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The purpose of this study was to examine teachers’ technological pedagogical content knowledge
[TPACK], technostress, and artificial intelligence [AI] acceptance. Specifically, the study aimed to
determine overall levels, examine differences based on gender, educational level, professional experience,
and subject area, and analyze the relationships among these variables, including the predictive roles of
TPACK and technostress in explaining Al acceptance. The sample comprised 204 middle and high school
teachers. Teachers reported high levels of TPACK perceptions and Al acceptance, and moderate levels of
technostress. Al acceptance differed significantly by gender and professional experience, with female and
early-career teachers showing higher acceptance, whereas TPACK and technostress did not differ
significantly across these groups. Subject area differences emerged for TPACK and technostress, but not
for Al acceptance; arts and physical education teachers reported higher TPACK, whereas humanities
teachers experienced higher technostress. No significant differences were found across educational levels
for TPACK, technostress, or Al acceptance. TPACK was negatively associated with technostress and
positively associated with Al acceptance, whereas technostress showed no significant relationship with Al
acceptance. TPACK significantly predicted Al acceptance, explaining 11.4% of the variance, while
technostress did not emerge as a significant predictor. The findings underscore the central role of
technopedagogical competence in shaping teachers’ adoption of Al, while highlighting the influence of
factors such as gender and experience.
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1. Introduction

Rapidly advancing digital technologies are profoundly transforming individual and social life in post-
industrial societies (Trusz & Demeshkant, 2025). At the center of this transformation, artificial intelligence
[AI] has emerged as one of the most influential driving forces accelerating restructuring processes across
numerous domains, including economic systems, professional practices, and educational environments
(Aravantinos et al., 2026; Peres et al, 2023). In the context of education, Al-based tools offer
multidimensional opportunities, including personalized learning, timely and personalized feedback, Al-
assisted assessment, stronger student engagement, and, in some task-specific contexts, support for creative
processes and skill development (Ajani et al., 2025; Aravantinos et al., 2026; Baudin, 2025; Fitriati & Williyan,
2025; Kaplan et al., 2026; Kaskaya & Ates, 2025; Kavitha & Joshith, 2024; Okanya & Asogwa, 2026; Simiyu et
al., 2026). Intelligent tutoring systems and generative Al applications are increasingly supporting the
planning, implementation, and evaluation of teaching processes. Accordingly, Al is no longer viewed merely
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as a supportive technological tool but rather as a strategic component capable of transforming teaching and
learning processes.

Nevertheless, the integration of Al into education extends beyond a purely technical adaptation process.
It entails a multilayered transformation involving pedagogical restructuring, professional identity, beliefs
about technology, ethical responsibilities, and psychological adaptation. Although Al tools have the
potential to enhance instructional efficiency and reduce teachers’” workload, they may simultaneously
generate uncertainty, perceptions of loss of control, and concerns regarding professional displacement
(Green, 2020; Wang et al., 2024). In this context, teachers constitute the key actors determining the role of Al
within classroom practices. Their perceptions of competence and experiences of stress play a critical role in
shaping whether Al is perceived as a pedagogical resource that enhances teaching or as a potential threat to
professional autonomy.

Understanding the factors that shape teachers’ acceptance of Al is therefore crucial for achieving
sustainable and effective technology integration in education. In this regard, two key constructs have been
particularly prominent in explaining teachers’ acceptance of Al: Technological Pedagogical Content
Knowledge [TPACK] and technostress. TPACK reflects teachers’ competencies in integrating technology,
pedagogy, and content knowledge within instructional design (Koehler & Mishra, 2005), whereas
technostress refers to the psychological strain arising from technological demands that exceed an
individual’s coping capacity (Brod, 1984). In the context of complex and rapidly evolving technologies such
as Al, these two constructs represent both the cognitive and affective resources that shape teachers’
adaptation to technological change.

2. Literature Review
2.1. Technological Pedagogical Content Knowledge

The TPACK framework, developed by Koehler and Mishra (2005), conceptualizes teachers’ knowledge as
the dynamic interaction among content knowledge, pedagogical knowledge, and technological knowledge.
Rather than treating technology as an independent skill domain, this approach emphasizes its integrated use
in alignment with pedagogical purposes and disciplinary content. Research indicates that deficiencies in
TPACK competencies may limit teachers’ intentions to integrate technology and constrain their adoption
and implementation of innovative instructional approaches (Blackwell et al., 2016; Joo et al., 2016; Koh et al.,
2017). Moreover, the literature consistently reports a negative relationship between TPACK and technostress
(Dong et al., 2019; Ozgiir, 2020). In this regard, TPACK competence is considered an important factor in
reducing teachers’ stress levels by mitigating perceptions of technological complexity and uncertainty
(Algerafi et al., 2023).

With the rapid advancement of artificial intelligence technologies, the TPACK framework has been
expanded to encompass Al-related competencies, leading to the emergence of the AI-TPACK perspective
(Ning et al., 2024; Trusz & Demeshkant, 2025). This perspective emphasizes not only teachers’ ability to use
Al tools in alignment with pedagogical strategies and disciplinary knowledge (Ning et al., 2024) but also
their capacity to critically evaluate Al-generated outputs and ensure ethical use (Trusz & Demeshkant, 2025).
Teachers with higher levels of TPACK have been reported to use Al technologies more effectively in lesson
planning, assessment, and differentiated instruction (Aravantinos et al., 2026; Sun et al., 2023). In addition,
TPACK strengthens teachers” self-efficacy, reduces the cognitive load associated with technology use, and
functions as a psychological resource. Similarly, previous studies demonstrate that TPACK directly and
indirectly influences behavioral intentions and plays a mitigating role in reducing technostress (Dong et al.,
2019; Ozgﬁr, 2020; Teo et al., 2019; Wang et al., 2024).

