ISSN (Print): 2788-8320 ISSN (Online): 2788-8339

JOURNAL OF
SOCIAL RESEARCH DEVELOPMENT

& www jsrd.org.pk % editor @jsd.org.pk

MAPPING Al LITERACY AMONG PRIMARY SCHOOL TEACHERS IN PUNJAB,
PAKISTAN: A UNESCO Al COMPETENCY FRAMEWORK-BASED

MULTIDIMENSIONAL ASSESSMENT

Sidrah Hanif!, Dr Ishtiag Hussain?
IPhD Scholar, Email: Sidyaawa11108@gmail.com
QPro{essor, Dean Facultg of Social Sciences, Ibadat International Uuiversitg, Islama])ad,
Email: ishtiaq.hussain@edcl.iiui.edu.pk

KEYWORDS ABSTRACT

Artificial intelligence, | The use of Artificial Intelligence (Al) in education is becoming a growing
Al literacy, primary

trend and is making new demands on the skills of teachers. Artificial
school teachers,

UNFSCO AL-CFT intelligence (Al) is having a growing influence on the education sector and is
teacher competenég, posing new challenges to the skills of teachers. The UNESCO Al

Alin education, Competencq Framework for Teachers (AI~CFT) was used to check the level
Pakistan, Punjab, of Al literacy among primary school teachers in Punjab, Pakistan. The study
teacher professional

was conducted in the form of a quantitative, cross sectional and descriptive
comparative survey in 9 districts of D divisions of Punjab. An Al-literacy test
comprising 2D objective items was created in five dimensions of the
UNESCO AI-CFT. Six experts reviewed the instrument and 40 teachers had
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guestionnaires were analyzed using descriptive and inferential statistics,
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24-00-2026 five dimensions of AI-CFT to provide an empirical basis for context-specific
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Introduction

The competency of teachers in Al is emerging as a crucial precondition for meaningful and
responsible use within schooling contexts, to support assessment, create content, facilitate adaptive
learning, provide feedback, and support productivity (Dyin36~Horvéth et al, 2025; Dou & Zhao,
9095, Z.llang & Z.hang, ?094; Wang etal, 9095) In the research literature, Al liteyacg is no longer
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just a technical ability but a complex ability that consists of an understanding of the operation of Al,
the correct use of tools, critical analysis of the outcomes and implications of Al, and consideration of
ethical and societal issues (Z.hao etal, QOQQ, Ng etal, QO?L Biagini, 9095) O{ten, Al literacg has
been described as a collection of skills and abilities that allow individuals to critically assess Al
technologies, effectively communicate and collaborate with Al and use Al as a tool in various

contexts (Speyling etal, 2024; Chiu et al., 2024; Dring6-Horvath et al, 2025; Dou & Zhao, 202)).

In the field of education, the expanded definition has led to an evolution away from a generic
definition of digital competence to a more nuanced one of teacher-specific Al competence models.
Recent studies have drawn a distinction between literacy and competency, viewing literacy as the
knowledge base and shared language for understanding Al while competency is the application of
that knowleclge in professional tasks inclucling lesson planning, assessment, classroom decision~
making and reflective improvement that are context-bound (Chiu et al., 2024, Zhou et al., 90?5,
Hsu, 2020). This distinction is particularly relevant to school education as teachers are expected to
utilize Al both personally and educate students to do so safely, critically and equitably (Bai, 2025,
Dou & Zhao, 2025; Hsu, 20206).

One of the most extensive frameworks for responding to this need is contained in the UNESCO Al
Competency Framework for Teachers. The framework comprises five components of teacher Al
competence (human-centered mindset, ethics of Al, Al foundations and applications, Al pedagogy,
and Al for professional clevelopment) and three levels of progression: Acquire, Deepen, and Create
(Zainuddin et al, 20295, Bai, 2025, Dring6-Horvath et al, 2025; Hsu, 2026). The framework is
clearly international, and can be used directly as a reference for national frameworks, teacher
training and assessment design, as well as to focus on human agency and responsibility in using the
framework, rather than just on instrumentally adopting the framework (Bai, 2025; Dringé-Horvath
et al, 9025, Su{gan & Kurniawan, 2026, Hsu, 2096) Given that it combines both technical,
pedagogical, ethical, and developmental aspects in a staged approach, it can be particularly
applied at multi-dimensional mapping of teacher preparedness, especially in rapidly advancing

contexts where the adoption of Al is outpacing formal capacity building (Dou & Zhao, 2025;
Hossain et al, 90(26).

In the context of Pakistan with unequal infrastructure, inconsistent institutional support, and the
existing urban-rural divide, this is an important concern regarding digital transformation in
Education. Research on digital inclusion in Pakistan reveals that digital connectivity, ownership of
digital devices and access to ICT usage remains socio~8e08mphicallg, 8e11der, income and
education segregated (Jamil, 9091; Waqar et al, 9094; Sami, 9025; Iftikhay et al, 2093). At the
school level, research highlights existing challenges such as the lack of adequate infrastructure,
access to technology, teacher preparation, privacy concerns, and differences in digital literacy
across schools within the province of Punja]) (Ghani et al, 9094; Safdar et al, 2026). Al vesearch
specific to Pakistan also indicates that teachers appreciate the potential of Al tools for boosting
engagement and e{{iciencg, but express a lack of training, financial constraints, ethical concerns,

