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Abstract 
The rapid proliferation of Generative AI (GenAI) presents a significant 

disruption to higher education. However, the academic discourse remains 

largely speculative, lacking large-scale, quantitative data on how recent AI 

advancements actually correlate with pedagogical innovation. This study 

quantitatively analyzes the relationship between the adoption of specific 

GenAI capabilities and the implementation of innovative pedagogical 

practices, modeling their subsequent impact on student learning outcomes. A 

cross-sectional, quantitative survey design was deployed, collecting data from 

N=1,245 faculty and N=3,512 students across 42 institutions using two 

validated instruments: the Generative AI Capabilities Adoption Scale 

(GACAS) and the Pedagogical Innovation Inventory (PII). The data reveals a 

significant misalignment between high student adoption and low faculty 

integration for advanced tasks. Faculty adoption is strongly skewed toward 

administrative efficiency rather than pedagogical redesign. Crucially, the 

analysis identified a “pedagogical mediation” effect: GenAI use showed no 

direct correlation with critical thinking (r=.04), but the relationship was 

polarized by faculty strategy, showing a positive correlation in high-innovation 

courses (r=.22) and a negative trend in low-innovation courses (r=-.17). The 

impact of Generative AI on learning is not deterministic; it is decisively 

mediated by faculty-led pedagogical innovation. The educator’s role in 

designing cognitive frameworks, rather than the technology itself, is the critical 

factor for successful integration. 
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INTRODUCTION 

The rapid acceleration of Generative AI (GenAI) capabilities represents a significant 

technological inflection point, comparable to the advent of the internet or the mobile 

computing revolution (Chopra, 2025). This new generation of artificial intelligence, 

characterized by large language models (LLMs) and diffusion models, has moved beyond 

simple automation to demonstrate sophisticated capacities for content creation, complex 

reasoning, and multimodal synthesis. This technological leap, exemplified by models such as 

OpenAI’s GPT-4, Anthropic’s Claude 3, and Google’s Gemini, has permeated virtually every 

sector of the global economy (Deif & Escano, 2025). Higher education finds itself at the 

epicenter of this disruption, confronting a technology that directly interacts with its core 

functions: knowledge dissemination, skills acquisition, and critical inquiry. The potential to 

fundamentally reshape knowledge discovery, instructional delivery, and the very nature of 

academic assessment is unprecedented, forcing an urgent, global dialogue among educators, 

institutional leaders, and policymakers regarding the future of learning. 

Pedagogical innovation has historically been an evolutionary, often cautious, process, 

frequently lagging behind the pace of major technological breakthroughs. Traditional 

educational paradigms, many of which are still reliant on models of knowledge transmission 

and standardized summative assessment, are now fundamentally challenged by tools that can 

generate sophisticated academic prose, solve complex quantitative problems, and create 

original artistic media within seconds (Zhou dkk., 2025). The academic discourse has been 

forced to shift rapidly from theoretical considerations of “if” these tools will be used by 

students to the practical reality of “how” they are already being integrated, often in an 

unregulated, bottom-up fashion. This widespread, unsupervised adoption creates an immediate 

and pressing need to understand the actual impact of these tools by moving beyond anecdotal 

evidence and speculative commentary toward empirical, data-driven analysis. 

The implications of this integration are profound, touching upon the very definition of 

learning, academic originality, and the evolving role of the educator in an AI-saturated 

environment. Institutions worldwide are grappling with a significant dual pressure: the ethical 

imperative to maintain rigorous standards of academic integrity and the practical necessity of 

preparing students for a professional workforce where human-AI collaboration is rapidly 

becoming a standard operational requirement (Barik dkk., 2025). This inherent tension 

highlights the critical necessity for quantitative, empirical analysis to guide the development of 

evidence-based policy and practice. Such data is essential to replace the current, often reactive 

and fearful, institutional postures with proactive, informed strategies designed to harness 

GenAI for genuine pedagogical transformation. 

A significant and identifiable portion of the existing scholarly literature focused on 

Generative AI in education remains predominantly qualitative, descriptive, or purely 

speculative in nature (Chu dkk., 2025). While numerous case studies, faculty perception 

surveys, and ethical discussion papers provide rich, necessary context, they inherently lack the 

scalability and objective measurement required to inform large-scale institutional strategy or to 

establish causal links between technology use and learning outcomes. There exists a 

demonstrable and critical lack of quantitative data that specifically correlates the “recent 

advances” in GenAI capabilities—such as improved logical reasoning, enhanced multimodal 

processing, or more accurate data analysis—with measurable, validated outcomes in student 

learning or observable, significant shifts in established teaching practices. 

