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Abstract: The study examines how in-service teachers’ competence in emerging digital technologies developed
through an ICT-focused professional development program implemented within Tanzania’s secondary education
context. Rather than treating digital tools as neutral or universal technologies, the study situates teacher
competence within the institutional, infrastructural, and school-level conditions that shape educational technology
use in Tanzania. Using a retrospective pre—post survey design, the study collected data from 881 teachers who rated
their perceived competence before and after training across multiple digital-teaching and Computer Science-related
competency domains. The study computed pre-training competence, post-training competence, and mean gain
scores, and conducted descriptive comparisons by gender and region. Findings indicate a substantial increase in
perceived competence following the training. The average competence score increased from 2.80 (SD = 0.74) before
training to 4.34 (SD = 0.53) after training, corresponding to an average gain of +1.54 points (SD = 0.60) and a very
large standardized paired change (Cohen’s dz = 2.56). Gains were evident across regions and gender groups, with
female respondents reporting larger descriptive gains than male respondents. Exploratory regression results
showed that baseline competence was the strongest predictor of gain, while laptop or desktop ownership was
positively associated with gains in emerging competence, digital ethics, and internet safety.

Qualitative findings, however, show that local school realities strongly condition the translation of training into
classroom practice, including shortages of computers, projectors, routers, computer laboratories, electricity, reliable
internet, and institutional support. The study therefore contributes to educational technology research by showing
that teacher digital competence in low-resource contexts is not only a matter of skills acquisition but also a situated
outcome shaped by infrastructure, policy, institutional culture, and local implementation constraints.
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1. Introduction

The rapid digitization of education systems has significantly reshaped the concept of effective teaching (Chiu, 2023;
Falloon, 2020; Mufidah & Lutfi, 2025; Nugumanova & Yakovenko, 2025). Beyond basic computer literacy, teachers are
increasingly expected to make sound instructional decisions in technology-rich classrooms, support students’ learning
through online and blended modalities, and uphold professional responsibilities related to data privacy, digital safety,
and ethical use of technology (Chiu, 2023; Falloon, 2020; Gomez-Trigueros, 2023; Jiang, 2023; Mufidah & Lutfi,

2025). These expectations are intensifying as new tools, particularly generative Artificial Intelligence (Al) applications,
become widely available and influence lesson design, assessment practices, student support, and school
administration (Bower et al., 2024; Chiu, 2023; Falloon, 2020; Mao et al., 2023). In many contexts, the pace of
technological change has outpaced capacity building, leaving teachers to adopt tools opportunistically rather than
strategically, and sometimes without adequate guidance on safety, ethics, or responsible use (Alzahrani, 2024;
Asubiojo, 2025; Falloon, 2020; Fernandez-Batanero et al., 2020; Gomez-Trigueros, 2023; Parta et al., 2025;
Sulaimanova & Egamberdieva, 2025).

In Tanzania, these global shifts are unfolding within a secondary education system marked by ambitious curriculum
and digital transformation priorities, but also by uneven school-level infrastructure. The Secondary Education Quality
Improvement Program (SEQUIP) has created an important policy and implementation platform to strengthen teacher
capacity, improve learning conditions, and expand technology use in secondary education. However, teachers’ ability
to use emerging digital tools is shaped by localized realities, including differences in regional connectivity, electricity
access, availability of computer laboratories, school leadership support, teacher workload, language practices, and
institutional rules governing learners’ use of digital devices. Therefore, evaluating ICT teacher professional
development in Tanzania requires more than measuring overall gains in digital competence. It requires examining how
teachers interpret, adapt, and attempt to apply digital tools within their schools' cultural, infrastructural, and
institutional ecosystem.

For this study, situated digital teacher competence refers to teachers’ capacity to use digital technologies
pedagogically, ethically, and adaptively within the specific infrastructural, institutional, cultural, linguistic, and policy
conditions of their schools. It therefore extends beyond technical skill acquisition to include teachers’ ability to make
context-sensitive decisions about when, how, and with what resources to meaningfully integrate digital tools into
classroom practice.

While a growing body of research has detailed the promise of digital technologies to improve learning outcomes, the
equitable benefits depend heavily on teacher competence (Azimkhan et al., 2025; Falloon, 2020; Mufidah & Lutfi,
2025; Parta et al., 2025; Sulaimanova & Egamberdieva, 2025). Teachers function as gatekeepers for classroom
technology use, they select tools, set norms, design learning tasks, and model appropriate digital behavior (Falloon,
2020; Fernandez-Batanero et al., 2020a; Jiang, 2023; Mufidah & Lutfi, 2025; Nugumanova & Yakovenko, 2025). When
teachers have limited competence in emerging digital areas, such as Al-assisted teaching workflows, information
verification, online safety, digital ethics, and technology integration, they can unintentionally introduce new risks
(Asubiojo, 2025; Falloon, 2020; Gomez-Trigueros, 2023; Li, 2022; Luik & PoZogina, 2025; Parta et al., 2025; Zhang,
2025). These risks include exposure to harmful or inappropriate content, concerns about academic integrity, privacy
violations, algorithmic bias, overreliance on automated systems, and widening inequities between schools with varying
levels of access to devices, connectivity, and support (Asubiojo, 2025; Falloon, 2020; Gomez-Trigueros, 2023; Li, 2022;
Luik & PoZogina, 2025; Parta et al., 2025; Zhang, 2025). Consequently, education stakeholders increasingly recognize
teacher professional development as a central lever for enabling effective and responsible digital transformation
(Alzahrani, 2024; Chiu, 2023; Falloon, 2020; Fernandez-Batanero et al., 2020; Mufidah & Lutfi, 2025; Sulaimanova &
Egamberdieva, 2025).

At the same time, digital competence is no longer a single skill set; contemporary frameworks treat it as a
multidimensional construct that blends technical proficiency with pedagogical decision-making and ethical judgment
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(Fernandez-Batanero et al., 2020; Mcgarr & McDonagh, 2020; Novella-Garcia & Cloquell-Lozano, 2021; Torres-
Hernandez & Gallego-Arrufat, 2022). For instance, competence in Al tool use is not only about operating a chatbot or
productivity application; it also involves understanding appropriate use cases, prompting and evaluation strategies,
limitations such as hallucinations, and responsible classroom policies (Z. Ahmad et al., 2025; Al-Abdullatif, 2025; Chee
et al., 2024; Chiu et al., 2024; Delcker et al., 2024). Similarly, competence in digital ethics and online safety extends
beyond knowing rules; it encompasses practical classroom routines for privacy protection, safe communication,
cyberbullying prevention, identity management, and teaching students to evaluate online information critically (Al-
Abdullatif, 2025; Mcgarr & McDonagh, 2020; Novella-Garcia & Cloquell-Lozano, 2021; Romero-Tena et al., 2020; S. et
al., 2025; Torres-Hernandez & Gallego-Arrufat, 2022). The expanded view underscores the need for professional
learning that explicitly addresses emerging competencies rather than assuming they will develop indirectly through
general ICT exposure (Abisheva et al., 2024; Amemasor et al., 2025; Elsayary, 2023; Fernandez-Batanero et al., 2020;
Raza & Akhter, 2024; Yafie et al., 2024).