and a desire for professional development (Haq, 2025; Faroog, 2025).
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The divide widens in primary school. Teachers' interest in using Al has been reported in
international primary schools, however, lack of content knowledge, pedagogical confidence, and
ethical prepareclness have been reported to hinder rneaningful use of Al in primary schools (Kirn &
Kwon, 9093; Maz & Yildirim, 9095; Boiko, 90(25). Adclitionallq, previous studies have shown that
practical skills tend to be less developed than conceptual knowledge and ethical acceptance,
highlighting the common theory-practice divide in teacher Al literacy (Al-Abdullatif, 2025; Wu
& Annamalai, 2026; Hu & Wansg, 2026). This is particularly relevant for Punjab, where the
exposure of teachers to Al tools is increasing, and their policy aspirations are catching up.This is
particularlg important for Punjal) where the exposure of teachers to Al tools is on the rise and their

policy aspirations are also rising (Jamil et al, 2025; Rasheed, 2026).

In this context, the current study fills the empirical and policy void by providing a picture of Al
literacy of primary school teachers in Punjab, Pakistan, using the UNESCO Al Competency
Framework. Overall prepareclness can be illustrated from a UNESCO-based multidimensional
assessment, along with strengths and weaknesses on each of the domains regarding human-
centered values, ethics, technical foundations, pedagogy and professional learning (Nam & Choi,
90?6; Qi etal, ?096; Dou, 90?6). This evidence is crucial for creating context~speci{ic professional
development that addresses rural-urban disparities, matches institutional resources to teachers'
needs, and validates a focus on education instead of technology when implementing Al (Xiang et

al, 9026, Wu & Annamalai, 2026, Tahiretal, ?0(25, Afzal etal, ?096)

Literature Review

[n the field of education, Al literacy has become an important construct, but its meaning has been
the su]oject of a few ovexlapping discourses. The first influential research focused on four recurring
areas of focus related to Al literacy: Knowledge and understanding of Al, using and applying Al
evaluating and creating an Al and Al ethics (Ng etal, ?0(21; Velander et al, (20?3; Avkorfol et al,
9096). It is widelg implemented in teacher studies in China, Ghana, Saudi Ara]oia, and Israel,
showing high convergence in the cognitive, practical, evaluative and ethical dimensions of the
construct (Zhao et al, QOQQ; Avkorful et al, ‘20?6, Al-Abdullatif, 20(25, Deshen et al, 9026)
However, the same literature also highlights the complexity of Al literacy, which is not only
overlapping with digital literacy, but also encompasses additional factors, such as critical
evaluation, ethical reasoning, or Al-specific judgment, which call for differentiated professional

development (Tenberga & Daniela, 2024; Dring6-Horvath et al,, 2025).

More contemporary models are based on this foundation but add confidence, self-reflection,
collaboration, contextualisation, autonomy and human-~centredness. Chiu and colleagues (2094,
Zhou et al., 2025) suggest that while literacy is about knowing, competency is about the use of
knowledge, which involves confidence and self-reflective attitudes. The ED-AI Lit framework also
outlines six dimensions: knowledge, evaluation, collaboration, contextualization, autonomy, and
ethics, emphasizing actual human-Al interaction and not just the operation of the tool (Allen &
Kendeou, 2023). In addition to knowledge and skills, teacher Al literacy should also encompass the
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contextual aspects, ongoing professional development, and psychological or affective aspects of Al
applications (Feng & Cayolus, (20(26, Pei et al, 9026) The developments indicate the possi]oilitg of
implementing the use of wider competency models, particularly in the work of teachers, who have
to make certain professional judgments under the conditions of the real classroom (Paxdillo et al,

9026; Baizhanov et al, 9096; Aulia et al, 2026).

The second major strand of the literature is related to measurement. A consistent finding is that
teacher Al literacy is not necessarily equivalent to general digital competence, and that it should
be measured using specific and psychometrically valid tools (Tenberga & Daniela, 2024; Xiang et
al., (2096, Delcker et al., 20?4) The structures of the instruments are varying. Four~dimensional
models are still frequent, particularly in cases where researchers try to evaluate knowledge,
application, evaluation and ethics (Aykorful et al, 2096, Zhang et al, 9096) Other instruments
extended the construct to five, six or more dimensions, es., Al knowledge, use, assessment etc. (Pan
& Wang, (2095; Chiu et al, ?094; Younis, 90‘25). Measurement work based on UNESCO is
particularly significant because it helps to convert a policy into a structured matrix of assessments
and validated scales across various domains and stages of progress (Dou & Zhao, 202D; Nam &

Choi, 9096, Dou, 2026)
Table I: Selected Measurement Models

Framework /

Core Dimensions Teacher Relevance Citation
Instrument
Ng et al. four-
_8 N .a owr Knowledge, application, Wiclelq used baseline
dimensional . . . L. (Ng etal,2021)
evaluatlon/ creation, ethics Conceptuallzatlon
model
UNESCO AL Humanicenteyecl ‘ .minclset, ethics, Global teachey~speci{ic (Z.ainuclclin et
CFT foundations, applications, pedagogy, ‘ { l al, 2025; Hsu,
professional development competency lramework — 2026)
Al knowledge, pedagogy, assessment, Adds assessment as a .
i K L (Chlu et al,
TAICS ethics, human-centered education, distinct teacher 202 4)
professional engagement competency
Highlight text and
TAILS / ED- Knowleclge, evaluation, collaboration, I? 1ghts eon e? éin (Na]:)han &
Al-based scale contextualization, autonomg,ethics an onopnj m cacher Habdk, ‘2096)
education
UNESCO- Large—sample .
. . . o (Nam & Choi,
based Korean 1D comyponents in D domains operatlonahzatlon of Al- 9
tool CIT 0?6)