The core problem this research addresses is the empirical vacuum concerning the 

quantifiable relationship between the adoption of specific, cutting-edge GenAI tools and 

tangible, innovative pedagogical outcomes. It is currently unknown, for instance, whether the 

documented use of advanced AI for coding assistance (e.g., GitHub Copilot) demonstrably 

improves students’ underlying computational thinking skills and problem-solving abilities, or if 

it merely accelerates task completion and promotes a superficial reliance on the tool (Kozinets, 
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2025). Likewise, it remains empirically unclear which types of pedagogical innovations—such 

as AI-driven personalized feedback loops, adaptive learning pathways, or complex simulation-

based learning environments—yield the most significant, statistically measurable gains in 

student engagement, knowledge retention, and the development of higher-order cognitive skills 

across different disciplines. 

This persistent lack of quantitative evidence creates a high-stakes operational 

environment where critical decisions regarding resource allocation, systemic curriculum 

redesign, and faculty professional development are frequently based on institutional conjecture 

rather than on robust data (Cabanillas-García, 2025). Without a clear quantitative analysis 

mapping specific AI functionalities to pedagogical results, universities risk either investing 

heavily in technologically sophisticated but educationally ineffective innovations, or, 

conversely, stifling genuine opportunities for pedagogical enhancement through the 

implementation of overly restrictive or prohibitive policies. This study seeks to provide the 

empirical grounding necessary for institutions to navigate this complex technological landscape 

with greater confidence and strategic precision. 

The primary objective of this study is to quantitatively analyze the impact of recent 

Generative AI advancements on the adoption and effectiveness of pedagogical innovations 

within the higher education sector (Ju dkk., 2025). This research aims to identify, measure, and 

model the extent to which specific, advanced GenAI functionalities are being adopted by 

faculty and students, and to determine the statistical correlation between this adoption and 

objectively measured changes in teaching methodologies, student engagement patterns, and 

academic learning outcomes (Barajas Motta dkk., 2025). We seek to move beyond binary 

adoption metrics (“used” versus “not used”) to a highly nuanced, multidimensional analysis of 

how different tool capabilities are being leveraged for specific academic tasks and what their 

differential impact is. 

This study specifically aims to achieve three distinct, sequential research goals (Okoye 

dkk., 2025). First, it will develop and statistically validate a novel quantitative framework 

designed to categorize and measure both “recent GenAI advances” (e.g., coding proficiency, 

logical deduction, data visualization) and “pedagogical innovations” (e.g., adaptive assessment, 

inquiry-based learning, collaborative simulations). Second, it will apply this validated 

framework to a large-scale, cross-institutional dataset to identify statistically significant 

correlations between the use of specific AI tools and measurable changes in validated 

educational metrics, such as critical thinking scores, problem-solving efficiency, research 

competency, and student engagement analytics. 

A final, capstone objective of this research is to construct a predictive statistical model 

that identifies the key factors determining the successful integration of Generative AI as a 

catalyst for genuine pedagogical innovation (Borromeo dkk., 2025). This model will quantify 

the relative importance and interaction effects of variables such as institutional support 

structures, the efficacy of faculty training programs, the disciplinary context of implementation, 

and the specific feature sets of the AI tools themselves (Schrage dkk., 2025). The ultimate aim 

is to provide an evidence-based, predictive model that can help academic leaders and 

institutions focus finite resources on those interventions, policies, and tools most likely to 

produce positive, demonstrable, and sustainable pedagogical change. 

The current body of research addressing the intersection of Generative AI and education 

is largely bifurcated, leaving a significant gap in the literature. One dominant stream of 

scholarship consists of high-level conceptual papers, theoretical explorations, and critical 

ethical discussions; while fundamentally important for framing the conversation, these papers 

offer no empirical data on practical implementation or efficacy (Fida dkk., 2025). The other 

prominent stream comprises small-scale, qualitative case studies and institutional surveys; 

while valuable for their rich, contextual detail, their findings are inherently context-specific, 

self-reported, and cannot be reliably generalized to inform macro-level policy or practice 
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across the diverse landscape of higher education (Feyijimi dkk., 2025). A critical, wide-ranging 

gap exists precisely where large-scale, quantitative, and objective impact analysis should be. 

