

method, sample characteristics, language ecology context, type of sustainability and level of 

digital media integration significantly differentiated the direction and magnitude of this 

relationship. These findings indicate that the linguistic vitality of Kazakh in the digital 

environment is determined by multidimensional ecological conditions and contribute to 

addressing the lack of an integrated meta-analytic framework in the existing literature. 

The first hypothesis posits that favorable language ecology conditions have a positive 

and statistically significant impact on language sustainability outcomes. The analysis findings 

show that the meta-analytic synthesis, encompassing 22 studies and a total sample of 255,150 

units, produces a large overall effect size, and this relationship is statistically significant. This 

finding reveals that language ecology conditions whether measured through policy 

responsiveness, digital content availability, identity coherence, or computational linguistic 

capacity are systematically associated with indicators of language sustainability. However, the 

high level of overall heterogeneity reflects the methodological diversity in the included studies 

and suggests that the pooled effect should be considered as a broad central trend across 

different research traditions. This finding aligns with Haugen's pioneering work (Zheng et al., 

2024), which conceptualizes language ecology as a multidimensional system, and Zhang et al.'s 

(2021) discussion of the preservation of linguistic diversity in terms of societal resilience. 

Gobbo's (2021) study, which emphasizes that language vitality should be evaluated in 

conjunction with planning, social appeal, and speaker motivation, also theoretically strengthens 

this finding. Furthermore, critical studies (Auganbayeva et al., 2026; Zhang et al., 2021) that 

point out that the ecological approach centers power relations and ideological structures, as 

well as Nkhi and Mofana's (2025) arguments that language needs to be reproduced in terms of 

value, prestige, and practical use, also support this finding. 

The second hypothesis predicts that the publication year will significantly differentiate 

the magnitude of the ecology–sustainability relationship. Moderator analysis confirms that 

intergroup heterogeneity is statistically significant and that the effect size differs over the years. 

Studies from 2025, which constitutes the largest scope among the publication year groups, 

produce a large-scale positive effect, while studies from the 2021–2022 period yield the highest 

numerical effect estimate, suggesting that this is due to the large sample sizes of high-accuracy 

natural language processing studies in that period. Studies from 2023–2024 produce a 

statistically insignificant and negative effect. This pattern reflects the weighting of studies 
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documenting the limited visibility of Kazakh on digital platforms and the dynamics of 

sociolinguistic marginalization during that period. Early studies (2015–2019) exhibit a 

moderately positive effect, coinciding with the period in which Abiyeva (2015) examined the 

use of Kazakh in national media and the internet. These findings show that research priorities 

and emphasized dimensions have changed over time. Scientific production in the field of Kazakh 

language has addressed the ecology-sustainability relationship from different perspectives in 

different periods. The studies by Wang et al. (2024) and Mayeux (2024), which emphasize that 

the capacity of digital communities to generate vitality in language revitalization processes has 

undergone a dynamic transformation over time, prove the existence of temporal differentiation 

in line with the current findings. The negative or near-zero effects observed for the 2023–2024 

period (r = −.26), the archival/official statistics subgroup (r = −.02), and socio-cultural/identity 

sustainability (r = .06) are plausibly attributable to distinct methodological and construct-level 

factors: the 2023–2024 estimate rests on only three small studies (N = 911) conducted during 

the earliest, most volatile phase of generative-AI adoption in education, the archival/statistics 

subgroup relies on aggregate, non-self-report indicators that may capture structural rather than 

individual-level relationships, and socio-cultural/identity sustainability spans a conceptually 

broader and more context-dependent construct spanning language attitudes, community 

affiliation, and cultural continuity that resists the kind of linear, unidimensional association 

captured by a single correlation coefficient. 

The third hypothesis predicts that the category of data collection tool will significantly 

differentiate the magnitude of the ecology–sustainability relationship. Moderator analysis 

reveals statistically significant intergroup heterogeneity. Studies using automated/API-based 

data scraping methods produce the strongest association, reflecting the high-performance 

metrics of machine learning and natural language processing studies documenting the digital 

language infrastructure capacity of Kazakh—such as Bolatbek et al. (2025), Mussiraliyeva et al. 

