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This study addresses the problem of the low and uneven empowerment of female 
teachers in utilizing digital competencies and integrating AI in Islamic schools in 
Southern Pakistan. Limited access, pedagogical readiness, institutional support, 
and gender disparities potentially hinder teaching effectiveness and learning 
quality. The study aims to analyze the effects of digital competence, AI usage, and 
informal digital learning on the teaching effectiveness of female teachers, as well 
as the relationship between digital competence and AI use in Islamic secondary 
schools in Southern Pakistan. Employing a quantitative design, the study surveyed 
450 female teachers from Islamic secondary schools in Southern Pakistan. Data 
were collected through structured questionnaires and analyzed using descriptive 
statistics, validity and reliability tests, and multiple linear regression to examine 
the effects of digital competence, AI, and informal digital learning on teaching 
effectiveness. The findings conclude that the empowerment effectiveness of 
female teachers is more strongly influenced by basic digital competence and 
informal digital learning than by AI adoption. Regional differences highlight the 
role of institutional context and social support. Digital competence has a direct 
impact, informal learning acts as a reinforcing factor, while AI remains insignificant 
due to limited pedagogical integration and insufficient policy support. This study 
contributes by emphasizing the importance of foundational digital competence 
and informal learning as key pillars of female teacher empowerment, while 
critically questioning assumptions about the automatic effectiveness of AI in 
Islamic education contexts. 
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INTRODUCTION  
The accelerated integration of digital technology and artificial intelligence (AI) in 

education presents significant challenges for female teachers in Islamic secondary schools in 
Southern Pakistan, particularly in rural areas that continue to experience limited digital 
infrastructure and restricted access to formal professional training (Aruleba & Jere, 2022; 
Mustafa et al., 2024). Many female teachers are still developing foundational digital 
competencies, while the quality of learning is increasingly determined by teachers’ ability to 
employ adaptive learning systems, automated assessment, and AI-based tools in ethical and 
contextually appropriate ways (Divanji et al., 2023; Katona & Gyongyosi, 2025). This mismatch 
between technology-driven pedagogical demands and teachers’ actual readiness constitutes a 
structural issue with direct implications for the quality of Islamic education in the region 
(Zakharova et al., 2024; Tan et al., 2025). 

A growing body of international research shows that digital competence is a key 
determinant of technology-enhanced teaching effectiveness. Evidence from 1,654 vocational 
teachers in Switzerland found that digital technology use is strongly linked to perceived 
usefulness and more adaptive teaching profiles (Cattaneo et al., 2025; Dringo-Horvath et al., 
2025). Similar findings are reported by Guillén-Gámez et al. (2023), who showed that digital 
factors explain 48.20% of variance in ICT integration, and by Rosyidah et al. (2025), who found 
that technology integration contributes 62.4% to teachers’ digital pedagogical competence. 
However, in rural and resource-constrained settings, limited structured professional 
development leads teachers to build technological capacity through informal digital learning 
pathways (Guan et al., 2024). Meanwhile, artificial intelligence is increasingly recognized as a 
driver of instructional quality through personalized learning, automated assessment, and 
data-driven pedagogical decisions. Studies indicate that teachers’ readiness to adopt AI is 
highly influenced by digital competence, though implementation remains limited (Galindo-
Domínguez et al., 2024; Metwally & Bin-Hady, 2025). 

From a gender and institutional perspective, female teachers in Islamic schools face 
additional challenges, including unequal access to training opportunities, limited institutional 
support, and sociocultural norms that shape their engagement with technology. Although 
Sánchez-Prieto et al. (2020) report no significant gender differences in ICT knowledge, other 
studies suggest that female teachers’ technological capacity in rural Islamic educational 
settings often develops through informal and compensatory strategies rather than formal 
institutional pathways (Alieto et al., 2024). In Southern Pakistan, particularly in the South 
Punjab region, empirical evidence on these dynamics remains scarce, despite persistent 
constraints related to digital infrastructure and professional development (Rehman et al., 
2025). 

Based on the identified research gaps, this study aims to analyze the empowerment of 
female teachers through the influence of digital competence, artificial intelligence (AI) 
utilization, and informal digital learning on the teaching effectiveness of female teachers in 
Islamic secondary schools in Southern Pakistan, as well as to examine the relationship 
between digital competence and AI use. This study is expected to make both theoretical and 
practical contributions by enriching gender-based educational technology research through 
the development of an integrated empirical model, while also providing an evidence-based 
foundation for educational policymaking, the design of digital and AI training programs, and 
the formulation of female teacher empowerment strategies that are responsive to the 
characteristics of rural Islamic education. 

Based on the conceptual framework and previous empirical findings, this study 
concludes that digital competence, the use of artificial intelligence (AI), and informal digital 
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learning are factors that have a positive and significant effect on the teaching effectiveness of 
female teachers. In addition, digital competence is closely related to the level of AI use among 
female teachers in Islamic secondary schools. These findings provide a more comprehensive 
empirical understanding of the key factors that determine the effectiveness of teaching and 
the empowerment of female teachers in the context of Islamic education in Southern 
Pakistan. 
 
METHOD 
Research Design 

This study employs a quantitative research design, which, according to White (2023), is 
an appropriate approach when the aim of a study is to analyze measurable cause-effect 
relationships among variables. The quantitative approach enables researchers to evaluate the 
impact of digital competence, the use of artificial intelligence (AI), and informal digital 
learning on the teaching effectiveness of female teachers in Islamic secondary schools in 
Southern Pakistan. Bazen et al. (2021) emphasize that quantitative analysis provides a strong 
foundation for hypothesis testing through the systematic processing of numerical data, 
allowing relationships among variables to be assessed objectively. Therefore, this design 
ensures that any identified effects arise from measurable data patterns rather than subjective 
interpretation, making the research findings more reliable for the context of rural Islamic 
education. 