Despite substantial investment in teacher ICT training globally, evaluation evidence often lags behind implementation.
Many programs report participation counts or satisfaction metrics but provide limited empirical evidence of skill
development, particularly in emerging domains such as Al use and digital ethics (Abisheva et al., 2024; Amemasor et
al., 2025; Elsayary, 2023; Fernandez-Batanero et al., 2020; Raza & Akhter, 2024). Where impact is assessed, studies
frequently rely on cross-sectional perceptions or post-only designs that cannot capture change attributable to training
(Abisheva et al., 2024; Amemasor et al., 2025; Elsayary, 2023; Romero-Tena et al., 2020; Torres et al., 2025). In
service-delivery environments where teachers come from diverse backgrounds and teach in schools with varying
infrastructure, rigorous measurement is especially important for identifying who benefits, which competencies
improve most, and where additional support is needed (Abisheva et al., 2024; Amemasor et al., 2025; Elsayary, 2023;
Romero-Tena et al., 2020; Torres et al., 2025). This is not just a research concern; it is a policy concern, because
professional development budgets are finite and should be directed toward interventions that evidently strengthen
teacher capability (Abisheva et al., 2024; Amemasor et al., 2025; Ash et al., 2025; Elsayary, 2023; Fernandez-Batanero
et al., 2020; Raza & Akhter, 2024).

The study responds to this gap by examining teachers’ perceived competence gains in emerging digital domains
following a structured ICT professional development program implemented in Tanzania. The study goes beyond
evaluating whether teachers improved their ability to use digital tools. It also examines how such competence gains
are situated within the realities of Tanzanian secondary schools, where access to computers, projectors, electricity,
internet connectivity, computer laboratories, and institutional support varies significantly. By linking competence gains
with teachers’ open-ended reflections on implementation barriers, the study positions educational technology as a
locally mediated practice rather than a universal technical intervention.

Methodologically, the paper employs a retrospective pre—post approach commonly used in professional development
evaluation to mitigate limitations of conventional self-assessment (Chasteen & Chattergoon, 2020; Drennan & Hyde,
2008; Geldhof et al., 2018; Kaushal, 2016; Lyons et al., 2022; Rohs, 1999; Thomas et al., 2018). In many trainings,
participants initially overestimate their competence because they lack a clear understanding of what mastery entails;
after training, their internal standards shift as they learn what the competency actually requires (Chasteen &
Chattergoon, 2020; Geldhof et al., 2018; Howard, 1980; Kaushal, 2016; Lyons et al., 2022; Rohs, 1999). Retrospective
pre—post measurement addresses this “response-shift bias” by asking participants to rate both their pre-training and
post-training competence using a consistent post-training frame of reference (Chasteen & Chattergoon, 2020; Drennan
& Hyde, 2008; Geldhof et al., 2018; Howard, 1980; Kaushal, 2016; Lyons et al., 2022; Sibthorp et al., 2007). The
approach is increasingly used in training evaluation research as a pragmatic means of estimating perceived change
when objective performance tests are not feasible at scale(Chasteen & Chattergoon, 2020; Drennan & Hyde, 2008;
Kaushal, 2016; Lyons et al., 2022; Sibthorp et al., 2007; Thomas et al., 2018).

This study contributes in three ways. First, it provides evidence of perceived teacher competence growth in emerging
digital domains, including Al tool use, online safety, digital ethics, multimedia content creation, and technology-
supported pedagogy. Second, it demonstrates how a large-scale retrospective pre—post evaluation can be used to
assess competence gains among in-service teachers in a realistic implementation environment where direct classroom
observations are difficult to conduct at scale. Third, and most importantly for this paper, it situates those gains within
Tanzania’s regional and school-level ecosystem by examining how infrastructure, institutional readiness, teacher
attitudes, school rules, and resource scarcity mediate the practical meaning of educational technology. In this sense,
the study contributes not only to teacher professional development evaluation but also to understanding how digital
technologies become usable, constrained, or reinterpreted within specific educational contexts.
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Accordingly, the study addresses the following guiding questions. First, to what extent did teachers report
improvements in Al tool competence, digital ethics understanding, internet safety skills, and broader ICT-related
pedagogical competencies following the training? Second, how did reported competence gains vary by gender and
region? Third, how did teachers describe the school-level conditions likely to support or constrain the implementation
of these digital competencies after returning to their schools? Fourth, what do these patterns suggest about the design
of culturally and infrastructure-sensitive teacher professional development in Tanzania?

By centring emerging digital competencies and evaluating them through a pre—post training lens, the paper
strengthens the evidence base on teacher digital competence growth in the Al era and offers actionable insights for
training providers, school leaders, and policymakers seeking to build educator readiness for a rapidly evolving digital
learning environment.

2. Literature Review

Research on teacher digital competence has expanded substantially over the past two decades, moving from a narrow
focus on operational computer skills toward broader competence frameworks that include pedagogical decision-
making, collaboration, content creation, communication, and responsible participation in digital environments
(Basilotta-Gomez-Pablos et al., 2022; Falloon, 2020; Kiryakova & Kozhuharova, 2024). Early conceptualizations
emphasized “ICT literacy” and the ability to use productivity tools, but contemporary perspectives treat digital
competence as a multidimensional construct that supports teaching, learning design, assessment, and professional
practice (Basilotta-Gomez-Pablos et al., 2022; Falloon, 2020; Fernandez-Batanero et al., 2020; Kiryakova &
Kozhuharova, 2024). In the European context, the DigComp and DigCompEdu frameworks have been particularly
influential in articulating progressive proficiency levels across technical, pedagogical, and ethical domains, highlighting
that effective integration requires not only how to use tools, but why, when, and with what safeguards (Basilotta-
Gdmez-Pablos et al., 2022; Cabero-Almenara et al., 2020; Caena & Redecker, 2019; Kiryakova & Kozhuharova, 2024;
Miguel-Revilla et al., 2019).

A parallel strand of knowledge frames teacher competence through the Technological Pedagogical Content Knowledge
(TPACK) model, which argues that effective technology integration occurs when teachers can blend knowledge of
subject matter, pedagogy, and technology in context-sensitive ways (Althubyani, 2024; Falloon, 2020; Miguel-Revilla et
al., 2019; Voogt et al., 2013). TPACK has been widely applied in teacher education and professional development
research to explain why simply providing devices or teaching software functions often fails to translate into improved
instruction (Adipat, 2021; Adipat et al., 2023; Cebi et al., 2022; Falloon, 2020; Miguel-Revilla et al., 2019; Voogt et al.,
2013). Together, DigCompEdu- and TPACK-aligned studies converge on a key point: teacher digital readiness is not
static, and competence requirements evolve as technologies and learning modalities change(Ahmad, 2025; Azimkhan
et al., 2025; Basilotta-Gomez-Pablos et al., 2022; Caena & Redecker, 2019; Falloon, 2020; Fernandez-Batanero et al.,
2020; Gonzalez-Medina et al., 2025; Mwapwele et al., 2019).

Although digital competence frameworks help define what teachers should know and be able to do, they do not fully
explain how digital tools become meaningful in specific cultural, institutional, and infrastructural settings. Frameworks
such as DigCompEdu provide a structured account of educators’ digital competence, while TPACK emphasizes the
situated interaction of technology, pedagogy, and content knowledge; however, both are primarily conceptual and do
not fully capture the realities that shape technology use in low-resource school environments (Redecker, 2017; Mishra
& Koehler, 2006). In such settings, local conditions often mediate educational technology, including electricity
availability, internet connectivity, school leadership priorities, teacher workload, language practices, device ownership,
and the presence or absence of computer laboratories. As a result, the same digital tool may function very differently
across contexts. For example, platforms such as Google Classroom or other learning management systems may
support blended learning effectively in well-connected schools but become difficult to use where internet access is
weak or routers are unavailable. Likewise, interactive tools such as Kahoot and Mentimeter may enhance learner
engagement where smartphones, projectors, and stable electricity are available, but may remain largely demonstrative
where teachers and learners lack access to devices. This context-sensitive perspective is especially important in African
and other developing-country settings, where infrastructure constraints continue to shape ICT integration in schools.
UNESCO has emphasized that access to technology, governance and regulation, and teacher preparation are core
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system-level conditions for successful educational technology implementation, while also noting the major inequalities
in access to electricity and digital infrastructure, especially in rural sub-Saharan Africa (UNESCO, 2023a, 2023b).
Related evidence from sub-Saharan Africa further shows that the availability of computers, connectivity, electricity,
and technical support strongly influences whether digital training is translated into classroom practice (UNESCO
Institute for Statistics, 2015). Therefore, evaluating teacher digital competence should not be separated from the
ecological conditions under which teachers are expected to apply that competence. This study adopts that situated
perspective by analysing not only reported gains in teacher competence, but also the implementation challenges
teachers anticipated when returning to their schools.

