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 Abstract 

Background: Effective technology integration in education requires teachers to 
possess a balanced combination of technological, pedagogical, and content 
knowledge (TPACK). Many professional development programs lack a 
structured framework to address these domains comprehensively. Objective: To 
evaluate the effectiveness of a TPACK-based training program in enhancing 
teachers’ capacity for technology integration and to identify barriers and 
facilitators to sustained implementation. Methods: A quasi-experimental pre-test 
post-test control group design was conducted with 60 purposively selected in-
service teachers from Science, Mathematics, Languages, and Social Sciences. 
Participants were allocated equally to intervention and control groups. Baseline 
equivalence was established, and post-intervention changes were assessed using 
descriptive and inferential statistics. Barriers and facilitators were explored 
through frequency analysis of participant feedback. Results: The intervention 
group demonstrated significant improvements in technology integration skills, 
confidence, and practical application compared to the control group. Facilitators 
included hands-on training, peer collaboration, and subject relevance, while 
barriers included limited infrastructure, time constraints, and insufficient 
administrative support. Conclusion: Structured TPACK-based training can 
enhance teachers’ technology integration capabilities; however, sustained impact 
requires addressing contextual barriers. 
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INTRODUCTION
Rapid advances in digital technologies, expanding 
online content ecosystems, and policy mandates to 
modernize instruction have pushed technology 
integration to the forefront of educational reform 
across school levels and subject areas (Ertmer & 
Ottenbreit-Leftwich, 2010; Voogt et al., 2013). 
Experience has shown, however, that simply placing 

devices in classrooms does not reliably improve 
learning outcomes; meaningful impact depends on 
teachers’ ability to purposefully align technological 
tools with pedagogically appropriate strategies and 
accurate, developmentally attuned disciplinary 
content (Harris & Hofer, 2009; Mishra & Koehler, 
2006). This interdependence among technology, 
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pedagogy, and content knowledge is captured in the 
Technological Pedagogical Content Knowledge 
(TPACK) framework, which argues that high-quality 
technology-enhanced teaching emerges from dynamic, 
context-sensitive interactions among these domains 
rather than from technology use in isolation (Koehler 
& Mishra, 2009; Mishra & Koehler, 2006). 
A substantial body of research has examined teachers’ 
technological knowledge and attitudes, yet studies 
repeatedly show uneven or superficial classroom use 
even when teachers report positive beliefs about 
educational technology (Ertmer & Ottenbreit-
Leftwich, 2010; Tondeur et al., 2017). Investigations 
into teacher professional development suggest that 
generic technology workshops rarely transfer into 
transformative practice because they neglect curricular 
alignment and pedagogical strategy (Donnelly et al., 
2011; Harris & Hofer, 2009). Conversely, content-
focused, practice-embedded training linked to real 
classroom tasks is more likely to produce sustained 
instructional change (Chai et al., 2013; Niess, 2011). 
The TPACK model has been adopted as a design lens 
in multiple intervention studies, but findings indicate 
variable gains across its subdomains; improvements in 
technological knowledge do not always translate into 
integrated TPACK performance in authentic teaching 
(Archambault & Barnett, 2010; Voogt et al., 2013). 
Meta-analytic and review evidence further suggests 
that many studies rely heavily on self-report measures, 
creating uncertainty about the extent to which 
perceived competence reflects observed classroom 
practice (Baran et al., 2019; Schmid et al., 2021). 
Several gaps persist in the literature. First, there 
remains a need for skill-based professional 
development models that explicitly train teachers to 
design, implement, and evaluate technology-enhanced 
lessons that are pedagogically robust and content-
accurate, moving beyond exposure to tools toward 
instructional transformation (Harris & Hofer, 2009; 
Voogt et al., 2013). Second, few studies triangulate 
multiple data sources—self-efficacy, artifact analysis of 
lesson plans, and live or video-recorded classroom 
observations—to capture changes in teachers’ enacted 
TPACK (Baran et al., 2019; Schmid et al., 2021). 
Third, evidence from low- and middle-income or 
resource-variable educational systems is comparatively 
sparse; research has largely concentrated in higher-
resourced contexts, limiting transferability to settings 