The results of the empirical studies conducted across countries reveal patterns which are directly
applicable to Punjab. While many teachers are positive about Al, they are not well informed about
Al basics and the confidence in its peclagogical application is still low (Du etal, (20(24, Yue et al,
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9024; Kag wan et al, 90(26; Mustafa et al, 9024). As for elementarg and primary schools, teachers
have less confidence in Al content knowleclge and its use in the classyoorn, clespite their desire to
aclopt Al (Kirn & Kwon, 9093, Boiko, 20(25, Fuchs & Lenzgeiger, 9096) Several studies show that
in terms of ethical awareness, teachers' scores are higher than their scores in terms of using Al in
practice, indicating that teachers are more inclined to endorse ethical Al use than building strong

application competence (A1~A]3clullati{, 90?5, Wu & Annamalai, ?026, Oktaviani et al., 2026,
Hu& Wang, 9026)

Additionally, there are elements that influence the development of Al literacy.There are also
elements that influence the development of Al literacy that are identified in the literature. The
results are that, se1{~e{ficacg, perceivecl social 8ood, attitudes, and confidence are consistentlg
related to learning intention or readiness, and supportive school environments and professional
communities are associated with competence clevelopment (Du etal, (2094; Yang etal, ?094; Wu
& Annamalai, (20‘26; Fundi et al, 90?4). Access to training, encouragement from leaclers, school
culture, and opportunities to experiment in the real world are consistently identified as enabling
factors, alongside individual motivation (Alexanclron et al, 2096, Kaq wan et al, 9096, Agesha et
al., c20‘26, Lademann et al., 9025) Meanwhile, there are some differences in Al liteyacg pro{iles
linked to age, experience, school location, and background in the subject (Pan & Wang, 2025;
Xiang et al, 90?6, Wu & Annamalai, 2026, Younis, 2095, Wang et al, (2023), but these are not
always consistent across studies or contexts.The present study draws particularly on the literature in
the Global South and how it illustrates the key role infrastructure, language, school type, and
policy context play in Al literacy. In India, teachers’ Al understanding tended to be superficial in
nature, lacking practical exposure in rural and government schools, and having a greater ethical
dilemma due to inadequate training and governance (Kunclu et al., ?095). Studies across the
nations indicate that having access to Al does not automatically lead to deep knowledge and
understanding of Al, and that the type of support, the quality of that support, and how students
engage with the Al can make the difference (Aguilar et al., (20?6). Comparative studies also
suggest that cultural and educational systems influence the emergence of Al literacy, thus
highlighting the need to discard any assumption of a one-size-fits-all approach (Aksog et al, 2020).

The need for a context-specific study is even stronger in the case of Pakistan. Studies in Punjab and
Pakistan indicate that Al integration is gaining traction, albeit with uneven levels, lack of
organization, infrastructure, institutional silence, and inaclequate formal training (Boota etal 9026,
Rasheed 2026; Afzal et al. 2020). The use of ChatGPT in rural and urban Pakistani primary schools
are significantly different across internet, electricity and device access, along with a lack of training
and strict curriculum policies (Ali et al, 2026). In Punjab specifically, teachers report moderate ICT
competence, and weaker competence with Al in particular, with areas of weakness including
personalization, the use of Al in the classroom, and ethical implementation; and high demand for
training and enhanced infrastructure (Safclar et al, ?0?6) However, in the context of higher
education and higher education institutions, and even in South Punjab, Pakistani studies all agree
that the same factors that enable students to be ready for and trust Al—digital competence, self~
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efficacy, perceived usefulness, and institutional support—are likely to matter in primary schools as

well (Tahir et al., 2095, Ra{iq & Chaudhrg, QOQ@, Farooq, 9095)
Research Gap and Study Positioning

There are 3 gaps in the literature. First, teacher Al literacy research s still younger and less dense in
comparison to student Al literacy research studies, and the sample of primary school teachers is still
limited comparecl to seconclayg and 11i811er education teachers (Yue etal, 90?4, Tan ¢ Tang, 20(25,
Pardillo et al, 2096). Second, most of the studies are based on 8eneral or four-dimensional
frameworks, and a few studies have opeyationalizecl the broader UNESCO AI-CFT framework in
the school teacher population (Ng et al, 90(2:’); Chiu et al, 2024; Qi et al, 2026; Nam & Choi,
2020). Third, there isa strong indication of policy ambition, infrastructure imbalances, and training

requirement, despite weak evidence of the multidimensional Al literacy of the school teachers in

Pakistan, particularlg the Punjab province (Boota et al, ?096; Rasheed, 9096; Alj et al, 9096;
Afzal et al., 9096)

The UNESCO Al Competency Framework-based multidimensional teacher assessment for
primary school teachers of Punjab directly tackles these gaps, and provides baseline information on
a strategic population that has not been studied extensively. It is also aligned with a framework
explicitly developed for phased learning and teacher development, ethical responsibility,
peclagogical integration, and human-centered use of Al (Bai, 2025, Dou & Zhao, 9025, Hsu,
2026). One key change in the literature reflects the transition from the conception of Al literacy as
mere familiarity of the basic tools to the recognition of it as a complex professional skill
encompassing knowleclge, peclagogg, ethics, agency, and lifelong 1earning (Chiu et al, 2024; Dilek
etal, (2095; Pei et al, 9096). The most salient issue to be explorecl is how these dimensions converge,
conflict and are put into practice in under-resourced primary school systems like Punjab in which
the infrastructure, policy and professional learning environment vary greatlyThe emerging
literature indicates three important gaps.