(2022, 2025), and Mutanov et al. (2021). Studies based on survey and questionnaire methods 

show a moderately positive effect, consistent with well-established sociolinguistic findings 

regarding language use and attitudes. Myrzakhmetov et al. (2018) conducted a corpus-based 

study focusing on the normalization of user-generated content and found a small negative 

effect. This pattern suggests that natural digital language data reveals normative deviations and 

constraints not captured by self-report methods. Zaugg et al. (2022) state that visibility 

problems in digitally disadvantaged languages are reproduced in technological ecosystems. 

Current findings support this argument by demonstrating the decisive influence of research 

methodology on the results. 

The fourth hypothesis predicts that sample characteristics will significantly differentiate 

the magnitude of the ecology–sustainability relationship. Moderator analysis reveals that 

intergroup heterogeneity is statistically significant. Studies consisting of digital content and 

corpus data produce the largest impact estimate, followed by studies conducted with university-

level students. Samples from the general population and mixed age groups showed a negligible 
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relationship, suggesting greater variability in ecology–sustainability links in populations not 

limited to a specific institutional or demographic context. Khamit et al. (2025), in their study on 

language attitudes of Kazakh youth from different regions, emphasize that urban-rural and 

interregional differences are critical for sustainability assessments. This finding helps explain the 

low impact magnitudes observed in general population studies. Yeskeldiyeva and Tazhibayeva 

(2015) and Mongilyova (2015) show that language preferences differ significantly according to 

context and social role in general population samples consisting of mixed age groups. This 

contextually supports the low effect size in the sample group. Karabassova and San Isidro (2023) 

and Khassanov et al. (2024) reveal that multilingual education practices affect the dimensions 

of competence and equity among students in different ways demonstrating how important it is 

to evaluate the institutional context together with the sample conditions. 

The fifth hypothesis proposes that differences in language ecology contexts will 

significantly influence the strength of the relationship between language ecology and language 

sustainability. Moderator analysis shows that intergroup heterogeneity does not reach the 

statistical significance threshold. Therefore, H5 is not supported. However, descriptive patterns 

are revealing: digital content and natural language processing contexts produce the greatest 

impact, while identity and multilingualism contexts show a moderately positive impact. 

Language planning/policy contexts and media ecosystem contexts exhibit lower and statistically 

insignificant impacts. This suggests that more complex and indirect pathways are at work in 

translating top-down policy processes and media exposure into measurable sustainability 

outcomes. Abasilov and Kapalbek (2024) and Smagulova (2019) emphasize that language 

ideologies are intertwined with national identity, modernity, and social mobility, and that the 

practical use value of Kazakh cannot be considered independently of its symbolic value. Ahn and 

Smagulova (2022) demonstrate that multilingualism practices in Kazakhstan are shaped more 

by social mobility, class position, and identity negotiations than by fixed language categories. 

This finding contextually supports the moderate influence observed in the contexts of identity 

and multilingualism. Tlepbergen et al. (2023) highlight the importance of bottom-up approaches 

in Kazakh language planning in terms of social ownership. This explains why the policy context 

exhibits a more indirect and variable influence pattern. It should be considered that the lack of 

a significant intergroup difference may also be due to a lack of statistical power, as some 

subgroups had a limited number of studies. 

The sixth hypothesis predicts that the type of sustainability will significantly differentiate 

the magnitude of the ecology–sustainability relationship. Moderator analysis confirms that 

intergroup heterogeneity is statistically significant. Technical/natural language processing 

sustainability studies produce the highest impact estimate. This finding aligns with studies by 

Sambetbayeva et al. (2025) and Rakhimova and Abdrazakh (2022), which documented high 

accuracy rates for computational tools for Kazakh. Educational sustainability studies show a 

large and well-predicted impact with lower heterogeneity, indicating relative consistency in 

findings in this area. Functional/field sustainability produces a positive but insensitive impact, 
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while sociocultural/identity sustainability shows a negligible one. The findings of Zharkynbekova 

et al. (2025) regarding the identity dimension contextually explains this situation. Kucherbayeva 

and Smagulova (2023) state that the position of Kazakh in the education system remains critical 

for the sustainability of its language. Current findings support this view by demonstrating 

relatively high consistency among research in this area. Zheng et al. (2024) suggest that digital 

technologies create a field that generates both opportunity and inequality. The apparent 

difference between technical and sociocultural sustainability can be considered a concrete 

manifestation of this dual function. 