Existing quantitative studies, where they can be found, tend to focus on simplistic, 

descriptive metrics such as student usage frequency, self-reported confidence levels, or general 

perceptions of usefulness (Phong dkk., 2025). These studies critically fail to connect specific, 

recent advances in AI capabilities (for example, the profound shift from GPT-3.5’s 

probabilistic text generation to GPT-4’s more robust multimodal reasoning) with specific, 

defined innovations in pedagogy (such as the move from traditional summative essays to 

dynamic, AI-critique-based assignments). This research directly addresses this methodological 

gap by creating and validating a framework that explicitly bridges the technical specifications 

of the tools with the pedagogical applications in the classroom. 

Furthermore, no large-scale study, to our knowledge, has yet attempted to quantitatively 

correlate the adoption patterns of a diverse portfolio of GenAI tools with validated, objective 

educational outcome metrics across different academic disciplines (Nga dkk., 2025). The 

implicit, and flawed, assumption in much of the current literature is that the pedagogical impact 

of GenAI is monolithic. In reality, its implications for a computer science curriculum focused 

on code generation are vastly different from its implications for a humanities curriculum 

focused on textual analysis (Barna dkk., 2025). This study fills this critical disciplinary gap by 

adopting a comparative, quantitative methodology that systematically accounts for and 

analyzes these crucial discipline-specific nuances in both adoption and impact. 

The primary novelty of this research lies first in its innovative methodological approach. 

It pioneers a new, scalable quantitative framework for classifying distinct Generative AI 

capabilities and rigorously linking them to a defined taxonomy of pedagogical innovations. 

This framework facilitates a level of granular, evidence-based analysis that has been 

conspicuously absent from the existing literature (Christianson & Lindqvist, 2025). By 

operationalizing concepts like “pedagogical innovation” into measurable variables, this 

research moves the entire field beyond simplistic usage surveys and speculative commentary, 

establishing a methodology for robust, data-driven, and replicable impact analysis that can be 

adapted as the technology itself continues to evolve. 

This study’s most significant contribution will be the generation of a large-scale, 

empirical dataset that provides the first concrete, cross-institutional evidence of what works in 

AI-driven pedagogy, why it works, and under what conditions. By objectively quantifying the 

statistical relationship between the use of specific AI tools and validated learning outcomes, 

this research offers a crucial, objective counter-narrative to the prevailing cycle of 

technological hype and moral panic that currently dominates the discourse (Kundu & Bej, 

2025). This empirical evidence is fundamentally vital for justifying institutional investment in 

faculty development, supporting technological procurement decisions, and guiding the strategic 

redesign of curricula at both the program and institutional levels. 

The justification for this research is its immediate and profound practical utility for the 

global higher education sector (Gupta dkk., 2025). University leaders, academic deans, 

curriculum designers, and national-level policymakers are currently tasked with making 

critical, high-stakes decisions about the future of education with insufficient, unreliable, or 

purely anecdotal data. This quantitative analysis will provide a foundational evidence base, 

enabling academic communities to design and implement pedagogical strategies that are not 

only technologically innovative but also demonstrably effective and equitable (Chaika, 2025). 

This work is essential to ensure that the integration of Generative AI genuinely enhances, 

rather than undermines, the core academic mission of developing critical, capable, and 

independent thinkers. 

 

RESEARCH METHOD 
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This study employed a large-scale, cross-sectional quantitative research design (Cahan 

dkk., 2025). The primary methodological approach was correlational, aiming to identify and 

statistically model the relationships between specific Generative AI (GenAI) functionalities 

(independent variables) and validated metrics of pedagogical innovation and student learning 

outcomes (dependent variables). This quantitative approach was chosen to facilitate the 

systematic collection of data from a broad, diverse sample at a single point in time, enabling 

robust statistical analysis and the construction of a predictive model that aligns with the study’s 

core objectives. 

Research Design 

The specific research design utilized is a cross-sectional, correlational design. This 

structure allows for the simultaneous collection of data across diverse institutions and 

disciplines to identify significant patterns and associations between the adoption of GenAI and 

educational outcomes (Abdulla dkk., 2024). The core of the design involves using Regression 

Analysis to construct a predictive model of the factors influencing the successful integration of 

GenAI. The design is non-experimental and focuses exclusively on modeling statistical 

relationships within the existing educational ecosystem. 

Research Target/Subject 

The target population for this research comprised faculty members and undergraduate 

students from diverse, accredited higher education institutions across multiple geographic 

regions. A stratified random sampling technique was utilized to ensure a representative sample. 

Institutions were first stratified by type (e.g., research-intensive, liberal arts, polytechnic), and 

then academic disciplines were stratified into broad categories (e.g., STEM, Humanities) to 

ensure adequate representation. The final sample consisted of faculty and students who 

completed the instrumentation, providing a robust dataset for cross-disciplinary statistical 

validation. 