2.2. Technostress

Technostress refers to the psychological and physiological strain experienced by individuals during the
process of adapting to new technologies (Brod, 1984). In educational contexts, it is defined as the stress
teachers experience while integrating digital tools and Al platforms into instructional processes (Agogo &
Hess, 2015; Khlaif et al., 2023). Tarafdar et al. (2020) conceptualize technostress through five dimensions:
techno-overload, techno-complexity, techno-insecurity, techno-invasion, and techno-uncertainty. Research
indicates that teachers’ TPACK levels are effective in reducing both overall technostress and its
subdimensions. For instance, insufficient technological knowledge may increase perceptions of technological
complexity, whereas a lack of pedagogical knowledge may intensify feelings of technological insecurity
(Kohnke et al., 2024). These stressors are known to negatively affect instructional effectiveness and teachers’
willingness to use technology (Ayyagari et al., 2011; Ozgiir, 2020).
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The algorithmic and complex nature of Al systems may further increase teachers’ perceptions of
uncertainty and loss of control (Castelvecchi, 2016). Continuous system updates and technical issues may
also reinforce teachers’ feelings of inadequacy. Studies suggest that high levels of technostress can negatively
affect teachers’ professional development (Ghanizadeh et al., 2025) and may lead to resistance toward Al
technologies (Zhang, 2025). However, strong levels of TPACK have been shown to mitigate the adverse
effects of technostress (Dong et al., 2019; Ozgiir, 2020). Accordingly, increasing TPACK competencies and
reducing technostress can strengthen positive perceptions regarding the perceived usefulness and ease of
use of Al technologies, thereby enhancing Al acceptance (Joo et al., 2016; Teo et al., 2019).

2.3. Artificial Intelligence Acceptance

Al acceptance in education refers to teachers’ intentions and behaviors regarding the integration of Al tools
into instructional processes (Wu et al., 2026). The Technology Acceptance Model [TAM] and the Unified
Theory of Acceptance and Use of Technology [UTAUT] suggest that perceived usefulness, perceived ease of
use, social influence, and facilitating conditions are key determinants shaping technology acceptance (Wang
et al.,, 2024). In the context of Al, teachers tend to demonstrate higher acceptance when they perceive that
these technologies reduce workload in tasks such as student assessment and instructional material
preparation (Ouyang et al., 2023; Ramesh & Sanampudi, 2022). Conversely, concerns related to data privacy,
ethical issues, and algorithmic bias may hinder Al acceptance (Green, 2020; Wang et al., 2024). In this
respect, teachers” TPACK competencies and levels of technostress emerge as key determinants shaping Al
acceptance.

The literature indicates a positive relationship between TPACK and Al acceptance (Teo et al., 2019; Wang
et al.,, 2024). As TPACK levels increase, perceptions of usefulness and ease of use become stronger, which in
turn enhances teachers” behavioral intentions to use Al (Durak, 2021; Hsu, 2016; Wu & Wang, 2015). When
teachers are able to integrate their pedagogical and technological knowledge with Al tools, they become
more willing to adopt these technologies in their teaching practices (An et al., 2023). On the other hand,
although the relationship between technostress and Al acceptance is generally assumed to be negative,
evidence in this area remains limited. Research on general technology acceptance indicates that technostress
negatively influences technology adoption (Joo et al., 2016; Tacy et al., 2016). However, some studies suggest
that under conditions of high TPACK competencies and school support, the influence of technostress may be
relatively limited (Wang et al., 2024).

2.4. Purpose and Significance of the Study

Despite the widespread diffusion and transformative impact of Al across many sectors (Jordan & Mitchell,
2015), research examining the psychological and pedagogical factors influencing Al use in educational
contexts remains limited. Existing studies have largely focused on the development of technical systems
(Divekar et al., 2021), highlighting the need for research that investigates teachers” psychological readiness,
techno-pedagogical competencies, and stress experiences in relation to Al acceptance in K-12 contexts (Chiu
et al., 2021; Zawacki-Richter et al., 2019). Teachers do not always possess the professional competencies
required to integrate Al tools effectively into instructional processes (Holstein et al., 2017), and they may
exhibit resistance to pedagogical changes (Schiff, 2021), which constitutes a significant barrier to the effective
adoption of these technologies in education. This situation points to an important gap in the literature
regarding Al integration.

Considering that teachers are the primary agents who structure learning processes, understanding their
perceptions and competencies holds strategic importance for the development of future Al-supported
pedagogical and instructional models (Chai et al., 2021). In this respect, the present study is significant as it
represents one of the limited number of studies that examine Al acceptance within the K-12 context through
an integrated perspective that encompasses competence and stress dimensions. Furthermore, the findings
are expected to contribute to identifying teachers’” professional development needs, structuring Al-oriented
in-service training programs, and informing educational policy development. Empowering teachers in this
regard is considered a key prerequisite for the effective and sustainable adoption of Al in education.