First, teacher Al literacy is becoming a topic of increased research, but its measurement is
fragmented. Evidence in the systematics literature suggests that most current assessments are self~
report based and do not have evidence of actual knowledge.

Second, there are substantial variations in the dimensions captured by the current tools. Causing it
to be hard to compare results between studies and highlighting the merit of theory based

assessment frameworks.

Third, limited empirical evidence has been found on the Al literacy of primary school teachers in
Pakistan with cross-country geographical settings varying from one to five across the five

dimensions of UNESCO's AI-CFT (AI for primary eclucation).
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The present study fills these gaps by applying 2D item objective assessment that is based on
UNESCO's AI-CFT and analysing primary school teachers from nine districts of three divisions in
Punja]o.

Problem Statement

With the rise of Al in education, teachers should have the necessary knowledge to use Al
effectively and responsibly. Yet, the actual level of literacy of Primary School Teachers (PSTs) in the
context of Al in Pakistan is yet to be documented properly. Many existing studies have been based
on self-report measures of knowledge, confidence, and preparedness, rather than on teachers'
knowledge or ability to use Al appropriately.Some existing studies are based on teachers' self-
report measures of knowledge, confidence, and preparedness, but this is not a reflection of their
actual knowledge or ability to use Al appropriately.

Additionally, the overall Al literacy scores can hide differences in the four competency areas: Al
foundations, ethics, pedagogy, human-centered thinking, and the use of Al professionally. Thus, a
multi-dimensional and objective evaluation is required. This study bridges this gap by conducting
a study with primary school teachers on Al literacy assessment using the 2) items that have been
formulated on the basis of the five AI-CFT dimensions in nine districts of Punjab.

Research Objectives

The goals of the study were:

1. To assess the overall level of Al literacy in primary school teachers of Punjab, Pakistan.

2. To measure the primary school teachers' Al literacy in terms of the five dimensions of the

UNESCO Al Competency Framework for Teachers.

J.To locate the relatively stronger and weaker aspects of teachers' Al literacies in primary schools.

4.To explore 8enc1er and age, experience, qualification and rural/ urban differences in teachers' Al
literacy.

5. Create a multidimensional Al literacy profile of primary school teachers using the five

dimensions of the UNESCO AI-CFT.
Research Questions

1. How much does teachers in primary schools in Punjab, Pakistan know about Al?
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2. How well is the primary school teachers' Al literacy in all the five dimensions of the UNESCO Al
Competencg Framework for Teachers?

3. In what sense is teachers' Al literacy stronger or weaker in the relatively stronger and weaker

dimensions of UNESCO AIL-CFT?

4. Is there a statistically significant difference in teachers’ Al literacy based on gender, age,
teaching experience, quali{ication, or teacher's yural/ urban location?

5. What is the profile of Al literacy of primary school teachers in the five UNESCO AI-CFT

dimensions?
Research Hypotheses

The following null hypotheses were considered and tested at the .00 level of significance for
inferential parts of the study.

HO1: Male and female primary school teachers do not significantly differ with regards to overall
scores on Al literacy.

HO2: The overall Al literacy scores of primary school teachers from rural and urban schools are not
significantly different.

HO3: No significant difference exists between Al literacy of different age groups of primary school
teachers.

HOA4: Al literacy is not significantly different between different levels of primary school teachers'

teaching experience.

The level of teachers Al literacy in primary schools does not differ statistically in relation to their
gualification level.

Conceptual Framework

The conceptual foundation of the study is UNESCO's Al Competency Framework for Teachers.Five

dimensions are identified in the framework:

A.Human-Centred Mindset
B. Ethics of Al
C. AlFundamentals and Applications.

D. Al Peclagogq
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E. Alfor Professional Learning

These dimensions serve as the foundation for the operationalisation of Al-literacy for the purpose of
the current study. UNESCO considers these to be 19 competencies spread across the five dimensions
and placed in the three progression levels: Acquire, Deepen and Create.Al literacy is defined as a
multidimensional rather than a monodimensional phenomenon.

Conceptual model
Teacher Characteristics Educational/Geographical Context

* Gender ¢ Rural/Urban

oL * District

* Qualification S

* Teaching experience * Division

[ I
v
UNESCO AI-CFT

5

Human-Centred

=

Al for Professional

Al Foundations

‘®|

Mindset EthicsafAl and Applications Al P:dagogy . Learning
[ @ Overall Al Literacy ]
g Multidimensional
Al Literacy Profile
Fig I: Conceptual framework

Methodology

Research Design

The study used a quantitative, cross-sectional and descriptive-comparative survey research design
to evaluate the Al literacy of teachers and explore the variations between selected demographic
and 8e081ap11ical groups.

Students and the number of samples.