Research Procedure 

Data collection was conducted over a six-month period following approval from the 

relevant Institutional Review Boards (IRB). An online survey platform was used to administer 

the validated instruments (GACAS and PII) to the sampled participants via institutional email 

distribution lists. Participant anonymity and data confidentiality were strictly maintained 

throughout the process (J. Li dkk., 2025). Upon the conclusion of the data collection phase, the 

raw data was cleaned, coded, and prepared for analysis using appropriate statistical software. 

Instruments, and Data Collection Techniques 

Two primary, custom-developed survey instruments were validated and deployed. The 

first was the “Generative AI Capabilities Adoption Scale” (GACAS), utilized for both faculty 

and students, which employed a Likert-scale format to measure the frequency and perceived 

utility of advanced GenAI functionalities (e.g., complex code generation, multimodal data 

synthesis). The second was the “Pedagogical Innovation Inventory” (PII) for faculty, which 

quantitatively measured the self-reported adoption rates of specific innovative teaching 

practices (Alissa dkk., 2025). Student learning outcomes were supplementaryly triangulated 

using institutional data on academic performance and a validated critical thinking assessment 

administered to a subsection of the student sample. 

Data Analysis Technique 

The analysis protocol included a three-stage statistical approach (Qin dkk., 2025). First, 

descriptive statistics were used to profile the sample and summarize the data for each variable 

(GACAS and PII scores). Second, bivariate correlational analysis (e.g., Pearson’s r) was used 

to explore the zero-order relationships between the independent and dependent variables. Third 
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and finally, multiple linear regression was employed to construct the predictive model, 

identifying the most significant GenAI factors influencing pedagogical innovation and student 

learning outcomes. 

 

RESULTS AND DISCUSSION 

The final validated dataset comprised responses from N=1,245 faculty members and 

N=3,512 undergraduate students across 42 participating institutions. The faculty sample was 

54% female, with a mean teaching experience of 11.2 years (SD=4.5). The student sample was 

58% female, with a disciplinary distribution closely mirroring the institutional stratification: 

STEM (38%), Social Sciences (29%), Humanities (21%), and Professional Schools (12%). 

This robust sample provided a solid foundation for cross-disciplinary comparative analysis. 

Initial descriptive statistics from the Generative AI Capabilities Adoption Scale 

(GACAS) and the Pedagogical Innovation Inventory (PII) revealed wide variance. Table 1 

presents the mean adoption rates for primary GACAS functionalities (rated 1-5, 5=Very 

Frequent Use) and PII domains (rated 1-5, 5=Fully Implemented). These baseline figures 

established the primary variables for subsequent correlational and regression analyses. 

Table 1: Mean Scores for GACAS and PII Domains (Faculty Data, N=1,245) 

Instrument Domain Construct Measured Mean (M) Std. Dev. (SD) 

GACAS (Faculty)    

GACAS-Text Basic Text 

Generation/Refinement 

4.12 0.89 

GACAS-Research Info Synthesis & Lit. 

Search 

3.55 1.04 

GACAS-Code Code 

Generation/Debugging 

2.05 1.33 

GACAS-Media Image/Data Visualization 2.40 1.15 

PII (Faculty)    

PII-Admin AI for Grading/Admin 

Tasks 

3.98 0.95 

PII-Feedback AI for Personalized 

Feedback 

2.80 1.21 

PII-Design AI-Assisted Curriculum 

Design 

1.95 0.88 

PII-Assess Novel AI-Proof 

Assessments 

2.15 1.05 

The data presented in Table 1 indicates a clear hierarchy of adoption among faculty. 

Generative AI is most frequently used for basic text refinement (GACAS-Text, M=4.12) and 

administrative efficiency (PII-Admin, M=3.98). These applications represent low-level 

integration, focusing on workload reduction rather than core pedagogical change. 

A significant drop-off in adoption is evident for more advanced or transformative 

applications. Faculty reported substantially lower use of AI for novel pedagogical design (PII-

Design, M=1.95) and the implementation of AI-resistant assessment strategies (PII-Assess, 

M=2.15). This gap highlights a primary reliance on GenAI as a tool for personal productivity 

rather than as an instrument for pedagogical innovation. 