Ensuring the sustainable and effective integration of Al in education requires a deeper understanding of
how teachers’ technological, pedagogical, and psychological readiness is shaped by various contextual and
individual characteristics. Examining constructs such as TPACK, technostress, and Al acceptance across
demographic variables can therefore contribute to both theoretical insights and practical implications.
Previous research presents inconsistent findings regarding the influence of gender on TPACK (Li, 2023;
Zhakiyanova et al., 2023), technostress (Huffman et al., 2013; Marchiori et al., 2019; Shu et al., 2011; Tarafdar
et al.,, 2011), and Al acceptance (Ayanwale et al., 2024; Zhang et al., 2023), suggesting the need for further
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investigation across diverse cultural and educational contexts. Similarly, professional experience and age
have been identified as influential factors in technology adaptation and stress experiences, with more
experienced teachers often reporting higher levels of uncertainty and technological insecurity (Wang &
Zhao, 2023) and stronger perceptions of technology-related workload and intrusion (Depante & Astillero,
2025). Moreover, previous studies indicate that negative perceptions toward technology use may increase
with age (Burton-Jones & Hubona, 2005; Venkatesh et al., 2012). Educational level is also considered an
important cognitive and professional resource that strengthens teachers’ capacity to cope with technological
demands (Depante & Astillero, 2025; Wu et al., 2026), playing a critical role in both reducing technostress
and facilitating technology acceptance. Additionally, teachers’ subject areas and fields of expertise emerge as
important variables, given that technology and Al integration may vary across disciplines. For instance,
teachers in STEM fields have been reported to demonstrate higher levels of competence and adaptation in
technology integration (Lindner & Berges, 2020). These findings suggest that teachers’ individual and
professional characteristics may shape Al integration processes in different ways.

Accordingly, the present study aims to determine the levels of TPACK, technostress, and Al acceptance
of teachers; to examine whether these variables differ significantly according to demographic characteristics
such as gender, professional experience, educational level, and subject area; to explore the relationships
among these constructs; and to evaluate the predictive power of TPACK and technostress on Al acceptance.
By integrating pedagogical and psychological dimensions of teachers” Al acceptance, the study seeks to
contribute to a more comprehensive understanding of this emerging phenomenon. Within this scope, the
study seeks to answer the following research questions:

RQ 1) What are teachers’ levels of TPACK, technostress, and Al acceptance?

RQ 2) Do teachers’ levels of TPACK, technostress, and Al acceptance differ significantly according to
gender, professional experience, educational level, and subject area?

RQ 3) Are there significant relationships among teachers’ TPACK, technostress, and Al acceptance?

RQ 4) Do teachers’ TPACK and technostress significantly predict their Al acceptance?

3. Method
3.1. Research Design

This study employed a survey research design to examine the relationships among teachers” TPACK,
technostress, and Al acceptance and to determine whether these constructs vary according to demographic
variables. Survey research designs are widely used in educational research because they enable the
examination of patterns among multidimensional variables within natural contexts and facilitate the analysis
of differences between groups (Fraenkel et al., 2015). In the present study, this design was considered
appropriate because the aim was to identify the role of TPACK and technostress in explaining teachers” Al
acceptance, analyze the relationships among these constructs, and reveal variation patterns across different
teacher groups. Rather than implementing an experimental or causal intervention, the study sought to
examine the current situation from a multidimensional perspective. Accordingly, the study can be
characterized as a descriptive and correlational investigation aimed at depicting the current state of Al
integration in education and identifying key factors influencing teachers” acceptance of Al technologies.

3.2. Population and Sample

The population of the study consisted of teachers working at middle school and secondary school levels in
Istanbul, Tiirkiye. The sample included 204 teachers who voluntarily participated from 12 middle schools
and 12 secondary schools selected from this population. A convenience sampling method was employed due
to the researcher’s accessibility to participants and the practical feasibility of the data collection process. As a
non-probability sampling approach based on voluntary participation, convenience sampling is frequently
used in educational research because it facilitates efficient data collection aligned with research purposes
(Gravetter & Forzano, 2012). The demographic characteristics of the participants are presented in Table 1. As
shown in Table 1, 47% of the participants were middle school teachers (n = 95) and 53% were secondary
school teachers (n = 109). In terms of gender distribution, 64% were female (n = 130) and 36% were male (n =
74). The majority of the participants had 1-5 years of professional experience (n = 82; 40%). Regarding
educational level, more than half of the sample consisted of teachers holding a bachelor’s degree (n = 136;
66%). Additionally, the distribution across subject areas indicates that most of the participants worked in
quantitative/scientific subjects (n = 70; 34%).
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Table 1
Demographic Characteristics of the Sample
Demographic Characteristics N %
School level
Middle school 95 47
Secondary school 109 53
Gender
Female 130 64
Male 74 36
Professional experience
1-5 years 82 40
6-10 years 52 25
11-15 years 36 18
16 years and above 34 17
Educational level
Bachelor’s degree 136 66
Master’s degree 41 20
Doctoral degree 27 14
Subject area
Quantitative/Scientific Subjects 70 34
Humanities Subjects 58 28
Language Subjects 30 15
Arts & Physical Education Subjects 46 23

3.3. Data Collection Instruments

Three measurement instruments were used in this study to assess teachers” TPACK, technostress, and Al
acceptance. Data were collected through face-to-face administration of the scales, and the data collection
process took approximately 15-20 minutes per participant. Reliability coefficients were reported based on
the original/adaptation studies and on the internal consistency values obtained in the present study.