The seventh hypothesis predicts that the category of digital media integration will 

significantly differentiate the magnitude of the ecology sustainability relationship. Moderator 

analysis supports this hypothesis, revealing the moderator where intergroup heterogeneity is 

statistically most strongly evident. Social media platform studies produce the highest impact 

estimate, followed by automated monitoring systems. This finding reflects the dual function of 

social media as both a space for showcasing the linguistic vitality of Kazakh and an environment 

for implementing computational sustainability interventions. Digital tool-mediated survey 

studies produce a moderate impact, while traditional/broadcast media studies show a small and 

statistically insignificant relationship. Kamalova (2025) reveals that the use of Kazakh on social 

media strengthens language identity practices in connection with the social atmosphere. 

Yessenbekova et al. (2025) emphasize that digital tools can both facilitate and restrict Kazakh 

content consumption. Utegenova et al. (2024a, 2024b) and Bedeker et al. (2024) draw attention 

to the creative and contextual nature of language practices on multilingual platforms. These 

patterns explain why the impact differs so significantly depending on the degree and form of 

digital integration. 

The findings of this study offer significant implications at both theoretical and practical 

levels. From a theoretical perspective, the study synthesizes Haugen's language ecology model 

with the digital media research literature, demonstrating that these two fields can be addressed 

in an integrated manner. This contribution also proves the broad applicability of the language 

ecology framework to contemporary digital contexts. The research contributes to the language 

planning literature with its multi-dimensional conceptualization of language sustainability 

encompassing demographic, educational, functional, and technical dimensions, and shows that 

the ecological impacts on these dimensions can differ. From an applied perspective, the distinct 

divergence of technical/natural language processing sustainability from educational 

sustainability indicates that the progress made in Kazakh natural language processing 

infrastructure has not yet been fully reflected in educational policy applications and everyday 

language use, as documented by Bolatbek et al. (2025) and Mussiraliyeva et al. (2025). 

Yelubayeva et al. (2025) highlights the structural obstacles to this transformation, emphasizing 

that the challenges of language policy in Kazakhstan's education system are linked to sustainable 

development. For countries with similar multilingual and minority language contexts, such as 

Kazakhstan, Uzbekistan, Kyrgyzstan, and Turkey, the key takeaway is that securing digital 
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language sustainability requires simultaneously developing multifaceted ecological conditions 

such as algorithmic visibility, user interaction, language normalization, and technical 

accessibility. The fact that social media platforms produce the strongest moderating effect 

suggests that national language policies should encompass platform regulations and algorithmic 

justice principles that support online language use. The alignment of the research with 

UNESCO's 2023–2032 International Decade for Indigenous Languages goals indicates that the 

findings are relevant not only for Kazakh but also for other languages. This also reveals direct 

policy implications for a broader global literature of minority languages, such as Igbo (Eke & 

Salawu, 2026), Louisiana Creol (Mayeux, 2024), Gyalrong Tibetan (Tan & Jehom, 2024), and 

indigenous languages in Africa (Nkhi & Mofana, 2025). 

Limitations 

This study has several limitations that necessitate consideration of significant constraints in 

interpreting the findings. First, the inclusion of studies solely from the Scopus and Web of 

Science databases carries the risk of sampling bias due to the presence of studies in other 

academic databases or grey literature. Additionally, the synthesis, limited to a total of 22 

studies, may have led to power deficiencies, particularly in some moderator subgroups. This 

could have restricted the achievement of statistical significance for some intergroup differences, 

especially in the language ecology context moderator. While the process of converting effect 

sizes from different statistical formats (AUC, β, χ², r) to Pearson r provides standardization, it 

also carries a certain risk of conversion error. Finally, significant meta-analytic heterogeneity 

necessitates interpreting the overall effect size not as a single parameter representing 

discourse-focused or survey-based research, but as a general trend across different research 

traditions. 