Population and Sampling Procedure 
The population of this study comprises female teachers teaching in Islamic secondary 

schools located in rural areas of Southern Punjab, Pakistan, with an estimated total of 
approximately 620 teachers based on school administrative data. To obtain a sample that 
truly represents female teachers who actively use digital technology, artificial intelligence (AI) 
applications, and engage in informal digital learning, this study employs purposive sampling. 
According to Ahmed (2024), this method is appropriate when researchers require participants 
with specific characteristics aligned with the research objectives. Similarly, Morea (2022) 
emphasizes that purposive sampling enables the selection of respondents who have direct 
experience with the phenomenon under investigation. Therefore, only female teachers with 
basic exposure to digital platforms, the use of AI-based applications, and involvement in 
informal digital learning such as self-directed training or online collaboration were included. 
This approach ensures that the sample reflects a group that genuinely experiences the use of 
educational technology in their teaching practices. 

Based on Asare’s (2025) perspective, the Krejcie and Morgan sample size determination 
table indicates that from a population of 620 teachers, a minimum of approximately 240 
respondents is required for statistical analysis to achieve an adequate level of confidence. 
Referring to this principle, the present study collected 450 valid responses to enhance data 
reliability and reduce potential sampling error. This number, which exceeds the minimum 
requirement, is consistent with experts’ recommendations that larger sample sizes tend to 
produce more stable and accurate findings. Therefore, the sample size further strengthens 
the validity of the research results as a continuation of the previously described sampling 
procedure. 

Research Instrument 
The research data were collected through a structured questionnaire distributed via 

Google Forms, thereby facilitating access for teachers in rural areas with diverse teaching 
schedules. The instrument consisted of five main sections: demographic data, a digital 
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competence scale, an AI usage in teaching scale, an informal digital learning scale, and a 
teacher effectiveness scale. According to Heo et al. (2022), the use of a five-point Likert scale 
is effective in capturing respondents’ perceptions in a more measurable and consistent 
manner. In addition, Mårtensson et al. (2016) emphasize that structured instruments with 
clear indicators enable systematic assessment of the frequency of technology use and the 
teaching effectiveness reported by teachers. Thus, this approach ensures the quality and 
consistency of measurements across all research variables. 

Validity and Reliability Procedures 
To ensure methodological rigor, several important procedures were undertaken. 

Content validity was examined through a questionnaire review process conducted by three 
experts in the fields of educational technology and Islamic education to assess the clarity, 
relevance, and alignment of items with the measured constructs. Subsequently, construct 
validity was analyzed using exploratory factor analysis (EFA) with the assistance of SPSS to 
confirm the factor structure and eliminate items with low factor loadings. Reliability testing 
was also conducted by calculating Cronbach’s alpha coefficients for each scale, namely digital 
competence (0.87), AI usage (0.89), informal digital learning (0.85), and teacher effectiveness 
(0.91). All of these values exceeded the 0.70 threshold, indicating a strong level of internal 
consistency. 

Data Analysis Techniques 
The data were analyzed using SPSS through a series of systematic statistical procedures. 

First, descriptive statistics were employed to describe the demographic characteristics of the 
respondents. Next, reliability and validity tests were conducted by calculating Cronbach’s 
alpha and performing factor analysis to ensure the consistency and accuracy of the 
instrument. Multicollinearity was assessed by examining variance inflation factor (VIF) and 
tolerance values to ensure that excessive correlations among independent variables did not 
compromise the model, as explained by Li (2021). Normality and heteroskedasticity tests were 
also applied to evaluate the suitability of the regression model, in line with the guidelines of 
Cardoso et al. (2023). After the assumptions were met, multiple regression analysis was used 
to examine the effects of digital competence, AI usage, and informal digital learning on 
teacher effectiveness. t-tests were further analyzed to determine the significance of each 
predictor’s contribution, as recommended by Ratnasari et al. (2023). This series of analyses 
provides a strong quantitative foundation regarding the contribution of digital tools, AI 
technologies, and informal digital learning practices to teacher effectiveness in rural Islamic 
schools. 

Conceptual Framework 
This study was examining the relationship among three core independent variables, that 

is digital competencies, AI usage, and informal digital learning, as predictors of woman 
teacher's effectiveness of Islamic secondary school women woman teachers in Southern 
Pakistan, and at the same time the combined impact. It also represents the realization that for 
modern educational effectiveness increasingly the integration of digital technologies more 
broadly the rapid integration of digital technologies (especially in the absence of formal digital 
education), particularly in under resourced areas such as Kot Addu District. At last it is this 
model which aligns with educational technology research which outlines woman teacher 
preparedness as well as use of digital resources ethically to facilitate classroom innovation 
and performance.  
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RESULTS AND DISCUSSION  
Results 
Regional disparities in female teachers’ use of digital and AI technologies 

This study compares the use of digital tools and AI technologies among female teachers 
in Kot Addu, Muzaffargarh, and Shah Sultan. The results show notable regional differences 
linked to access, digital readiness, and institutional support, illustrating how social 
environments and infrastructure shape technology adoption in Islamic secondary schools. 

Figure 2 
Use of digital tools, and AI usage of Secondary Women Woman Teachers 

 
 
 
 

 
 
 
 
 
 
These findings indicate variations in the contribution of female teachers to the 

implementation of teaching tasks across different sub-districts. In Kot Addu Sub-district, 
female teachers carried out 19.62% of the total workload and, in aggregate, completed 
20.94% of all tasks across schools. In Khan Garh Sub-district, the contribution of female 
teachers to teaching tasks reached 25.83%, with 11.18% representing task implementation 
and 12.65% reflecting task completion. Meanwhile, in Mailsi Sub-district, female teachers 
implemented 14.09% of the total workload and completed 8.76%, resulting in a cumulative 
contribution of 20.84%. In Nawan Kot Sub-district, female teachers handled 17.44% of 
teaching tasks; however, the completion rate was relatively lower, at 15.9%. This narrative 
suggests notable differences in the levels of participation and task completion effectiveness of 
female teachers across regions. 

Figure 3 
Highest and Lowest Total by location 

 

 

 

 

 

 

 

Together, they accounted for 31.39% of the total performance. Female teachers in 
Nawan Kot Tehsil demonstrated performance levels that were 20.97% higher than those of 
their counterparts. This result also exceeded the 12.09% outcome recorded by female 
educators in Mailsi Tehsil. The stronger performance of female teachers in Nawan Kot can be 
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attributed to their more effective use of digital resources, as they were able to master 
technological tools more quickly than female teachers in Kot Addu Tehsil.  