3.3.1. TPACK Scale for 21st-Century Skills

Teachers’ TPACK levels were measured using the TPACK scale for 21st-century skills, originally developed
by Valtonen et al. (2017) and adapted into Turkish by Alpaslan et al. (2021). Grounded in the theoretical
framework proposed by Mishra and Koehler (2006), the scale consists of seven subdimensions (TK, PK, CK,
TPK, TCK, PCK, and TPACK) and 38 items. Items are rated on a six-point Likert scale ranging from 1 (“I
have too many knowledge gaps”) to 6 (“My knowledge level is very good”). In the adaptation study, Rasch
person reliability was reported as .90 and item reliability as .91 (Alpaslan et al., 2021). In the present study,
the overall Cronbach’s alpha coefficient was found to be .96, indicating a high level of internal consistency
for the scale.

3.3.2. Teachers' Techno-stress Levels Defining Scale

Teachers’ stress levels associated with technology use were measured using the technostress scale,
developed by Coklar et al. (2017). The scale consists of 28 items and includes five subdimensions: learning-
teaching process-oriented, profession-oriented, technical issue-oriented, personal-oriented, and social-
oriented technostress. Items are rated on a five-point Likert scale ranging from 1 (“Strongly disagree”) to 5
(“Strongly agree”). In the original study, the overall Cronbach’s alpha coefficient was reported as .917. In the
present study, the overall internal consistency coefficient was calculated as .95, indicating a high level of
internal consistency for the scale.

3.3.3. Teachers” Acceptance of Artificial Intelligence in Education Instrument

Teachers’” Al acceptance levels were determined using the teachers” acceptance of artificial intelligence in
education instrument, developed by Guo et al. (2025) and adapted into Turkish by Balik¢1 and Yildiz Durak
(2025). The five-point Likert scale consists of six subdimensions: Al usage experience, perceived usefulness,
perceived ease of use, behavioral intention, self-efficacy, and anxiety, with a total of 38 items. In the
adaptation study, the overall reliability of the scale was reported as .958 (Balik¢1 & Yildiz Durak, 2025). In the
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present study, the overall Cronbach’s alpha coefficient was calculated as .94, indicating a high level of
internal consistency for the scale.

3.4. Data Analysis

The data were analyzed using IBM SPSS Statistics 27. Before statistical analyses, the dataset was examined
for missing data, outliers, and normality assumptions. For variables, skewness and kurtosis coefficients were
calculated, and all values were found to fall within the acceptable range of +1 (Tabachnick & Fidell, 2013).
Descriptive statistics (means and standard deviations) were calculated to determine teachers’ levels of
TPACK, technostress, and Al acceptance. Relationships among variables were examined using the Pearson
correlation coefficient. To compare groups based on demographic variables, independent samples t-tests and
one-way analysis of variance (ANOVA) were conducted. When significant differences were identified,
appropriate post hoc tests were applied. Furthermore, the predictive power of TPACK and technostress on
Al acceptance was tested using multiple linear regression analysis.

4. Results

In the analysis process, normality tests were first conducted to determine the suitability of the dataset for
statistical analyses. Table 2 presents the descriptive statistics and normality test results for TPACK,
technostress ve Al acceptance scales.

Table 2

Descriptive Statistics and Normality Results for TPACK, Technostress, and Al Acceptance

Variables N M SD Skewness Kurtosis
TPACK 204 432 .89 —-.26 49
Technostress 204 2.73 .97 41 —.38
Al Acceptance 204 3.78 .64 =71 .53

Table 2 presents the descriptive statistics for teachers” TPACK, technostress, and Al acceptance levels.
Skewness and kurtosis values for all variables fell within +1, indicating an approximately normal
distribution. TPACK scores, measured on a six-point Likert scale, were interpreted using the formula
[(Maximum - Minimum)/Number of options], with scores classified as very low (1.00-2.00), low (2.01-3.00),
moderate (3.01-4.00), high (4.01-5.00), and very high (5.01-6.00). According to Table 2, teachers’” TPACK
perceptions were high (M = 4.32, SD = .89). Technostress and Al acceptance scores were measured on five-
point Likert scales and interpreted according to established criteria (Coklar et al., 2017): low (1.00-2.33),
moderate (2.34-3.67), and high (3.68-5.00). Teachers’ technostress levels were moderate (M = 2.73, SD = .97),
while Al acceptance was high (M =3.78, SD = .64).

Table 3 summarizes the results of independent samples t-tests examining gender differences in TPACK,
technostress, and Al acceptance. Preliminary assessments confirmed that assumptions of normality and
homogeneity of variance were satisfied, allowing for parametric testing.

Table 3

Gender Differences in TPACK, Technostress, and Al Acceptance

Variables and Groups N M 5D 1(202) p

TPACK
Female 130 440 .88 1.79 .074
Male 74 417 .89

Technostress

Female 130 2.67 .99 —-1.230 .220
Male 74 2.85 .96

Al Acceptance

Female 130 3.86 .60 2.22 .028
Male 74 3.65 .69

Table 3 indicates that teachers” TPACK (#(202) = 1.79, p = .074) and technostress (#(202) = —1.23, p = .220)
levels did not differ significantly by gender. In contrast, a significant gender difference was found for Al
acceptance (#(202) = 2.22, p = .028). Female teachers’ mean Al acceptance score (M = 3.86, SD = 0.60) was
significantly higher than that of male teachers (M = 3.65, SD = 0.69), suggesting that gender may play a
statistically significant role in the acceptance of Al technologies in educational contexts.
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Differences in TPACK, technostress, and Al acceptance were also examined based on teachers’
educational levels. Assessments of normality and homogeneity of variance confirmed that the assumptions
for parametric testing were met; accordingly, a one-way analysis of variance [ANOVA] was conducted to
investigate differences across educational levels. Table 4 presents the results of the one-way ANOVA for
teachers’ TPACK, technostress, and Al acceptance levels by educational level.