The arrival of accessible Al systems, especially generative Al, has accelerated the need to expand what counts as
essential teacher digital competence (Dhiman et al., 2025; Dringé-Horvéth et al., 2025). Recent literature emphasizes
that teachers increasingly require Al literacy to use tools productively while also addressing risks such as hallucinated
outputs, embedded biases, opaque decision-making, data privacy concerns, and the reshaping of assessment practices
(Abimbola et al., 2024; Azman & Tumkaya, 2025; Bing & Leong, 2025; Dhiman et al., 2025; Gupta et al., 2025; Hakimi
et al., 2021; Luo, 2025). Al tools in education are often discussed in relation to lesson planning support, differentiation,
feedback generation, and administrative efficiency, but researchers also warn that uncritical adoption may amplify
inequities and undermine learning goals if teachers lack the ability to evaluate outputs and establish appropriate
classroom norms (Abimbola et al., 2024; Azman & Tiimkaya, 2025; Chan, 2023; Dringé-Horvath et al., 2025; Gupta et
al., 2025; Luo, 2025; Onesi-Ozigagun et al., 2024).

Nonetheless, digital ethics research in education stresses professional responsibilities related to privacy, consent,
intellectual property, academic integrity, fairness, transparency, and accountability (Abimbola et al., 2024; Azman &
Tumkaya, 2025; Dhiman et al., 2025; Dringé-Horvath et al., 2025; Gupta et al., 2025; Luo, 2025; Onesi-Ozigagun et al.,
2024). Meanwhile, online safety research highlights risks beyond cybersecurity, including harassment, exposure to
inappropriate content, misinformation, and digital well-being (Ayyash et al., 2024; Chiner et al., 2025; Hakimi et al.,
2021; Martin et al., 2022). These concerns are heightened in school settings where students may have uneven digital
resilience and where teachers are expected to act as first-line protectors and role models (Ayyash et al., 2024; Chiner
et al., 2025; Hakimi et al., 2021; Martin et al., 2022). The literature increasingly treats these areas as interconnected:
for example, Al-assisted learning activities raise new questions about data governance and acceptable use; safety
practices depend on teachers’ understanding of platform policies and digital footprints (Ayyash et al., 2024; Chiner et
al., 2025; Hakimi et al., 2021; Martin et al., 2022); and ethical decision-making depends on both technical knowledge
and institutional norms (Abimbola et al., 2024; Azman & Tiimkaya, 2025; Bing & Leong, 2025; Dhiman et al., 2025;
Gupta et al., 2025; Hakimi et al., 2021;. Nguyen et al., 2022).

Teacher Professional Development Effectiveness

A robust body of Professional Development (PD) research indicates that teacher learning is most likely when PD is
sustained, practice-oriented, aligned with classroom realities, and supported through follow-up coaching or
communities of practice (Avci et al., 2019; Bendtsen et al., 2021; Desimone & Garet, 2015; Milton et al., 2025; Peeters
& Masterson, 2024). Technology-focused PD studies similarly show that programs emphasizing hands-on tasks,
classroom-embedded implementation, and reflective practice outperform short, tool-centred workshops (Avci et al.,
2019; Elsayary, 2023; Gunter & Reeves, 2017; Sari et al., 2021). Importantly, research suggests that competence gains
are often domain-specific: teachers may improve in using a particular platform yet remain uncertain about deeper
issues like data privacy or ethical constraints (Fernandez-Batanero et al., 2020; Masoumi & Noroozi, 2023; Novella-
Garcia & Cloquell-Lozano, 2021; Torres-Hernandez & Gallego-Arrufat, 2022).

Within ICT PD, evaluation studies commonly document improvements in teachers’ confidence and self-efficacy, which
are meaningful because they influence adoption behaviour, experimentation, and persistence (Avci et al., 2019;
Elsayary, 2023; Gunter & Reeves, 2017; Sari et al., 2021). However, scholars also caution that confidence is not the
same as competence (Ahadi et al., 2021; Fernandez-Batanero et al., 2020; Novella-Garcia & Cloquell-Lozano, 2021).
Therefore, some studies include performance-based assessments or classroom observations; others rely on well-
structured self-report instruments as pragmatic measures at scale (Ahadi et al., 2021; Avci et al., 2019; Desimone &
Garet, 2015; Elsayary, 2023). The balance between feasibility and rigor remains a recurring theme, particularly in large
programs where collecting direct performance evidence is costly (Ahadi et al., 2021; Desimone & Garet, 2015; Elsayary,
2023b).
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A consistent conclusion across ICT-in-education research is that training does not operate in a vacuum. Teachers’ ability
to translate training into practice depends on school infrastructure, such as device availability, connectivity, technical
support, and leadership expectations (Chifla-Villén et al., 2025; Derder et al., 2023; Rawal, 2024; Tupag & Ubayubay,
2025). Studies in low-resource or unevenly resourced environments emphasize that “access gaps” become “usage
gaps” and eventually “outcome gaps” if teachers cannot practice newly learned skills in authentic settings (Amirova et
al., 2023; Chikodi & Abike, 2025; Derder et al., 2023; Rawal, 2024; Torres-Hernandez & Gallego-Arrufat, 2022). Context
also interacts with prior experience: teachers with stronger baseline digital exposure may show quicker uptake of
advanced tools (including Al), while those with limited baseline access may make substantial gains but still remain
below proficiency thresholds necessary for confident classroom use (Amirova et al., 2023; Beardsley et al., 2021;
Chifla-Villon et al., 2025; P, 2025; Yao & Wang, 2024).

This contextual literature is especially relevant for safety and ethics competencies. Teachers may understand best
practices in principle, but struggle to implement them in schools that lack secure systems, clear policies, or dedicated
safeguarding structures (Chiner et al., 2025c; Georgiev, 2025; Novella-Garcia & Cloquell-Lozano, 2021; Torres-
Herndndez & Gallego-Arrufat, 2022). Conversely, strong institutional norms and policy guidance amplify the effect of
training by making responsible practice the default (Chiu et al., 2024; Elsayary, 2023b; Novella-Garcia & Cloquell-
Lozano, 2021; Rawal, 2024; Torres-Hernandez & Gallego-Arrufat, 2022).

Furthermore, training evaluation in education frequently uses pre—post designs to estimate changes in knowledge,
attitudes, and skills (Bhanji et al., 2012; Hoogstraten, 1982; Moore & Tananis, 2009). Traditional pretests can suffer
from response-shift bias when participants’ understanding of a construct changes during training, leading them to
reassess what “competent” means (Bhanji et al., 2012; Drennan & Hyde, 2008; Moore & Tananis, 2009; Sprangers &
Hoogstraten, 1989). In response, the literature describes the retrospective pre—post method as a practical alternative:
after training, participants rate both their current competence and their perceived competence “before” training using
the same internal standard (Drennan & Hyde, 2008; Hill, 2020; Hoogstraten, 1982; Little et al., 2019; Moore & Tananis,
2009). This can reduce response-shift bias and is widely used in professional training evaluations where objective
assessments are unavailable (Bhanji et al., 2012; Hill, 2020; Moore & Tananis, 2009; Robinson & Doueck, 1994).