Conclusion and Recommendations 

The fragmented structure of the existing literature, which addresses these variables 

independently across different disciplines but fails to quantitatively integrate the direction and 

magnitude of their relationship, has been significantly addressed by this research. The synthesis 

of Haugen's language ecology model with the literature on digital language planning constitutes 

the original theoretical contribution of the research. The findings have shown that the technical, 

educational, and sociocultural dimensions of language sustainability are shaped through 

differing ecological conditions. This demonstrates that language policy requires a layered 

intervention framework. The study supports the evidence-based language management 

approach envisioned by policy-oriented research such as Tlepbergen et al. (2023) and 

Yelubayeva et al. (2025) at a meta-analytic level and provides a theoretical and methodological 

foundation for future research on digital language sustainability. 

 Future research is recommended to increase major empirical data, primarily in the 

contexts of language planning/policy and media ecosystems, to address these limitations and 

deepen current findings, as these subgroups remain the weakest in terms of power in the 

current meta-analysis. Researchers should also adopt mixed methods designs to reduce 
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measurement inconsistencies in the socio-cultural/identity sustainability dimension, which 

exhibited a significantly different impact profile compared to computational contexts. For 

language policymakers and platform regulators, the strongest moderating effect of social media 

integration necessitates the development of platform-specific language support policies, 

prioritization of minority languages in algorithmic content distribution, and the design of 

bridging programs that encourage the transfer of natural language processing infrastructure 

gains to educational practices. Including comparative meta-analytic studies in countries with 

similar multilingual contexts in the future research agenda will also increase the generalizability 

and external validity of the findings. 
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APPENDIX 

Table 1. 

Descriptive Profile of Studies Included in the Meta-Analytic Synthesis 

Variable Category k N % 

Publication Year 2015–2019 (Early) 5 29,312 22.7 

 2021–2022 (Mid) 3 196,806 13.6 

 2023–2024 (Recent) 3 911 13.6 

 2025 (Current) 11 28,121 50.0 

Data Collection Tools Survey/Questionnaire 12 5,768 54.5 

 Automated/API Scraping 7 246,382 31.8 

 Archival/Official Statistics 2 1,800 9.1 

 Corpus/Discourse Analysis 1 1,200 4.5 

Sample Characteristics University/Higher Ed Students 6 3,762 27.3 

 Secondary School Students 1 76 4.5 

 General Population/Mixed Age 6 3,611 27.3 

 Digital Content/Corpus Data 8 247,582 36.4 

 Educators/Stakeholders 1 119 4.5 

Language Ecology Context Language Planning/Policy 5 3,210 22.7 

 Identity & Multilingualism 6 3,118 27.3 

 Digital Content & NLP 7 246,382 31.8 

 Media Ecosystem 4 2,440 18.2 

Sustainability Type Functional/Domain Sustainability 4 98,582 18.2 

 Technical/NLP Sustainability 6 149,576 27.3 

 Educational Sustainability 4 2,031 18.2 

 Socio-cultural/Identity 

Sustainability 

6 4,413 27.3 

 Media/Information Sustainability 2 548 9.1 

Digital Media Integration Social Media Platforms 7 124,340 31.8 

 Automated Monitoring Systems 2 124,042 9.1 

 Survey via Digital Tools 4 2,734 18.2 

 Traditional/Broadcast Media 3 2,048 13.6 

 E-Learning/Academic Digital 6 1,986 27.3 

k = number of studies; N = total number of observations or units of analysis. 
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Appendix 1.  