Table 4
Educational Level Differences in TPACK, Technostress, and Al Acceptance
Variables and Groups N M SD F(2,201) p
TPACK
Bachelor’s degree 136 4.26 .88 1.942 146
Master’s degree 41 4.62 .86
Doctoral degree 27 4.60 .87
Technostress
Bachelor’s degree 136 271 .98 1.461 234
Master’s degree 41 2.76 90
Doctoral degree 27 3.35 1.21
AT Acceptance
Bachelor’s degree 136 3.77 .64 .004 .996
Master’s degree 41 3.78 .63
Doctoral degree 27 3.79 83

Table 4 shows that TPACK levels did not differ significantly among teachers holding a bachelor’s,
master’s, or doctoral degree, F(2, 201) = 1.942, p = .146. Similarly, no significant differences were observed in
technostress levels across educational levels, F(2, 201) = 1.461, p = .234. Likewise, Al acceptance levels did
not vary significantly according to teachers’ educational qualifications, F(2, 201) = .004, p = .996. Overall,
these findings indicate that teachers” educational levels do not have a statistically significant differentiating
effect on TPACK, technostress, or Al acceptance levels.

Differences in TPACK, technostress, and Al acceptance were also examined according to teachers’ years
of professional experience using a one-way analysis of variance. In cases where significant differences were
detected, Post-hoc analyses were performed to identify the source of the differences. The results of these
analyses are presented in Table 5.

Table 5
Professional Experience Differences in TPACK, Technostress, and Al Acceptance
Variables and Groups N M SD E(3, 200) p gl%;; ;chnizz
TPACK
(1) 1-5 years 82 438 .95 1.103 349
(2) 6-10 years 52 4.36 .80
(3) 11-15 years 36 414 75
(4) 16 years and above 34 4.09 .88
Technostress
(1) 1-5 years 82 2.73 .96 473 701
(2) 6-10 years 52 2.76 .98
(3) 11-15 years 36 2.58 .95
(4) 16 years and above 34 291 1.10
AT Acceptance
(1) 1-5 years 82 3.95 51 13.16 <.001 1>3
(2) 6-10 years 52 3.82 .64 1>4
(3) 11-15 years 36 3.59 .68 2>4
(4) 16 years and above 34 3.15 .76

The results in Table 5 indicate that teachers” TPACK levels did not significantly differ by professional
experience, F(3, 200) = 1.103, p = .349. Similarly, technostress levels did not vary significantly across
experience groups, F(3, 200) = .473, p = .701. In contrast, a statistically significant difference was found in Al
acceptance across professional experience groups, F(3, 200) = 13.16, p < .001. Post-hoc, Tukey HSD,
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comparisons revealed that teachers with 1-5 years of experience reported significantly higher Al acceptance
levels than those with 11-15 years and 16 years and above (1 > 3, 4). Additionally, teachers with 6-10 years
of experience demonstrated significantly higher Al acceptance than those with 16 years and above (2 > 4).
Notably, Al acceptance levels decreased with increasing professional experience, with the lowest levels
observed among teachers with 16 years and above (M = 3.15, SD = .76). Overall, these findings suggest that
while TPACK and technostress remain relatively stable across career stages, Al acceptance appears to be
more sensitive to professional seniority, with less experienced teachers demonstrating higher levels of
acceptance.

Differences in teachers” TPACK, technostress, and Al acceptance levels were also examined across subject
areas, and the results of the one-way ANOVA are presented in Table 6.

Table 6
Subject Area Differences in TPACK, Technostress, and Al Acceptance
Variables and Groups N M SD F(3, 200) p ISDZ%Z ZZ;Z;
TPACK
(1) Quantitative/Scientific Subjects 70 412 .86 7.847 <.001 1>4
(2) Humanities Subjects 58 4.47 92
(3) Language Subjects 30 4.39 .98
(4) Arts & Physical Education Subjects 46 4.88 .89
Technostress
(1) Quantitative/Scientific Subjects 70 2.53 94 6.383 <.001 1>2
(2) Humanities Subjects 58 3.21 1.05
(3) Language Subjects 30 2.89 90
(4) Arts & Physical Education Subjects 46 3.09 .89
AT Acceptance
(1) Quantitative/Scientific Subjects 70 3.79 .67 2.24 .084
(2) Humanities Subjects 58 3.57 .62
(3) Language Subjects 30 3.61 1.02
(4) Arts & Physical Education Subjects 46 3.96 50

As shown in Table 6, significant differences were observed in both TPACK and technostress, whereas Al
acceptance did not differ significantly among subject areas. For TPACK, a one-way ANOVA indicated a
significant effect of subject area, F(3, 200) = 7.85, p < .001. Post-hoc, Tukey HSD, comparisons showed that
teachers of arts & physical education subjects (M = 4.88, SD = .89) scored significantly higher than those
teaching quantitative/scientific subjects (M = 4.12, SD = .86), suggesting that arts and physical education
teachers reported higher technological pedagogical content knowledge. No other pairwise differences
reached significance. Regarding technostress, the ANOVA also revealed a significant effect of subject area,
F(3, 200) = 6.38, p < .001. Tukey HSD results indicated that teachers of quantitative/scientific subjects (M =
2.53, SD = .94) experienced significantly lower technostress compared to those teaching humanities subjects
(M = 3.21, SD = 1.05), implying that humanities teachers reported higher stress related to technology use.
Other comparisons were not statistically significant. In contrast, Al acceptance did not vary significantly
across subject areas, F(3, 200) = 2.24, p = .084, indicating that teachers’ acceptance of Al was relatively
consistent regardless of their subject area. Overall, these results suggest that subject area influences teachers’
TPACK and technostress levels, with arts and physical education teachers showing higher TPACK and
humanities teachers experiencing greater technostress, while Al acceptance appears similar across all
disciplines.