 
Gendered differences in digital competency use and learning across tehsils 

The gender-based distribution of digital competency utilization across tehsils reveals 
significant variations in the application of technology for educational purposes. These 
differences not only reflect the division of teaching roles between female and male teachers 
but also indicate disparities in access, self-confidence, and institutional support for the use of 
educational technology in each region. These findings provide an important foundation for 
understanding gender dynamics in the integration of digital competencies in schools. 

Figure 4 
Uses of Digital competencies, in Technology for Educational Purposes 

 

 

 

 

 

 

 
 
 
 
 
In Kot Addu Tehsil, female teachers conducted 13.44% of the lessons, while their 

counterparts accounted for 11.30%, resulting in a combined contribution of 24.74%. In Khan 
Garh Tehsil, female teachers managed approximately one-fifth of the teaching workload, 
whereas the remaining group contributed about one-tenth, producing a total of 26.07%. In 
Tehsil Mailsi, the distribution of teaching responsibilities was uneven, with 6.59% handled by 
one group of female teachers and 17.00% by the other, yielding a cumulative contribution of 
23.59%. Meanwhile, in Tehsil Nawan Kot, female teachers delivered 14.42% of the lessons, 
while their counterparts were responsible for a substantially higher share of instruction at 
21.95%. Overall, these figures illustrate notable variations in teaching workload distribution 
among female teachers across tehsils, suggesting differences in instructional roles, capacity, 
and contextual support across regions.  

Collectively, they accounted for 36.37% of the total workload. The data indicate that 
female teachers in Tehsil Mailsi handled 23.95% more work than female teachers in other 
areas, although they received only 6.59% more assignments in the same tehsil. Meanwhile, 
female teachers in Nawan Kot outperformed their counterparts in Khan Garh in terms of their 
level of confidence in using technology for educational tasks. This finding suggests that 
differences in workload distribution and technological confidence vary across regions, 
potentially influenced by access to digital resources, training opportunities, and institutional 
support.  
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Figure 5 
Use of Digital Informal Learning of Technology for Educational Purposes 

 

 

 

 

 

 

 
 
 
Based on the findings, notable gender-based patterns emerge across the selected 

tehsils. In Kot Addu Tehsil, female teachers constituted 22.05% of the total teaching 
workforce, while male teachers accounted for 11.24%, resulting in a combined teaching 
performance of 33.29%. A similar trend was observed in Khan Garh Tehsil, where female 
teachers contributed 17.13% compared to 9.96% male participation, yielding an overall 
teaching performance of 26.09%. In contrast, Mailsi Tehsil recorded substantially lower 
overall participation, with female teachers accounting for only 4.22%. Nawan Kot Tehsil 
demonstrated the highest level of female participation at 17.77%, surpassing Khan Garh Tehsil 
in terms of female representation. Additionally, Kot Addu Tehsil stood out in terms of 
educational outcomes, as female students showed stronger performance in the evaluation of 
digital tools and reported higher levels of trust in female teachers compared to those in other 
tehsils. Overall, these findings highlight the significant contribution of female teachers to 
teaching performance and digital engagement across regions. 

 
The impact of digital tools, AI, and informal learning on the empowerment of female 
teachers 

Furthermore, the combined influence of digital tool usage, artificial intelligence (AI), and 
informal learning on the effectiveness of secondary-level female teachers in utilizing 
technology for educational purposes is examined. The analysis is conducted based on gender 
differences and tehsil-level variations, enabling a more comprehensive understanding of 
differences in contribution, patterns of technology adoption, and the contextual support 
influencing female teachers’ educational technology performance. 

Figure 6 
Digital Tools, AI, and Informal Learning in Women Teachers’ Technological Effectiveness 

 

 

 

 

 

 

 

 



Majeed, M. K., Ahmad, T. B., & Shamsuddin, A. B. 
Empowering female teachers through digital competence and AI integration to improve teaching 

DOI: 10.35719/annisa.v18i2.395   l   Vol 18, No 2, (2025)   l   142 

The findings indicate that Kot Addu Tehsil recorded the highest overall contribution, 
with a significant dominance of female teachers in the effective use of educational 
technology. In contrast, Jatoi Tehsil demonstrated a relatively low level of contribution, 
particularly among female teachers, suggesting limitations in technological access or 
institutional support. Overall, variations across tehsils confirm that women teachers’ 
technological effectiveness is influenced by a combination of digital factors, AI utilization, 
informal learning, and institutional as well as regional contexts. 

Table 1 
Teachers’ Digital Competencies, AI Usage, and Informal Digital Learning 

Statement Strongly Agree 
(SS) 

Agree 
(S) 

Disagree 
(TS) 

Strongly Disagree 
(STA) 

I am confident in using basic digital tools such as MS 
Word, Excel, and PowerPoint. 

SS S TS STS 

I can effectively integrate multimedia (audio, video, 
images) into my teaching. 

19 80 3 4 

I use online resources (YouTube, digital libraries, 
educational websites) to prepare lessons. 

16 72 18 0 

I understand how AI can personalize learning for 
different student needs. 

9 58 37 2 

I feel confident in evaluating the accuracy and bias 
of AI-generated content. 

SS S TS STS 

I use AI tools (like ChatGPT, automatic grading tools, 
or adaptive learning platforms) in my teaching. 

7 61 34 4 

I have received training or guidance on how to use 
AI tools in education. 

22 79 5 0 

AI tools help me manage classroom activities more 
effectively. 

14 85 7 0 

I regularly learn new teaching techniques through 
online platforms (e.g., YouTube, blogs, webinars). 

S4 S TS STS 

I discuss educational technology with peers or 
online communities to improve my practice. 

13 72 20 1 

I can independently design and deliver lessons using 
digital platforms. 

14 58 31 3 

I can adapt digital content based on student needs 
and classroom context. 

12 61 28 5 

 
The verification team evaluated the study outcomes using data collected from 450 

participants. A total of nine observation items representing digital competencies (X1), AI 
usage (X2), and women teachers’ effectiveness (Y) were subjected to validity testing. These 
items were designed to assess the level of digital confidence, AI literacy, and technology 
integration among teachers in Islamic secondary schools. The results demonstrate strong 
statistical validity, as the sample size exceeded the r-table threshold at the 0.05 significance 
level. All items achieved Pearson correlation values above the minimum accepted score of 
0.1891, confirming their validity. The validated statements reflect teachers’ abilities to resolve 
minor technical issues, confidently use digital platforms, integrate digital resources to 
enhance student learning, and adapt to new teaching technologies. Overall, the validation 
process confirms the reliability of the measurement instruments used in this study. 

