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Abstract. Generative artificial intelligence (AI) is rapidly reshaping 
higher education, yet evidence on how faculty AI literacy relates to 
concrete outcomes remains limited. Using a cross-sectional survey with 
embedded qualitative open-ended responses, this study examined 
whether faculty AI literacy predicts self-reported pedagogical practices 
quality and scholarly productivity. An online questionnaire was 
completed by 691 university faculty members and modeled relationships 
among four AI literacy dimensions—conceptual knowledge, application 
skills, ethical/critical awareness, and pedagogical integration (AI-
TPACK)—and two outcomes, pedagogical practices quality and scholarly 
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productivity (in the past three years). Hierarchical regression and 
ANOVA were used for the quantitative analyses, and narrative responses 
were thematically analyzed to contextualize and explain key patterns. 
Conceptual knowledge and pedagogical integration showed the 

strongest unique positive associations with both outcomes. 
Ethical/critical awareness showed a small negative association with 
pedagogical quality once design-oriented competencies were controlled, 
suggesting a potential ‘caution trap’ in which risk awareness without 
integration corresponds to more conservative teaching choices. 
Qualitative comments highlighted boundary-setting, institutional policy 
gaps, and unequal access to training across disciplines and career stages. 
The findings support targeted faculty development that integrates 

conceptual, ethical, and design-based AI competencies; however, because 
measures are self-reported and cross-sectional, conclusions should be 
interpreted as associations, rather than causal effects. 
 
Keywords: AI literacy; AI-TPACK; generative AI; AI ethics; mixed-
methods; predictive modeling; faculty development; Saudi Arabia 

 
 

1. Introduction 
Higher education is currently navigating a radical institutional transformation 
driven by the rapid proliferation of artificial intelligence (AI) technologies. The 
emergence of large language models and generative AI has moved beyond the 
periphery of educational technology to become a central determinant of 
institutional relevance and competitiveness. Recent reviews and syntheses 
suggest that AI is no longer a marginal educational technology issue but a major 
structuring force in educational systems, with implications for curriculum, 
pedagogy, assessment, and institutional strategy (Ifenthaler et al., 2024; Kazimova 
et al., 2025; Marengo et al., 2024; Mohammed et al., 2024; Mustafa et al., 2024; 
Garzón et al., 2025; Ma, 2025). 
 
Despite the accelerating ubiquity of AI tools, emerging evidence points to a 
widening AI competency gap within the academic workforce. This gap is also 
consistent with emerging work on teacher and educator attitudes, acceptance, and 
preparedness for AI, which suggests that confidence, literacy, and willingness to 
adopt AI vary substantially across educational actors and contexts (Aghaziarati et 
al., 2023; Barakat et al., 2024; Hasanein & Sobaih, 2023; Kaya & Adıgüzel, 2025; 
Haroud & Saqri, 2025; Mutanga et al., 2024; Yim & Wegerif, 2024; Zakaria & 
Hashim, 2024).  
 
Students are rapidly adopting generative AI (GenAI) for writing, summarizing, 
coding, and assessment-related tasks, while faculty adoption is often impeded by 
deficits in AI literacy that extend beyond technical operation, to include ethical 
reasoning, critical evaluation, and pedagogical adaptation. This broader framing 
also aligns with emerging work on AI literacy and competence in language 
education and educator competence frameworks, which treats literacy as 
conceptual, evaluative, and pedagogical, rather than merely operational (Ma et 
al., 2024; Mekheimer & Abdelhalim, 2026; Zou et al., 2025). This asymmetry 
threatens both academic integrity and curricular relevance.  
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Traditional assessment formats that do not account for AI capabilities are 
increasingly vulnerable to AI-enabled plagiarism, while faculty who lack AI 
literacy cannot provide adequate guidance to students navigating AI-augmented 
academic and professional environments. This asymmetry is sharpened by 
evidence that students are already using GenAI widely and often strategically, 
including for learning support, convenience, and performance-related benefits, 
which can outpace faculty readiness to respond pedagogically (Dube et al., 2024; 
Niloy et al., 2024; Monib et al., 2025; Onal & Kulavuz-Onal, 2025). 
 
At the same time, faculty who underutilize or misuse AI tools risk foregoing 
significant gains in scholarly efficiency or, worse, engaging in unethical research 
practices due to uncritical reliance on hallucinated outputs and fabricated 
citations. This concern aligns with a growing body of higher-education reviews 
documenting both the opportunities and the risks of ChatGPT and related GenAI 
tools in academic work, including their implications for learning, academic 
practice, and institutional adoption (Dimeli & Kostas, 2025; Phokoye et al., 2025; 
Salih et al., 2024; Sok & Heng, 2024; Sposato, 2025; Yang et al., 2024). 
 
In this context, the capacity to develop AI-augmented technological pedagogical 
content knowledge (AI-TPACK) becomes central to educational quality: not only 
must teachers be able to operate AI tools but also to redesign tasks, assessments, 
and feedback in ways that are pedagogically sound and ethically responsible. 
 
The present study builds on the established TPACK tradition that conceptualizes 
teachers’ technological, pedagogical, and content knowledge as interrelated 
domains, rather than isolated skill sets (Herring et al., 2016), a position reinforced 
by later reviews, bibliometric analyses, scale-development studies, and construct-
validation work showing that TPACK functions as a multidimensional and 
empirically distinguishable knowledge structure (Zhang & Tang, 2021; Zou et al., 
2022; Yurdakul et al., 2012; Kopcha et al., 2014; Khine et al., 2017; Pamuk et al., 
2015), while pre-service studies highlight uneven, context-dependent growth 
across components (Pamuk, 2012; Redmond & Lock, 2019).  
 