Pearson correlation analyses were conducted to examine the relationships among TPACK, technostress,
and Al acceptance, and the results of the analyses are presented in Table 7.

Table 7

Correlations Among TPACK, Technostress, and Al Acceptance

Variables 1 2 3
1. TPACK -

2. Technostress —.202%* —

3. Al Acceptance 321 .007 -

Note. **p < .001
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As seen in Table 7, the results revealed a significant negative correlation between TPACK and
technostress (r = —.292, p < .001), indicating that higher levels of TPACK perception were associated with
lower levels of technostress. Additionally, TPACK was positively and significantly correlated with Al
acceptance (r = .321, p < .001), suggesting that teachers with higher TPACK perception tended to report
greater acceptance of Al In contrast, technostress was not significantly correlated with Al acceptance (r =
.007, p > .001), indicating no meaningful relationship between technology-related stress and teachers’
acceptance of Al Overall, the findings suggest that TPACK plays a central role in relation to both
technostress and Al acceptance, whereas technostress does not appear to be associated with Al acceptance.

A multiple regression analysis was conducted to examine the extent to which TPACK and technostress
predict Al acceptance among teachers. The results obtained from this analysis are presented in Table 8.

Table 8
Regression Analysis Predicting Al Acceptance from TPACK and Technostress
Unstd. Std.

coefficients coefficients
Variables B SE g t p R R*  Adjusted R*
(Constant) 2.483 0.282 8.791 <.001
TPACK 0.255  0.050 353 5091 <.001 338 114 105
Technostress 0.073  0.046 A11 1.593 113

According to Table 8, the overall model was significant, explaining approximately 11.4% of the variance
in Al acceptance (R = .338, R? = .114, p < .001). TPACK significantly predicted Al acceptance (p = .353, p <
.001), whereas technostress was not a significant predictor (3 = .111, p = .113). These findings suggest that
teachers’ perception of technological pedagogical content knowledge is a key factor in Al acceptance, while
technostress does not appear to exert a significant effect.

5. Discussion and Conclusion

The purpose of this study was to examine teachers’ technological pedagogical content knowledge,
technostress, and artificial intelligence (AI) acceptance by (a) determining their overall levels, (b)
investigating whether these constructs differed according to gender, educational level, professional
experience, and subject area, (c) analyzing the relationships among them, and (d) testing the predictive roles
of TPACK and technostress in explaining Al acceptance. The results indicate that teachers” TPACK
perceptions and Al acceptance levels were high, whereas their technostress levels were moderate. The high
TPACK perceptions align with large-scale studies on teachers’ technopedagogical competencies (e.g.,
Erdogan & Akbaba, 2022; Giannakos et al., 2015; Li et al., 2022), suggesting that teachers are able to maintain
a dynamic balance among technology, pedagogy, and content knowledge, structuring technology as a
functional tool to enhance instruction. Similarly, the high Al acceptance levels suggest that teachers view Al
as an assistant capable of enhancing professional performance and have internalized its perceived benefits
(An et al., 2023). On the other hand, the moderate technostress experienced by teachers points to the
psychological pressure associated with technological innovations, including workload, complexity, and
continuous updates (Donmez & Seferoglu, 2025; Sanni, 2025). Although the literature emphasizes that
technostress—through factors such as technology overload, complexity, and insecurity —can negatively
affect teacher performance (Wu et al.,, 2026), the moderate stress levels in this study suggest that high
TPACK competence may serve as a buffering mechanism. Supporting this, previous studies have shown that
teachers with strong technopedagogical knowledge can manage technology-induced anxiety and stress more
effectively, viewing technology as an opportunity rather than a threat, and tend to utilize it more frequently
(Dong et al., 2019; Ozgiir, 2020).

The results revealed no significant gender differences in TPACK perceptions. This finding indicates that
teachers’ self-perceptions of integrating technology, pedagogy, and content knowledge develop similarly
regardless of gender. This aligns with Li (2023), who found no significant gender differences in TPACK
competence, suggesting that expectations regarding technological integration in Tiirkiye create similar
competence levels for both genders. Similarly, no gender-based differences were observed in teachers’
technostress. The literature reports conflicting results regarding gender and technostress; some studies
suggest that female teachers experience higher technostress (e.g., Coklar & Sahin, 2011; Ong & Lai, 2006),
whereas others indicate higher technostress among male teachers when facing technological complexity and
insecurity (Jena & Mahanti, 2014; Shu et al., 2011; Tarafdar et al., 2011). The present findings, however, align
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with Ozgiir (2020), Valiao (2025), and Qi (2019), suggesting that technostress may relate more to the nature of
work than to gender. This implies that both groups experience similar psychological thresholds in coping
with digital transformation.