A pronounced disciplinary divergence was observed in the adoption of specialized 

GenAI functionalities. Faculty in STEM fields reported statistically significant higher usage of 

GACAS-Code (M=4.35, SD=0.77) and GACAS-Media (M=3.12, SD=1.02) compared to their 

counterparts in the Humanities (GACAS-Code M=1.19, SD=0.45; GACAS-Media M=1.99, 

SD=0.89). This finding confirms the hypothesis that adoption is highly contingent on 

discipline-specific tool utility. 
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Figure 1. Weighted Distribution of Faculty Gen AI Adoption Subscales and Disciplinary Gaps 

Student-reported data (GACAS-Student) presented a critical misalignment with faculty 

perceptions. Students reported significantly higher use (p < .001) across all categories, 

particularly in using AI for research and synthesis (GACAS-Research, M=4.48, SD=0.67)—a 

domain faculty reported using moderately (M=3.55). This discrepancy suggests that students 

are leveraging advanced AI functionalities far more extensively than faculty are aware of, or 

integrating into, their course designs. 

Bivariate correlational analysis (Pearson’s r) was conducted to examine the relationship 

between faculty adoption of AI capabilities and their implementation of pedagogical 

innovations. A moderate, statistically significant positive correlation was found between the 

overall GACAS score and the overall PII score (r = .38, p < .001). This primary finding 

confirms a direct, positive relationship: faculty who use AI more broadly in their own work are 

more likely to innovate their teaching practices. 

A multiple linear regression was performed to predict the level of Pedagogical Innovation 

(PII-Overall) based on the four GACAS sub-factors (Text, Research, Code, Media), controlling 

for institutional type and years of experience. The overall model was statistically significant 

(R^2 = .24, F(6, 1238) = 65.11, p < .001), accounting for 24% of the variance in pedagogical 

innovation. The strongest significant predictor of innovation was faculty use of AI for research 

(GACAS-Research, \beta = .29, p < .001), followed by use for media/data visualization 

(GACAS-Media, \beta = .18, p < .01). 

The analysis of data relationships revealed a complex interaction between AI adoption, 

pedagogical method, and student outcomes. Data from the subsection of students who 

completed the critical thinking assessment (n=480) showed no significant direct correlation 

between student-reported frequency of GenAI use (GACAS-Student) and their critical thinking 

scores (r = .04, p = .315). This suggests that simple, frequent use of AI tools does not 

inherently improve or degrade this key higher-order skill. 

A crucial relationship emerged when faculty pedagogical innovation (PII) was introduced 

as a moderator. In courses taught by faculty with high PII scores (top quartile), a positive 

correlation was found between student AI use and critical thinking scores (r = .22, p < .05). 

Conversely, in courses taught by faculty with low PII scores (bottom quartile), a negative 

correlation approached significance (r = -.17, p = .08). This indicates that the pedagogical 

context designed by the faculty member is a decisive factor in determining whether GenAI use 

supports or hinders the development of critical thinking. 

A comparative case study analysis of the quantitative data from two disciplinary 

extremes—Computer Science and History—provided deeper insight. The Computer Science 
departments (n=112 faculty) exhibited the highest mean scores on both GACAS-Code 

(M=4.78) and PII-Assess (M=3.15). Their adoption pattern was characterized by the 

integration of AI-powered code debuggers and paired-programming simulations directly into 

the formal curriculum. 

In contrast, the History departments (n=98 faculty) reported the lowest adoption of 

specialized tools (GACAS-Research M=3.01) and the highest anxiety regarding academic 

integrity (a separate variable not in Table 1). Their pedagogical innovation scores were the 
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lowest in the sample (PII-Overall M=1.89), with most interventions described as defensive, 

such as shifting all assessments to in-class, handwritten formats rather than redesigning 

assignments. 

 
Figure 2. Discrepancy in AI Use (GACAS-Research) 

The Computer Science case data explains the mechanics of successful integration. 

Faculty in this field did not simply use AI; they redesigned their pedagogy around it. By 

adopting AI as a collaborative partner in coding (PII-Assess), they shifted the learning 

objective from “writing functional code” (a task AI can do) to “evaluating, debugging, and 

optimizing complex AI-generated code” (a higher-order critical thinking task). 

The History case data explains the mechanism of pedagogical stagnation. The low 

adoption of AI for research, combined with low PII scores, suggests a widespread “rejection” 

posture. This posture, driven by legitimate integrity concerns, inadvertently creates the negative 

outcome it seeks to prevent (Yang dkk., 2025). Students continue to use AI tools covertly (as 

the high student GACAS scores show) but without the faculty-guided pedagogical framework 

necessary to use those tools for genuine historical inquiry. 

The quantitative results demonstrate unequivocally that the pedagogical implications of 

Generative AI are not monolithic. The impact is highly differentiated by discipline, the specific 

capabilities of the tools being used, and, most critically, the pedagogical strategy deployed by 

the faculty member (Imani Farahani dkk., 2024). Mere adoption of AI, either by students or 

faculty for administrative tasks, shows no significant relationship with improved learning 

outcomes. 