These foundational contributions position TPACK as a robust baseline for 
examining how new waves of disruptive technologies—such as generative AI—
are being integrated into pedagogical practice. Intervention and teacher-
education studies likewise suggest that TPACK develops through structured 
design, professional learning, and targeted support, rather than through exposure 
to tools alone (Beri & Sharma, 2021; Fabian et al., 2024; Lachner et al., 2021). 
 
1.1 Problem Statement 
Since the public release of ChatGPT, research on GenAI in education has 
expanded rapidly, documenting both potential benefits (e.g., feedback, drafting, 
personalization) and risks (e.g., hallucinations, bias, and integrity concerns) 
(Albadarin et al., 2024; Ali, Fatemi et al., 2024). However, much of this evidence 
remains descriptive and focuses on attitudes or intentions, rather than faculty 
competencies that shape day-to-day teaching and research outcomes. This study 
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responded by assessing faculty AI literacy and linking it to pedagogical practices 
quality and scholarly productivity in higher education. 
 
Current institutional narratives often treat AI adoption as a simple matter of 
individual enthusiasm or resistance. Recent adoption research suggests that AI 
uptake is shaped not only by personal preference but also by pedagogical beliefs, 
perceived usefulness, institutional conditions, and social legitimacy (Cabero-
Almenara et al., 2024; Barakat et al., 2024; Molefi et al., 2024). However, a more 
consequential risk is emerging: faculty AI illiteracy can become a systemic quality 
problem—undermining assessment validity, weakening learning experiences that 
should prepare students for AI-augmented workplaces, and shaping research 
practices that are either inefficient or ethically fragile. While a small group of 
innovators are already experimenting with AI-supported teaching and research, 
many colleagues remain uncertain, anxious, or underprepared.  
 
This pattern is evident in studies of lecturers’ and university teachers’ perceptions, 
which repeatedly report uncertainty, mixed attitudes, and uneven readiness to 
integrate AI into teaching and assessment (Mutanga et al., 2024; Nguyen, 2023; 
Har, 2023; Fuentes et al., 2024). The result is a structural AI-TPACK chasm 
between early adopters and the broader faculty body, with clear downstream 
consequences for student outcomes and, ultimately, institutional credibility and 
reputation. This divide is also consistent with evidence that organizational 
support, available resources, and prior pedagogical-technical capacity shape 
whether educators move from cautious awareness to meaningful adoption 
(Molefi et al., 2024; Oved & Alt, 2025; Brandão et al., 2024). 
 
1.2 Purpose of the Study 
The primary purpose of this study was to develop and apply a quantitative 
diagnostic framework to assess AI literacy among university faculty and to 
determine its impact on pedagogical and research-related outcomes. Specifically, 
the study aimed to: 
1. Measure faculty AI literacy across four dimensions—conceptual knowledge, 

application skills, ethical and critical awareness, and pedagogical integration 
(AI-TPACK). 

2. Examine the predictive power of these dimensions for (a) perceived quality of 
pedagogical practices and (b) self-reported scholarly productivity. 

3. Explore how patterns of AI literacy and outcomes vary across academic ranks 
and disciplinary clusters. 
 

This study shifted attention away from whether faculty intended to use AI and 
toward the consequences of lacking the competencies required for responsible 
and effective use. 
 
1.3 Research Questions 
The study addressed the following research questions: 
1. What is the prevailing level of faculty AI literacy across four dimensions—

conceptual knowledge, application skills, ethical and critical awareness, and 
pedagogical integration (AI-TPACK)—within the higher education context? 
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2. To what extent do the four AI literacy dimensions predict (a) the quality of 
pedagogical practices and (b) the efficiency of scholarly output among 
university faculty in higher education? 

3. How do faculty AI literacy levels and the two outcome variables—
pedagogical practice quality and scholarly output efficiency—differ by 
academic rank and disciplinary cluster, and what do these differences suggest 
about an AI-TPACK chasm in higher education? 

4. What themes emerge from faculty qualitative narratives (e.g., open-ended 
responses) regarding barriers, enabling conditions, and support needs for 
responsible and effective AI use in higher education? 

 

2. Literature Review 
This literature review situates the study within scholarship on technology 
integration in higher education and the recent shift toward AI-specific 
competence frameworks. This positioning is warranted by recent reviews that 
map the rapid expansion of AI-in-education scholarship and call for clearer 
conceptual organization around competencies, use cases, and educational 
purposes (Mustafa et al., 2024; Mohammed et al., 2024; Marengo et al., 2024; Ma, 
2025). The review first traces the conceptual evolution from the TPACK model to 
AI-oriented extensions (e.g., intelligent-TPACK/AI-TPACK), clarifying how 
faculty knowledge, skills, and ethical judgment intersect with pedagogical 
decision-making.  
 
This shift is also reflected in recent work on educator preparation, teacher 
training, and AI competence frameworks, which increasingly argues that AI-
related competence must be treated as a structured extension of technology 
integration knowledge, rather than as a generic digital add-on (Black et al., 2024; 
David et al., 2025; Memarian & Doleck, 2024). It then synthesizes evidence on 
faculty AI literacy, adoption barriers, and institutional conditions that shape 
teaching practice and scholarly work, establishing the theoretical basis for the 
study’s variables and research questions. 
 
2.1 From TPACK to Intelligent-TPACK 
The integration of digital technologies into teaching has traditionally been 
conceptualized via the TPACK framework, which posits that effective instruction 
results from the dynamic intersection of content knowledge, pedagogical 
knowledge, and technological knowledge. TPACK research has demonstrated 
that teachers who can orchestrate these domains tend to design richer, more 
coherent technology-enhanced learning experiences. This conclusion is consistent 
with reviews of TPACK literature, as well as with instrument-development, 
validity, and relationship studies showing that the framework captures 
meaningful differences in teachers’ technology-related instructional knowledge 
(Zhang & Tang, 2021; Zou et al., 2022; Yurdakul et al., 2012; Kopcha et al., 2014; 
Khine et al., 2017; Pamuk et al., 2015). 
 