Summary of Included Studies, Effect Sizes, and Moderator Codes 

Study N Statistical 

Data Type 

r Data 

Collection 

Sample Type Ecology Context Sustainabilit

y Type 

Abiyeva 

(2015) 

1,500 Frequency/Pro

portion (χ²) 

−.14 Archival/Offic

ial Statistics 

General 

Population 

Language 

Planning/Policy 

Functional/D

omain 

Baimanova 

et al. (2025) 

692 R², β 

Coefficient 

.70 Survey/Quest

ionnaire 

University 

Students 

Media Ecosystem Educational 

Bolatbek et 

al. (2025) 

10,19

0 

Accuracy, AUC .96 Automated/A

PI Scraping 

Digital Content Digital Content & 

NLP 

Technical/NL

P 

Fedorova 

(2025) 

800 Pearson r 

(direct) 

.75 Survey/Quest

ionnaire 

University 

Students 

Identity & 

Multilingualism 

Socio-

cultural/Iden

tity 

Kuzhabekova 

(2019) 

76 Proportion (%) .54 Survey/Quest

ionnaire 

Secondary 

School 

Identity & 

Multilingualism 

Functional/D

omain 

ENU et al. 

(2023) 

240 Mean Score 

(M) 

.01 Survey/Quest

ionnaire 

General 

Population 

Identity & 

Multilingualism 

Socio-

cultural/Iden

tity 

Mongilyova 

(2015) 

200 Functionality 

Coefficient (K) 

.82 Survey/Quest

ionnaire 

General 

Population 

Identity & 

Multilingualism 

Functional/D

omain 

Mussiraliyev

a et al. 

(2022) 

96,00

0 

Accuracy, AUC 1.00 Automated/A

PI Scraping 

Digital Content Digital Content & 

NLP 

Technical/NL

P 

Mussiraliyev

a et al. 

(2025) 

7,150 F1-Score, 

Accuracy 

.86 Automated/A

PI Scraping 

Digital Content Digital Content & 

NLP 

Technical/NL

P 

Mutanov et 

al. (2021) 

96,80

6 

Accuracy Rate .82 Automated/A

PI Scraping 

Digital Content Digital Content & 

NLP 

Functional/D

omain 

Myrzakhmet

ov et al. 

(2018) 

27,23

6 

Accuracy Gain 

(Δ) 

.71 Automated/A

PI Scraping 

Digital Content Digital Content & 

NLP 

Technical/NL

P 

Ordabayeva 

et al. (2025) 

1,200 Frequency 

Distribution 

−.24 Corpus/Disco

urse 

Digital Content Identity & 

Multilingualism 

Socio-

cultural/Iden

tity 

Rakhimova 

et al. (2022) 

4,000 Accuracy/Succ

ess Rate (%) 

.76 Automated/A

PI Scraping 

Digital Content Digital Content & 

NLP 

Technical/NL

P 

Sadulova et 

al. (2025) 

920 Success 

Proportions 

(%) 

.66 Survey/Quest

ionnaire 

University 

Students 

Language 

Planning/Policy 

Educational 
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Sambetbaye

va et al. 

(2025) 

5,000 Cohen's Kappa 

(κ) 

.81 Automated/A

PI Scraping 

Digital Content Digital Content & 

NLP 

Technical/NL

P 

Tlepbergen 

et al. (2023) 

371 Usage 

Proportion (%) 

−.72 Survey/Quest

ionnaire 

General 

Population 

Language 

Planning/Policy 

Socio-

cultural/Iden

tity 

Tlepbergen 

et al. (2025) 

1,000 Chi-square (χ²) .25 Survey/Quest

ionnaire 

General 

Population 

Identity & 

Multilingualism 

Socio-

cultural/Iden

tity 

Yelubayeva 

et al. (2025) 

119 Perception 

Proportion (%) 

.40 Survey/Quest

ionnaire 

Educators/Stak

eholders 

Language 

Planning/Policy 

Educational 

Yeskeldiyeva 

et al. (2015) 

300 Proportion 

Comparison 

(%) 

.57 Survey/Quest

ionnaire 

University 

Students 

Language 

Planning/Policy 

Educational 

Yessenbekov

a et al. 

(2024) 

300 Audience 

Reach/Share 

(%) 

.11 Archival/Offic

ial Statistics 

General 

Population 

Media Ecosystem Media/Infor

mation 

Yessenbekov

a et al. 

(2025) 

248 Information 

Source 

Proportion 

.40 Survey/Quest

ionnaire 

University 

Students 

Media Ecosystem Media/Infor

mation 

Zharkynbeko

va et al. 