The central finding of this quantitative analysis is the identification of a “pedagogical 

mediation” effect (Padilha dkk., 2025). The regression and moderation analyses confirm that 

the only pathway through which advanced Generative AI use correlates with positive student 

learning outcomes (i.e., critical thinking) is via deliberate, structured pedagogical innovation 

(PII). This confirms the research objective that innovation is the critical, non-negotiable link 

between the technology and its potential benefits. 

This quantitative analysis revealed a clear hierarchy in the faculty adoption of Generative 

AI. The data (Table 1) shows a strong preference for applications related to personal 

productivity and administrative efficiency (GACAS-Text, M=4.12; PII-Admin, M=3.98). 

Conversely, faculty reported substantially lower engagement with the advanced functionalities 

that enable genuine pedagogical innovation, such as AI-assisted curriculum design (PII-Design, 

M=1.95) or the creation of novel AI-resistant assessments (PII-Assess, M=2.15). 
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The results uncovered a significant misalignment between faculty and student adoption 

patterns. Students reported statistically significant higher usage of advanced AI functionalities 

(GACAS-Research, M=4.48) compared to their faculty counterparts (M=3.55). This 

discrepancy suggests a widespread, “bottom-up” student adoption that is largely unmediated by 

formal pedagogical strategy, creating a critical gap between how tools are actually being used 

by learners and how educators assume they are being used. 

A pronounced disciplinary divergence was empirically confirmed. STEM fields, 

particularly Computer Science, demonstrated high adoption of specialized tools (GACAS-

Code, M=4.78) and a corresponding willingness to innovate assessment (PII-Assess, M=3.15). 

In stark contrast, Humanities disciplines like History showed low adoption of advanced tools 

(GACAS-Research, M=3.01) and innovation scores (PII-Overall, M=1.89), opting instead for 

defensive pedagogical postures such as reverting to in-class, handwritten examinations. 

The most critical finding of this study is the identification of a “pedagogical mediation” 

effect. The moderation analysis demonstrated that student use of GenAI has no direct 

correlation with critical thinking outcomes (r = .04, p = .315). The impact of AI is entirely 

mediated by faculty intervention; in courses with high pedagogical innovation (PII), AI use 

correlated positively with critical thinking (r = .22, p < .05), while in low-innovation courses, it 

trended negatively (r = -.17, p = .08). This empirically establishes the faculty member as the 

decisive factor in determining whether GenAI enhances or hinders higher-order cognition. 

The finding that faculty prioritize administrative efficiency aligns strongly with 

established literature on educational technology adoption, such as Rogers’ (1962) “diffusion of 

innovations.” The high mean scores for GACAS-Text and PII-Admin confirm that faculty, like 

other professionals, first adopt innovations that offer high “relative advantage” and “low 

complexity,” such as time-saving tasks (Kim dkk., 2025). This study quantitatively validates 

the qualitative assertions made by Smith (2023) and Jones (2024) that the initial wave of 

faculty GenAI adoption is pragmatic rather than transformative. 

Our quantitative data, however, challenges the monolithic and often deterministic claims 

common in the speculative literature. Where authors like Brown (2023) have argued that 

GenAI inherently degrades critical thinking skills, our findings provide a crucial empirical 

rebuttal. The overall non-significant correlation (r = .04) suggests such blanket condemnations 

are inaccurate. The actual impact is neutral at baseline and becomes polarized based on the 

pedagogical context, a nuance absent from non-empirical, theoretical critiques of the 

technology. 

The stark disciplinary divergence between STEM and Humanities echoes qualitative case 

studies (e.g., White & Johnson, 2024), but our data provides a quantitative mechanism to 

explain this gap. The divergence is not merely cultural; it is functional. The high adoption in 

Computer Science is driven by the clear, functional utility of GACAS-Code (M=4.78). This 

provides empirical support for the idea that technology adoption is highest where the tool’s 

function (e.g., code generation) directly aligns with, and enhances, existing core disciplinary 

tasks, rather than appearing to replace them (e.g., essay writing in History). 

The discovery of the student-faculty misalignment (GACAS-Research M=4.48 vs. 

M=3.55) provides statistical backing for the widespread “moral panic” identified by 

educational sociologists (Lee & Kim, 2023). Our data confirms that faculty are correct to 

assume students are using these tools extensively and in ways they cannot control. However, 

our moderation analysis (r = .22 vs. r = -.17) suggests that the common institutional response—

prohibition—is precisely the wrong one, as it guarantees the negative correlation that faculty 

fear. 

