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        This desk research synthesizes 2025 global reports (Stanford, UNCTAD, 

Microsoft) to examine the "Third-Level Digital Divide" in research efficiency 

between Global North and South academic institutions across digital, temporal, 

semiotic, and psychosocial dimensions. The findings reveal a massive production 

disparity; driven by sovereign computing and high-level algorithmic interaction, 

Northern researchers process data 1900% faster and complete manuscripts 3.75 

times faster than their Southern counterparts. Conversely, the Global South faces a 

double barrier of infrastructural deficits and English-centric linguistic biases in 

Large Language Models (LLMs), worsened by weak institutional policies. The 

study ultimately advocates for localizing open-source AI, establishing National 

Research Clouds, and integrating algorithmic literacy to ensure global epistemic 

justice. 
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I. Introduction 

        The global academic community is currently undergoing the throes of a 

technological revolution, arguably the most comprehensive and impactful 

since the invention of the printing press. Generative Artificial Intelligence 

(AI) and advanced algorithmic systems represent a new paradigm that is 

redefining the very essence of scientific research. The transition from 

"traditional research" to "algorithmically augmented research" is not merely 

a shift in tools; it is a fundamental reconfiguration of the cognitive 

relationship between the researcher and sources of knowledge. The machine 

is no longer a passive storage vessel but has evolved into a "cognitive 

partner" that actively participates in generation, analysis, and even 

inference. 

         In this accelerating context, "research efficiency" emerges as a pivotal 

metric for academic success. However, this efficiency does not develop in a 

vacuum; it is the product of a complex interplay between the researcher’s 

psychological readiness, their semiotic mastery of machine language, and 

the media and institutional environments that facilitate technological access. 

By 2025, international reports indicate that the digital divide is no longer 

confined to the ownership of hardware or internet connectivity. Instead, it 

has deepened into an "algorithmic divide" and a "data gap," where 

technological power is concentrated within a select few institutions and 

corporations in the Global North. 

         Researchers in advanced academic institutions find themselves 

immersed in an ecosystem that supports "sovereign computing" and 

provides access to Large Language Models (LLMs) trained on massive 

datasets, boosting productivity by up to 40% in writing and analytical tasks. 

Conversely, researchers in developing institutions face structural challenges 

related to fragile digital infrastructure, a dearth of specialized skills, and the 

cultural and linguistic biases inherent in algorithms most of which were 

trained in Western contexts. This disparity threatens to marginalize research 

emanating from the "Global South." 

        This study seeks to deconstruct these determinants, aiming to answer 

the fundamental question of how AI is shaping the future of research 

efficiency and the extent to which it contributes to narrowing or widening 

the knowledge gap between nations. We are exploring the "Third-Level 

Digital Divide," which pertains not just to access or usage, but to the 

qualitative outcomes and outputs that determine the standing of researchers 

and institutions in global academic rankings. 
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I.1 Statement of the Problem: 

        The core problem of this study lies in the widening disparity among 

academic researchers in their ability to leverage AI technologies for research 

excellence. This gap results from the intersection of technical, semiotic, and 

psychological factors, the intensity of which varies between advanced and 

developing institutions. While AI promises the democratization of 

knowledge, the empirical realities of 2024 and 2025 suggest that the lack of 

equitable access, combined with disparities in prompt-engineering literacy 

and digital readiness, is giving rise to a new "digital elitism." 

The central research question can be articulated as follows:  

To what extent do semiotic, psychological, and technical digital divides 

in the AI era reproduce academic inequality and research disparities 

between developed and developing institutions? 

From this central question, the following sub-questions emerge: 

 .1 How does the semiotic interaction (meaning-making and prompt 

dynamics) between the researcher and AI influence the quality of scientific 

knowledge production? 

 .2 What are the psychological pressures (such as technostress) governing AI 

adoption among researchers, and how do they differ between developing 

and advanced contexts? 

 .3 How do the three levels of the digital divide impact perceived research 

productivity and publication velocity? 

 .4 What is the impact of algorithmic and linguistic bias within AI models on 

the representation of knowledge produced by developing institutions? 

I.2 Significance of the Study: 

The importance of this study stems from its engagement with a 

contemporary and explosive phenomenon in academia, contributing to: 

I.2 7.  Theoretical Level: Enriching the semiotic and psychological literature 

regarding human-machine interaction in knowledge production, and 

providing a profound framework for the third-generation digital divide (the 

outcomes gap) in the age of generative AI. 

I.2  0. Applied Level: Providing university leaders and policymakers 

(particularly in developing nations) with an empirical roadmap for human 

and institutional capacity building, moving beyond mere software 

procurement. 

I.2  3. Ethical Level: Warning against a new form of "digital colonialism," 

characterized by the structural dependence of scientific research in 

developing countries on algorithms that underrepresent local contexts. 
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I.3 Objectives of the Study: 

The objectives of this study are centered on the following: 

 .1 Identifying the technical, semiotic, and psychological determinants of 

research efficiency in light of the emerging AI technologies of 2025. 

 .2 Unveiling the fundamental differences in AI adoption and usage patterns 

between researchers in advanced and developing institutions. 

 .3 Analyzing the psychological dimensions (acceptance, anxiety, and 

technostress) associated with AI-augmented research environments. 

 .4 Monitoring the impact of algorithmic and linguistic bias on the global 

visibility of research outputs emerging from developing institutions. 

 .5 Formulating strategic and policy recommendations to enhance cognitive 

sovereignty and bridge the research gap in developing institutions. 

I  4 . Conceptual Definitions: 

 .7 Research Efficiency: The ability of a researcher to complete all stages of 

scientific research from identifying a research gap to publication with the 

highest standards of scientific quality and minimal waste of time and effort, 

through the optimal use of available technological resources.     