Retrospective measures are influenced by social desirability, recall bias, or participants’ desire to show improvement
(Bhanji et al., 2012; Chasteen & Chattergoon, 2020; Geldhof et al., 2018; Hill, 2020; Little et al., 2019; Sprangers &
Hoogstraten, 1989; Young, 2016). Nonetheless, when carefully designed, using clear items, consistent scales,
anonymity assurances, and triangulation where possible, retrospective pre—post designs provide useful evidence about
perceived competence growth, especially for multi-domain constructs like digital competence(Geldhof et al., 2018;
Hill, 2020; Hwalek et al., 2024). In the context of emerging competencies (Al use, ethics, safety), where many teachers
may have limited prior conceptual clarity, retrospective designs can be particularly informative because participants
often recalibrate their understanding of what responsible and safe use entails as training progresses(Celik, 2022; Chiu
et al., 2024; Chiu et al., 2024; Han, 2025; Wykowski & Starks, 2024).

However, despite rapid interest in Al in education, empirical studies that quantify changes in teachers’ competence
with Al tools, especially in terms of ethics and safety, remain limited relative to the pace of adoption (Celik, 2022; Chiu
et al., 2024; Chiu et al., 2024b; Han, 2025). Much of the current literature is descriptive (perceptions, concerns,
intentions) or focuses on higher education contexts, with fewer studies evaluating structured training interventions for
school teachers across multiple digital competence domains (Chiu et al., 2024; Chiu et al., 2024b; Han,

2025). Additionally, ethics and safety are sometimes treated as add-on topics rather than as measurable competence
areas with pre— and post—change trajectories (Celik, 2022; Chiu et al., 2024a; Wykowski & Starks, 2024).

This study builds on the established PD and digital competence literature by treating Al tool use, digital ethics, and
safety as core, measurable competencies and by examining how these domains shift following a training intervention
using a pre—post evaluation approach (Chiu et al., 2024; Chiu et al., 2024a; Wykowski & Starks, 2024). By positioning
these competencies within the broader ecosystem of teacher digital skills, the study speaks to a growing consensus in
the literature: that effective digital transformation in education requires not only proficiency with tools, but also
ethical and safety competencies to use them responsibly in real classrooms (Celik, 2022; Chiu et al., 2024; Chiu et al.,
2024a; Han, 2025; Wykowski & Starks, 2024).
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3. Methodology

Study design

The study used a training evaluation design, with a retrospective pre—post survey administered immediately after an
in-service ICT-focused professional development program. In a retrospective pre—post approach, participants provide
two ratings at the same time: their perceived competence before training (recalled using their updated understanding
after completing the program) and their perceived competence after training. The design is commonly used in
professional development evaluations to reduce response-shift bias, which can occur when participants initially
overestimate their skills due to limited familiarity with the domain and later recalibrate their self-assessments after
training. The design enables estimation of within-participant perceived change across multiple competency domains,
with particular focus on emerging digital competencies related to Al tool use, digital ethics, and online safety.

The training was implemented within the Tanzanian secondary education context as part of broader efforts to
strengthen teachers’ readiness for digital pedagogy and Computer Science teaching. Participants came from schools
that differed in regional location, infrastructure, access to electricity, availability of computer laboratories, number of
functioning computers, and internet connectivity. These contextual differences are central to interpreting the findings
because digital competence is not applied in a vacuum. The study therefore treats the training as both a professional
development intervention and a situated educational technology initiative operating within Tanzania’s institutional and
infrastructural realities.

The professional development program was designed to strengthen teachers’ capacity to teach and work effectively in
technology-enabled school settings. Training content addressed both foundational and applied ICT competencies
relevant to classroom practice, including instructional planning and delivery using digital tools, online collaboration,
content creation, and responsible technology use. The evaluation instrument further included items assessing
participants’ perceptions of training quality (e.g., clarity of objectives, organization, instructional materials, time
allocation, opportunities for interaction, and adequacy of facilities). These items were treated as indicators of the
perceived quality of the training's implementation.

Study participants

The ICT professional development program targeted 917 in-service secondary school teachers. Of these, 881 teachers
completed usable retrospective pre—post competence ratings and were included in the final analytic sample,
representing a 96% response rate. Participants reported core demographic and professional characteristics, including
gender, age, highest educational level, region or Local Government Authority of teaching station, teaching experience,
years teaching Computer Science, and subjects taught. The survey also captured contextual indicators of digital
readiness and access, including the presence of a computer laboratory, the number of functioning computers, and
ownership of personal digital devices such as smartphones, tablets, laptops, and desktops. Participation was voluntary,
and we analysed data anonymously.

Data collection

Data were collected using a survey questionnaire that captured participants' demographic and professional
background variables, as well as information about their teaching context. Multi-response questions (e.g., subjects
taught) were recorded as separate binary indicators.

These items were used descriptively to characterize participants’ experience of the training and to support
interpretation of the program implementation context. These items were used descriptively to characterize
participants’ experience of the training. The 20 competence-domain items and the training-quality items were
developed specifically for this evaluation rather than adopted as a previously validated psychometric instrument. Item
development followed the program objectives, training modules, and expected competencies for ICT-supported
teaching, Computer Science instruction, online learning, multimedia content development, Al tool use, digital ethics,
and internet safety. The training and evaluation team reviewed the items for face and content relevance before
deployment. Accordingly, interpret the findings as evidence of perceived competence gains aligned with program
content, not as scores from a standardized external competence instrument.
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In addition to closed-ended competence ratings, the survey included open-ended questions that asked participants to
describe challenges experienced during the training and challenges anticipated when returning to their schools to
teach Computer Science and train other teachers. These qualitative responses helped interpret the local
implementation environment, including infrastructure gaps, internet connectivity, electricity, device availability, school
rules, teacher readiness, and other institutional constraints. The study did not include direct classroom observations,
formal lesson-plan analysis, or independent scoring of teacher-created artefacts during this evaluation phase.
Therefore, the qualitative data contextualize perceived competence and implementation readiness rather than support
claims of verified classroom-level behavioural change.

The core outcomes were 20 competence domains, each measured twice via retrospective pre- and post-ratings. Items
were administered on a five-point rating scale, with higher values indicating greater competence. Competence
domains covered a broad range of teacher digital skills, including communication and collaboration tools, digital
content creation, online teaching, professional development via online platforms, hardware knowledge, and
responsible digital practice. The primary outcomes of interest were the competencies aligned with emerging digital
competence, operationalized as, (1) Al tool use for education, represented by an item assessing participants’ ability to
use Al tools (e.g., ChatGPT) in educational contexts, (2) digital ethics, represented by an item assessing understanding
of ethical issues in digital/technology use and, (3) online safety, represented by an item assessing internet safety
and/or safe online practices (as defined in the survey instrument). These outcomes were analysed both individually
and in relation to the broader set of competence domains to assess whether emerging competencies improved to the
same extent as more established ICT skills.

Data were exported from the survey platform to a spreadsheet and analysed using reproducible statistical workflows.
Prior to analysis, the dataset was screened for duplicate entries and out-of-range values, patterns of missing data
across key variables, and internal consistency of the retrospective pre—post item blocks (matching the “before” and
“after” versions of each competence domain). Competence items were coded such that higher values indicate higher
competence. Any non-numeric responses in Likert fields were treated as missing and excluded from analyses requiring
numeric inputs. Descriptive statistics were computed on available cases; in sensitivity analyses, results were compared
under listwise and pairwise deletion to assess the stability of conclusions.