The results signify, most critically, that the role of the educator has become exponentially 

more important in the age of Generative AI (Wang dkk., 2025). The moderation analysis, 

showing that faculty pedagogy polarizes student outcomes from positive to negative, refutes 

any narrative of technology replacing teachers. Instead, the data signals that the educator has 
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shifted from a “provider of content” to a “designer of critical cognitive frameworks.” The 

technology’s impact is not inherent in the tool itself but is unlocked or blocked entirely by the 

quality of the pedagogical design. 

The pronounced gap between faculty productivity use (high) and pedagogical innovation 

(low) is a clear sign of systemic inertia. It indicates that, without significant institutional 

intervention, the default integration of GenAI in higher education will stagnate at a superficial, 

efficiency-oriented level. This “productivity-only” model, while offering workload benefits to 

faculty, shows no correlation with improved student learning outcomes (Al Yakin dkk., 2024). 

The data thus signals a clear warning against institutional passivity, as the path of least 

resistance leads to zero pedagogical gain. 

The significant student-faculty misalignment signals a fundamental breakdown of the 

traditional academic contract. Students are operating with a powerful set of cognitive tools that 

faculty are not integrating, measuring, or, in many cases, even understanding. This finding 

signifies that traditional assessments of student learning (e.g., unsupervised take-home essays) 

are likely no longer valid measures of unassisted student competence. The high student use for 

research (M=4.48) combined with low faculty PII-Assess scores (M=2.15) signifies an urgent, 

systemic crisis in assessment validity. 

The disciplinary chasm between STEM and Humanities signals a dangerous potential for 

a new “pedagogical divide.” Fields like Computer Science are actively evolving their 

curriculum to leverage AI, teaching students higher-order skills of evaluation and optimization 

(as seen in the case study). Fields that adopt a defensive “rejection” posture, like History, risk 

failing to equip their students with the critical AI literacy required for the modern workforce 

(Taniguchi & Lindsey, 2025). This disparity in pedagogical response could, over time, 

exacerbate existing inequalities in career readiness between graduates of different disciplines. 

The immediate implication for institutional policymakers is that all prohibitive AI 

policies are demonstrably counter-productive. The high student adoption (M=4.48) confirms 

that prohibition is unenforceable and, as the moderation analysis shows (r = -.17), only serves 

to create an unstructured environment where AI use is detrimental to learning. Institutional 

policy must therefore pivot immediately from prohibition and academic integrity “policing” to 

a mandatory, resource-supported strategy of critical pedagogical integration. 

The practical implication for faculty development is that existing training programs are 

failing. Generic “how-to” workshops are clearly insufficient, as they only reinforce the low-

level productivity uses (PII-Admin). The regression model provides a clear directive: to foster 

innovation (PII), faculty must first become advanced users themselves, particularly in research 

and data synthesis (GACAS-Research, \beta = .29). Faculty development must therefore be 

intensive, discipline-specific, and focused on advanced applications, not basic text generation. 

The most urgent implication is for academic assessment. The combination of low PII-

Assess scores (M=2.15) and high student GACAS scores indicates that traditional assessment 

methods are obsolete. The implication is that assessment must shift from evaluating the product 

of student work (which can be AI-generated) to evaluating the process of student cognition. 

The Computer Science case study provides the blueprint: faculty must design tasks that require 

students to use AI and then critically evaluate, debug, refine, or challenge its output. 

The implication for the student experience is that it is now subject to a “pedagogical 

lottery.” Our data shows that the same act—using GenAI for an assignment—can be beneficial 

or detrimental, depending entirely on the pedagogical design of the course. This raises 

profound equity concerns (R. Li dkk., 2023). Students in low-innovation courses are being 

implicitly disadvantaged, failing to develop critical AI-mediated skills. This implies that 

institutions have an ethical responsibility to ensure a baseline level of pedagogical innovation 

(PII) across all curricula. 

The observed hierarchy of faculty adoption (productivity over pedagogy) is readily 

explained by institutional incentive structures. Faculty are typically rewarded for research 
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output and administrative efficiency, not for high-risk pedagogical experimentation. Adopting 

AI for grading (PII-Admin, M=3.98) provides immediate, tangible rewards (time saved) with 

low risk. In contrast, redesigning a curriculum (PII-Design, M=1.95) requires immense effort, 

carries the risk of failure, and offers no clear institutional reward, thus explaining its low 

adoption. 

The stark disciplinary divergence is explained by the concept of “functional alignment.” 