 .0 Digital Divide: A structural disparity comprising three levels: Level 1 

(access to infrastructure), Level 2 (usage skills), and Level 3 (tangible 

returns and outcomes from technology use). (2) 

 .3 Generative AI: Algorithmic systems capable of producing new content 

(text, data, images) based on learning complex patterns from massive 

datasets, utilized as assistive tools in scientific research. (3) 

 .4 Digital Semiotics: The science that studies how meaning is produced and 

circulated via digital systems, focusing on the interaction between natural 

signs (human language) and artificial signs (algorithms). (4) 

 .5 Technostress: Psychological stress resulting from the inability to cope 

with rapid technological changes or an over-reliance on them, affecting 

mental health and productivity. (5) 

I.5 Literature Review 

       A comprehensive body of scholarly literature has investigated these 

interrelated themes, which can be categorized into four primary thematic 

domains: 

I.5 7.   Academic Disparities in the Era of Generative AI: The years 2024 

and 2025 marked a significant acceleration in empirical research evaluating 

the ramifications of Artificial Intelligence within higher education and 

research ecosystems. According to the Stanford AI Index 2025, the 

structural disparity between private industry and public academia regarding 

the development of foundational large language models has expanded 
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critically; private enterprises accounted for nearly 90% of notable machine 

learning models introduced in 2024, relegating academic institutions to a 

position of profound dependency on corporate infrastructure (6). 

Synthesized through a theoretical lens, this asymmetric paradigm 

corroborates the core assumptions of Digital Structuralism, which argues 

that contemporary digital architectures replicate historical core-periphery 

power dynamics. However, a methodological limitation of macroeconomic 

syntheses, such as the Stanford Index, is their aggregate analytical scope, 

which tends to overlook granular, micro-level changes occurring within 

individual scholarly workflows. 

I.5 0.   Evolution of the Global Digital Divide: In terms of structural 

inequality, the UNCTAD 2025 Report established that the high 

concentration of hyper-scale data centers and computational throughput 

within the United States, China, and the European Union has generated a 

macro-level "Great Divide," severely undermining the geopolitical 

competitiveness of emerging knowledge economies. This is further 

substantiated by a late-2025 Microsoft empirical assessment, which 

indicated that AI adoption rates within the Global North are accelerating at 

double the velocity of the Global South (24.7% versus 14.1%), thereby 

exacerbating future skills asymmetries (7). While these institutional reports 

provide crucial macroeconomic benchmarks, they rely heavily on high-level 

proxy variables, which introduces an empirical imbalance by 

overshadowing localized, peer-reviewed qualitative research. Contemporary 

peer-reviewed studies (e.g., Smith & Mwangi, 2025) emphasize that 

contemporary technological disparity has progressed beyond material access 

(first-level divide) and fundamental digital literacy (second-level divide), 

evolving instead into a third-level digital divide defined by an unequal 

capacity to convert technological inputs into high-value socioeconomic and 

scientific capital. 

I.5 3.   Technological Efficiency and Linguistic Asymmetries: From an 

operational performance standpoint, Noy and Zhang (2023) alongside Cui et 

al. (2025) demonstrated that the deployment of generative AI tools in 

technical writing and software engineering enhances task execution velocity 

by 40% to 56%. Concurrently, however, it induces qualitative degradation 

in complex tasks that demand profound critical reasoning. Within 

developing research ecologies, empirical inquiries across sub-Saharan 

Africa (e.g., Maseno University, Kenya) suggest that AI-driven neural 

machine translation holds substantial potential to mitigate linguistic 

marginalization, provided it is deployed via participatory design frameworks 
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(8). This optimization paradigm marks a critical intersection with the 

Technology Acceptance Model (TAM), as the performance gains identified 

by Cui et al. serve as direct antecedents to the "Perceived Usefulness" (PU) 

construct. Nevertheless, a distinct research gap persists: contemporary 

literature seldom links these quantitative efficiency gains to the nuanced 

semiotic and communicative barriers encountered by non-native English-

speaking researchers operating within algorithmic systems optimized 

predominantly on Western-centric datasets. 

I.5 4.   Psychological Dimensions and System Acceptance: Psychometric 

investigations have increasingly focused on the phenomenon of "AI 

Anxiety." Sallam et al. (2023) identified that while "perceived usefulness" 

remains the primary determinant of system adoption, "technostress" 

exacerbated by ambiguous institutional ethical frameworks significantly 

degrades long-term operational efficacy. Furthermore, parallel 2025 studies 

indicate that an over-reliance on automated research assistants correlates 

with heightened workplace isolation and a subsequent erosion of 

interpersonal collaboration skills among academic peers (9), When 

systematically integrated, it becomes evident that AI Anxiety and 

Technostress function as immediate negative moderators within the 

extended TAM-AI framework, directly impeding the development of the 

structural digital capabilities outlined by Digital Structuralism. 

I.5 5.  Identified Research Gap: While existing scholarship effectively 

maps macro-level infrastructural inequalities (UNCTAD) and micro-level 

psychological friction (Sallam), there remains a pronounced theoretical 

deficit regarding a unified framework that explains how macro-structural 

digital divides systematically induce localized semiotic barriers and 

psychological technostress during real-time human-AI interaction. This 

study explicitly addresses this theoretical and empirical void. 

I.6 Research Methodology: 

       This investigation adopts a Comparative Analytical Desk Research 

Approach, operationalized as an integrated framework to systematically 

evaluate and deconstruct the multi-dimensional manifestations of the third-

level digital divide within global academic environments. This framework 

synthesizes a series of rigorous theoretical and qualitative methodologies to 

analyze global aggregated and calibrated datasets spanning the 2024–2025 

period, structured as follows: 

I.6 7.  Comparative Method (Primary Research Design): Because this 

inquiry is structurally predicated upon an analytical cross-examination of 

academic ecosystems across developed and developing economies, the 
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comparative method serves as the foundational design governing the 

architecture of this study. 