However, the advent of generative AI fundamentally disrupts this model. Unlike 
static digital tools, AI systems exhibit a form of functional agency: they generate 
text, images, and code; simulate feedback; and interact conversationally with 
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students. This shifts AI from a mere instructional medium to a semi-autonomous 
collaborator, raising new pedagogical and ethical questions that exceed the scope 
of traditional TPACK. This broader reconceptualization is also supported by AI-
in-education reviews that emphasize both the instructional affordances and the 
pedagogical complications of AI systems across learning contexts (Chichekian & 
Benteux, 2022; Díaz & Nussbaum, 2024; Crompton et al., 2024; Garcia et al., 2025; 
Garzón et al., 2025; Memarian & Doleck, 2024). 
 
To account for this shift, this study adopted the intelligent-TPACK framework 
(see Figure 1). This move aligns with emerging framework-building work in AI 
education and educator preparation, as well as with recent attempts to connect 
TPACK more explicitly to AI adoption and pedagogical intelligence (Black et al., 
2024; Chiu, 2025; Liu & Zhong, 2025; Oved & Alt, 2025; Karataş & Ataç, 2025). 
Considering this perspective, technological knowledge (TK) is expanded to 
include AI-specific competencies: understanding how machine learning models 
operate; how they fail (e.g., hallucinations, bias); and how they can be embedded 
into tasks responsibly. Empirical studies using structural equation modeling have 
shown that this AI-TK is distinct from general digital literacy and acts as a 
bottleneck; without it, teachers struggle to develop the pedagogical strategies 
necessary for AI-augmented environments. 
 

 
Figure 1: The evolution from traditional TPACK to intelligent-TPACK 

 
In parallel, emerging empirical work suggests that AI-related technological 
knowledge is not reducible to general digital literacy and may function as a 
precursor or constraint on teachers’ willingness and ability to adopt educational 
AI tools for teaching purposes (Karataş & Ataç, 2025; Oved & Alt, 2025; Rahimi & 
Rezvani, 2024). In this perspective, teachers must develop not only technological 
knowledge in the conventional sense but also AI-specific competencies: 
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understanding how machine learning models operate; how they can fail (e.g., 
hallucinations, bias); and how they can be embedded into tasks, assessments, and 
feedback in ways that are aligned with learning outcomes and ethical norms. 
Empirical studies using structural equation modeling have shown that AI-TK is 
empirically distinct from general digital literacy and functions as a bottleneck for 
the development of AI-oriented pedagogical knowledge. Without this 
foundational AI-TK, teachers struggle to redesign their teaching in AI-augmented 
environments, even when they are comfortable with other digital tools. 
 
2.2 Conceptualizing Faculty AI literacy Dimensions 
Within this study, faculty AI literacy is conceptualized as a multi-dimensional 
construct that encompasses: 
1. Conceptual and operational knowledge: Understanding the basic mechanisms 

of large language models and related AI tools, including their probabilistic 
nature and limitations. 

2. Application skills: The ability to use AI tools effectively for teaching- and 
research-related tasks (e.g., prompting, summarizing, generating exemplars). 

3. Ethical and critical awareness: Sensitivity to issues such as bias, privacy, 
hallucinations, intellectual property, and academic integrity. 

4. Pedagogical integration (AI-TPACK): The capacity to redesign curricula, 
tasks, and assessments so that AI is used as a learning partner, rather than a 
shortcut, and so that academic standards are preserved or enhanced. 

 
Recent work on pedagogic AI competence argues that these dimensions are not 
interchangeable; technical or operational proficiency without ethical judgment 
may encourage uncritical adoption, while conceptual understanding without 
pedagogical integration is unlikely to transform teaching practice. Accordingly, 
contemporary educator-focused AI competence frameworks emphasize an 
integrated model in which conceptual, technical, ethical, and pedagogical 
capacities are developed together to enable responsible and instructionally 
meaningful AI use (Celik, 2023; Chiu, 2025; Mikeladze & Meijer, 2024; Zou et al., 
2025). 
 
2.3 AI literacy and Pedagogical Quality 
The AI competency gap has direct implications for pedagogical quality. Studies 
on students’ adoption of ChatGPT and similar tools indicate that learners are often 
faster than their instructors in exploring AI’s affordances. When faculty do not 
adapt assessment formats, criteria, and feedback practices to account for such 
tools, traditional assignments (e.g., generic essays, simple problem sets) become 
vulnerable to undetected AI-generated content. This undermines the validity of 
the assessment and can erode trust in grades and qualifications. 
 
Conversely, when teachers develop high levels of AI-TPACK, they can use AI to 
support more authentic and higher-order learning: for example, by asking 
students to critique AI-generated outputs, design prompts, or compare human 
and AI solutions. Evidence from English language teaching and other fields 
suggests that AI-literate educators are able to reduce routine preparation time, 
increase personalization, and create richer opportunities for formative feedback. 
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However, such innovation depends on deep integration, rather than superficial 
use. Teachers must understand what AI does well, where it fails, and how it can 
be situated within disciplinary epistemologies. 
 
2.4 AI literacy and Scholarly Productivity 
While much of the literature on AI in education has centered on teaching and 
learning, an expanding strand of scholarship has also examined its implications 
for academic research. In this area, GenAI tools are increasingly described as 
useful for streamlining literature exploration, supporting drafting, and assisting 
with routine analytic or coding tasks, thereby improving research efficiency and 
potentially lowering linguistic and procedural barriers for some scholars. At the 
same time, the literature consistently warns that uncritical use may create serious 
integrity risks, including hallucinated citations, unreliable or fabricated outputs, 
and inappropriate delegation of authorial work in manuscript preparation (Aithal 
& Aithal, 2023; Ali, Murray et al., 2024; Ali, Fatemi et al., 2024; Almahasees & 
Awabdeh, 2024; Baig & Yadegaridehkordi, 2024; Belkina et al., 2025). 
 
