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1. Introduction
1.1 Study Background
Language, as the most crucial communicative tool in human society and an essential vehicle for cultural transmission,
demonstrates remarkable diversity that serves as a distinctive hallmark of human civilization’s progress. Under the current
tide of globalization, the global landscape of linguistic diversity is undergoing unprecedented and profound
transformations.
A comprehensive investigation into these evolutionary trajectories not only enables deeper insights into the intrinsic
nature of language and its developmental patterns, but also carries significant implications for safeguarding humanity’s
invaluable cultural heritage, facilitating cross-cultural exchange and mutual understanding; and promoting global mutual
respect and harmonious coexistence.
1.2 study objectives
For the research question, this study aims to: analyze the spatial configuration of linguistic diversity and its evolutionary
trajectories, explore the interplay between language evolution, human migration, and sociocultural change, and evaluate
interdisciplinary approaches (cognitive neuroscience, computational modeling, gene-culture coevolution) to document
diversity and inform preservation strategies.

2. Current State of Global Linguistic Diversity
The imbalance in language distribution manifests across multiple dimensions, including geography, ethnicity, and culture.
Geographically, certain regions exhibit remarkable linguistic richness—such as tribal areas in Africa and Asia, where
individual languages may be spoken by only small communities. In contrast, other regions, particularly Europe and North
America, demonstrate comparatively limited linguistic variety due to historical factors and modernization processes,
though their dominant languages enjoy extensive global usage.
From an ethnic and cultural perspective, this disparity is equally pronounced. Languages associated with dominant
cultures or ethnic groups frequently transcend national boundaries to become primary vehicles for international
communication. Conversely, languages of marginalized cultures face imminent endangerment. Such imbalance not only
mirrors the complexity and diversity of human societies but also presents formidable challenges to the preservation and
transmission of linguistic diversity.
2.1 The Imbalance in Language Distribution
According to statistical data from Ethnologue, there are approximately 7,102 distinct languages worldwide [1], whose
distribution exhibits remarkable imbalance. Specifically, more than half (52.6%) of these languages have fewer than
10,000 native speakers. These statistics reveal a thought-provoking phenomenon where linguistic diversity coexists with
concentrated language usage. Meanwhile, certain former colonial languages like English are spoken by over 62.92% of
the global population [2].
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This extreme imbalance in language distribution fundamentally reflects the profound impact of historical colonialism and
globalization processes on language evolution and dissemination. For instance, due to historical colonial activities,
Spanish and Portuguese have gained numerous speakers across South America and Africa; Arabic has spread extensively
throughout the Middle East and North Africa; while Chinese and Hindi maintain dominant positions in Asia [3]. These
phenomena not only demonstrate the geographical distribution of languages but also reveal complex relationships
between languages and political, economic, and cultural forces. The spread and usage of languages constitute not merely a
cultural phenomenon, but are intrinsically linked to historical contexts, social structures, and international relations,
representing a crucial dimension of human societal development.
Further analysis indicates that this imbalanced language distribution presents multiple challenges. On one hand, languages
with few native speakers face extinction risks, which would lead not only to reduced linguistic diversity but also to the
loss of associated cultures, histories, and traditional knowledge. On the other hand, while the widespread use of dominant
languages facilitates globalization, it simultaneously accelerates cultural homogenization, gradually diminishing the
distinctions and characteristics among different cultures [4].
Consequently, protecting and promoting linguistic diversity within the globalized context has become a significant
challenge. This requires not only policy-level support but also concerted efforts across various domains including
education and media, aiming to foster communication and understanding between different languages and cultures,
ultimately achieving genuine coexistence of cultural diversity.
2.2 The Critical Situation of Endangered Languages
According to statistics from UNESCO’s Atlas of the World’s Languages in Danger, there are currently 2,366 languages
facing the critical challenge of endangerment [5], a figure that raises serious concerns. Among these endangered languages,
574 are classified as “critically endangered,” indicating that their speaker populations have dwindled to alarmingly low
numbers, and without immediate intervention, these languages may soon disappear from our world.
These endangered languages are primarily concentrated in tropical regions, such as the Amazon rainforest and the vast
territories of northern Australia - areas renowned not only for their unique ecosystems but also as treasure troves of human
cultural diversity. The extinction of these languages represents more than just a reduction in linguistic diversity; it may
lead to the permanent loss of cultural heritage and knowledge systems intrinsically linked to these languages. This
constitutes not merely a linguistic concern, but a serious threat to the diversity of human civilization. Each language lost
represents an irreversible diminishment of our shared human heritage, making the protection and revitalization of these
endangered languages both our collective responsibility and challenge.
More alarmingly, as globalization accelerates, many younger generations are abandoning their native tongues in favor of
more widely-used languages such as English or regional official languages [6]. This trend has significantly accelerated the
rate of language extinction. Many parents and educators actively encourage children to learn dominant languages,
believing this will enhance future career prospects and social integration - creating substantial obstacles to language
preservation efforts.
Furthermore, the extremely small speaker populations of some endangered languages, often located in remote areas,
presents tremendous challenges for documentation and preservation. Numerous valuable oral traditions, historical
memories, and ecological knowledge are disappearing as the last generation of speakers ages [7]. Therefore, we must
implement more proactive and effective measures to document and preserve these endangered languages while inspiring
younger generations to appreciate and embrace their linguistic heritage, thereby collectively safeguarding the diversity of
human civilization.