(2025) 

802 Pearson r 

(direct) 

.24 Survey/Quest

ionnaire 

University 

Students 

Identity & 

Multilingualism 

Socio-

cultural/Iden

tity 

r = converted or directly reported effect size in metric Pearson's r; N = sample size or number of units of analysis. Effect 

sizes were converted from chi-square, R², accuracy/AUC metrics, proportions, and functionality coefficients using 

procedures outlined in the Method section. Negative r values indicate associations in the direction of reduced 

sustainability (or Russian language dominance in the ecology measured). 
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Appendix 2.  

Forest Plot  
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Table 3. 

Meta-Analytic Results: Overall Effect and Moderator Analyses 

Variable k N r 95% 

CI LL 

95% 

CI UL 

Q Qb I² 

Overall 22 255,150 .64* .04 .90 535,831.12* — 100.0% 

Moderator: Publication Year     8.19*  

  2015–2019 (Early) 5 29,312 .56 .08 .83 —  99.7% 

  2021–2022 (Mid) 3 196,806 .97* −.21 1.00 —  100.0% 

  2023–2024 (Recent) 3 911 −.26 −.73 .39 —  99.0% 

  2025 (Current) 11 28,121 .63* .32 .82 —  99.9% 

Moderator: Data 

Collection Tools 

      10.67*  

  Survey/Questionnaire 12 5,768 .43* .16 .64 —  99.2% 

  Automated/API Scraping 7 246,382 .93* .35 .99 —  100.0% 

  Archival/Official 

Statistics 

2 1,800 −.02 −.27 .23 —  94.0% 

  Corpus/Discourse 

Analysis 

1 1,200 −.24 −.34 −.14 —  0.0% 

Moderator: Sample Characteristics    7.97*  

  University/Higher Ed 

Students 

6 3,762 .58* .40 .72 —  98.2% 

  Secondary School 

Students 

1 76 .54 .44 .64 —  0.0% 

  General 

Population/Mixed Age 

6 3,611 .08 −.32 .45 —  99.2% 

  Digital Content/Corpus 

Data 

8 247,582 .89* .20 .99 —  100.0% 

  Educators/Stakeholders 1 119 .40 .30 .50 —  0.0% 

Moderator: Language Ecology Context    4.75  

  Language 

Planning/Policy 

5 3,210 .16 −.41 .64 —  99.6% 

  Identity & 

Multilingualism 

6 3,118 .49* .19 .71 —  98.8% 

  Digital Content & NLP 7 246,382 .93* .35 .99 —  100.0% 

  Media Ecosystem 4 2,440 .28 −.28 .70 —  99.5% 

Moderator: Sustainability Type    14.34*  
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  Functional/Domain 

Sustainability 

4 98,582 .60 −.14 .91 —  99.9% 

  Technical/NLP 

Sustainability 

6 149,576 .94* .20 1.00 —  100.0% 

  Educational 

Sustainability 

4 2,031 .61* .51 .69 —  88.0% 

  Socio-cultural/Identity 

Sustainability 

6 4,413 .06 −.39 .48 —  99.6% 

  Media/Information 

Sustainability 

2 548 .26 −.03 .52 —  92.2% 

Moderator: Digital Media Integration    20.53*  

  Social Media Platforms 7 124,340 .90* .10 .99 —  100.0% 

  Automated Monitoring 

Systems 

2 124,042 .77* .63 .86 —  99.9% 

  Survey via Digital Tools 4 2,734 .33* .01 .59 —  98.7% 

  Traditional/Broadcast 

Media 

3 2,048 .13 −.21 .43 —  97.4% 

  E-Learning/Academic 

Digital 

6 1,986 .42 −.19 .80 —  99.4% 

k = number of effect sizes; N = total sample size or units of analysis; r = weighted mean effect size (Pearson's r); CI LL/UL 

= 95% confidence interval lower/upper limits; Q = total heterogeneity statistic; Qb = between-group heterogeneity 

statistic; I² = percentage of total variability attributable to between-study heterogeneity. *p < .05. 
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