Within this dual landscape, AI literacy again becomes a decisive factor. Scholars 
who understand the capabilities, limits, and risks of generative AI are better 
positioned to use it for routine or low-level tasks—such as idea generation, 
language refinement, and preliminary drafting—while retaining human 
responsibility for conceptual framing, methodological rigor, interpretation, and 
final authorship. By contrast, uncritical or merely operational use may increase 
the likelihood of inaccurate outputs, hallucinated references, biased content, and 
breaches of research integrity or authorship norms. Therefore, a nuanced 
understanding of AI is essential not only for teaching, but also for safeguarding 
the integrity, credibility, and quality of scholarly work (Aithal & Aithal, 2023; Ali 
et al., 2024; Baig & Yadegaridehkordi, 2024; Belkina et al., 2025). 
 
2.5 Barriers to AI-TPACK Development 
The persistence of the AI-TPACK chasm can be explained through a combination 
of psychological, structural, and cultural barriers. At the psychological level, 
many educators experience AI anxiety, driven by fears of being replaced, of losing 
control over assessment, or of being exposed as digitally incompetent. Self-
efficacy beliefs, shaped by prior experiences with educational technologies, 
strongly influence willingness to engage with AI. This interpretation is broadly 
compatible with studies of teacher attitudes, perceptions, and acceptance that 
document hesitation, uncertainty, and variability in AI readiness among 
educators (Aghaziarati et al., 2023; Yim & Wegerif, 2024; Hsu & Silalahi, 2024; 
Kaya & Adıgüzel, 2025). 
 
Structurally, professional development offerings often remain tool-centric, 
focusing on how to access or operate specific platforms, rather than on how to 
design AI-aligned pedagogy. This critique is reinforced by recent reviews of AI-
focused professional development and educator preparation, which emphasize 
the need for more conceptually grounded and pedagogy-led forms of training 
(Brandão et al., 2024; Dogan et al., 2025; Black et al., 2024; David et al., 2025). Time 
constraints, lack of institutional incentives, and absence of clear policies on AI in 
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teaching and research further discourage experimentation. Culturally, academic 
communities that strongly valorize traditional methods may view AI with 
suspicion, framing early adopters as ‘cutting corners’, rather than innovating, 
which discourages adoption among the early and late majority. 
 
Qualitative and perception-focused studies in higher education similarly suggest 
that AI can be framed simultaneously as support, disruption, or even 
replacement, which may explain why some faculty remain cautious despite 
recognizing its utility (Har, 2023; Nguyen, 2023; Haroud & Saqri, 2025). These 
barriers align with core constructs in the diffusion of innovations theory, such as 
perceived complexity, compatibility with existing values, and observability of 
benefits. In many institutions, AI is still perceived as complex, misaligned with 
academic traditions, and insufficiently legitimized by leadership, leading to 
irregular and uneven adoption patterns across departments and ranks. This 
interpretation is also consistent with adoption studies linking uptake to perceived 
usefulness, available support, and alignment with existing pedagogical beliefs 
and institutional norms (Cabero-Almenara et al., 2024; Barakat et al., 2024; Molefi 
et al., 2024). 
 
2.6 Research Gap 
Research on AI in education is expanding, but relatively few studies examine in-
service university faculty or connect AI literacy to concrete teaching and research 
outcomes. Fewer still examine both pedagogical practice and scholarly 
productivity within one model. This expansion is especially visible in recent 
systematic reviews on curriculum, instruction, assessment, teaching and learning, 
and broader institutional adoption, although much of this work remains 
descriptive or distributed across separate subfields (Liang et al., 2025; Phokoye et 
al., 2025; Salih et al., 2024; Sok & Heng, 2024; Mustafa et al., 2024). Cross-sector 
reviews also indicate that AI’s educational implications are being discussed across 
school, teacher-education, and higher-education settings, which strengthens the 
rationale for examining faculty competence as part of a larger systems transition 
(Crompton et al., 2024; Garcia et al., 2025; David et al., 2025). 
 
Recent studies show cautious optimism toward GenAI alongside concerns about 
ethics, reliability, and assessment integrity, while also reporting limited formal 
training and strong demand for discipline-sensitive guidance. Evidence from 
Arab and Global South higher education remains comparatively limited. This 
cautious optimism is reflected in studies of stakeholder perceptions and ChatGPT 
use, which repeatedly report mixed acceptance, perceived utility, unresolved 
ethical concerns, and a need for stronger literacy and guidance (Hasanein & 
Sobaih, 2023; Haroud & Saqri, 2025; Kaya & Adıgüzel, 2025; Dube et al., 2024; 
Dimeli & Kostas, 2025; Mekheimer, 2025; Sposato, 2025; Yang et al., 2024). At the 
same time, existing regionally relevant evidence is still relatively scattered, with 
available studies tend to focus on specific stakeholder groups, local perceptions, 
or discipline-bound cases, rather than integrated institution-level models 
(Hasanein & Sobaih, 2023; Mekheimer & Fageeh, 2026; Mutanga et al., 2024; 
Nguyen, 2023; Rahimi & Rezvani, 2024). 
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This study addresses this gap by empirically linking four dimensions of AI 
literacy to two critical domains of academic work—teaching and research—while 
also examining how these relationships vary by rank and discipline. In doing so, 
it operationalizes the AI-TPACK paradigm as a measurable competency set and 
uses it to quantify the consequences of AI literacy deficits, rather than merely 
attitudes toward adoption. 
 