3. The Correlation Between Language Evolution and Human Social Development
As a vital instrument for human communication, the dissemination of languages has been inextricably intertwined with
the history of human migration. Throughout the extensive annals of human history, languages have undergone continuous
processes of differentiation, convergence, and propagation in tandem with the formation and evolution of tribes, ethnic
groups, and nation-states. Homo sapiens originating from the African continent carried with them the primordial linguistic
foundations that gradually dispersed across the globe, ultimately giving rise to the rich and variegated linguistic panorama
we observe today.
During these migratory processes, languages were perpetuated not merely as communicative devices, but more
significantly evolved into crucial markers of ethnic identity and cultural belonging. As diverse ethnic groups adapted to
novel living environments and social configurations during their migratory journeys, their corresponding languages
underwent persistent modification and refinement. These adaptive linguistic transformations not only mirror the
vicissitudes of human societies but have also emerged as pivotal evidentiary threads for the investigation of human history
and culture.
3.1 Language Dissemination and Human Migration
In-depth research in molecular anthropology has revealed a remarkable synchronicity between the migration routes of
Homo sapiens from Africa and the differentiation processes of languages [8]. For instance, the dispersal patterns of
Austronesian languages exhibit precise correspondence with the settlement history of Pacific islands, providing
compelling evidence not only for the intrinsic connection between language evolution and human migration but also
illuminating their complex interactive relationships.
Languages across different geographical regions demonstrate substantial variation in lexicon, grammatical structures, and
phonological features. These linguistic differences reflect not merely adaptive strategies and cognitive patterns developed
in diverse environments, but also encapsulate unique historical, cultural, and ecological information specific to each
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region. Through these linguistic traces, we can reconstruct early human migration routes, comprehend intercultural
exchanges and integrations, and trace their evolutionary trajectories over time.
Furthermore, the interaction between language dissemination and human migration manifests prominently in phenomena
of language contact and convergence. During migratory processes, encountering ethnic groups inevitably engage in
linguistic interactions that lead to mutual influences. This results in lexical borrowings, structural convergences, and
phonological adaptations that generate novel linguistic features. Such language contact not only enriches linguistic
diversity but also facilitates cultural exchange and integration.
A salient example is the presence of loanwords in numerous modern languages, typically introduced through historical
migrations, trade networks, or cultural exchanges [9]. Systematic analysis of these lexical borrowings’ origins and
dissemination pathways enables deeper understanding of human migration history and the trajectories of cultural
interaction.
3.2 The Role of Language in Social Transformation
With the accelerated advancement of globalization, languages and dialects worldwide are confronting substantial risks of
marginalization and even extinction [10]. Nevertheless, every language, regardless of its number of speakers, constitutes an
essential component of human culture and history, carrying the collective memory, value systems, and distinctive thought
patterns of specific communities. Preserving linguistic diversity serves not only as an urgent requirement for safeguarding
human cultural diversity but also functions as a crucial bridge for facilitating global cultural exchange and enhancing
mutual understanding. Strengthening documentation and preservation efforts for endangered languages can leave
invaluable cultural heritage for future generations while simultaneously providing abundant and precious materials for
linguistic research, language evolution studies, and cognitive science.
Furthermore, language plays a pivotal role in cultural transmission and identity formation during social transformations [11].
As the primary medium of cultural inheritance, language transmits accumulated knowledge, experience, and wisdom
across generations. Lexical items, grammatical structures, and modes of expression all embody profound cultural
connotations, reflecting the history, traditions, and customs of particular societies. Consequently, preserving linguistic
diversity contributes to maintaining the continuity and integrity of human cultures while fostering cultural plurality and
prosperity.
Simultaneously, language serves as a fundamental marker of individual and collective identity. People employ language to
express their sense of belonging and cultural affiliation. In the context of globalization, with increasing population
mobility, interactions and collisions between different languages and dialects have become more frequent. Protecting
linguistic diversity helps maintain cultural identity and belongingness among individuals and groups, thereby promoting
social harmony and stability.
In light of these considerations, proactive measures must be implemented to address the threats posed by globalization to
linguistic diversity. These include intensifying documentation and preservation initiatives for endangered languages,
promoting multilingualism, and enhancing language education and cultural transmission. Through these concerted efforts,
we can bequeath precious cultural legacies to posterity while facilitating global cultural exchange and integration,
ultimately advancing mutual understanding and respect among humanity.