The research instruments demonstrate strong validity and reliability, as indicated by 
Cronbach’s alpha values that meet or exceed the commonly accepted threshold of 0.70. The 
digital competencies scale achieved a high reliability score of 0.873, while the informal digital 
learning self-efficacy scale recorded a reliability coefficient of 0.883. In addition, the trust in AI 
usage in education scale showed excellent reliability, with Cronbach’s alpha values of 0.959 
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and 0.917 across related measures. Overall, all variables exhibited strong internal consistency, 
confirming the dependability of the measurement instruments. 

Normality was assessed using skewness and kurtosis statistics. The skewness values for 
trust in AI and digital competencies were 0.438 and 0.455, respectively, while informal digital 
learning self-efficacy showed values of 0.132 and 0.350. These results, which are close to zero, 
indicate that the data follow a normal distribution. 

Heteroscedasticity was examined using the Glejser test, with Abs_RES as the dependent 
variable. The results revealed significance values of 0.151 for AI usage (X2), 0.826 for digital 
competencies (X1), and 0.077 for women teachers’ effectiveness (X3), all exceeding the 0.05 
threshold. This confirms the absence of heteroscedasticity in the regression model. 
Furthermore, collinearity diagnostics indicated that multicollinearity did not adversely affect 
the analysis, supporting the robustness of the regression results. 

Table 2 
Descriptive Statistics 

Variable N Range Min Max Mean Std. Deviation Variance 

Digital Competency Tools (X1) 440 5 3 9 6.22 1.470 2.159 
AI Usage (X2) 440 8 3 10 6.08 1.455 2.120 
Informal Digital Learning (Y) 440 8 3 11 6.57 1.877 3.519 
Women Teachers’ Effectiveness (X3) 440 7 3 10 6.33 1.677 3.420 
Valid N (listwise) 440       

 
Based on Table 6, a total of 440 women teachers participated in this study by providing 

valid responses. The digital competency (computer self-efficacy) scale ranged from a score of 
3, indicating a low level of use, to 9, representing an advanced level of use. The analysis shows 
that women teachers’ responses covered the entire scale range, with a mean score of 6.22 
and a standard deviation of 1.470. This finding indicates considerable variation in the digital 
competency levels of women teachers. Furthermore, the AI usage variable ranged from 3 to 
10, with a mean value of 6.08 and a standard deviation of 1.455. The relatively large standard 
deviation in relation to the mean suggests a wide dispersion of data, reflecting differences in 
the level of AI utilization among women teachers. 

The informal digital learning variable showed scores ranging from 3 to 11, with a mean 
of 6.57 and a standard deviation of 1.877. This indicates a fairly high level of engagement 
accompanied by substantial variation in responses across participants. Meanwhile, women 
teachers’ effectiveness ranged from 3 to 10, with an average score of 6.33 and a standard 
deviation of 1.677. Overall, these findings demonstrate diversity in digital competencies, AI 
usage, informal digital learning, and teaching effectiveness among women teachers, reflectin.  

Table 3 
Regression Coefficients of the Model 

Variable B Std. Error Beta t Sig. 

(Constant) — — — — — 
Digital Competency Skills (X1) 1.539 0.547 — 2.949 0.003 
AI Usage (X2) 0.657 0.335 0.468 1.868 0.065 
Informal Digital Learning — — — — — 
Women Teachers’ Effectiveness (Y) 0.716 0.162 0.678 4.123 0.000 

 
The regression analysis shows that women teachers’ digital competencies significantly 

enhance teaching effectiveness (p = 0.003), supporting H1. Informal digital learning also has a 
strong positive effect (p = 0.000), supporting H3. In contrast, AI usage shows a weaker, non-
significant relationship with effectiveness (p = 0.065), leading to H2 being rejected. These 
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findings highlight that while digital skills and informal learning are critical for improving 
women teachers’ performance in Islamic secondary schools in Kot Addu, AI integration alone 
does not yet significantly influence effectiveness. The results suggest the need for 
professional development, institutional support, and pedagogical strategies to optimize AI’s 
role in teaching, emphasizing the combined importance of digital competencies and informal 
learning in enhancing educational outcomes.  
 
Discussion 
The use of digital technology and AI on female teachers' performance 

The findings indicate that the use of digital tools and AI by female teachers varies 
significantly across regions. The highest contribution was recorded in Khan Garh at 25.83%, 
followed by Kot Addu with 19.62% task implementation and 20.94% task completion. In 
contrast, Mailsi (14.09% implementation; 8.76% completion) and Nawan Kot (17.44% 
implementation; 15.9% completion) showed lower achievement levels. Conceptually, the 
effectiveness of technology use is directly influenced by individual digital competence, while 
access to technology and institutional support function as mediating factors. Regional context 
acts as a moderator, explaining why female teachers in certain areas are able to contribute 
more significantly despite operating within a relatively uniform education system. 

These findings align with Luo and Liu (2025), who emphasize the role of access and 
experience in shaping teachers’ digital readiness, as well as Li and Xu (2024), who highlight the 
importance of institutional support. However, the novelty of this study lies in its empirical 
evidence that female teachers’ contributions are not homogeneous across regions. For 
instance, the high contributions in Khan Garh (25.83%) and Kot Addu (approximately 20%) 
demonstrate how strong local support can enhance the role of female teachers, whereas the 
lower outcomes in Mailsi indicate structural barriers. The arguments of Gandara and Laesecke 
(2022) regarding gender sensitivity and the findings of Charania et al. (2024) on professional 
development are extended by showing that variations in female teachers’ performance are 
also strongly shaped by spatial context and the distribution of technological resources. 

Within the context of Islamic secondary schools in the study areas, differences in the 
percentage of female teachers’ contributions reflect the influence of social norms, gender-
based role distribution, and the availability of digital infrastructure. The relatively higher 
performance in Nawan Kot compared to Mailsi shows that although task implementation 
reached 17.44%, the level of task completion (15.9%) remains influenced by institutional 
support. These findings support Khalid et al. (2018), who argue that educator performance 
quality is closely linked to the work environment and supporting resources. In line with Kholid 
et al. (2023), better digital literacy enables faster adaptation to technology, suggesting that 
variations in female teachers’ contribution percentages can be understood as the result of 
interactions between individual capacity and local socio-technological contexts. 