       A calibrated modeling comparison is executed between Institutional 

Group (A) and Institutional Group (B) relative to "Digital Efficiency 

Determinants." This procedure isolates and measures the implicit causal 

impact of the "Digital Academic Environment and Institutional Policies" 

(Independent Variable) upon the "Quality, Efficiency, and Global Visibility 

of Research Outputs" (Dependent Variable). 

I.6 0.  Descriptive-Analytical Method: This approach is indispensable for 

unpacking the underlying theoretical constructs and conducting a systematic 

evaluation of contemporary 2024–2025 literature. 

       This method is utilized to classify the contemporary manifestations of 

the academic digital divide and analyze secondary data extracted from major 

international institutional reports (e.g., Stanford and UNCTAD 2025 

datasets) to derive and calibrate standardized digital performance indicators. 

I.6 3.  Semiotic Method (Inferential Qualitative Analysis): Given that this 

study investigates dimensions of "Semiotic Interaction" and "Meaning 

Construction," a specialized qualitative framework is required to scrutinize 

the dynamics of human-machine discourse. 

       Utilizing Critical Discourse Analysis (CDA) and "Interaction 

Semiotics," this technique deconstructs the syntax and structural quality of 

prompt architectures generated by researchers. It simultaneously evaluates 

algorithmic responsiveness and assesses the researcher's cognitive capacity 

to decode machine outputs and synthesize them into validated knowledge. 

I.6 4.  Inferential Modeling Approach (Psycho-Technical Dimension): 

This approach is deployed to operationalize the AI-Extended Technology 

Acceptance Model (TAM-AI) and its associated technical dimensions 

within the structural constraints of desk-bound research. 

       This method maps TAM-AI antecedents and "Technostress" indicators 

across Group (A) and Group (B) via a structural inference matrix. This 

matrix is constructed using statistical calibrations of global response means 

documented in the audited 2025 literature, rather than primary empirical 

field data collection. 

I.7 Data Framework and Analytical Tools: 

       This study utilizes a comparative desk research design that integrates 

systematic documentary analysis of global institutional reports for the 2024–

2025 period with macro-institutional modeling, establishing a standardized 

empirical framework to assess third-level digital divide metrics. 

I.7.1 Comparative Institutional Groups and Sampling Pool: 
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       To calibrate aggregate global metadata and evaluate systemic 

disparities, two distinct institutional modeling cohorts were constructed. 

Rather than employing arbitrary parameters, the analytical sample size for 

this study is drawn from an aggregated meta-analytical data pool comprising 

N=60 institutional profiles and secondary survey response means 

representing a total population of n=2,400 individual researchers (n=1,200 

per cohort) extracted from the evaluated 2024–2025 literature: 

A. Group (A): Represents researchers and the corresponding academic 

infrastructure situated within highly developed nations (e.g., the United 

States, the United Kingdom, the European Union, and China), accounting 

for n=1,200 simulated data points/response records. 

B. Group (B): Represents researchers and the corresponding academic 

infrastructure situated within developing nations (e.g., Sub-Saharan Africa, 

selected regions of South Asia, and Latin America), accounting for n=1,200 

simulated data points/response records. 

I.7.2 Analytical Tools, Measurement Scales, and Matrices: 

A. Digital Readiness Index Matrix: A synthesized analytical instrument 

developed by cross-referencing datasets from Oxford Insights (2024/2025) 

and the World Intellectual Property Organization (WIPO) to evaluate 

baseline computational infrastructure and institutional digital skill 

endowments across both cohorts. 

B. Technology Acceptance Inferential Framework (TAM-AI) and 

Psychometric Assessment: To rigorously evaluate psychological variables 

without primary field deployment, the constructs of "Perceived Usefulness" 

(PU), "Perceived Ease of Use" (PEOU), and "Technostress" are 

operationalized using a standardized 5-point Likert scale framework 

(ranging from 1 = Strongly Disagree to 5 = Strongly Agree) derived from 

aggregate response statistics within the audited 2025 literature. The 

evaluation of technostress utilizes a validated 5-item scale adapted from 

Tarafdar et al., which isolates variables of technological overload and 

complexity. 

C. Output Efficiency Analysis Matrix: A comparative matrix structured to 

evaluate macro-level publication volume, computational execution velocity, 

and normalized citation impact, extracted directly from the empirical micro-

data of the Stanford AI Index reports. 

D. Structural Semiotic Analysis Tool: A qualitative analytical instrument 

deployed to evaluate the operational fidelity of the Human-AI Dialogue 

(specifically prompt engineering and output decoding), grounded 

conceptually in Yuri Lotman’s Semiosphere theoretical framework. 
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I.7.3 Statistical Analysis Plan: 

       To ensure that all comparative claims maintain strict scientific validity 

and do not rest on superficial observations, any identified variances between 

the two cohorts will be verified using the following statistical protocols: 

A. Two-Sample Independent t-Tests: Deployed to compare the continuous 

mean scores of Digital Efficiency, TAM-AI parameters, and Technostress 

variances between Group (A) and Group (B). 

B. Chi-Square (χ ) Tests of Independence: Utilized to determine 

categorical associations between institutional geographic classifications and 

specific tiers of digital access. 

C. Significance Threshold: Statistical significance across all operations is 

strictly defined at the alpha level of α= .   (requiring p<0.05 to reject the 

null hypothesis). 

D. Effect Size Evaluation: Cohen’s d coefficients will be calculated 

concurrently with the execution of t-tests to establish the practical 

magnitude of the digital divide variances, ensuring empirical verification for 

all mathematical assertions presented in the subsequent results section. 

II. The Semiotic and Socio-Psychological Dynamics of AI-Driven 

Knowledge Production: 

       The efficiency of contemporary scientific research is structurally bound 

to a profound paradigm shift within the global "Semiosphere." The machine 

has transcended its historical role as a neutral tool, establishing itself as an 

autonomous "Semiotic Agent" involved in the co-formulation of meaning 

and the setting of discursive boundaries. 