Data analysis
The study examined participant characteristics and contextual indicators (e.g., device ownership, school ICT resources)
to describe the sample and interpret training outcomes in context. Training quality items were assessed using means
and medians, along with measures of dispersion, to provide a high-level assessment of perceived program
implementation. For each competence domain, including Al tool use, ethics, and safety, a change score was computed
at the individual level using:
A;=Post;-Pre;

Positive values indicate perceived improvement following training. The primary estimates reported were:

i mean (and/or median) pre, post, and change for each target domain

ii. distributional summaries of change (e.g., proportion improved, unchanged, decreased)

iii. ranking of domains by average change to identify where the training appeared to produce the largest
perceived gains

Because the competence items are ordinal Likert measures, the analysis used paired comparisons appropriate for
within-participant designs. In practice, results were examined using both paired-samples t-tests (commonly used and
robust in large samples for approximate interval Likert scales) and Wilcoxon signed-rank tests (nonparametric
robustness check). Effect sizes were reported to complement statistical significance, given the large sample size. Where
paired t-tests were used, Cohen’s d for paired samples was computed as

where 4 is the mean change and s, is the standard deviation of the change scores.

Open-ended responses were analysed thematically to identify recurrent contextual and implementation-related
constraints. Responses were first read to identify repeated terms and issues, then grouped into broader themes,
including ICT facility shortages, weak internet and bandwidth limitations, electricity and power infrastructure, lack of
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computer laboratories, limited student and teacher access to devices, teacher resistance or readiness, time
constraints, school-level policy restrictions on device use, and parental or community support. Selected participant
guotations were retained to illustrate these themes. Because most responses were short survey statements rather
than interview transcripts, the analysis focused on thematic salience and contextual interpretation rather than in-
depth narrative reconstruction.

To explore factors associated with greater improvement in emerging digital competencies, exploratory linear
regression models were estimated. Four outcomes were modelled: overall emerging competence gain, Al tool-use
gain, digital ethics gain, and internet safety gain. Candidate predictors included gender, age group, teaching
experience, years teaching Computer Science, highest education level, region, council type, computer laboratory
availability, number of functioning computers, personal ownership of smartphones or tablets, ownership of laptops or
desktops, and whether ICT was included in pre-service teacher training. Linear regression was used for interpretability
and HC3 robust standard errors were applied to reduce sensitivity to heteroscedasticity.

Because gain scores were computed as post-training competence minus retrospective pre-training competence,
models that regress gain scores on baseline competence may be affected by mathematical coupling. Specifically, the
baseline score is part of the gain-score calculation, which can mechanically produce a negative baseline coefficient and
inflate explained variance. Therefore, baseline coefficients in the gain-score models are interpreted cautiously and are
not treated as independent evidence of a pure catch-up effect. To assess robustness, supplementary models were
estimated using post-training competence as the dependent variable while including baseline competence and the
same teacher and context variables as covariates. However, the evaluation relies primarily on teachers’ self-reported
retrospective competence ratings. Although this design is appropriate for estimating perceived change and reducing
response-shift bias, it does not provide direct behavioural evidence of classroom implementation. The study therefore
does not claim that competence gains automatically translated into observed classroom practice, improved lesson
quality, or student learning outcomes. Instead, the findings reflect changes in perceived competence, confidence, and
implementation readiness. Future evaluation phases should include direct behavioural measures, such as classroom
observations, lesson-plan analysis, digital artifact rubrics, or follow-up school visits. To reduce overinterpretation, the
analysis emphasizes effect sizes, item-level patterns, qualitative implementation barriers, and contextual interpretation
rather than p-values alone.

4. Findings

The findings are based on participant-assessed competence scores on a 1-5 scale, captured retrospectively after
training across a set of digital/ICT instructional competency statements. For each respondent, overall pre- and post-
scores and a gain score (gain = post — pre) were computed. Descriptive analyses are presented both overall and by key
characteristics, alongside item-level patterns and a structured synthesis of open-ended responses focusing on Al tool
use, digital ethics, and safety. The final analytic sample for the pre—post competence outcome was N = 881.

As shown in Table 1, teachers reported a substantial increase in perceived competence following the training. The
mean pre-training score was 2.80 (SD = 0.74), and the mean post-training score was 4.34 (SD = 0.53), corresponding to
an average gain of +1.54 points (SD = 0.60) on the 1-5 scale. The magnitude indicates a shift from approximately
moderate baseline competence to, on average, high post-training competence. To contextualize the size of change
within individuals, the standardized paired change (Cohen’s dz) was 2.56, indicating a very large pre—post shift in
competence.

Table 1

Change in Teachers’ Digital Competence

N Pre mean Pre SD Post mean Post SD Mean gain Gain SD Cohen’s dz

881 2.80 0.74 4.34 0.53 1.54 0.60 2.56
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Figure 1
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Moreover, item-level results show that gains were broad-based across the competence statements, rather than
concentrated in a single skill area. Figure 2 shows the highest average gains. Across individual competence items,
perceived improvements were positive across both foundational and applied digital domains. However, gain size varied
by item. Some competencies showed comparatively smaller gains because participants reported relatively higher
baseline competence before training, leaving less room for improvement. For example, collaboration tools such as
Kahoot and Mentimeter had relatively high pre-training means and therefore showed smaller absolute gains than
lower-baseline competencies. Substantial gains were also recorded in internet safety skills, indicating that teachers felt
markedly better prepared to navigate and manage online risks in their teaching practice after the training.

Figure 2

Mean Gain Distribution Across Knowledge Items

—&— Pre-Training Gain —&— Post-Training Gain
25
2.06
2.0 1 s - 1.82 1.78
~———. N 1.69 1.68 1.67 1.65
. 1.5 4 1-36.\1..31 1.31 1.31 1.29
g - - - 1.12
1.0 |
0.5 |
0.00 0.00
0.0 @ ©
1 2 3 4 5 6 7 8
Knowledge Item Number
Legend: Knowledge Item Statements
1. Use of collaboration tools such as Kahoot and Mentimeter 5. Understanding of ICT integration in teaching and learning
2. Clarity of training objectives and sessions 6. Ability to use digital learning platforms such as Google

Classroom and W3Schools
3. Ability to address internet safety issues ) )
7. Ability to conduct virtual lessons using MS Teams and Zoom

4. Knowledge of computer networking and internet tools . o
8. Use of interactive digital documents/resources

. v,

Competence in using digital learning platforms, particularly Google Classroom and W3Schools, also increased sharply,
suggesting that participants left the program more confident in delivering and managing instruction in these
environments. Taken together, these item-level results reinforce the overall pattern observed in the scale scores: the
training was most impactful in strengthening concrete, tool-based competencies that teachers can immediately apply
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in lesson delivery, assessment, and classroom interaction, especially in collaborative digital activities, online safety, and
using structured learning platforms.
These items reflect great improvement in practical, applied competencies (for example, competencies associated with
delivering instruction using digital approaches and tools) and in training-aligned expectations and engagement. At the
same time, even the lowest-gain items still showed positive improvement. Table 2 presents selected lower-ranked
positive gains. These items still improved after training, but their gains were smaller than other domains, partly
because their pre-training means were already relatively higher.

Table 2

Lowest-ranked Gains

Competence item N Pre mean Post mean Mean gain
Use of collaboration tools such as Kahoot and Mentimeter 881 3.52 4.64 1.12
Clarity of training objectives and sessions 881 3.14 4.43 1.29
Ability to use interactive digital documents/resources 881 3.04 4.36 131
Knowledge of computer networking and internet tools 881 3.14 4.45 131
Ability to conduct virtual lessons using MS Teams and Zoom 881 3.07 4.38 131
Understanding of ICT integration in teaching and learning 881 2.87 4.23 1.36

Differences in Knowledge Gains by Gender

When disaggregated by gender, both groups show clear improvements (Figure 3), with female respondents reporting a
larger average gain than male respondents. Female teachers had an average gain of +1.78 (SD = 0.61) compared with
+1.51 (SD = 0.59) among male teachers.
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Notably, female teachers also had a lower baseline pre-score (2.46 vs 2.84), consistent with a larger room for
improvement and contributing to the higher average gain. These results should be interpreted as descriptive subgroup
comparisons rather than adjusted estimates. They indicate that perceived training benefits were present across both
gender groups, with female respondents reporting larger average gains. However, further adjusted analysis is needed
to determine whether the observed gender difference remains after accounting for baseline competence, region,
teaching experience, education level, and school-level ICT resources.