 
Distribution of digital competencies and the role of female teachers in school learning 

Based on the findings, this study reveals the existence of gender-based differences in 
the use of digital competence for educational purposes across different tehsils. Conceptually, 
the results indicate that teachers’ digital competence is not evenly distributed between 
female and male teachers, both in terms of teaching workload and the level of technological 
engagement. In Kot Addu and Khan Garh, female teachers demonstrate higher contributions, 
whereas in Mailsi and Nawan Kot, teaching roles tend to be dominated by male teachers. This 
pattern suggests that the effectiveness of educational technology use is not determined by 
gender alone, but is also shaped by digital readiness, access to resources, and institutional 
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support that structure teachers’ roles and participation in each region (BenYishay et al., 2020; 
Tomczyk, 2024). 

The analysis further shows the presence of an indirect relationship between gender and 
the effectiveness of technology use, mediated by access to technology, self-confidence, and 
opportunities for professional development. Female teachers’ participation in informal digital 
learning functions as a key mediator that strengthens competence and teaching effectiveness, 
particularly in Kot Addu and Nawan Kot. In contrast, the low level of female teachers’ 
engagement in Mailsi indicates a moderating effect of regional context, where limited 
infrastructure and weak institutional support reduce the influence of individual competence 
on teaching performance (Mayantao & Tantiado, 2024). Thus, gender differences in 
technology use emerge from a complex interaction between individual and structural factors 
(Alieto et al., 2024). 

Drawing on previous literature, these findings both reinforce and extend earlier studies 
that emphasize the importance of gender alignment in teaching roles and pedagogical 
relationships (Roorda & Jak, 2024), as well as the structural constraints faced by female 
teachers in certain educational settings (Abdel-Salam et al., 2021). However, this study offers 
novelty by demonstrating that such gaps are not homogeneous, but are highly dependent on 
the social and institutional context of each tehsil. In the context of Islamic secondary schools 
in the study areas, social norms, gender-based role distribution, and access to technology 
training shape distinct patterns of digital adoption among female teachers. In line with 
Hennessy et al. (2022), these findings highlight the need for gender-sensitive policy 
interventions, while Ragnedda et al. (2022) and Babirye et al. (2022) help explain how 
persistent digital inequalities may further reinforce educational disparities if not addressed 
systematically. 

 
The influence of digital competence, AI, and informal learning on female teachers 

The findings indicate that the effectiveness of female teachers in using educational 
technology is more strongly determined by basic digital competence and informal digital 
learning than by the adoption of AI. The higher contribution in Kot Addu (22.05%) compared 
to Jatoi (4.22%) reflects the role of a supportive learning ecosystem. Conceptually, digital 
competence has a direct effect on teaching effectiveness (M = 6.22), while informal digital 
learning functions as a reinforcing mechanism (M = 6.57) that accelerates technological 
adaptation. This underscores the importance of self-directed learning and continuous 
experience in empowering female teachers. 

These findings extend previous studies by showing that AI use has not yet had a 
significant impact on female teachers’ effectiveness (p = 0.065), even though its level of use is 
moderate (M = 6.08). This supports the argument of Instefjord and Munthe (2017) that digital 
competence develops through pedagogical reflection and contextual practice rather than 
through the mere adoption of new technologies. In line with Cattaneo et al. (2022), the results 
highlight the interaction between individual capacity and institutional support. Analyses by 
Ning et al. (2024) and Salih et al. (2025) further explain the limited impact of AI, which 
remains largely experimental. The novelty of this study lies in its strong emphasis on the role 
of informal digital learning in empowering female teachers. 

Within the social and institutional context of the study area, gender-based contribution 
gaps such as the dominance of male teachers in Shah Sultan (17.77%) compared to female 
teachers (6.67%) indicate that technological effectiveness is not determined solely by access 
to devices, but also by role distribution, professional confidence, and institutional support. 
These findings reveal a moderating effect of regional context on the relationship between 
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technology and teacher effectiveness. As analyzed by Koehorst et al. (2021) and Inayati et al. 
(2025), gender-sensitive policies and training are crucial for strengthening female teachers’ 
digital readiness. Thus, strengthening basic digital competence and informal digital learning 
remains the most realistic and contextual strategy, while AI integration requires more 
targeted and sustainable institutional approaches. 

Both theoretically and practically, this study enriches the field of digital education and 
gender studies by asserting that the relationship between technology and female teachers’ 
effectiveness is not linear. The findings demonstrate that basic digital competence and 
informal digital learning serve as key mechanisms bridging technology adoption and 
pedagogical performance, while regional and institutional contexts act as moderating factors. 
These results challenge technological determinism that assumes AI automatically enhances 
learning effectiveness, emphasizing instead the importance of experience, pedagogical 
reflection, and structural support. Practically, the study recommends policies that prioritize 
strengthening basic digital competence, facilitating informal digital learning, and providing 
contextual, gender-sensitive continuous training. AI integration should be implemented 
gradually through mentoring, clear regulations, and curriculum development to ensure a 
tangible impact on learning quality. 

This study has several limitations that should be considered. First, the quantitative 
research design limits a deeper exploration of female teachers’ subjective experiences in 
adopting technology. Second, the focus on Islamic secondary schools in specific regions 
restricts the generalizability of the findings to other educational contexts. Third, AI use was 
measured at an early stage of adoption, so long-term impacts could not be evaluated. 
Therefore, future research is recommended to employ mixed or qualitative approaches to 
explore pedagogical dynamics in greater depth. Further studies should also investigate 
longitudinal AI integration, conduct cross-cultural comparisons, and examine the roles of 
school leadership and public policy in strengthening the digital empowerment of female 
teachers. 