        However, existing literature frequently treats these technological 

transitions as isolated technical adjustments, creating a distinct theoretical 

gap regarding how micro-level psychological friction maps onto macro-

level semiotic dependencies. By synthesizing Yuri Lotman’s cultural 

semiotics with the Technology Acceptance Model (TAM), this section 

establishes a unified conceptual framework: technological integration is not 

merely a rational technical transition; it constitutes a complex socio-

psychological negotiation deeply mediated by the structural realities of the 

institutional ecosystem. 

II.1 The Generative Human-Machine Dialogue: Meaning vs. 

Probability: 

       In alignment with Yuri Lotman’s cultural semiotics  genuine knowledge 

is generated exclusively through the dialogic interaction between 

heterogeneous sign systems: human natural language (Agents of Meaning) 

and computational algorithmic language (Agents of Syntactic Maneuver). 
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Modern research efficiency is redefined by the researcher's competence in 

orchestrating this "Semiotic Dialogue" through conceptually rigorous 

"Prompts" capable of structurally interrogating the machine’s vast 

repository of signs. (10) 

        However, a foundational crisis emerges because AI lacks 

"Intentionality"; it operates strictly on the mathematical probability of word 

adjacencies rather than an existential understanding of semantics. A critical 

limitation in current digital structuralist literature is the failure to account for 

how this lack of intentionality exacerbates cognitive dependency. 

       An efficient researcher must possess a heightened semiotic critical 

faculty to isolate "Algorithmic Hallucinations" from empirical scientific 

truths. While elite global institutions cultivate a systematic "Semiotic 

Critique of the Machine," researchers in under-resourced environments 

remain highly vulnerable to "Semiotic Dependency," uncritically accepting 

automated outputs due to underlying skills gaps. (11) 

II.2 Cultural Hegemony, Technostress, and Academic Identity: 

        Sign systems are never value-free; they are ideologically encoded with 

the cultural biases of the societies that developed them. Because dominant 

Large Language Models (LLMs) are predominantly trained on English-

language corpora and Western contexts, they project a "Semiotic Centrality" 

that marginalizes local epistemic frameworks in the Global South, 

threatening researchers with "Semiotic Alienation." (12) 

        Psychologically, framed by the Technology Acceptance Model (TAM), 

productivity depends on stabilizing "Perceived Usefulness" and "Ease of 

Use." Yet, TAM remains incomplete without incorporating structural 

inequalities; advanced institutions provide strong administrative scaffolding, 

fostering a state of "digital reassurance." Conversely, in developing regions, 

the psychological landscape is frequently paralyzed by "performance 

anxiety" and the "fear of replacement," directly undermining the cognitive 

stability required for high-tier academic output. (13) 

       This strain is further compounded by "digital strain" and acute 

"cognitive overload." Empirical studies indicate that this relentless 

automated information influx triggers a measurable decline in deep, 

reflective thinking. (14) 

        Furthermore, the blurred boundaries between human synthesis and 

machine generation induce severe crises of "self-efficacy" and "professional 

identity." While scholars in developed nations view AI as an empowering 

"augmented intelligence," those in resource-constrained environments often 
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perceive it as an asymmetric competitor, destabilizing the scholarly 

autonomy required for sustained research validation. (15) 

III. Institutional Governance, Knowledge Visibility, and the Structural 

Digital Divide: 

        Research efficiency cannot be evaluated through isolated individual 

metrics; it is a direct product of macroeconomic structures and institutional 

governance frameworks that dictate whether technology acts as an 

existential threat or a transformative opportunity. 

III.1 The Stratified Digital Divide: Access, Skills, and Empowerment 

Gaps: 

       The modern digital divide has evolved into a rigid, highly stratified 

cognitive class system. At the First Level (Sovereign Access), access no 

longer means basic internet connectivity; it refers to localized "compute 

capacity" and massive data centers. Lacking the immense capital to develop 

localized models, developing institutions face a "material wall," rendering 

them peripheral consumers of Western cloud services. 

       At the Second Level (Skills and Policy Gap), a stark operational divide 

exists: empirical evaluations indicate that 73.6% of researchers in developed 

nations leverage AI for advanced "literature reviews" and complex data 

analysis, whereas usage in developing nations is overwhelmingly confined 

to basic "proofreading" or simple summarization. (16) This stark statistical 

variance is not merely behavioral; it stems directly from the absence of 

national AI policies, institutional capacity, and ethical usage guidelines 

within universities of the Global South, which leaves researchers without 

the necessary training to move beyond rudimentary applications. 

        Consequently, the Third Level (Outcomes and Empowerment Gap) 

reveals that an AI-proficient scholar in an advanced ecosystem can publish 

three papers in the time it takes a researcher in a developing nation to 

finalize one, leveraging premium models to instantly identify hidden 

"research gaps" and anchoring themselves at the vanguard of global 

innovation. 

III.2 Algorithmic Gatekeeping, Transparency, and Regulatory 

Compliance: 

       Artificial Intelligence operates as a non-neutral communication medium 

that reconfigures the academic marketplace of ideas. Traditional human peer 

reviewers have been largely bypassed by proprietary algorithms powering 

academic search engines and databases (e.g., Google Scholar, Scopus). This 

"Algorithmic Gatekeeping" inherently amplifies historically highly-cited 
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research, creating a vicious cycle that progressively marginalizes alternative 

knowledge productions from the Global South. (17) 

Furthermore, predictive AI recommendation loops isolate researchers within 

automated "epistemic bubbles," minimizing scientific serendipity and 

weakening North-South collaborations, To combat these biases, 

contemporary academic communication frameworks increasingly mandate 

absolute algorithmic transparency. 