A notable gender-related finding was the significantly higher Al acceptance among female teachers. This
parallels Ayanwale et al. (2024), who reported that female teachers exhibited lower anxiety regarding Al-
based educational technologies, suggesting that differences in anxiety levels may influence Al acceptance.
However, this contrasts with previous studies suggesting that male teachers may have advantages in general
technology use (e.g., Papastergiou & Solomonidou, 2005; Sanchez-Franco, 2006). The result implies that
female teachers are more likely to perceive Al tools as facilitators that enrich instructional processes,
contributing to their higher acceptance. Overall, while TPACK competence and technostress were similar
across genders, female teachers demonstrated higher motivation to adopt Al, a finding particularly relevant
given the predominance of female teachers among future educators (Zhang et al.,, 2023). These insights
suggest that professional development programs should address potential Al-related reservations among
male teachers (e.g., technological insecurity) and support collaborative platforms that enable female teachers
to translate their high acceptance into best practices.

The study further revealed that teachers’ TPACK perceptions, technostress, and Al acceptance did not
differ significantly by educational level. This supports the view that TPACK is not merely acquired through
formal academic education but is shaped through practice and experience, exhibiting context-sensitive
(Angeli & Valanides, 2009) and dynamic properties (An et al., 2023). While some studies argue that higher
education provides a deeper pedagogical perspective, enhancing technological management skills (Depante
& Astillero, 2025; Li et al.,, 2022; Wu et al., 2026), the present study shows that TPACK competencies are
similar across educational levels. This may suggest that Turkish middle and secondary school teachers’
preparedness for technology is shaped more by professional development opportunities and classroom
practice than by educational level. The absence of differences in technostress across education levels, despite
prior expectations that higher qualifications might enhance coping strategies (Depante & Astillero, 2025; Wu
et al., 2026), may be explained by similar exposure to institutional infrastructure, curriculum pressures, and
technological expectations. Similarly, Al acceptance did not differ significantly by educational level,
indicating that individual perceptions—such as perceived usefulness, ease of use, and technological self-
efficacy —may play a more decisive role than formal education (Grani¢ & Maranguni¢, 2019). Consequently,
policymakers should prioritize TPACK competence development and mitigate technostress through
institutional support rather than focusing solely on teachers” academic degrees.

Teachers” TPACK perceptions and technostress did not differ significantly by professional experience.
This suggests that teachers exhibit similar technopedagogical readiness and technology-related stress
regardless of career stage, consistent with previous findings (e.g., Mansour et al., 2024; Ozudogru &
Ozudogru, 2019). Accordingly, Mansour et al. (2024) propose that TPACK development is more closely
linked to targeted technology integration training than to general teaching experience. As another
explanation, differences in subcomponents of TPACK, such as stronger technological knowledge [TK]
among early-career teachers and more developed pedagogical and content knowledge (PK, CK, PCK) among
experienced teachers, may balance out, resulting in similar overall TPACK perceptions (Lee & Tsai, 2010).
Similarly, technostress was consistent across experience groups, aligning with Valiao (2025) and research
suggesting that age is not a significant factor in technostress (e.g., Krishnan, 2017; Maier et al., 2015; Wang et
al., 2008). In contrast, Al acceptance significantly differed by professional experience. Al acceptance
decreased with increasing professional experience, likely because younger teachers, having grown up in
technology-rich environments, perceive Al as a natural enhancement to instruction, whereas senior teachers,
despite high TPACK, may perceive Al as a potential threat to autonomy and expertise (Chan & Lee, 2023;
Tondeur et al., 2017). This generational difference underscores the importance of professional development
addressing senior teachers’ concerns and fostering collaborative environments (Lin et al., 2025) that combine
experienced pedagogical knowledge with younger teachers” Al competencies, such as peer/reverse
mentoring.

Significant differences were observed in TPACK perceptions across subject areas, with arts & physical
education teachers scoring higher than quantitative/scientific subjects teachers. This supports the context-
sensitive and dynamic nature of technopedagogical knowledge (An et al., 2023; Angeli & Valanides, 2009).
Contrary to assumptions that STEM teachers are more advanced in technology use (Lindner & Berges, 2020),
the findings suggest that teachers in creative and practice-oriented subjects integrate digital tools more
deeply into pedagogical processes. On the other hand, technostress varied by subject area; humanities
teachers reported higher stress than quantitative/scientific subjects teachers, consistent with the person-
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environment misfit perspective (Califf & Brooks, 2020; Wang et al., 2020), where misalignment between skills
and technological demands increases stress. Such misalignment arises when teachers find technological tools
incompatible with their pedagogical practices, feel unprepared to use them, or experience increased
workload, potentially leading to lower motivation and burnout (Chen et al., 2026). Quantitative/scientific
subjects teachers’ familiarity with analytical systems, such as algorithmic thinking and systematic problem-
solving, may mitigate perceived complexity, whereas humanities teachers may perceive Al and related
technologies as more complex and overwhelming. Notably, Al acceptance did not differ significantly across
subject areas, indicating that teachers universally recognize Al as a tool enhancing professional efficiency
(Henderson & Corry, 2021; Ouyang et al., 2023; Ramesh & Sanampudi, 2022). This suggests that while
subject area shapes TPACK and technostress, Al acceptance reflects a broader, cross-disciplinary recognition
of Al’s potential in education. From a curriculum and teacher education perspective, these findings suggest
that integrating Al-supported activities into subject-specific curricula should consider the epistemological
nature of each discipline. For instance, while structured and problem-oriented tasks may naturally align
with Al use in mathematics and science, more explicit scaffolding and adaptation strategies may be needed
in other subject areas. In particular, micro-teaching practices and teacher training programs can be designed
to help pre-service and in-service teachers experiment with Al-supported instructional scenarios, adapt
digital tools to their subject-specific needs, and develop confidence in technology integration. Such targeted
interventions may help reduce perceived complexity and support more balanced technopedagogical
development across subject areas. In light of these findings, it is recommended that education policymakers
design subject-specific professional development programs that address the unique pedagogical needs of
each discipline (e.g., the use of Al in arts education). Increasing school support, particularly in subjects
experiencing high levels of technostress, is also considered crucial for ensuring the sustainable adoption of
Al (Ozgiir, 2020).