Regional Variation in Gains

Results show positive average gains across all regions represented in the dataset, with modest variation in the size of
improvement (Figure 4). The highest mean gain was in Dar-es-salaam (+1.68), and the lowest was in Pwani (+1.46),
with all regions showing substantial uplift.
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Figure 4

Regional Variation in Gains: Regional Gain vs Sample Size
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The standard deviations are similar across regions, suggesting comparable within-region variability in reported gains. In
general, the regional results indicate that training-associated competence improvements were not isolated to a
specific location and were broadly consistent across contexts.

Exploratory Regression Results

To examine factors associated with greater perceived gains in emerging digital competencies, exploratory linear
regression models were estimated for four outcomes: overall emerging competence gain, Al tool-use gain, digital
ethics gain, and internet safety gain. Each model controlled for the relevant baseline pre-training competence score to
account for ceiling effects. After excluding implausible values in years teaching Computer Science, 875 cases were
included in the regression analysis.

Table 3 presents the model-fit statistics. The models explained a substantial proportion of variance in perceived gains,
with R? values ranging from 0.567 for internet safety gain to 0.730 for Al tool-use gain. The overall emerging
competence gain model explained 63.3% of the variance in reported gain.

Table 3

Model Fit for Exploratory Regression Models

Outcome model N R? Adjusted R? F-statistic p-value
Emerging competence gain 875 0.633 0.625 66.00 <.001
Al tool-use gain 875 0.730 0.723 105.79 <.001
Digital ethics gain 875 0.604 0.594 65.18 <.001
Internet safety gain 875 0.567 0.557 42.90 <.001

Across all gain-score models, baseline competence had a strong negative association with reported gain. This pattern is
consistent with lower-baseline participants reporting larger improvements; however, it should not be interpreted
solely as a substantive catch-up effect. Because gain was calculated as post-training competence minus pre-training
competence, and the pre-training score was also included as a predictor, the negative baseline coefficient likely reflects
a combination of ceiling effects, regression-to-the-mean, and mathematical coupling between the dependent variable
and its baseline component. For this reason, the baseline coefficient is treated primarily as a statistical control and
model diagnostic rather than as a standalone substantive finding. Female teachers reported significantly higher gains
in Al tool-use competence than male teachers, while the gender effect for the overall emerging competence
composite was positive but marginal. Personal laptop or desktop ownership was positively associated with gains in
emerging competence, digital ethics, and internet safety. The age 50-60 category showed lower reported gains in
some models relative to the 30-39 reference group. This result should be interpreted cautiously because the subgroup
was small and may reflect differences in prior exposure, confidence with emerging tools, opportunities for practice, or
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ceiling and measurement effects rather than age alone. By contrast, region and number of functioning computers were
not significant predictors after adjustment.

Table 4

Selected Predictors of Emerging Digital Competence Gains

Predictor Emerging Al tool-use  Digital ethics Internet
competence gain gain gain safety gain
Baseline competence -0.679*** -0.783*** -0.708*** -0.606***
Female teacher 0.082% 0.134* 0.073 0.048
Age 50-60 -0.520** -0.731** -0.537t -0.291t
Computer laboratory available 0.054 0.010 0.077 0.083%
Functioning computers, log -0.007 -0.011 -0.009 0.002
Owns smartphone/tablet 0.143 0.253 0.046 0.172
Owns laptop/desktop 0.110* 0.0917 0.141* 0.118*
ICT included in pre-service training 0.002 -0.005 0.000 0.019

Note. Values are unstandardized coefficients. Models used HC3 robust standard errors and controlled for gender, age,
teaching experience, years teaching Computer Science, highest education level, region, council type, school ICT resources,
personal device ownership, and baseline competence. Reference categories were male teacher, age 30—-39, Morogoro
region, and District Council. 1p <.10; *p <.05; **p <.01; ***p <.001.

The regression results refine the descriptive findings by showing that differences in reported gains were shaped more
strongly by baseline competence and personal access to computing devices than by region. As a robustness check,
supplementary models were estimated using post-training competence scores as the dependent variables while
retaining baseline competence and the same teacher and context predictors. These models reduce the mathematical
coupling problem inherent in gain-score models and provide a more conservative check on whether teacher and
context variables remain associated with post-training competence. The negative baseline effect suggests that the
training was especially beneficial for teachers who entered the program with lower confidence in emerging digital
competencies. Laptop or desktop ownership also appears to be an important practical driver, suggesting that teachers
with access to more capable personal computing devices may have had greater opportunity to practice, consolidate,
and extend skills introduced during training.

Al Tool Use, Safety, and Digital Ethics

A targeted qualitative examination of open-ended response fields assessed whether participants spontaneously raised
themes related to Al-specific tools, safety/security, digital ethics/privacy, and platform/tool references. The
examination indicates that participants’ own framing, rather than the prevalence of these issues in the training itself,
drives salience.

Across the open-text fields (Figure 5), Al-specific mentions were the most common focal theme, appearing in 61
distinct cells and corresponding to 61 unique respondents (6.92% of respondents).
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Figure 5

Qualitative Data Focal Themes
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Safety/security mentions were similarly common (55 respondents, 6.24%). Ethics/privacy mentions were less frequent
(37 respondents, 4.2%). Mentions of specific platforms/tools also appeared among 37 respondents (4.2%)

Generally, the findings suggest that when teachers chose to raise forward-looking issues in their own words, they were
somewhat more likely to discuss Al tools and safety considerations than to explicitly discuss ethics/privacy. At the same
time, the presence of ethics/privacy language, even at a lower frequency, indicates emerging awareness and concern
within a subset of participants.

Ethics and privacy subthemes

To tighten the interpretation of “ethics and privacy” mentions, the 37 flagged ethics and privacy text cells were
reviewed and classified into a cleaner subtheme framework: privacy/data protection, plagiarism/IP,

misinformation/disinformation, cyberbullying/harassment, and policy/regulation/governance, with an Other/unclear
category retained for fragments too thin to classify confidently.

The subtheme counts show that (Figure 6) over half of the flagged ethics/privacy fragments aligned most closely with
policy/regulation/governance language (51.4%), while explicit privacy/data protection references were less common
(8.1%). A substantial proportion (40.5%) was categorized as Other/unclear due to limited context in short responses.

Figure 6

Ethics and Privacy Subthemes Classification

Policy/regulation/governance 19 (51.4%)

15 (40.5%)

Other/unclear

Privacy/data protection

Cyberbullyingfharassment 1 0 (0.0%)

Ethics/privacy subtheme

Misinformation/disinformation 4 0 (0.0%)

Plagiarism/IP 4 0 (0.0%)

0 10 20 30 40 50 60
Percentage of ethics/privacy-flagged responses

82



Hilda Mwangakala — Situated Digital Teacher Competence in Tanzania: Infrastructure, Policy,
and School-Level Constraints in an ICT Professional Development Program

In general, the training evaluation shows a strong, consistent pattern of improvement in teachers’ assessed digital
competence from pre to post, with a large mean gain and a very large standardized paired difference.