Study Population and Sampl size
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Table 2:

Division Selected districts

Lahore Division Lahore, Kasur, Sheikhupura
Rawalpincli Division Rawalpindi, Jhelum, Chakwal
Multan Division Multan, Khanewal, Vehari
Total O districts

The respondents included government primary school teachers of Punjab, Pakistan. Three divisions:
Lahore, Rawalpindi and Multan had been covered under the multistage geographical sampling
process and nine districts (Lahore, Kasuy, Sheikhupura, Rawalpindi, Jhelum, Chakwal, Multan,
Khanewal and Vehari). Strata were taken into account for ruyal/ urban and male/ female. The
paper-based guestionnaire was sent to all education authorities electronically (DEOs and AEOs)
and was distributed voluntarily.

Table 5:

Data collection stage Number
Target sample 500
Main survey responses 517
Pilot responses excluded 40
Final usable sample 477

The target was D00 teachers. D17 responses were received, 40 of which were pilot responses, leaving
4T valid responses for final analqsis.

Instrument Development

Structured questionnaire was prepared for data collection.There were two sections of the
instrument.The first section collected information regarding participants:gender,ageacademic
gualificationteaching experience,yuyal/ urban location,district; and division.The following section
provides a brief summary of Assessment B: Al Literacy Assessment (Based on the UNESCO-AI-

CFI).The second part was made up of 2D multiple-choice objective questions based on the
UNESCQO's AI-CFI.The D dimensions were represented bg 5 guestions.

Table 4:

UNESCO AI-CFT dimension Items
Human~Centred Mindset 5
Ethics of Al 5

Al Foundations and Applications 5
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UNESCO AI-CFT dimension ltems
Al Peclagogg 5
Alfor Professional Learning 5
Total 25

One point was awarded for every correct answer and zero points were awarded for every wrong
answer.Overall, the Al literacy score was in the range of 0 to 29.The scores for the domains varied
from 0 to D.A higher score indicated a higher level of Al literacy demonstrated. The instrument has
been created by correlating the assessment items on UNESCQO's five AI-CFT dimensions.

Table 3:

Dimension Items Assessment focus

Human-Centred Mindset o) Human agency and the human role in AI~supporte(‘l

education
Ethics of Al 5 Pyivacg, fairness, ]Jias, responsibilitg and ethical Al use
Al Foundations and 5 Fundamental Al concepts, data, models, algorithms and
Applications applications
AlPedagogy 5 Educational and instructional applications of Al

Alfor Professional Leamning Professional use of Al and Al-supported teacher

development

Total 25 Multidimensional Alliteracy

These are the five dimensions and 1D competencies identified by the UNESCO framework and are
outlined in terms of being acquired at the Acquire, Deepen and Create levels.

Validity and Reliability

Six experts in the fields of education, teacher education, educational technology and Al evaluated
the instrument for relevance, clarity, appropriateness, alignment with the UNESCO AI-CFT, and
suitability for primary teachers. Feedback was used to make the needed revisions. Then, a pilot
study was done involving 40 primary school teachers to evaluate clarity, administration,
functionality, and initial reliability. The pilot responses were not used in the final data and the
instrument exhibited good preliminary reliability (Cronbach's a = 794). If the original data for
dichotomous Al-literacy items are available, then the KR-20 can also be reported.

Data Collection Procedure

The last guestionnaire was made on a Google Forms on-line questionnaire.The survey link was
shared with the primary school teachers via the relevant education authorities in the districts that
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were selected following administrative cooperation.The participants were told about the research
and that they participated in it voluntarily.A total of D17 responses were received in the main data
collection. 40 pilot responses were not included in the final data set, leaving 4T data points.

Ethical Considerations

The stuclg abided ]og the basic ethical principles of educational research.The survey was anonymous
and the participants were briefed on the objectives of the study prior to answering the
guestionnaire. The data were anonymized and only used for research purposes.The results were
reported and analysed in aggregate format, not allowing the identification of individual
participants from the reported results.

Data Analysis

There were D17 responses, and 477 complete cases for analgsis. The 5 dimensions of AI~literacg
were assessed in the 2)-item o]ojective test,and included the {ollowing: human-centred mindset, Al
foundations, Al peclagogg, Al ethics, and pyo{essional 1ea1/11i118. The scores yanged from 3-25 with
scores higher than 2D representing higher Al literacy. This instrument had a satisfactory internal
consistency (Cronbach's a = 876). Study-specific bands were used to interpret Al literacy as low
(0—14) moderate (15—19), and high (90—95) These bands are not official UNESCO levels of

proficiency but are study-specific.

Results

Participant Profile

The final sample comprised of 471 primary school teachers of Punjal), Pakistan. Teachers from nine
districts were included in the sample, which comprisecl of Chakwal, Jhelum, Kasur, Khanewal,

Lahore, Multan, Rawalpincli, Sheikhupura and Vehari.

Table 6: Demographic Characteristics of the Participants

Variable Category n %
Gender Female 544 721
Male 155 2719
School location Rural 301 D71
Urban 116 24.5
Age 25-3D years 175 56.7
35-45 years 204 428
45-55 years 7 161
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Variable Category n %
59 years and above 21 44

Teaching experience 5-10 years 220 461
10-15 years 154 281
15-25 years 84 176
More than 2D years 29 82

Qualification BA/BSc/BEd 55 115
MA/MSc/MEd 325 681
MPhil and pro{essional quali{ication 94 197
PhD and pyo{essional quali{ication 5] 06

The sample was predominantly female and rural. Most participants were between 29 and 4D years of
age, had D19 years of teaching experience,and held a master's-level gualification.