3. Methodology 
3.1 Research Design 
The study used a cross-sectional survey with a quantitative correlational core and 
an embedded qualitative component. An online questionnaire measured AI 
literacy, pedagogical practices quality, and scholarly productivity, plus two 
optional open-ended prompts. No interviews were conducted. The quantitative 
strand addressed descriptive levels, associations, and group differences, while the 
qualitative strand contextualized faculty concerns, constraints, and enabling 
conditions. 
 
3.2 Context and Participants 
The participants were full-time faculty members at a large public university, 
representing three disciplinary clusters: science, technology, engineering and 
mathematics (STEM), social sciences, and humanities and arts. A total of 691 
complete responses were retained for analysis after data screening. 
 
Academic rank distribution was as follows: lecturer (n = 202, 29.2%), assistant 
professor (n = 175, 25.3%), associate professor (n = 161, 23.3%), and professor (n = 
153, 22.1%). Disciplinary distribution was relatively balanced: STEM (n = 232, 
33.6%), social sciences (n = 223, 32.3%), and humanities and arts (n = 236, 34.1%). 
This spread enabled meaningful comparisons across both rank and discipline in 
the quantitative analyses. 
 
A substantial proportion of the participants also provided written answers to at 
least one of the open-ended questions about their use of GenAI and their main 
concerns or reservations. These narrative comments formed the qualitative 
dataset used to enrich and interpret the patterns observed in the quantitative 
results. 
 
3.3 Instruments 
The survey included demographic items, four AI literacy subscales, two outcome 
scales, and two open-ended prompts. The instrument drew on established 
TPACK measurement work and adapted that tradition to AI-specific 
competencies conceptualized here as intelligent-TPACK. 
 
Part I: Demographic information 
The participants reported academic rank and disciplinary cluster (STEM, social 
sciences, humanities and arts). This information was used primarily to address 
RQ3. 
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Part II: AI literacy dimensions 
Informed by the AI-TPACK and AI competence literature and refined through 
expert review, four AI literacy subscales were developed. Each subscale 
comprised five items rated on a 5-point Likert scale (1 = strongly disagree to 5 = 
strongly agree), giving each dimension a possible score range of 5–25: 
1. Conceptual knowledge (5 items; e.g., understanding how large language 

models generate text and their limitations). 
2. Application skills (5 items; e.g., ability to use AI tools for teaching-related 

tasks). 
3. Ethical and critical awareness (5 items; e.g., recognizing hallucinations, bias, 

and privacy risks). 
4. Pedagogical integration (AI-TPACK) (5 items, e.g., redesigning assessments 

and tasks in light of AI). 
 

Composite scores were calculated for each dimension and for an overall AI 
literacy index. Reliability was adequate for conceptual knowledge (alpha = .69), 
application skills (alpha = .65), and ethical/critical awareness (alpha = .78), while 
AI-TPACK showed lower reliability (alpha = .59). Accordingly, AI-TPACK results 
are interpreted cautiously and treated as indicative rather than definitive. 
 
Part III: Pedagogical practices quality and scholarly productivity 
The two outcome scales were designed to capture core aspects of faculty work: 
1. Pedagogical practices quality (PPQ) captured the extent to which teaching had 

been adapted for an AI-rich environment, including assessment redesign, 
guidance on acceptable use, and tasks that require students to critique or 
improve AI outputs. 

2. Scholarly productivity (SP) captured self-reported frequency and quality of 
recent scholarly outputs across publications, presentations, and fundable 
proposals (alpha = .65). 

 
A composite output quality index was formed by summing PPQ and SP scores  
(α = .90) and was used in some correlational analyses to capture overall academic 
performance. 
 
Part IV: Open-ended questions 
The two optional open-ended questions invited participants to describe concrete 
uses of GenAI in teaching or research and to identify their main concerns. These 
responses were used to contextualize the quantitative findings. 
 
3.4 Data Collection and Analysis 

The survey was disseminated electronically through faculty mailing lists and 
departmental channels. Participation was voluntary and anonymous; informed 
consent was obtained at the beginning of the survey. Data were exported to a 
statistical package for quantitative analysis, while open-ended responses were 
exported to a qualitative analysis environment for thematic coding. 
 
Quantitative data analysis proceeded in four stages: 
1. Descriptive statistics (means, standard deviations, ranges) for all AI literacy 

dimensions and outcome scales, addressing RQ1. 
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2. Reliability analysis (Cronbach’s alpha) for each subscale. 
3. Bivariate and multivariate associations, including Pearson correlations among 

AI literacy dimensions and outcome variables, followed by multiple 
regression models predicting PPQ and SP from the four AI literacy 
dimensions (RQ2). 

4. Group comparisons, using one-way ANOVAs to examine differences in AI 
literacy and outcomes by disciplinary cluster and academic rank, followed by 
post hoc comparisons where relevant (RQ3). 

 
Assumptions of normality, linearity, homoscedasticity, and multicollinearity 
were checked. While some variables exhibited mild skewness, diagnostics 
indicated no severe violations; variance inflation factors (VIFs) remained below 
common cutoffs. The open-ended responses were analyzed using reflexive 
thematic analysis. Researchers identified recurring ideas, refined them into a 
shared coding scheme, and grouped them into broader themes used to interpret 
the quantitative patterns. 
 

4. Results 
4.1 Correlations Among AI Literacy and Academic Outcomes 
Pearson correlations examined relationships among the four AI literacy 
dimensions, the composite AI literacy index, and the three outcome variables. As 
shown in Table 1, all correlations were positive, statistically significant (p < .001), 
and generally large. The four AI literacy dimensions were strongly interrelated 
and each correlated highly with the composite AI literacy score. 
 
Correlations with pedagogical practices quality ranged from r = .54 to r = .75, and 
correlations with scholarly productivity ranged from r = .61 to r = .78. Perceived 
output quality was also strongly related to both outcomes. 
 