The study also revealed a significant negative relationship between TPACK perceptions and technostress,
suggesting that higher self-perceived ability to integrate technology, pedagogy, and content knowledge
reduces the psychological pressure and stress associated with technology use. TPACK is recognized as a key
preventive mechanism against technostress, with a strong technopedagogical foundation mitigating the
complexity and uncertainty of technology, thereby enhancing teachers” sense of control (Dong et al., 2019;
Joo et al., 2016; Ozgiir, 2020; Teo et al., 2019; Wang et al., 2024). A significant positive relationship was also
found between TPACK and AI acceptance, indicating that teachers with higher cognitive and pedagogical
readiness strengthen their intentions to integrate Al into instructional practices. This aligns with prior
research suggesting that higher TPACK enhances perceived usefulness and positively correlates with Al
adoption (An et al., 2023; Teo et al., 2019; Wang et al., 2024). Understanding how to align Al tools with
subject-specific pedagogical strategies appears to facilitate adoption, enabling Al to enhance professional
performance. Notably, no significant relationship was observed between technostress and Al acceptance.
While general technology adoption models suggest that stress and complexity can impede technology use
(e.g., Joo et al., 2016), recent Al-focused studies report a similar absence of this relationship (e.g., Wang et al.,
2024). This indicates that teachers’ confidence in Al's pedagogical potential can offset stress-related barriers,
particularly when supported by school support and high TPACK competence (Dong et al., 2019; Ozgiir,
2020).

Finally, the results showed that TPACK accounted for approximately 11.4% of the variance in Al
acceptance, confirming its role as a strong and significant predictor (Wang et al., 2024). The findings
reinforce that TPACK, encompassing technological, pedagogical, and content knowledge, is critical for
effectively integrating emerging technologies such as generative Al into educational settings (Antonenko &
Abramowitz, 2023; Hava & Babayigit, 2025; Mao et al., 2024; Mishra et al., 2023; Yang et al., 2025). On the
other hand, the absence of a significant predictive effect of technostress on Al acceptance reinforces the
notion that, in the context of Al, knowledge outweighs stress in shaping adoption decisions. Overall, the
results highlight that strengthening teachers’ pedagogical design skills alongside Al tools can support
professional development and facilitate sustainable integration of Al in education. On the other hand, the
relatively modest explained variance (11.4%) indicates that Al acceptance is a multifaceted construct
influenced by additional factors beyond TPACK, such as perceived usefulness, technological self-efficacy,
and institutional support. In this regard, teacher education programs should incorporate practice-oriented
activities, such as analyzing, adapting, and redesigning instructional or textbook activities with Al tools.
Such experiences may strengthen the link between pedagogical competence and Al adoption, supporting
more effective and sustainable technology integration.
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6. Limitations and Recommendations

Despite the contributions of this study, several limitations should be acknowledged. First, the study
employed a survey research design; therefore, causal relationships among TPACK, technostress, and Al
acceptance cannot be established. Future studies using longitudinal or experimental designs could provide
deeper insights into how teachers’ technopedagogical competencies and Al acceptance evolve. Second, the
data were collected through self-report scales, which reflect teachers” perceived competencies and attitudes
rather than their actual classroom practices. Although such instruments are common in educational research,
future studies could benefit from incorporating multiple data sources, such as classroom observations,
teaching artifacts, or qualitative interviews, to obtain a more comprehensive picture of Al integration in
instructional contexts. Third, the sample consisted of middle and secondary school teachers within a specific
educational context, which may limit the generalizability of the findings. In addition, differences in access to
digital resources, institutional support, and technological readiness may have influenced teachers’
technostress levels and Al acceptance. Therefore, future studies should consider school-level variables and
infrastructural conditions to better understand how contextual factors shape teachers’ experiences with
emerging technologies. Educational systems differ in terms of technological infrastructure, policy priorities,
and institutional support for Al integration; therefore, cross-cultural or multi-country studies would help
validate and extend the present findings. Fourth, although the regression analysis revealed that TPACK
significantly predicts Al acceptance, the explained variance of the model remained modest. This suggests
that additional factors—such as perceived usefulness of Al, technological self-efficacy, school support, or
ethical concerns—may also play an important role in shaping teachers” adoption of Al technologies. Future
research could incorporate these variables to develop more comprehensive explanatory models.

From a policy perspective, the findings highlight the strategic importance of strengthening teachers’
TPACK competencies for the successful integration of artificial intelligence in education. Rather than
focusing solely on technical training, professional development initiatives should emphasize how Al tools
can be pedagogically integrated into subject-specific teaching practices. In addition, policy makers should
support sustainable professional learning ecosystems—such as collaborative teacher communities,
peer/reverse mentoring models —that enable teachers to share experiences and experiment with Al-
supported instructional strategies. Such initiatives may not only enhance teachers’ technopedagogical
readiness but also reduce technostress and foster a more sustainable adoption of Al in educational
environments.
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