Reliability of the Al-Literacy Instrament
Table 7: Reliability Statistics for the Al-Literacy Instrument

Measure Value

Number of items 25

Number of valid responses AT7

Cronbach's alpha 816

Interpretation Good internal consistency

The Cronbach’s alpha coefficient of 876 indicates that the items demonstrated good internal

consistency and were sufficiently related for the purpose of measuring teachers overall Al literacy.
RQIL: What is the overall level of Al literacy among primary school teachers in Punjab, Pakistan?

The overall AI~1iteracg score had a possi]ale range of 0-25. The observed mean was 18.39 with a
standard deviation of D.37. This represents approximately 1354% of the maximum possible score.

Table 8: Overall Al-Literacy Scores

Statistic Value
Valid N 477
Mean 1859
Standard deviation 537
Median 10.00
Minimum 3
Maximum 25
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Statistic Value

Percentage of maximum score 7354%

[nterpretation Moderate overall level

Using the study-specific objective-score categories, 224 teachers, or 470%, achieved high Al-
literacy scores, while 14D teachers, or 304%, fell within the moderate category. A further 108
teachers, or 92.6%, were classified in the low category.

Table O: Distribution of Ieachers by Overall Al-Literacy Level

Al-literacy level Scorerangen %

Low 0-14 108 226
Moderate 15-19 145 3504
High 20-25 224470
Total 4771000

Although almost half of the teachers achieved high scores, the overall mean remained below the
high-performance band. This indicates that teachers generally possessed a developing or moderately
strong foundation in Al literacy, but a substantial minority required systematic professional

development.
Distribution of Overall Al-Literacy Scores
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Fig 2: Distribution of Overall AL-Literacy Scores

Histogram of total Al-literacy scores with a vertical line indicating the mean score of 18.39.The
distribution of scores indicates considerable variation among teachers. The minimum score of 3 and
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maximum score of 2D demonstrate that teachers differed substantially in their understanding of Al
concepts, applications, ethics, and professional learning.

RQ2: What is the level of primary school teachers' Al literacy across the five dimensions of the
UNESCO AI-CFT?

Fach dimension consisted of five objective items. Therefore, the possible score for each dimension

ranged from 0 to D.

Table 10: A/ Literacy Across the Five Dimensions

Rank Dimension Mean SD Percentage correct
1 AIpeclagogg 401 127 8017
2 Human-centred mindset 286 131 7123
5] Professional learning 377 135 1547
4 Al foundations 350 153 69.94
5 Ethics of Al 325 145 6491

The highest mean score was obtained for Al pedagogy (M = 401, SD = 127), followed by human-
centred mindset (M = 386, SD = 1.31). This suggests that teachers were relatively more successtul in
identifying appropriate classroom applications of Al and understanding the teacher's role in Al-
supported learning The lowest mean score was recorded for ethics of AIM =325 SD = 14)). The
comparatively larger standard deviation also indicates substantial variation between teachers in
their understanding of bias, transparency, consent, privacy, responsible use, and ethical risks.Al
foundations recorded a mean of 350, equivalent to approximately 69.94% correct responses. Lhis
indicates that teachers possessed a developing understanding of basic Al concepts, but their
knowledge was less secure than their knowledge of classroom applications.

Al literacy across UNESCO AI-CFT dimensions
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Fig 3: Mean Scores Across the Five AI-CFI Dimensions
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Bar chart showing the mean scores for Al pedagogy, human-centred mindset, professional learning,

Al foundations, and ethics of Al

RQ35: Which UNESCO AI-CFT dimensions represent the relatively stronger and weaker areas of
primary school teachers Al literacy?

The dimension-level findings reveal a clear pattern of strengths and weaknesses.
Stronger and Weaker Areas

Al pedagogy was the strongest dimension, with teachers showing better understanding of Al-
supported learning, assessment, chatbots, and critical evaluation of Al-generated content. Human~
centred mindset was also relatively strong, particularly regarding teachers’ professional judgment
and the role of Al as a support rather than a replacement for teachers.

In contrast, Al ethics was the weakest area, particularly in relation to bias, transparency, consent,
data protection, fairness, and responsil)le Al use. Al foundations was another weaker area, with
some difficulty distinguishing Al machine learning, deep learning, and conventional digital
technologies.

Table It: Interpretive Summary of Stronger and Weaker Dimensions

Relative
Dimension Mean position Interpretation
Al pedagogy 4.01 Strongest Teachers showed comparatively strong awareness

classroom uses of Al

Human-centred 280 Styong Teachers generally supported teacher judgment and human
mindset oversight.
Professional 2.71 Moderately Teachers recognized the importance of continuous Al
learning strong development.

Alfoundations 350 Moderate  Basic conceptual knowledge was developing but uneven.

Ethics of Al 225 Weakest Ethical, privacy, fairness, and bias-related knowledge

requires priority attention.

The pattern suggests that teachers may be more familiar with the practical and instructional uses of
Al than with the principles needed to govern Al responsibly. In other words, teachers may know how
Al can be used in teaching more readily than how Al should be evaluated, monitored, and regulated.
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RQA4: Are there statistically significant differences in teachers’ Al literacy according to gender, age,
teaching experience, qualification, and rural /urban location?

Independent-samples t tests were used for gender and school location. One-way analyses of variance

were used for age, teaching experience, and qualification.