Table 1: Intercorrelations among AI literacy dimensions  
and academic outcomes (N = 691) 

Variable 1 2 3 4 5 6 7 8 

1.  Conceptual Knowledge —        

2.  Application Skills .81* —       

3. Ethical/Critical Awareness .73* .71* —      

4.Pedagogical Integration (AI-
TPACK) 

.65* .64* .60* —     

5. AI Literacy (Composite) .91* .90* .88* .82* —    

6.  Pedagogical Practices Quality .75* .64* .54* .71* .75* —   

7.  Scholarly Productivity .78* .69* .61* .65* .78* .80* —  

8. Output Quality (Composite) .80* .70* .61* .72* .80* .96* .94* — 

Note: p < .001 for all correlations 

 
4.2 Predicting Pedagogical Practices Quality 
A hierarchical regression tested pedagogical practices quality as the criterion 
variable. Predictors were entered in sequence from foundational to design-
oriented competence: conceptual knowledge, pedagogical integration (AI-
TPACK), then ethical/critical awareness. Application skills did not add unique 
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variance once the first two predictors were controlled and was removed for 
parsimony. Conceptual knowledge explained 56.7% of the variance; adding AI-
TPACK increased explained variance to 65%; and adding ethical/critical 
awareness produced a small final gain. The final model explained 66% of the 
variance (R2 = .66). Conceptual knowledge was the strongest positive predictor, 
followed by AI-TPACK, while ethical/critical awareness showed a small negative 
coefficient that is interpreted cautiously as a possible overlap or suppression 
effect. 
 

Table 2: Hierarchical regression of AI literacy on pedagogical practices quality (N = 
691) 

Predictor B SE B β t p 

Intercept −0.02 0.38 — −0.04 .965 

Conceptual Knowledge 0.63 0.04 .57 16.24 < .001 

Pedagogical Integration (AI-
TPACK) 

0.48 0.04 .41 13.44 < .001 

Ethical and Critical Awareness −0.11 0.03 −.12 −3.47 < .001 

Note: R² = .66, Adjusted R² = .66 for the final model 

 
4.3 Predicting Scholarly Productivity 
A second hierarchical regression examined self-reported scholarly productivity. 
Predictors were entered as conceptual knowledge, AI-TPACK, and application 
skills. Ethical/critical awareness did not add unique variance in preliminary 
models and was excluded from the final parsimonious model. 
 
Conceptual knowledge explained 60.3% of the variance in scholarly productivity. 
Adding AI-TPACK raised explained variance to 64%, and application skills added 
a small but significant increment. In the final model (R2 = .64), conceptual 
knowledge remained the strongest predictor, followed by AI-TPACK, with 
application skills contributing a modest positive effect. 
 

Table 3: Hierarchical regression predicting scholarly productivity from AI literacy 
dimensions (N = 691) 

Predictor B SE B β t p 

Intercept 1.93 0.35 — 5.59 < .001 

Conceptual Knowledge 0.53 0.04 .54 13.37 < .001 

Pedagogical Integration (AI-
TPACK) 

0.24 0.03 .23 7.51 < .001 

Application Skills 0.10 0.04 .10 2.51 .012 

Note: R² = .64, Adjusted R² = .64 for the final model 

 
4.4 Group Differences by Discipline and Rank 
The analysis of variance (ANOVAs) showed significant differences in AI literacy 
and academic outcomes by both discipline and academic rank. Discipline effects 
were consistently larger (partial eta squared = .19-.35) than rank effects (partial eta 
squared = .02-.06). 
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Table 4: ANOVA summary for AI literacy and outcomes by discipline (N = 691) 

Outcome 
F (2, 
688) 

p 
Partial 

η² 
STEM M 

(SD) 

Social 
Sciences 
M (SD) 

Humanities 
& Arts M 

(SD) 

Conceptual Knowledge 174.46 
< 
.001 

.34 22.40 (2.45) 18.65 (2.50) 15.32 (2.60) 

Application Skills 148.83 
< 
.001 

.30 21.85 (2.55) 18.20 (2.45) 15.50 (2.55) 

Ethical and Critical 
Awareness 

137.02 
< 
.001 

.28 16.50 (2.65) 19.85 (2.40) 21.60 (2.35) 

Pedagogical Integration (AI-
TPACK) 

80.19 
< 
.001 

.19 17.80 (2.40) 20.10 (2.25) 16.45 (2.50) 

AI Literacy (Composite) 184.79 
< 
.001 

.35 78.55 (8.50) 76.80 (8.20) 68.87 (8.85) 

Pedagogical Practices 
Quality 

141.81 
< 
.001 

.29 18.40 (2.35) 21.15 (2.15) 15.65 (2.45) 

Scholarly Productivity 149.08 
< 
.001 

.30 20.65 (2.50) 17.90 (2.60) 14.50 (2.40) 

Output Quality (Composite) 168.49 
< 
.001 

.33 21.45 (2.25) 18.40 (2.40) 14.85 (2.35) 

 
Table 4 indicates clear discipline-based differences. STEM faculty reported the 
highest conceptual knowledge, application skills, and overall AI literacy, while 
humanities and arts reported the highest ethical and critical awareness. Social 
sciences showed the strongest pedagogical integration. All discipline differences 
were statistically significant with large effect sizes. The same pattern extended to 
outcomes: social sciences scored highest on pedagogical practices quality, STEM 
scored highest on scholarly productivity and output quality, and humanities and 
arts scored lowest on the composite outcome measures. Together, these results 
support a discipline-based AI-TPACK chasm. 
 