4. Interdisciplinary Insights into Language Evolution Research
4.1 Cognitive Neuroscience: Brain plasticity & Multilingualism

In-depth investigations into gray matter density in bilingual individuals have revealed a remarkable phenomenon: those
proficient in two or more languages exhibit significantly enhanced plasticity in the prefrontal cortex during language
acquisition [12]. This finding provides compelling evidence supporting the “language competition promotes cognitive
optimization” hypothesis. Research demonstrates that when bilinguals engage in language switching, the interlinguistic
competition activates multiple brain regions, thereby facilitating cognitive enhancement.
Furthermore, cognitive neuroscience studies have elucidated the critical period effects of language acquisition on brain
structure, along with the dynamic relationship between language learning and functional brain networks [13]. These
discoveries not only offer theoretical foundations for language education but also provide practical guidance for cognitive
training, opening new research avenues and application prospects.
Additional studies indicate that bilingual or multilingual competence exerts positive effects on brain development. For
instance, bilingual children typically demonstrate greater neural flexibility and adaptability in terms of gray matter density
and connectivity [14]. Such plasticity extends beyond linguistic processing to other cognitive domains, including attentional
control, working memory, and problem-solving abilities.
From a cognitive neuroscience standpoint, language acquisition transcends mere communicative skill development,
serving as comprehensive cognitive exercise that enhances overall brain function. These findings carry significant
implications for understanding brain-language relationships and harnessing language learning to promote neural
development.