Table 12 AL-Literacy Scores by Gender

Gender Female Male
n 344 153
Mean 1854 1800
SD 531 500

The difference between female and male teachers was not statistically significant, t(appyoximatelg

26252) = 102, p =.310.The effect size was negl igi]ole, Cohen'sd = 010.Therefore, HOl was retained.

Table 13: Al-Literacy Scores by School Location

School location n Mean SD
Rural 361 1852 521
Urban 116 1796 585

The difference between rural and urban teachers was not statistically significant, t(approximatelg

177.4?) = 0.93, pP= 393, The effect size was negligible, Cohen'sd = 0.11.Theye{ore, HO2 was retained.

Table 14: AL Literacy Scores by Age Group

Age group n Mean SD

25-3D years 175 1817 556
35-45 years 204 1851 496
45-55 years e 1860 5712
5D years and above 21 1829 650

The one-way ANOVA indicated no statistically significant differences in Al literacy across age
groups, F(3, 475) =017, pP= a1, T]Q = 001 Therefore, HO3 was retained.
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Table 15: Al-Literacy Scores by I eaching FExperience

Teachina experience n Mean SD
5-10 years 220 1837 536
10-15 years 154 18.31 518
15-25 years 84 1854 535
More than 2D years 39 1858 624

There was no statistically significant difference in Al literacy across experience groups, F(3, 473) =

0.03, p= 903, T]? < 001 Therefore, H04 was retained.

Table 16: A/-Literacy Scores by Qua]ifica tion

Qualification n Mean SD

BA/BSc/BEd 5 1775 622
MA/MSc/MEd 325 1840 519
MPhil and professional qualification 04 1875 555
PhD and professional qualification 5] 1755 35006

The differences in Al literacy across qualification groups were not statistically significant, F(3,473) =

043, pP= 731, T]Q = .003.T11erefore, HO0D was retained.

Table 17: Summary of Demographic and Contextual Hypothesis Tests

Hypothesis Comparison Test statistic p Effectsize Decision

HO1 Gender =102 310 4=10 Retain HOI
HO02 Rural/ urban location t=093 D3 d=11 Retain HO2
HO05 Age groups F=017 915 T]Q =001 RetainHO3
HO4 Experience groups F=005 995 T]Q <001 Retain H04
HO0S Qualification levels F=045 251 1n?2=003 RetainHOD

Overall, the results indicate that teachers Al literacy was relatively consistent across gender, school
location, age, teaching experience, and qualification. None of the observed differences reached
the 0D level of statistical significance.
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Table 18: District-Level Analysis of Variance

Source sS MS F p

“2

| B

Between districts 4380 5475 191 057
Within districts Approximately 13,400 468 Approximately 28.63

052

Total Approximately 13,858 476
Mean Al-Literacy Scores by District
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Fig 4 Mean Al-Literacy Scores by District

Bar chart showing district means with error bars representing standard deviations.The relatively
11i811er score observed in Rawalpindi and the relativelg lower score observed in Kasur should be
interpreted descriptively rather than as evidence of statistically significant geographical inequality.
The results suggest possible district-level variation, but the current sample does not provide sufficient
evidence to conclude that teachers Al literacy differs systematically by district.

RQO: What multidimensional Al-literacy profile emerges among primary school teachers across the
tive UNESCO AI-CFT dimensions?

To address RQH, a three-profile k-means cluster analysis was conducted using the five dimension
scores. The profiles were interpreted according to their mean scores across the five dimensions.
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Table 19: Multidimensional Al-Literacy Profiles

Profile Interpretation n %
Profile Low/limited Al literacy 8 164
Profile 2 Pedagogy-oriented moderate literacy 190 5398
Profile 5 High/ holistic Al literacy 200 438
Total ATT 1000

Table QO‘ Mean Dimension &OIE\S‘ {OI tlze EreeA]—'Literacy P IO{iIES

Human~centred Al Al Ethics of Professional
Profile mindset foundations pedagogy Al learning
Profile I: Low/limited 191 192 185 178 169
Profile 2: Pedagogy-oriented 580 304 405 249 564
moderate
Profile 3: High / holistic 465 450 480 448 4067

Proficient I: Low/Limited Al Literacy

In the first profile, there were 78 teachers or 164% of the sample. On all D dimensions, these
teachers performed at a lower level than sample average. They scored the lowest in the areas of
pro{essional learning, ethics of Al,and Al pedagogg. This pro{ile describes teachers who nli811t need
some basic training to be able to confidently use Al in their classrooms. They will likely require
basic computer skills, an understanding of the fundamentals of artificial intelligence, knowledge of
responsible practices, hands-on experience and guidance, and access to suitable digital resources.

Profile 2: Pedagogy Oriented ~Moderate Literacy

The second profile was composed of 190 teachers (598 percent of the sample). The knowledge
regarcling AI~pec1a808ical knowledge was relativelg 11i811er, 4.03, while knowleclge regarding Al
foundations and ethics was much lower as shown in Table 1. This is a very critical group for
professional development. These teachers seem prepared to leverage Al in their teaching, but they
could benefit from further training in: [ Knowing about the workings of Al systems; O Recognizing
limitations and hallucinations; DDetecting algorithmic bias; DProtecting student data;
DO]otaining digital consent; DEvaluating the fairness and validity of Al tools; and DRealigning

the use of Al with school policy.
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Profile 3: High/Holistic Al Literacy

A total of 209 teachers (43.8% of the sample) were in the third profile. All of these teachers had
high scores in all five dimensions. They achieved their best results in Al pedagogy, professional
learning, human-centred mindset, Al foundations and ethics. This profile describes teachers who
are relatively ready and prepared to ethically and pedagogically use Al in their teaching. They
can be appropriate for advanced study, peer mentoring, teacher learning groups, and teacher-
leaders.