Additional ANOVAs examined differences across academic ranks in the four AI 
literacy dimensions, the composite literacy score, and the three outcome variables 
(Table 5). 
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Table 5: ANOVA summary for AI literacy and outcomes by academic rank (N = 691) 

Outcome 
F (3, 
687) 

p 
Partial 

η² 

Lecturer 
M (SD) 

Assistant 
Prof. M 

(SD) 

Associate 
Prof. M 

(SD) 

Professor 
M (SD) 

Conceptual Knowledge 4.97 .002 .02 
19.30 
(2.80) 

18.95 
(2.75) 

18.40 
(2.90) 

17.65 
(3.00) 

Application Skills 9.39 
< 

.001 
.04 

19.65 
(2.70) 

19.10 
(2.65) 

18.05 
(2.80) 

17.20 
(2.90) 

Ethical and Critical 
Awareness 

15.38 
< 

.001 
.06 

17.50 
(2.80) 

18.45 
(2.70) 

20.25 
(2.60) 

20.90 
(2.55) 

Pedagogical Integration 
(AI-TPACK) 

15.83 
< 

.001 
.06 

16.60 
(2.75) 

18.80 
(2.55) 

19.65 
(2.45) 

18.15 
(2.60) 

AI Literacy (Composite) 7.81 
< 

.001 
.03 

73.05 
(9.50) 

75.30 
(9.20) 

76.35 
(9.60) 

73.90 
(9.80) 

Pedagogical Practices 
Quality 

14.36 
< 

.001 
.06 

16.85 
(2.65) 

18.40 
(2.50) 

19.90 
(2.35) 

19.10 
(2.45) 

Scholarly Productivity 6.19 
< 

.001 
.03 

16.45 
(2.85) 

18.60 
(2.70) 

18.10 
(2.80) 

17.40 
(2.90) 

Output Quality 
(Composite) 

8.41 
< 

.001 
.04 

17.90 
(2.60) 

19.35 
(2.45) 

18.70 
(2.50) 

17.45 
(2.75) 

 
Academic rank was associated with statistically significant but smaller differences 
across all variables (all p < .01; partial eta squared = .02-.06). Lecturers tended to 
report stronger basic conceptual and applied skills, professors showed higher 
ethical and critical awareness, and pedagogical integration was strongest in the 
middle ranks. 
 
Rank differences in the composite AI literacy score and in the three outcome 
variables were statistically reliable but modest. Pedagogical practices quality 
showed one of the largest rank effects, while scholarly productivity and output 
quality varied more moderately across ranks. Overall, rank differences were most 
visible in ethical/critical awareness, pedagogical integration, and pedagogical 
practices quality, whereas differences in basic conceptual knowledge were 
smaller. 
 
4.5 Summary of Findings 
Overall, the quantitative findings support AI literacy as a multi-dimensional 
capability set. Conceptual knowledge and pedagogical integration showed the 
strongest associations with pedagogical quality and scholarly productivity, 
indicating that understanding AI matters most when it is translated into 
instructional and scholarly practice. 
 
A more nuanced pattern emerged for ethical and critical awareness. Its weaker, 
and in some models negative, association with pedagogical quality should be 
interpreted cautiously as a possible suppression or caution effect, rather than a 
straightforward harmful influence. 
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Finally, group comparisons point to an uneven institutional landscape. Rank 
differences were modest, but discipline differences were consistently large: STEM 
was strongest in conceptual and applied competence, social sciences in 
pedagogical integration, and humanities and arts in ethical-critical orientation but 
with lower overall literacy and outcomes. These findings reinforce the need for 
discipline-sensitive support. 
 
4.6 Qualitative Analysis of Open-Ended Responses  
The survey also included optional open-ended prompts about concrete AI uses 
and main concerns. A substantial subset of the participants provided short written 
comments that complemented the quantitative trends. These responses were 
analyzed thematically and yielded five linked themes: opportunity-risk 
ambivalence, assessment pressure, a gap between innovators and the majority, AI 
in scholarly work, and calls for stronger institutional support. 
 
4.6.1 Opportunity–risk ambivalence and AI anxiety 
Across disciplines and ranks, faculty comments showed clear ambivalence: many 
viewed AI as a useful assistant for efficiency and feedback, yet also expressed 
anxiety about control, integrity, and professional identity. 
 
Illustrative comments contrasted enthusiasm about AI-generated explanations 
with concern about relying on a system that feels opaque or difficult to verify. 
This pattern aligns with the quantitative finding that conceptual knowledge is a 
bottleneck. Faculty with stronger understanding described more constructive 
experimentation, while those with weaker understanding linked AI to anxiety, 
moral unease, and avoidance. 
 
4.6.2 Assessment validity under pressure 
A second theme was pressure on traditional assessment. Many faculty, especially 
in writing-intensive fields, described an assessment crisis driven by the ease of AI-
assisted student work.  Typical comments expressed distrust of take-home writing 
and a reactive shift toward oral exams, in-class writing, or project work, often 
without a coherent redesign strategy. Only a minority described deliberate AI-
resilient assessment redesign. This supports the quantitative result that AI-
TPACK is distinct from general awareness: many faculty recognize the problem 
but lack design strategies to respond productively. 
 
4.6.3 The AI-TPACK chasm: innovators vs the majority 
The qualitative data also illustrated a two-speed pattern. A smaller group of 
innovators, more common in STEM and senior ranks, described sophisticated AI-
augmented teaching practices. Examples included generating alternative problem 
sets, refining AI outputs, and asking students to compare their own solutions with 
AI-generated ones. By contrast, many others, especially in humanities and some 
social sciences, described themselves as struggling to keep up, which reflects the 
measured AI-TPACK gap. Thus, the chasm is not only statistical; it is also 
experienced as a social divide between confident adopters and more cautious 
colleagues. 
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4.6.4 AI in the ecology of scholarly work 
A fourth theme concerned scholarly work. Faculty with higher AI literacy 
described using AI to brainstorm, refine language, structure drafts, and support 
routine research tasks, usually alongside manual verification. Others, however, 
described AI as creating new invisible labor because outputs still require careful 
checking, rewriting, and source verification. Some of the participants, especially 
in humanities and social sciences, also worried that heavy reliance on AI could 
dilute scholarly voice or originality. Again, critical awareness without clear 
guidance appeared to encourage caution, rather than confident use. 
 