 
CONCLUSION 

This study concludes that the effectiveness of female teachers in utilizing educational 
technology in Islamic secondary schools is determined more by basic digital competencies and 
informal digital learning than by the adoption of AI. Differences in contribution between 
regions, such as the dominance of female teachers in Kot Addu and the low contribution in 
Jatoi and Shah Sultan, show the strong influence of institutional context, access to technology, 
and social support. Digital competence plays a direct role in teaching effectiveness, while 
informal digital learning serves as an enhancer that accelerates pedagogical adaptation. 
Conversely, AI has not had a significant impact because it has not been pedagogically 
integrated and supported by adequate policies. Thus, the effectiveness of female teachers' 
technology is the result of a complex interaction between individual capacity, the learning 
ecosystem, and local institutional structures. 

 
ACKNOWLEDGEMENT 

The author would like to thank the teacher informants from several schools in Pakistan 
who kindly gave their time and information during the research process. Thanks are also 
extended to the schools that granted permission for the research, enabling this activity to run 
smoothly and produce useful findings.  

 
 



An-Nisa’ Journal of Gender Studies 
Vol 18, No 2, 2025, pp. 135-150 

DOI: 10.35719/annisa.v18i2.395   l   Vol 18, No 2, (2025)   l   147 

AUTHOR CONTRIBUTION STATEMENT 
Muhammad Kashif Majeed: Conceptualization; Formal Analysis; Investigation; 

Methodology; Writing Original Draft; Writing Review & Editing. Tunku Badariah Ahmad: 
Conceptualization; Methodology; Project Administration; Resources. Aizat Bin Shamsuddin: 
Conceptualization; Visualization and Writing Review & Editing. 
 
REFERENCE  
Abdel-Salam, D. M., Almuhaisen, A. S., Alsubiti, R. A., et al. (2021). Musculoskeletal pain and 

its correlates among secondary school female teachers in Aljouf region, Saudi Arabia. 
Journal of Public Health, 29, 303–310. https://doi.org/10.1007/s10389-019-01127-8 

Ahmed, S. K. (2024). How to choose a sampling technique and determine sample size for 
research: A simplified guide for researchers. Oral Oncology Reports, 12, 100662. 
https://doi.org/10.1016/j.oor.2024.100662 

Alieto, E., Abequibel-Encarnacion, B., Estigoy, E., Balasa, K., Eijansantos, A., & Torres-
Toukoumidis, A. (2024). Teaching inside a digital classroom: A quantitative analysis of 
attitude, technological competence and access among teachers across subject 
disciplines. Heliyon, 10(2), e24282. https://doi.org/10.1016/j.heliyon.2024.e24282 

Aruleba, K., & Jere, N. (2022). Exploring digital transforming challenges in rural areas of South 
Africa through a systematic review of empirical studies. Scientific African, 16, e01190. 
https://doi.org/10.1016/j.sciaf.2022.e01190 

Asare, B. (2025). Epistemological belief, reflective thinking and mathematics interest as a 
predictor of students’ mathematics performance: mediation analysis via structural 
equation modeling (SEM). Cogent Education, 12(1). 
https://doi.org/10.1080/2331186X.2025.2542437 

Babirye, C., Muyoya, C., Mazumdar, S., Jimenez, A., Maina, C., Matogoro, J., … Kleine, D. 
(2022). Data science for empowerment: understanding the data science training 
landscape for women and girls in Africa. Gender, Technology and Development, 26(3), 
437–462. https://doi.org/10.1080/09718524.2022.2137562 

Bazen, A., Barg, F. K., & Takeshita, J. (2021). Research techniques made simple: An 
introduction to qualitative research. Journal of Investigative Dermatology, 141(2), 241–
247.e1. https://doi.org/10.1016/j.jid.2020.11.029 

BenYishay, A., Jones, M., Kondylis, F., & Mobarak, A. M. (2020). Gender gaps in technology 
diffusion. Journal of Development Economics, 143, 102380. 
https://doi.org/10.1016/j.jdeveco.2019.102380 

Cardoso, F. C., Berri, R. A., Lucca, G., Borges, E. N., & Mattos, V. L. D. de. (2023). Testes de 
normalidade: estudo dos resíduos obtidos na modelagem da tendência de uma série 
temporal. Exacta, 23(1), 134–158. https://doi.org/10.5585/2023.22928 

Cattaneo, A. A. P., Antonietti, C., & Rauseo, M. (2022). How digitalised are vocational 
teachers? Assessing digital competence in vocational education and looking at its 
underlying factors. Computers & Education, 176, 104358. 
https://doi.org/10.1016/j.compedu.2021.104358 

Cattaneo, A. A. P., Antonietti, C., & Rauseo, M. (2025). How do vocational teachers use 
technology? The role of perceived digital competence and perceived usefulness in 
technology use across different teaching profiles. Vocations and Learning, 18(5). 
https://doi.org/10.1007/s12186-025-09359-4 

Charania, A., Cross, S., Wolfenden, F., Sen, S., & Adinolfi, L. (2024). Exploring teacher 
characteristics and participation in TPACK-related online teacher professional 

https://doi.org/10.1007/s10389-019-01127-8
https://doi.org/10.1016/j.oor.2024.100662
https://doi.org/10.1016/j.heliyon.2024.e24282
https://doi.org/10.1016/j.sciaf.2022.e01190
https://doi.org/10.1080/2331186X.2025.2542437
https://doi.org/10.1080/09718524.2022.2137562
https://doi.org/10.1016/j.jid.2020.11.029
https://doi.org/10.1016/j.jdeveco.2019.102380
https://doi.org/10.5585/2023.22928
https://doi.org/10.1016/j.compedu.2021.104358
https://doi.org/10.1007/s12186-025-09359-4


Majeed, M. K., Ahmad, T. B., & Shamsuddin, A. B. 
Empowering female teachers through digital competence and AI integration to improve teaching 

DOI: 10.35719/annisa.v18i2.395   l   Vol 18, No 2, (2025)   l   148 

development in Assam, India. Computers and Education Open, 7, 100227. 
https://doi.org/10.1016/j.caeo.2024.100227 

Divanji, R. A., Bindman, S., Tung, A., Chen, K., Castaneda, L., & Scanlon, M. (2023). A one stop 
shop? Perspectives on the value of adaptive learning technologies in K-12 education. 
Computers and Education Open, 5, 100157. https://doi.org/10.1016/j.caeo.2023.100157 