Gains were widespread across items, with variation consistent with baseline differences across competency
statements. Improvements were observed across sex and across regions, with female respondents showing larger
descriptive gains and regional means clustered within a relatively narrow band of large positive change

In open-ended responses, Al tool use and safety/security were slightly more salient than explicit ethics/privacy
language, and ethics/privacy references, when present, most often took the form of governance-oriented framing
rather than detailed privacy or academic integrity discussions

Contextual Implementation Challenges after Training

Open-ended responses show that the application of digital competence after training is likely to be shaped by the
material and institutional conditions of teachers’ schools. The most frequently reported barrier was the shortage or
absence of ICT facilities. Participants referred to “no computers,” “no projector,” “no computer laboratory,” “lack of ICT
facilities,” and “shortage of digital tools.” Others reported that their schools had only one laptop or lacked the
equipment needed to teach students and train fellow teachers. These responses indicate that digital tools such as LMS
platforms, collaboration applications, Al tools, and multimedia authoring software cannot be understood merely as
standard technologies introduced during training. Their educational value depends on whether schools have the
minimum infrastructure needed to make them usable in daily teaching.

”u

Internet connectivity and bandwidth limitations were also central concerns. Participants repeatedly referred to “lack of
reliable network,” “internet problem,” “weak network,” “limited access to stable internet,” and “no router.” Some
teachers indicated that their schools are located in areas with weak or absent mobile signal, while others reported that
internet access was restricted to particular offices rather than available in teaching spaces. These responses suggest
that online platforms such as Google Classroom, TIE-LMS, Zoom, Kahoot, Mentimeter, and Al-supported tools depend
on regional connectivity and school-level network arrangements. In schools with weak bandwidth, teachers may use
these tools only intermittently, through demonstrations, or via improvised mobile data access rather than as routine
classroom technologies.

Electricity and physical classroom infrastructure further shaped teachers’ anticipated implementation capacity.
Participants reported “no electricity supply in the school,” “electricity problem,” “lack of enough electrical wall
switches,” and classrooms without electricity. One participant noted that computers and a projector had been received
but remained unused because the school lacked electricity. This shows that device provision alone is insufficient. ICT
integration requires a functional ecosystem, including power supply, charging points, secure rooms, computer
laboratories, maintenance capacity, and reliable connectivity.

Participants also identified institutional and cultural barriers, including teacher readiness, resistance to change, limited
time, school rules on student device use, and parental concerns. Some teachers anticipated that colleagues would
resist ICT adoption or lack confidence in using computers, while others noted that students may not own smartphones,
tablets, or laptops. Some responses also referred to school rules that restrict learners from using phones or digital
devices. These findings suggest that school-level ICT implementation requires not only equipment but also leadership
support, policy clarity, parental sensitization, and norms for safe and responsible device use.

Future studies should examine how teachers negotiate English-dominant software interfaces, Kiswahili classroom
explanations, and local pedagogical practices when introducing emerging technologies. Taken together, the qualitative
findings show that teachers’ post-training implementation capacity is not determined by competence alone, but by the
interaction between competence, infrastructure, institutional rules, school culture, and regional access conditions.

5. Discussion

The central finding of this study is that ICT professional development can generate substantial perceived gains in
teachers’ digital competence, but those gains acquire practical meaning only when interpreted within the Tanzanian
school ecosystem in which teachers work. Participants reported moving from moderate baseline competence to high
post-training competence, suggesting that the program achieved its immediate capacity-building objective. However,
the qualitative findings show that competence alone does not guarantee classroom integration. Actual use of Al tools,
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LMS platforms, collaboration tools, multimedia applications, and online safety practices depends on school-level
infrastructure, electricity, internet connectivity, device availability, teacher culture, leadership support, school rules,
and regional access conditions.

This interpretation responds to the broader argument that educational technologies are not neutral tools that produce
the same effects everywhere. In this study, tools such as Kahoot, Mentimeter, Zoom, Google Classroom, LMS
platforms, and Al applications became meaningful through the conditions under which Tanzanian teachers could
access, adapt, and implement them. A teacher trained to use an LMS, for example, may still be unable to apply it
routinely in a school without reliable internet or a functioning computer laboratory. Similarly, multimedia and
interactive tools may remain demonstration technologies where classrooms lack projectors, power supply, or learner
devices. Therefore, the findings should be interpreted as evidence of competence development within a constrained
implementation ecosystem, not as proof of automatic classroom transformation.

The standardized paired change of Cohen’s dz = 2.56 indicates a very large shift in self-reported competence. In
professional development evaluation, the magnitude suggests participants perceived a substantial change in their
knowledge and confidence after the training. However, this effect size should be interpreted cautiously because
retrospective self-assessment designs often capture perceived recalibration as well as learning. Participants may rate
their pre-training competence lower after they better understand the domain, while also rating post-training
competence positively because the training was recent and salient. Therefore, the effect size is best understood as
evidence of a very large perceived competence shift rather than objective proof of equivalent performance gains in
classroom practice.

At the item level, gains were consistently positive, but not uniform. The highest-gain competencies tended to be the
most “hands-on” and tool-mediated (for example, collaboration/interactive tools and internet safety—related skills),
suggesting the program delivered concrete, actionable learning rather than abstract orientation. This aligns well with
the rationale that teachers need practical capabilities they can immediately apply in lesson preparation, delivery,
classroom management, and student engagement (Jeptepkeny & Keter, 2025; Langelaan et al., 2024; Lipka et al., 2025;
Turbanada et al., 2025).

The item-level gains also show why a situated interpretation is necessary. Teacher training often presents collaboration
tools, virtual learning tools, and multimedia platforms as transferable instructional technologies. However, their
classroom value depends on local adaptation. In the Tanzanian school context reflected in the qualitative responses,
teachers may need to use mobile phones as substitute devices, organize group-based demonstrations when computers
are unavailable, prepare offline resources when bandwidth is weak, or negotiate with school leaders about when and
how learners may use digital devices. Thus, the same tool can operate as an interactive classroom platform in one
school, a teacher-preparation resource in another, and an aspirational technology in a school without electricity or
computers.

Differences by respondent characteristics were present but did not destabilize the overall narrative. Female
respondents showed larger descriptive gains than male respondents, but both groups reported strong improvement.
Region-level gains clustered within a relatively narrow range, indicating that the program’s perceived impact was
broadly distributed rather than concentrated in one location. Regarding the research question of whether training
outcomes vary across groups, the most defensible interpretation is that subgroup differences are present descriptively,
but the dominant story is one of across-the-board positive change (Jeptepkeny & Keter, 2025; Lipka et al., 2025; Qin &
Liu, 2023).

The exploratory regression models require cautious interpretation. Baseline competence was strongly and negatively
associated with reported gain across emerging competence outcomes, but this pattern partly reflects the structure of
the gain-score model because gain was calculated as post-training competence minus pre-training competence.
Therefore, the result should be interpreted as a combination of ceiling effects, possible regression-to-the-mean, and
mathematical coupling, rather than as definitive evidence of a pure catch-up effect. Substantively, the finding still
suggests that teachers who reported lower initial competence had more room to improve, but this interpretation
should be treated cautiously and considered alongside post-score robustness models.

The regression results also show that personal laptop or desktop ownership was positively associated with gains in
emerging competence, digital ethics, and internet safety. This finding reinforces the situated interpretation of digital
teacher competence. Access to a personal computing device may allow teachers to practise beyond the training venue,
experiment with tools, prepare digital materials, and consolidate new competencies. By contrast, the number of
functioning school computers was not a significant predictor after adjustment, suggesting that infrastructure quality
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and usability may matter more than simple equipment counts. The significant female advantage in Al tool-use gain
further suggests that structured ICT professional development may help reduce gender gaps in emerging technology
readiness when women teachers are given access to practical and supportive training environments. The lower gains
observed among teachers aged 50—60 should be interpreted with caution. The result may indicate that older teachers
need more differentiated support, slower-paced practice, or follow-up mentoring when engaging with emerging digital
tools. However, because this age group was small, the finding should not be generalized without further evidence.