4.6.5 Institutional vacuum and calls for structured support 

A final theme was the perception of an institutional vacuum. Faculty often 
reported limited guidance on acceptable AI use, assessment redesign, and 
research integrity. Comments repeatedly called for clearer policy, dedicated 
professional development, discipline-specific exemplars, and recognition of the 
time needed to redesign courses. Some faculty linked this vacuum directly to the 
rank and discipline gaps found in the quantitative analysis, with early-career and 
non-STEM staff describing greater vulnerability. This reinforces the study’s 
central argument: AI literacy and AI-TPACK are shaped not only by individual 
skill, but also by organizational structures and support. 
 
4.6.6 Synthesis of qualitative and quantitative findings 
Overall, the qualitative findings deepen the quantitative results. They show how 
conceptual grounding and design capacity distinguish confident experimentation 
from anxious avoidance, and how the measured discipline gaps are experienced 
in everyday academic work. Considered together, the qualitative evidence 
suggests that bridging the AI-TPACK chasm requires conceptual grounding, 
design-based development, and visible institutional support. 
 

5. Discussion 
5.1 From TPACK to Intelligent-TPACK and AI-TPACK 
The results support the move from general TPACK to intelligent-TPACK and AI-
TPACK. Across models, conceptual knowledge and pedagogical integration were 
the strongest predictors of both pedagogical quality and scholarly productivity. 
The qualitative findings clarify why this is so: faculty who understood how AI 
works and how to redesign tasks around it described more confident and 
purposeful use, whereas those who saw AI as a ‘black box’ reported minimal or 
defensive change. 
 
5.2 The Caution Trap: Ethical Awareness Without Design 
A notable finding is the small negative association between ethical and critical 
awareness and pedagogical practices quality in the final regression model. The 
qualitative data suggest that strong concern, when not paired with AI-TK and AI-
TPACK, can translate into restrictive or avoidance-oriented responses. Faculty 
caught in this caution trap described bans, defensive assessment choices, and 
uncertainty about losing control, which aligns with prior reports of moral panic 
and risk-averse responses among educators. The finding does not mean ethical 
awareness is harmful. Rather, ethics appears most useful when coupled with 
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concrete design strategies such as AI-resilient tasks, transparency expectations, 
and explicit reflection on AI use. 
 
5.3 AI Literacy and the Ecology of Scholarly Work 
The strong link between AI literacy and scholarly productivity suggests that 
GenAI is already embedded in academic knowledge work. Faculty with higher 
AI literacy reported using AI to brainstorm, refine drafts, support translation, and 
explore analytic options, usually with active fact-checking. At the same time, the 
qualitative data highlight ambivalence: AI can reduce routine work, but it can also 
add labor through verification, editing, and source checking. 
 
5.4 Structural Inequalities: Discipline and Rank 
The ANOVA findings also show that the AI-TPACK chasm is structured by 
discipline and rank. STEM faculty were more likely to report advanced 
experimentation, while many humanities and social sciences faculty positioned 
themselves as still catching up. These patterns point to a structurally patterned 
skills gap and underscore the need for differentiated, not one-size-fits-all, support. 
 
5.5 Practical Implications 
The converging quantitative and qualitative evidence points to several pressing 
implications for institutional policy and faculty development; institutions should 
adopt pedagogy-first GenAI integration by aligning faculty development with 
assessment redesign, research integrity, and clear, discipline-sensitive guidance. 
Support should explicitly connect conceptual knowledge to hands-on AI-TPACK 
and provide targeted mentoring and exemplars for non-STEM and early-career 
staff. 
 

6. Limitations and Future Research 
This study has four main limitations. First, its cross-sectional, self-report design 
does not support causal inference and may inflate associations. Second, overlap 
among predictors may contribute to suppression patterns. Third, the AI-TPACK 
subscale showed relatively low reliability and needs refinement. Fourth, the 
findings are anchored in one institutional setting, so cross-context comparison is 
still needed. 
 
These limits sharpen the policy message: closing the AI competency gap is not just 
a technical issue but a strategic quality issue. As AI becomes embedded in 
academic work, universities need clear acceptable-use rules, assessment integrity 
guidance, and pedagogy-first capacity building that combines ethical judgment, 
conceptual understanding, and practical design skills. Implementation also has 
resource implications. Institutions need time, staffing, and design support to 
sustain this work, and support should be differentiated across career stages so 
that both early-career and senior faculty can engage confidently and responsibly. 
 
Future research should use longitudinal and comparative designs, triangulate 
self-reports with behavioral indicators, and examine how students perceive 
fairness, feedback quality, and transparency in AI-mediated teaching. 
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Overall, closing the AI-TPACK chasm requires more than awareness or tool 
access. It requires coordinated policy, resources, and professional learning that 
support responsible AI integration in teaching and research. 
 

7. Conclusion 
This study advances scholarship on GenAI in higher education by linking faculty 
AI literacy to measurable institutional outcomes, rather than linking it to adoption 
intentions alone. Modelling AI literacy as a four-dimensional construct, it shows 
that conceptual knowledge and pedagogical integration are the most consistent 
predictors of pedagogical practices quality and scholarly productivity. The mixed-
methods findings also explain why risk awareness can coincide with weaker 
pedagogical change: when ethical concern is not paired with practical design 
strategies, faculty may respond defensively through bans, avoidance, or AI-
vulnerable assessment choices.  
 
In addition, discipline and career-stage disparities lead to an emerging two-speed 
university in which some staff can use GenAI productively while others struggle 
under policy ambiguity and unequal access to support. Universities should 
therefore move beyond tool-centric workshops and invest in design-based, 
discipline-sensitive development that integrates conceptual, ethical, and 
pedagogical competencies. 
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