Dringo-Horvath, I., Rajki, Z., & T. Nagy, J. (2025). University Teachers’ Digital Competence and 
AI Literacy: Moderating Role of Gender, Age, Experience, and Discipline. Education 
Sciences, 15(7), 868. https://doi.org/10.3390/educsci15070868 

Galindo-Domínguez, H., Delgado, N., Campo, L., & Losada, D. (2024). Relationship between 
teachers’ digital competence and attitudes towards artificial intelligence in education. 
International Journal of Educational Research, 126, 102381. 
https://doi.org/10.1016/j.ijer.2024.102381 

Gandara, F., & Laesecke, A. (2022). Unpacking the relationship between female teachers and 
gender gaps in the Democratic Republic of the Congo: The critical role of gender-
sensitive pedagogy in student attendance and achievement. Social Sciences & 
Humanities Open, 6(1), 100347. https://doi.org/10.1016/j.ssaho.2022.100347 

Guan, L., Li, S., & Gu, M. M. (2024). AI in informal digital English learning: A meta-analysis of 
its effectiveness on proficiency, motivation, and self-regulation. Computers and 
Education: Artificial Intelligence, 7, 100323. 
https://doi.org/10.1016/j.caeai.2024.100323 

Guillén-Gámez, F. D., Ruiz-Palmero, J., & García, M. G. (2023). Digital competence of teachers 
in the use of ICT for research work: Development of an instrument from a PLS-SEM 
approach. Education and Information Technologies, 28, 16509–16529. 
https://doi.org/10.1007/s10639-023-11895-2 

Hennessy, S., D’Angelo, S., McIntyre, N., Koomar, S., Kreimeia, A., Cao, L., Brugha, M., & 
Zubairi, A. (2022). Technology use for teacher professional development in low- and 
middle-income countries: A systematic review. Computers and Education Open, 3, 
100080. https://doi.org/10.1016/j.caeo.2022.100080 

Heo, C. Y., Kim, B., Park, K., & Back, R. M. (2022). A comparison of best-worst scaling and 
Likert scale methods on peer-to-peer accommodation attributes. Journal of Business 
Research, 148, 368–377. https://doi.org/10.1016/j.jbusres.2022.04.064 

Inayati, N., Sanjani, M. I., Jayanti, F. G., Gao, X. (Andy), & Nguyen, H. T. M. (2025). Online 
informal language learning (OILL): a systematic review of studies (2014–2023). 
Innovation in Language Learning and Teaching, 19(4), 335–351. 
https://doi.org/10.1080/17501229.2024.2355296 

Instefjord, E. J., & Munthe, E. (2017). Educating digitally competent teachers: A study of 
integration of professional digital competence in teacher education. Teaching and 
Teacher Education, 67, 37–45. https://doi.org/10.1016/j.tate.2017.05.016 

Katona, J., & Gyonyoru, K. I. K. (2025). Integrating AI-based adaptive learning into the flipped 
classroom model to enhance engagement and learning outcomes. Computers and 
Education: Artificial Intelligence, 8, 100392. 
https://doi.org/10.1016/j.caeai.2025.100392 

Khalid, S., Murtaza, B., Shaheen, I., Ahmad, I., Ullah, M. I., Abbas, T., Rehman, F., Ashraf, M. R., 
Khalid, S., Abbas, S., & Imran, M. (2018). Assessment and public perception of drinking 
water quality and safety in district Vehari, Punjab, Pakistan. Journal of Cleaner 
Production, 181, 224–234. https://doi.org/10.1016/j.jclepro.2018.01.178 

Kholid, M. N., Hendriyanto, A., Sahara, S., Muhaimin, L. H., Juandi, D., Sujadi, I., … Adnan, M. 
(2023). A systematic literature review of Technological, Pedagogical and Content 

https://doi.org/10.1016/j.caeo.2024.100227
https://doi.org/10.1016/j.caeo.2023.100157
https://doi.org/10.3390/educsci15070868
https://doi.org/10.1016/j.ijer.2024.102381
https://doi.org/10.1016/j.ssaho.2022.100347
https://doi.org/10.1016/j.caeai.2024.100323
https://doi.org/10.1007/s10639-023-11895-2
https://doi.org/10.1016/j.caeo.2022.100080
https://doi.org/10.1016/j.jbusres.2022.04.064
https://doi.org/10.1080/17501229.2024.2355296
https://doi.org/10.1016/j.tate.2017.05.016
https://doi.org/10.1016/j.caeai.2025.100392
https://doi.org/10.1016/j.jclepro.2018.01.178


An-Nisa’ Journal of Gender Studies 
Vol 18, No 2, 2025, pp. 135-150 

DOI: 10.35719/annisa.v18i2.395   l   Vol 18, No 2, (2025)   l   149 

Knowledge (TPACK) in mathematics education: Future challenges for educational 
practice and research. Cogent Education, 10(2). 
https://doi.org/10.1080/2331186X.2023.2269047 

Koehorst, M. M., van Deursen, A. J. A. M., van Dijk, J. A. G. M., & de Haan, J. (2021). A 
Systematic Literature Review of Organizational Factors Influencing 21st-Century Skills. 
Sage Open, 11(4). https://doi.org/10.1177/21582440211067251 

Kundu, A., Bej, T., & Dey, K. N. (2021). Investigating effects of self-efficacy and infrastructure 
on teachers’ ICT use: An extension of UTAUT. International Journal of Web-Based 
Learning and Teaching Technologies, 16(6). 
https://doi.org/10.4018/IJWLTT.20211101.oa10 

Li, M. (2021). Uses and abuses of statistical control variables: Ruling out or creating alternative 
explanations? Journal of Business Research, 126, 472–488. 
https://doi.org/10.1016/j.jbusres.2020.12.037 

Li, Y., & Xu, L. (2024). Exploring the influence of teachers’ motivation, self-efficacy, and 
institutional support on their research engagement: A study of Chinese university EFL 
teachers. System, 121, 103272. https://doi.org/10.1016/j.system.2024.103272 

Luo, J., & Liu, X. (2025). What do we mean by digital equality in education? Toward five 
conceptual lenses based on a systematic review. Journal of Research on Technology in 
Education, 1–21. https://doi.org/10.1080/15391523.2025.2487279 