Multidimensional AI—Literacg Profiles

5
Human-centred 1.91
a4
c —_
o [¥a)
‘0 Al foundations 1.92 1
= =2
& 0
= 3
S g
t - —
S Al pedagogy 1.83 E
=< E
o -28
9 c
e . ©
L Ethics 1.78 7]
= =
o
-1
Professional learning 1.69
-0
1 2 3

Al literacy profile

Fig 3: Multidimensional Al-Literacy Profiles

Radar chart comparing the three profiles across the five AI-CFT dimensions.The profile analysis
provides a more informative picture than the overall mean alone. It shows that the sample is not
homogeneous. While many teachers demonstrate high or moderately strong Al literacy, a distinct
group requires foundational intervention. It also shows that moderate Al literacy is often
characterized by stronger pedagogical knowledge than ethical or technical knowledge.

Hypothesis-Testing Summary

Table 21: Final Decisions Regarding the Null Hypotheses

Hypothesis Null hypothesis Result

HO1 No significant difference between male and female teachers Retained
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Hypothesis Null hypothesis Result

HO2 No significant difference between rural and urban teachers Retained

HO3 No significant difference across age groups Retained

HO04 No significant difference across experience groups Retained

HOS No significant difference across qualification levels Retained

HO6 No signi{icant difference across selected clistyicts/ divisions Retained at district level

None of the null hypotheses was rejected. This means that the available evidence did not demonstrate
statistically significant differences in overall Al literacy across the examined demographic,

professional, and 8e08rap11ical categories.
Discussion

The results revealed that the Al literacy level of primary school teachers in Punjab is moderate M
=18.39/25) with significant variations in competency. Al pedagogy received the highest scores
and was the dimension that most participants were familiar with, and knew how to applg in the
classroom, while Al ethics (M = 395/ 5) and Al foundations were relativelg lower. This underscores
the importance of developing the technical knowledge, ethical consciousness, and critical analysis
of teachers in using Al tools and outputs in conjunction with their technical skills. There were no
signi{icant difference between male and female, rural/ urban, age, teaching experience ox
gualification, indicating that professional development programs should not target demographics,
but be based on the needs of the profession. The differences across districts were also not statistically
significant, but descriptive differences suggest there may be other contextual factors that are
important to examine. Three teacher profiles of low/limited, pedagogy~oriented moderate, and
high/ holistic, further illustrate the multi-faceted nature of Al literacy. The results imply that there
is an education training approach that is not enough for teachers since they have different needs.
Rather, Al professional learning must be differentiated, hands-on, ethical, and ongoing, with
additional resources for teachers who need more basic skills and advanced resources for 11i811lg

proficient teachers.

Conclusion

The overall level of Al literacy of the primary school teachers in Punjab was found to be moderate
M =1839/25). Al pedagogy was the highest rated, and the lowest rated were Al ethics and Al
foundations. There was no difference between male and female, between locations, between ages,
between experience and between qualifications, and between the differences at the district level.
Three teacher pro{iles—low/ limited, pedagogy-~oriented moderate, and high/ holistic—showed
the multi-dimensionality of Al Literacy. The overall results indicate the importance of structured,
ethical, practical, and differentiated pro{essional clevelopment of Al for primary school teachers in

Punj ab.
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Recommendations

Create a Competency Based Al Training Program: Ensure the teacher training is relevant and
alignecl to the D areas of UNESCO's AI~CFT, human-centered AI, Al foundations, Al peclagog,g,
ethics, and professional learning. Focus on Al Ethics and Data Protection: Ensure bias, privacy,
consent, transparency, academic integrity, supervision, and verification of Al-generated data are
emphasizecl. Impyove Alfoundations: Give teachers hands-on experience with AI, Algorithms, Data,
Machine Learning, Generative AI, LLMS, ]oias, and limitations of Al Implement Al in the
Curriculum: Train teachers to use Al practicallg in Urduy, English, Mathematics, Science, lesson
planning, assessment and differentiated instruction with special focus on verifying Al outputs.
Differentiated Trainingz Basic training and mentoring for low literacy teachers, applied
pedagogical and ethical training for moderate level teachers, advanced leadership training for
highly literate teachers. Create Professional Learning Communities: Enlist other teachers to share
their Al practices, create Al resources, discuss ethical issues, and mentor other teachers. Enhance
Digital Infrastructure: Provision of electyicitg, internet, devices, digital infrastructure, secure
systems and technical assistance in government schools. Provide Approved Al tools and school
policies: Distribute approved privacy, safety, academic integrity, responsible use and student
protection policies to schools, and approved Al tools. Monitor Practical Al Competency: Conduct
Knowleclge Tests, scenario-based activities, lesson~plan reviews, observations, and port{olios
periodically for teachers to ensure they are competent in practical application.

Limitations of the Studg

This is a cross sectional study that cannot make causal inferences. The objective Al-literacy
measurement is not necessarily representative of teachers actual teaching and the exploratory
profile analysis may need replication with larger samples and confirmatory methods. Lastlg, the
studg ~specific score bands should not be considered as official UNESCO levels of pro{iciencg.
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