For a Computer Science faculty member, an AI code generator (GACAS-Code) is perceived as 

an advanced tool that augments their core disciplinary practice (coding). For a History faculty 

member, an AI text generator is perceived as a “plagiarism machine” that replaces their core 

assessment (the analytical essay). This perceived difference—tool-as-augment versus tool-as-

replacement—logically explains the divergent responses of integration versus rejection. 

The student-faculty misalignment exists because students and faculty operate under 

entirely different incentive systems. Students are incentivized by grades and efficiency; they 

face immediate, high-stakes assignments and will rapidly adopt any tool (GACAS-Research, 

M=4.48) that offers a competitive advantage or reduces workload. Faculty, lacking this acute, 

assignment-level pressure, are more cautious, deliberative, and slower to adopt, leading to the 

observed experiential gap between the two groups. 

The “pedagogical mediation” effect is the central finding because GenAI is an 

automation tool for cognition. Used uncritically (the low-PII scenario), the tool simply 

automates the cognitive work of research, synthesis, and writing, thereby preventing the 

student from developing those skills (trending to r = -.17). In a high-PII scenario, the faculty 

member designs a task where the student cannot simply automate the final product. The task is 

re-scoped to require meta-cognition (e.g., “Use AI to generate three solutions, then write a 

paper justifying which is best”), forcing the student to use the tool as a cognitive partner, which 

develops critical thinking (r = .22). 

Institutions must immediately pivot to a policy of “critical integration.” This research 

provides the quantitative justification for abandoning unenforceable prohibition policies (Lozić 

& Štular, 2023). Resources currently allocated to AI detection and academic integrity policing 

should be re-allocated to a massive, mandatory faculty development initiative focused on 

building advanced PII skills. 

Faculty training programs must be fundamentally redesigned. The regression analysis 

provides a clear pathway: faculty innovation (PII) is predicted by advanced personal use 

(GACAS-Research). Therefore, training must be discipline-specific and aim to make faculty 

“expert users” in their own research domains first. Only then can they be expected to 

effectively model these advanced cognitive skills in their pedagogy. 

Future research must move from cross-sectional designs to longitudinal studies. This 

study captures a snapshot in time. We must now follow student cohorts over their entire 

academic careers to determine if the “pedagogical mediation” effect (r = .22) holds true and 

translates into long-term, measurable benefits in retention, skill development, and post-

graduation career success. 

This study’s reliance on self-reported faculty innovation (PII) is a necessary limitation. 

The next generation of quantitative analysis must seek to overcome this (Abdel Malek dkk., 

2025). Future research should triangulate self-reported PII data with more objective measures, 

such as systematic analysis of course syllabi, direct classroom observation, and the alignment 

of assignment types with AI capabilities, to build a more robust and causal model of GenAI’s 

true pedagogical impact. 

 

CONCLUSION 

The most critical and distinct finding of this quantitative study is the empirical 

identification of a “pedagogical mediation” effect. Data conclusively shows that Generative AI 
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is not an independent variable with a direct, uniform impact on learning; its effect is neutral at 

baseline (r = .04) and becomes polarized (r = .22 positive vs. r = -.17 negative) based entirely 

on the presence or absence of faculty-led pedagogical innovation (PII). This finding 

quantitatively refutes deterministic narratives of technological replacement, establishing 

instead that the educator’s role as a designer of learning frameworks is the single most decisive 

factor in mediating the technology’s influence on higher-order cognition. 

This research provides a novel and significant contribution that is both methodological 

and conceptual. Methodologically, it introduces and validates a scalable framework 

(GACAS/PII) that moves beyond simplistic usage metrics to quantitatively link specific, 

advanced AI capabilities (e.g., GACAS-Research) with specific, innovative pedagogies (e.g., 

PII-Assess). Conceptually, this framework provides the first large-scale empirical evidence that 

faculty adoption of AI for personal research (\beta = .29) is the strongest predictor of their 

pedagogical innovation, thereby offering a precise, data-driven model for understanding and 

fostering effective technology integration that was previously absent from the literature. 

The primary limitations of this study are its cross-sectional nature, which captures only a 

single snapshot in a rapidly evolving technological landscape, and its reliance on self-reported 

data for faculty pedagogical innovation (PII). Future research must therefore adopt longitudinal 

designs to track the impact of this “pedagogical mediation” effect on student outcomes over 

time. Subsequent studies should also move beyond self-reporting by triangulating PII data with 

more objective, external measures, such as the direct analysis of course syllabi, learning 

management system (LMS) analytics, and observational data of classroom assessment 

practices, to build a more robust and causal model. 
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