Moreover, the qualitative results add an important hint to the competence gains. Open-ended responses contained
some spontaneous discussion of Al, safety/security, and ethics/privacy, but at relatively low prevalence. The fact that a
small minority of respondents volunteered these themes suggests that, while the training may have touched on these
areas (and teachers may care about them), they are not yet deeply embedded in everyday language or routine
professional concerns for many participants. Where ethics/privacy did appear, it most often took the form of general
governance language (policy, regulation, responsible use) rather than detailed privacy practices, academic integrity
norms, misinformation literacy, or cyberbullying safeguards (Aguilar-Cruz & Salas-Pilco, 2025; Alwaqgdani, 2024;
Brzovic, 2021). The pattern suggests that “ethics/privacy” is not yet a well-articulated domain for most teachers in this
sample, even when they are actively discussing digital teaching (Aguilar-Cruz & Salas-Pilco, 2025; Alwaqdani, 2024).
The governance-heavy subtheme pattern suggests that teachers may be waiting for formal guidance before acting
confidently, or they may not yet have the vocabulary to describe the ethical dimensions of everyday classroom
technology decisions (Aguilar-Cruz & Salas-Pilco, 2025; Alwaqdani, 2024; Brzovic, 2021).

The governance-oriented framing is important in the Tanzanian school context because responsible technology use
depends not only on individual teacher awareness but also on school-level rules, national policy guidance, parental
expectations, and institutional safeguards. Teachers may recognize that Al, online platforms, and digital
communication require responsible use, but may still lack practical guidance on student data protection, acceptable
use of smartphones, safe online communication, copyright, misinformation, and academic integrity. In schools where
access to devices is shared, informal, or dependent on teachers’ personal phones and mobile bundles, ethical practice
becomes especially complex. Therefore, future training should translate responsible-use principles into locally
applicable routines that teachers can enact under constrained school conditions.

The practical implication is that future training should move beyond general messages (“use responsibly”) into specific
teacher-facing routines and scenarios. Privacy/data protection can be operationalized through concrete classroom
rules about student data, consent, and safe handling of device-based information. Plagiarism/IP can be taught through
simple citation practices and classroom norms for using online materials. Misinformation can be linked to digital
literacy tasks that students can practice. Cyberbullying/harassment can be addressed through reporting pathways and
class agreements (Aguilar-Cruz & Salas-Pilco, 2025; Alwagdani, 2024; Brzovic, 2021). Policy/regulation content
becomes most useful when paired with “what this means on Monday morning in my classroom.”

The qualitative findings show that implementation is likely to be constrained by infrastructural conditions in teachers’
respective schools. Participants repeatedly identified a lack of ICT facilities as the most serious barrier to integrating
ICT in teaching and learning, citing “no computers,” “no projector,” “no computer laboratory,” “lack of ICT facilities,”
and “shortage of digital tools.” Some reported that their schools had only one laptop or none, while others
emphasized the absence of projectors, printers, routers, smartboards, and computer laboratories. These findings
reveal a clear gap between training outcomes and school readiness. Teachers may acquire the required digital
competencies, but their ability to apply them depends on whether schools provide the minimum infrastructure
needed for ICT-based teaching and learning.

” u

Internet connectivity was also a recurring constraint both during training and in expected school-level implementation.
Reports of “poor internet connection,” “lack of stable network,” and “unreliable internet connection” affected online
demonstrations and practical sessions, with similar challenges anticipated in remote schools (Owen et al., 2020;
Calatayud, 2025; Hunduma & Seyoum, 2023; Mangundu et al., 2025). These findings suggest that internet access is
essential for successful ICT integration. Without reliable connectivity, teachers cannot fully use LMS platforms, online
repositories, Al tools, collaborative applications, or cloud-based resources (Akram et al., 2022; Joshi & Khatiwada,
2024; Naaz, 2025).

Electricity and physical infrastructure further complicate translating training into practice. Some schools lack electricity
or have an unstable supply, inadequate sockets, incomplete labs, and insufficient charging points (Moner-Girona et al.,
2025; Kelly et al., 2023; Elom et al., 2024; Koima, 2023). Even when computers and projectors are present, they may be
unusable without power, underscoring the interdependence among ICT tools, power, connectivity, and classroom
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readiness. Additional challenges include limited student access to devices, socio-economic constraints, parental
support, and restrictive school rules around phones and digital tools. Since ICT integration often depends on safe,
guided use of available devices (including smartphones), schools need clear policies on responsible device use, learner
protection, supervision, and parental sensitization (Ofosu-Asare, 2024; Owen et al., 2020; Regli et al., 2026).

The program was associated with substantial self-reported gains in teachers’ perceived digital competence and
implementation readiness (Nettey et al., 2024; Kibirige, 2023; Joshi & Khatiwada, 2024; Ofosu-Asare, 2024). Strong
post-training gains indicate that teachers are capable of adopting ICT, multimedia, LMS, and Al tools when training is
practical and relevant. However, repeated concerns about devices, internet, electricity, laboratories, teacher attitudes,
and time indicate that professional development must be accompanied by school-level investment; training without
infrastructure risks producing motivated teachers who cannot fully apply their skills (Bingimlas, 2009; Akram et al.,
2022; Nettey et al., 2024; Kibirige, 2023; Mangundu et al., 2025; Mathebula et al., 2025; Ofosu-Asare, 2024).

Limitations

This study has few several limitations. First, the retrospective pre—post design reduces response-shift bias but remains
dependent on teachers’ self-reported perceptions of competence. Participants may have overreported improvement
because of social desirability, training satisfaction, or recalibration of their understanding of competence after
exposure to new content. Second, the study did not include direct behavioural measures such as classroom
observations, lesson-plan analysis, independent assessment of teacher-created digital artifacts, or student learning
outcomes. Therefore, the findings should be interpreted as evidence of perceived competence gains and
implementation readiness, not verified classroom transformation.

6. Program and Policy Recommendations

The evidence supports continuing and scaling ICT teacher professional development, but future programs should be
designed as infrastructure-sensitive and context-responsive interventions.

First, training should be accompanied by minimum school-level ICT readiness packages, including functioning
computers, projectors, routers or reliable connectivity options, electricity access, charging points, secure storage, and
basic maintenance support. Second, the program should include low-infrastructure pedagogical strategies, such as
offline lesson preparation, group-based device use, smartphone-supported demonstrations, downloadable LMS
content, and locally adaptable multimedia resources. Third, responsible technology use should be taught through
practical classroom scenarios rather than general policy statements. Teachers need routines for protecting student
data, managing device use, addressing misinformation, preventing cyberbullying, using Al ethically, and guiding
students in safe online behaviour. Fourth, school leaders should be engaged as implementation actors because teacher
competence will not translate into sustained practice unless timetables, school rules, supervision systems, and peer-
learning structures support ICT integration. Finally, gender-responsive support should be strengthened because female
teachers showed strong gains but remain underrepresented in ICT-related training.

Recommendations for Future Evaluation

Future evaluations should pair retrospective competence ratings with direct behavioural evidence. At minimum,
follow-up studies should include classroom observations, lesson-plan analysis, rubrics for teacher-created digital
artifacts, and scenario-based assessments of Al, privacy, online safety, and digital ethics. A longitudinal design would
also help determine whether competence gains are sustained after teachers return to schools with different levels of
infrastructure. Qualitative interviews, focus groups, and school case studies should be added to examine how teachers
adapt digital tools under local constraints, including weak bandwidth, lack of electricity, limited devices, school rules
on phones, language practices, teacher resistance, and parental expectations. Such evidence would allow future
research to move beyond perceived competence and provide stronger claims about actual pedagogical integration and
culturally situated technology use.
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