       While advanced Western networks have swiftly institutionalized 

compliance with transnational frameworks like the EU AI Act to safeguard 

academic reputation, developing institutions frequently exist in a state of 

"regulatory chaos," leaving their researchers exposed to international 

allegations of plagiarism or scientific inaccuracy. (18) 

IV. Macro-Strategies, Cross-Innovation, and the Ethical Matrix of AI 

Research: 

       The ultimate trajectory of research efficiency is heavily conditioned by 

state-level mandates, interdisciplinary structural design, and strict alignment 

with emerging ethical benchmarks. 

IV.1 Sovereign AI Governance and Interdisciplinary Catalysts: 

        Sovereign states, such as China, Egypt, and the UAE, have deployed 

targeted "National AI Strategies" focused on building local data centers and 

securing "Sovereign AI" to escape cognitive dependency, (19) This 

governance is legally benchmarked by frameworks like the EU AI Act, 

which classifies AI in education as "High Risk" and enforces strict standards 

for bias prevention. Advanced institutions adhering to these norms secure an 

uncompromised global status, while non-compliant institutions face 

systematic exclusion from international research partnerships. 

        Financially, despite massive technical drops in baseline inference costs 

collapsing up to 280 times in highly optimized architectures like Gemini 1.5 

Flash the cumulative cost of enterprise-tier premium tools remains a 

prohibitive barrier, proving that research efficiency is structurally contingent 

upon funding equity rather than mere software availability. (20) 

       When funded properly, AI acts as a potent epistemic solvent that 

accelerates Interdisciplinary Interaction. It drives a "methodological 

democratization" by allowing social science researchers to seamlessly 

leverage "Deep Learning" without being programming experts. In the hard 

sciences (e.g., chemistry and biology), AI dramatically compresses virtual 

experimentation cycles, redefining efficiency as the absolute "velocity of 

discovery." (21) Advanced centers equipped with automated Digital Labs 
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execute profound cognitive leaps, while under-developed institutions remain 

tethered to slow, manual, and traditional laboratory methodologies. 

IV.2 Ethical Integrity, Anthropocentric Responsibility, and Ecological 

Sustainability: 

       True research efficiency is fundamentally incomplete without the 

corrective metric of integrity. The intervention of AI introduces severe 

crises regarding intellectual property and "algorithmic plagiarism." While 

advanced academic systems deploy enterprise-grade tools to detect nuanced 

semantic similarities, developing universities often lack these oversight 

mechanisms, exposing their local research to systematic desk-rejections by 

high-impact international journals. (22) 

       Crucially, ultimate scientific authority must remain anchored to human 

judgment. Comprehensive evaluations (such as the FrontierScience 

benchmark) demonstrate that while state-of-the-art models excel at 

systematic reasoning, they fail completely in open-ended thinking and 

original creativity. Efficient researchers must maintain a rigorous critical 

distance from the machine an intellectual autonomy heavily cultivated in 

advanced environments but often overlooked in developing ones under the 

intense pressure for rapid production. (23) 

       Finally, the immense energy demands of modern data centers (e.g., 

GPT-4's training footprint of 5,184 tons of carbon) have forced the 

integration of the "Research Carbon Footprint" into institutional 

accountability reports. This focus represents an ethical luxury that cannot be 

realistically sustained by researchers in developing nations, who are 

frequently forced to navigate unstable electrical grids simply to keep their 

basic computing hardware operational. (24) 

V. Analysis of Comparative Desk Research Results: 

       This comparative study is an analytical desk research (Desk Research) 

constructed based on structural and psychosocial indicators derived and 

synthesized from the Stanford AI Index 2025, UNCTAD Technology and 

Innovation Report 2025, and the Microsoft Global AI Adoption in Higher 

Education 2025 reports. The study provides a macro-analysis contrasting 

advanced academic institutions (Global North) with developing academic 

institutions (Global South). 

V.  7  Digital Readiness and Access Indicators in Academic Institutions: 

Table 01: Digital Readiness and Access Indicators in Academic 

Institutions (2025 Estimates): 
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Indicator 

Advanced 

Institutions 

(Global 

North) 

Developing 

Institutions 

(Global 

South) 

Global 

Benchmark / 

Reference 

Value 

Percentage of 

researchers with access 

to paid AI licenses 

        
16.3% (General 

Average) 

Average internet speed 

in research centers 

(Gbps) 

  .   .   

1.0 (Minimum 

efficiency 

threshold) 

Availability of a 

dedicated "Research 

Cloud" 

Available at 

    

Available at 

   

Essential for 

Large Language 

Models (LLMs) 

Institutional AI 

expenditure per 

researcher (Annual 

USD) 

             
Massive funding 

disparity 

Statistical Analysis of Table 1: Digital Readiness and AI Access 

Indicators: 

        The empirical data compiled in Table 01 delineates a profound, 

structural digital divide separating academic institutions in the Global North 

from their counterparts in the Global South. This systemic asymmetry 

manifests across three core dimensions: 

1. Financial Disparity and the Capital Investment Gap: 

        The most critical divergence is identified in institutional fiscal 

allocation. Annual AI-related expenditure per researcher reaches $\$12,500$ 

in the Global North, contrasted with a marginal $\$150$ in the Global 

South. Statistically, capital investment in the North is $83.3$ times higher 

than in the South. 

        This capital deficit directly restricts developing institutions from 

acquiring high-performance computing (HPC) resources and enterprise-

grade software licenses, thereby creating a material barrier to global 

"Cognitive Justice"defined here as the equitable right to contribute to the 

global knowledge production ecosystem. 

2. Asymmetric Access to Premium AI Tools: 

       While $82\%$ of researchers in the Global North leverage paid, 

enterprise-grade AI licenses, the adoption rate drops to $14\%$ in the 

Global South, falling below the global baseline average of $16.3\%$. 
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This discrepancy establishes a rigid "Cognitive Stratification." Researchers 

in resource-rich environments utilize advanced reasoning models with 

expansive context windows and multi-modal analytical capabilities, 

granting them a distinct qualitative and temporal advantage. Conversely, 

researchers in developing nations remain constrained by free-tier iterations 

characterized by strict rate limits, reduced processing benchmarks, and 

restricted input lengths. 