Mårtensson, P., Fors, U., Wallin, S.-B., Zander, U., & Nilsson, G. H. (2016). Evaluating research: 
A multidisciplinary approach to assessing research practice and quality. Research Policy, 
45(3), 593–603. https://doi.org/10.1016/j.respol.2015.11.009 

Mayantao, R., & Tantiado, R. C. (2024). Teachers’ utilization of digital tools and confidence in 
technology. International Journal of Multidisciplinary Research and Analysis, 7(5). 
https://doi.org/10.47191/ijmra/v7-i05-16 

Metwally, A. A., & Bin-Hady, W. R. A. (2025). Probing the necessity and advantages of AI 
integration training for EFL educators in Saudi Arabia. Cogent Education, 12(1). 
https://doi.org/10.1080/2331186X.2025.2472462 

Morea, N. (2022). Investigating change in subjectivity: The analysis of Q-sorts in longitudinal 
research. Research Methods in Applied Linguistics, 1(3), 100025. 
https://doi.org/10.1016/j.rmal.2022.100025 

Mustafa, F., Nguyen, H. T. M., & Gao, X. (2024). The challenges and solutions of technology 
integration in rural schools: A systematic literature review. International Journal of 
Educational Research, 126, 102380. https://doi.org/10.1016/j.ijer.2024.102380 

Ning, Y., Zhang, C., Xu, B., Zhou, Y., & Wijaya, T. T. (2024). Teachers’ AI-TPACK: Exploring the 
Relationship between Knowledge Elements. Sustainability, 16(3), 978. 
https://doi.org/10.3390/su16030978 

Ragnedda, M., Ruiu, M. L., & Addeo, F. (2022). The self-reinforcing effect of digital and social 
exclusion: The inequality loop. Telematics and Informatics, 72, 101852. 
https://doi.org/10.1016/j.tele.2022.101852 

Ratnasari, V., Audha, S. H., & Dani, A. T. R. (2023). Statistical modeling to analyze factors 
affecting the middle-income trap in Indonesia using panel data regression. MethodsX, 
11, 102379. https://doi.org/10.1016/j.mex.2023.102379 

Rehman, N., Huang, X., Mahmood, A., & colleagues. (2025). Assessing Pakistan’s readiness for 
STEM education: An analysis of teacher preparedness, policy frameworks, and resource 
availability. Humanities and Social Sciences Communications, 12, 1212. 
https://doi.org/10.1057/s41599-025-05584-3 

https://doi.org/10.1080/2331186X.2023.2269047
https://doi.org/10.1177/21582440211067251
https://doi.org/10.4018/IJWLTT.20211101.oa10
https://doi.org/10.1016/j.jbusres.2020.12.037
https://doi.org/10.1016/j.system.2024.103272
https://doi.org/10.1080/15391523.2025.2487279
https://doi.org/10.1016/j.respol.2015.11.009
https://doi.org/10.47191/ijmra/v7-i05-16
https://doi.org/10.1080/2331186X.2025.2472462
https://doi.org/10.1016/j.rmal.2022.100025
https://doi.org/10.1016/j.ijer.2024.102380
https://doi.org/10.3390/su16030978
https://doi.org/10.1016/j.tele.2022.101852
https://doi.org/10.1016/j.mex.2023.102379
https://doi.org/10.1057/s41599-025-05584-3


Majeed, M. K., Ahmad, T. B., & Shamsuddin, A. B. 
Empowering female teachers through digital competence and AI integration to improve teaching 

DOI: 10.35719/annisa.v18i2.395   l   Vol 18, No 2, (2025)   l   150 

Roorda, D. L., & Jak, S. (2024). Gender match in secondary education: The role of student 
gender and teacher gender in student–teacher relationships. Journal of School 
Psychology, 107, 101363. https://doi.org/10.1016/j.jsp.2024.101363 

Rosyidah, S., Supriyanto, A., & Mustiningsih. (2025). Pengaruh Integrasi Teknologi dalam 
Pembelajaran Terhadap Kompetensi Pedagogi Digital Guru SMP. Kelola: Jurnal 
Manajemen Pendidikan, 12(1), 105–120. 
https://doi.org/10.24246/j.jk.2025.v12.i1.p105-120 

Salih, S., Husain, O., Hamdan, M., Abdelsalam, S., Elshafie, H., & Motwakel, A. (2025). 
Transforming education with AI: A systematic review of ChatGPT's role in learning, 
academic practices, and institutional adoption. Results in Engineering, 25, 103837. 
https://doi.org/10.1016/j.rineng.2024.103837 

Sánchez-Prieto, J., Trujillo Torres, J. M., Gómez García, M., & Gómez García, G. (2020). Gender 
and Digital Teaching Competence in Dual Vocational Education and Training. Education 
Sciences, 10(3), 84. https://doi.org/10.3390/educsci10030084 

Tan, X., Cheng, G., & Ling, M. H. (2025). Artificial intelligence in teaching and teacher 
professional development: A systematic review. Computers and Education: Artificial 
Intelligence, 8, 100355. https://doi.org/10.1016/j.caeai.2024.100355 

Tomczyk, Ł. (2024). Digital competence among pre-service teachers: A global perspective on 
curriculum change as viewed by experts from 33 countries. Evaluation and Program 
Planning, 105, 102449. https://doi.org/10.1016/j.evalprogplan.2024.102449 

White, M. (2023). Sample size in quantitative instrument-based studies published in Scopus 
up to 2022: An artificial intelligence aided systematic review. Acta Psychologica, 241, 
104095. https://doi.org/10.1016/j.actpsy.2023.104095 

Zakharova, N., Frumina, S., Lobuteva, L., & Alwaely, S. (2024). The specifics of integrating 
distance learning technologies with traditional classroom instruction: How to design 
educational curricula in modern education? Heliyon, 10(20), e38740. 
https://doi.org/10.1016/j.heliyon.2024.e38740 

 

https://doi.org/10.1016/j.jsp.2024.101363
https://doi.org/10.24246/j.jk.2025.v12.i1.p105-120
https://doi.org/10.1016/j.rineng.2024.103837
https://doi.org/10.3390/educsci10030084
https://doi.org/10.1016/j.caeai.2024.100355
https://doi.org/10.1016/j.evalprogplan.2024.102449
https://doi.org/10.1016/j.actpsy.2023.104095
https://doi.org/10.1016/j.heliyon.2024.e38740