4.2 Computational Linguistics: AI models (N-gram, GPT) tracking change
The rapid advancement of large-scale authentic text analysis technologies, exemplified by the widespread application of
Google’s N-gram model [15], has enabled profound insights into the strong correlation between language evolution rates
and cultural events. These techniques reveal regular patterns of linguistic change over time through the analysis of
massive textual data. The GPT series models, as exemplary representatives of self-supervised learning, have successfully
replicated language evolution patterns, providing robust algorithmic support and validation for the concept of “linguistic
adaptability” [16].
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Generative artificial intelligence technologies, with their powerful language generation capabilities, can simulate human
language usage scenarios, thereby supplying abundant and valuable experimental materials for language evolution
research. These materials not only facilitate the verification of existing theories of language evolution but also enable
researchers to explore novel mechanisms of linguistic change, leading to a more comprehensive understanding of
language development and transformation.
Furthermore, the integration of computational linguistics and AI tools has significantly advanced the preservation and
study of linguistic diversity. By leveraging these tools, linguists can more efficiently collect, organize, and analyze data
from endangered languages, providing technical support for their documentation and preservation. Simultaneously, these
tools assist linguists in conducting comparative language studies, uncovering both universal features and unique
characteristics across different languages, thereby establishing a scientific foundation for deeper understanding of
linguistic diversity.
As technology continues to progress, computational linguistics and AI tools will play an increasingly vital role in
language evolution research, driving continuous advancements in our exploration of global linguistic diversity patterns
and their underlying evolutionary mechanisms.

4.3 Gene-Language Coevolution: FOXP2/ASPM variants
In the field of comparative genomics, researchers have identified a correlation between variations in the FOXP2 gene and
individuals’ grammatical complexity [17]. This discovery suggests that language ability may not be solely an acquired skill
but rather possesses certain biological foundations. Further investigations into gene-language coevolution have revealed
complex interactive relationships between genetic factors and linguistic culture [18]. This research domain not only opens
new perspectives for language evolution studies but also provides novel insights into understanding the nature and origins
of linguistic diversity.
Specifically, scientists have observed that variation patterns of the FOXP2 gene in humans and other primates
demonstrate certain correlations with grammatical complexity across these species. This indicates that the FOXP2 gene
may influence language formation and development to some extent. Additionally, other genes such as ASPM and MCPH1
have been found associated with brain structure, cognitive functions, and language processing [19][20], further supporting
the biological basis of linguistic capacity.
Gene-language coevolution studies also examine how genetic variations are influenced by cultural factors, and conversely
how culture affects gene transmission and distribution [21]. For instance, the dissemination of particular linguistic features
may be closely related to specific social structures and cultural practices. These cultural factors may facilitate or constrain
the transmission of certain genotypes, thereby influencing language evolution. Such gene-culture interactions provide
fresh perspectives for understanding the complexity and dynamics of linguistic diversity.

5. Preservation Strategies for Language Diversity
While the international community has implemented various initiatives to safeguard endangered languages—with
organizations such as UNESCO actively promoting documentation and preservation efforts, alongside growing
participation from non-governmental organizations and civil society groups [22] – significant challenges persist in
endangered language conservation. These challenges encompass funding shortages, scarcity of specialized professionals,
and limited public awareness of the issue.
To more effectively protect and transmit humanity’s linguistic diversity, the following strategies may be adopted: First,
establishing a comprehensive endangered language database that utilizes modern information technologies for efficient
data management and utilization [23]. Second, enhancing interdisciplinary research by integrating knowledge and
methodologies from linguistics, anthropology, sociology, and related fields to provide robust theoretical foundations and
practical guidance for language preservation. Third, developing sustainable mechanisms for language conservation
through policy interventions [24], financial support, and community engagement [25] to foster broad societal participation in
preservation efforts.
Additionally, the role of education in language preservation warrants emphasis. Incorporating endangered languages into
school curricula or implementing community-based education and cultural transmission programs can cultivate younger
generations’ interest in and commitment to these languages, transforming them into vital stakeholders in preservation
initiatives. Concurrently, media and public platforms should assume greater responsibility in raising awareness and
promoting language diversity [26], thereby fostering societal environments more conducive to language conservation.
6. Conclusion
The preservation of linguistic diversity constitutes a long-term and formidable undertaking that demands sustained
collective efforts. Only through multifaceted measures and strategies can humanity’s precious linguistic heritage be
effectively safeguarded and perpetuated.
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