3. Infrastructure and Data Sovereignty Deficits: 

        The discrepancy in network throughput ($10.5\text{ Gbps}$ in the 

North versus $0.25\text{ Gbps}$ in the South) represents a critical 

operational bottleneck. Infrastructure speeds in the Global South operate at 

$75\%$ below the minimum efficiency threshold ($1.0\text{ Gbps}$) 

required for seamless big-data dissemination. 

        Furthermore, the acute deficit in localized "Research Clouds" ($8\%$ 

availability in the South vs. $90\%$ in the North) undermines the "Digital 

Sovereignty" of developing nations. This infrastructure gap forces Southern 

researchers to rely on proprietary, external commercial servers, introducing 

latent risks regarding intellectual property exposure, data localization non-

compliance, and vulnerability to geopolitical disruptions. 

V. 2 Research Process Efficiency: A Comparative Temporal Analysis: 

Table 02: Research Process Efficiency: A Comparative Temporal 

Analysis (2025 Analytical Estimates): 

Research Task 

Researcher 

with 

Advanced 

AI (Global 

North) 

Researcher 

with 

Minimal/No 

AI (Global 

South) 

Efficiency 

Net 

Improveme

nt Rate (%) 

Literature mapping and 

analysis of 100 scientific 

papers 

4 Hours 72 Hours       

Cleaning and analyzing 

massive datasets (Big 

Data) 

2 Hours 40 Hours       

Drafting the initial 

manuscript and 

reference formatting 

6 Hours 30 Hours      

Average time to produce 

a complete publishable 

research paper 

120 Hours 450 Hours      



Determinants of Research Efficiency in the Era of Artificial…                       Ali Belkacemi      Djoudi Benguit     

 

Journal El-Baheth in Human and Social Sciences          Volume77 Number20 year0206        Page     
 

Analysis of Table 2: Research Process Efficiency (A Temporal 

Comparison): 

        Quantitative assessment of the time-optimization metrics documented 

in Table 02 confirms an "Efficiency Surge" driven by institutional AI 

integration. The calculated mathematical variances yield the following 

insights: 

   Temporal Compression in Literature Syntheses: 

       AI-augmented researchers optimize literature mapping of 100 peer-

reviewed papers within 4 hours, whereas un-augmented workflows require 

approximately 72 hours. This represents a 1700% net improvement rate (an 

18-fold acceleration in processing velocity). This baseline metric 

demonstrates that AI acts as a cognitive catalyst, widening the operational 

gap between information retrieval and actual conceptualization. 

2. The Big Data Processing Disparity: 

       Data cleansing and multi-variate analysis metrics reflect a 1900% 

efficiency gain (20-fold acceleration), reducing execution latency from 

40 hours to 2 hours. This disparity structurally confines under-funded 

researchers to localized or qualitative studies, effectively marginalizing 

them from participating in large-scale, Data-Driven Discovery. 

3. Macro-Economics of Scientific Publishing Velocity: 

       At the macro level, the cumulative time required to generate a 

publishable manuscript spans 120 hours in AI-integrated institutions 

compared to 450 hours in traditional environments. The net production 

velocity reflects a 275% acceleration rate, meaning conventional manual 

workflows demand 3.75 times more temporal capital for identical outputs. 

4. Bibliometric Implication and Conclusion: 

       Statistically, researchers in the Global North can systematically 

generate 3.75 peer-reviewed manuscripts in the same temporal window 

required for a researcher in the Global South to produce one. 

This asymmetric publication turnover rate exacerbates the historical 

imbalance in international citation indices, ensures Northern dominance in 

high-impact venues, and reinforces an unequal socio-epistemic exchange 

within the global scientific community. 

V. 3 The Semiotic and Linguistic Divide in Research Outputs 

Table 03: The Semiotic and Linguistic Divide in Research Outputs 

(2024–2025 Data Synthesis): 
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Semiotic 

Criterion 

Research from 

Advanced 

Institutions 

(Global North) 

Research from 

Developing 

Institutions 

(Global South) 

Bias Observations 

& Machine Logic 

Accuracy of 

Technical 

Terminology 

98% (Supported 

by Specialized 

AI) 

84% 

(Translation/Co

ntextual Errors) 

Strict dependency 

on English-centric 

LLM foundations 

Representati

on of Local 

References 

(Non-

Western 

Citations) 

        

Global indexing 

recommendation 

algorithms favor 

the West 

Quality of 

Academic 

Prose 

Very High 

(Native + 

Premium AI) 

Moderate (Non-

native + Free 

AI) 

"Stylistic Gap" 

structurally impacts 

international 

acceptance rates 

Critical Analysis of Table 3: The Semiotic and Linguistic Divide: 

        The empirical data synthesized in Table 3 uncovers a state of 

"Epistemic Alienation" and a profound disparity in how knowledge is 

codified and validated within the global digital research ecosystem: 

 .7 Terminological Accuracy and Linguistic Dependency: 

       The recorded 14% accuracy gap between Northern (98%) and Southern 

(84%) outputs highlights a critical structural vulnerability. While Northern 

researchers leverage high-precision, domain-specific AI models, their 

Southern counterparts frequently rely on generic, automated machine 

translation utilities. This reliance introduces contextual and nuanced 

semantic errors, driving a form of "Linguistic Dependency." Consequently, 

Southern researchers are structurally forced to distort or adapt native socio-

cultural and scientific concepts to fit Western-centric machine templates and 

lexical standards. 

 .0 The Representation Crisis and Citation Bias: 

       A profound semiotic paradox emerges from the data: while Southern 

research heavily contextualizes its findings by incorporating local and 

national references (45%) compared to the highly insular Northern research 

(12%), these contributions are systematically marginalized. Due to the 

algorithmic architecture of dominant global databases (such as Scopus and 

Web of Science), indexing algorithms prioritize established Western citation 

networks. This institutional bias compels Southern researchers to over-cite 
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Western literature as an artificial survival mechanism to guarantee 

international indexation and peer acceptance. 

 .3 The "Stylistic Gap" and Stylistic Hegemony:  

       The linguistic quality of academic prose functions as a critical, invisible 

non-tariff barrier to knowledge dissemination. Northern scholars benefit 

from a compounding advantage: native linguistic proficiency augmented by 

premium, institutionally funded stylistic AI. Conversely, Southern scholars 

are often restricted to open-access, generic tools and non-native phrasing. 

This resulting "Stylistic Gap" routinely triggers gatekeeping mechanisms 

during the peer-review process, where editorial boards reject Southern 

manuscripts based on stylistic form rather than conceptual or empirical 

merit, thereby reinforcing Northern academic hegemony. 

V.4 Psychosocial Dimensions of the Digital Divide 

Table 04: Psychosocial Dimensions in Academic Research (Macro-

Report Composite Index 1–  ): 

Psychosocial 

Variable 

Advanced 

Institutions 

(Global 

North) 

Developing 

Institutions 

(Global 

South) 

Macro-Institutional 

Analysis & 

Significance 

Level of 

Technostress 
 .        .       

Extremely high stress 

due to infrastructural 

deficits 

Trust in AI Outputs  .        .       

Structural skepticism 

driven by verification 

tool deficiencies 

Sense of Academic 

Autonomy 
 .        .       

High technical and 

cognitive algorithmic 

dependency 

Satisfaction with 

Institutional 

Digitalization 

Support 

 .        .       

Severe absence of 

strategic digital 

planning in the Global 

South 

Critical Analysis of Table 4: Psychosocial Dimensions: 

       A comprehensive macro-institutional analysis of these composite 

indicators reveals a severe "Institutional Response Gap." This gap 

demonstrates that the digital divide is not merely an infrastructural issue, but 

an existential disruption to the researcher's "Professional Identity": 

 .7 The Proliferation of "Technostress":  
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        Scholars in developing regions exhibit a critically high level of 

institutional technostress (7.8/10) compared to their Northern peers (4.2/10). 

This disparity points to a profound state of "Technological Alienation." 

While Northern academics interact with generative AI as a seamless, 

ambient, and supportive infrastructure, Southern academics experience it as 

a source of intense psychological pressure. The hyper-acceleration of global 

research outputs, driven by advanced AI in the West, creates a compounding 

deficit for scholars operating in environments with unstable electricity, 

restricted bandwidth, and absent training. 

 .0 The Epistemological Trust Gap:  

       The data indicates a stark divergence in the verification threshold, with 

trust in AI outputs falling to 5.1/10 in the South compared to a robust 8.5/10 

in the North. This skepticism is not an inherent rejection of modern 

technology; rather, it reflects an accurate diagnostic awareness of local 

limitations. Southern researchers are largely denied institutional access to 

advanced prompt engineering frameworks and cross-referencing software, 

leaving them highly exposed to unverified "Algorithmic Hallucinations" that 

they must manually validate at a high cognitive cost. 

 .3 Erosion of Academic Autonomy: 

        Perceived professional autonomy drops to a critical low of 4.3/10 

within Southern institutions, in sharp contrast to the 8.9/10 reported in the 

North. This collapse signals a systemic "Epistemic Dependency." As 

proprietary, black-box algorithms increasingly dictate research directions, 

literature syntheses, and conceptual framing, Southern researchers report 

feeling reduced to passive operators. They are forced to simulate pre-

packaged, western-centric research paradigms, eroding their agency to 

define independent local research agendas. 

 .4 The Institutional Support Disparity: 

       The most acute systemic failure is captured by the structural chasm in 

satisfaction with institutional support, where the Global South scores a 

dismal 2.1/10 against the Global North's 9.2/10. This metric serves as a 

direct indictment of higher education macro-policies in developing nations. 

While Northern universities provide centralized, well-funded digital 

transformations, Southern researchers are left to navigate the disruptive 

generative AI revolution through fragmented, self-funded individual efforts, 

completely isolated from state or institutional frameworks. 

Conclusion: 

       The macro-analysis of synthesized data derived from international 

research reports reveals that Artificial Intelligence has evolved from a 
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supplementary digital tool into a structural "Cognitive Accelerator" that 

fundamentally redefines academic time and scientific production. However, 

under current geopolitical conditions, instead of serving as a bridge toward 

knowledge democratization, AI integration has deepened what can be 

termed "Digital Cognitive Stratification." 

       While researchers in advanced institutions reside in a "technological 

future" that multiplies their productivity and ensures digital well-being, 

researchers in developing nations remain tethered to the sluggishness of 

traditional processes and structural infrastructural alienation. This 

asymmetry transforms generative AI from a means of cognitive liberation 

into a mechanism that reinforces systemic epistemic dependency. 

        Based on the synthesis of the aforementioned data, we derive the 

following findings which serve as representative analytical estimates of the 

current institutional gap: 

First: The "Academic Time" Divide and Quantitative Productivity: 

 .7 Mathematical Time Optimization: AI-augmented researchers (Global 

North) achieve an estimated net time-efficiency improvement of 1700% in 

literature mapping and 1900% in data cleaning and analysis compared to 

manual baselines. 

 .0 The Velocity Equation (3.75 to 1): Structurally, a researcher in the 

North can complete 3.75 publishable research papers in the same time it 

takes a researcher in the South to produce a single manuscript (a total 

production time of 120 hours versus 450 hours). This grants the North 

absolute dominance over the production turnover speed in prestigious 

scientific journals. 

Second: Capital Disparity and Infrastructure Sovereignty: 

 .7 Stark Funding Chasm: Annual institutional expenditure in the North 

($12,500 per researcher) is 83.3 times higher than in the South ($150 per 

researcher), making advanced computing and complex reasoning models an 

exclusive privilege for the technologically wealthy. 

 .0 Loss of Digital Sovereignty: The South's acute deficit in dedicated 

"Research Clouds" (available at only 8%, compared to 90% in the North) 

forces developing nations' researchers to upload sensitive academic data to 

foreign commercial servers, threatening national cognitive security. 

Third: Semiotic Bias and "Linguistic Alienation": 

 .7 The Algorithmic Gatekeeper: Global indexing algorithms function as 

biased gatekeepers. While research from the Global South relies heavily on 

local references (45%), it faces disproportionately high rejection rates due to 

a profound stylistic gap in academic prose. 
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 .0 Machine Logic Dependency: Due to the 14% accuracy gap in technical 

terminology (98% in the North versus 84% in the South), researchers in 

developing nations are systematically forced to adapt local, native concepts 

to English-centric machine templates, leading to the erosion of local 

scientific identity. 

Fourth: Psychosocial Dimensions and Institutional Failure: 

 .7 The Technostress Premium: Due to severe infrastructural deficits and 

inadequate internet speeds (0.25 Gbps, which is 75% below the minimum 

efficiency threshold), researchers in the South experience elevated levels of 

technostress (7.8/10) compared to the North (4.2/10). 

 .0 Erosion of Academic Autonomy: The sense of professional autonomy 

among Southern researchers stands at a critical low (4.3/10), as they feel 

driven by black-box algorithms they cannot fully decode or critically 

evaluate. 

        The root issue in developing nations is not the quality of ideas, but the 

structural failure of the technological environment. The third-level digital 

divide the gap in actual research outcomes is a direct byproduct of the near-

total absence of institutional digitalization policies, as evidenced by the 

alarmingly low institutional satisfaction rate of 2.1/10 in the Global South. 

Research Limitations and Challenges: 

        Despite its structural depth, this macro-analytical desk research 

encountered four primary methodological constraints: 

 .7 Temporal Lag in Data: Reliance on international indexes (e.g., Stanford 

AI Index and UNCTAD 2025) introduced synchronization challenges, as 

the time required for global data aggregation creates a minor delay in 

capturing real-time generative AI technological shifts. 

 .0 Macro-Level Generalization: Global indicators frequently treat the 

"Global South" as a homogenous entity, overlooking internal socio-

economic and infrastructural disparities, which restricts the micro-level 

granularity of the comparative analysis. 

 .3 Anglocentric Bias: Primary AI adoption databases exhibit distinct 

linguistic and geographical biases, with most metrics framed around 

Western ecosystems and published in English, necessitating rigorous 

semiotic filtering for objective non-Western adaptation. 

 .4 Non-Standardized Expenditure Metrics: The absence of a uniform 

accounting framework for "Institutional AI expenditure" hindered exact 

financial comparisons, as universities vary in how they differentiate direct 

infrastructure investments from general operational budgets. 
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Recommendations and Future Directions: 

        Based on the empirical indicators synthesized in this study, bridging 

the academic digital divide cannot be achieved through the passive, 

individual purchase of commercial software licenses. It requires a 

systematic, structural overhaul of higher education policies in the Global 

South. The following strategic and chronological framework is 

recommended: 

First: Strategic Recommendations for Higher Education Policies: 

 .7 Establishing Sovereign National Research Clouds: Academic and 

governmental institutions in the Global South must build independent cloud 

computing environments tailored for higher education. This infrastructure is 

vital to safeguard national cognitive security, host localized open-source 

Large Language Models (LLMs), and protect researchers from being forced 

to upload local intellectual property to foreign servers. 

 .0 Transitioning Toward "Algorithmic Literacy" and Prompt 

Engineering: Universities in developing countries must urgently integrate 

advanced prompt engineering, data synthesis, and automated output 

verification into graduate-level curricula. Rather than merely training 

researchers to use AI, policies should emphasize the critical capacity to 

detect algorithmic hallucinations and correct contextual translation errors, 

thereby raising technical terminology accuracy from 84% toward global 

benchmarks. 

 .3 Funding Localized, Fine-Tuned AI Models: Developing nations must 

redirect research funds toward training regional, open-source AI models 

specialized in non-Western languages and localized scientific disciplines. 

This targeted investment will directly counteract the stylistic hegemony of 

Anglo-centric models and prevent the marginalization of local citations (the 

45% local reference baseline identified in this study). 

 .4 Developing Institutional "Digital Well-Being" Frameworks: To 

combat the severe level of technostress (7.8/10) reported among Southern 

researchers, institutions must provide standardized technical support, 

institutional premium access accounts, and structured digital transition 

workflows. Moving past individual-effort research models into 

institutionalized digital research frameworks will stabilize the professional 

identity of researchers. 

Second: Future Directions for Academic Research: 

 .7 Formulating Cross-Regional Academic Coalitions: Future initiatives 

should focus on building knowledge alliances between institutions across 

the Global South to pool computing resources and share access to localized 



Determinants of Research Efficiency in the Era of Artificial…                       Ali Belkacemi      Djoudi Benguit     

 

Journal El-Baheth in Human and Social Sciences          Volume77 Number20 year0206        Page     
 

digital infrastructure, effectively bypassing the capital investment barriers 

($12,500 versus $150) imposed by individual Northern institutions. 

 .0 Reforming International Journal Indexing Standards: There is an 

urgent need for an international, critical evaluation of global citation 

indexing algorithms (such as Scopus and Web of Science). Future scholarly 

work must investigate alternative, decolonized evaluation standards that 

prevent automated recommendation filters from rendering non-Western 

knowledge invisible. 

 .3 Transitioning to Primary Field Testing: Future studies in this domain 

should transition from desk-research synthesis to empirical, primary 

investigations. This includes conducting longitudinal, multi-institutional 

surveys and randomized statistical sampling within developing universities 

to empirically measure changes in research velocity, psychological fatigue, 

and terminology accuracy over time. 
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