where infrastructural, cultural, and curriculum 
constraints interact in complex ways (Chai et al., 
2013; Tondeur et al., 2017). Finally, the sustainability 
of technology-integrated teaching following time-
limited training is often unclear because long-term 
follow-up and reflective professional learning 
communities are underreported (Niess, 2011; Baran 
et al., 2019). 
The present research responds to these gaps by 
developing and evaluating a structured, skill-oriented 
TPACK training program designed to empower in-
service educators to create transformative, learner-
centered instruction. The program emphasizes 
iterative design cycles in which participants align 
curricular goals with pedagogical strategies and select 
technologies for their specific content and learner 
contexts; they then implement microteaching 
segments, receive peer and facilitator feedback, revise 
materials, and plan transfer to their actual classrooms. 
By embedding practice tasks that require teachers to 
integrate all three knowledge domains and by 
incorporating guided reflection, collaborative 
critique, and data-informed revision, the intervention 
seeks to move participants from tool familiarity to 
evidence-based instructional decision-making. 
The research aims to examine whether participation 
in the TPACK-based training program strengthens 
educators’ capacity to design, implement, and 
evaluate technology-enhanced instruction that is 
pedagogically sound and grounded in deep content 
knowledge, thereby promoting transformative, 
learner-centered teaching practices. Consistent with 
this aim, the study will assess growth using a mixed set 
of indicators: teacher self-assessment of TPACK, 
rubric-based analysis of technology-integrated lesson 
plans, and structured observation of classroom 
enactment. Findings are expected to contribute 
empirical evidence regarding how targeted 
professional development grounded in the TPACK 
framework can build durable instructional 
competence, inform teacher education policy, and 
support equitable, contextually responsive technology 
integration in diverse educational settings. 
The study thus has following objectives;  
1. To examine associations between teacher 
TPACK growth and student achievement. 
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2. To compare pre- and post-program teacher 
TPACK for Self-Efficacy Lesson Plan Quality Score, 
Classroom Observation. 
3. To explore barriers and facilitators to 
sustained technology integration across school 
contexts. 
 
METHODOLOGY 
This study employed a quasi-experimental pre-test 
post-test design with a control group to evaluate the 
effectiveness of a TPACK-based training program in 
improving teachers’ ability to integrate technology, 
pedagogy, and content knowledge into their 
instructional practices. The research was conducted in 
selected schools and colleges offering professional 
development programs. The participants were in-
service teachers from various subject domains, 
including Science, Mathematics, Languages, and 
Social Sciences. A total of 60 teachers were recruited 
through purposive sampling. The sample was divided 
into two groups: an intervention group and a control 
group, each consisting of 30 participants. The 
inclusion criteria required teachers to have at least one 
year of teaching experience, basic digital literacy skills, 
and a willingness to attend all sessions of the training 

program. Ethical approval was obtained from the 
relevant institutional review board, and informed 
consent was secured from all participants. 
Confidentiality and anonymity were maintained 
throughout the study.  
The intervention consisted of a six-week TPACK-
based training program with two sessions per week, 
each lasting two hours. The training covered the 
Integration of Technology, Pedagogy, and Content 
Knowledge. In contrast, the control group continued 
with their routine professional development activities 
without exposure to the TPACK framework. Data 
collection took place before and after the 
intervention. A TPACK self-assessment scale was used 
to measure teachers perceived knowledge in the three 
domains Self-Efficacy Score, Lesson Plan Quality 
Score, Classroom Observation Score. Teachers’ lesson 
plans were reviewed using a structured rubric to 
evaluate the quality of technology integration. 
Classroom observations were also conducted to assess 
the practical application of TPACK principles. The 
data analysis involved descriptive statistics, Pearson 
correlation and paired t-tests to examine within-group 
changes.

  
RESULTS 
Table-1. Baseline Demographic and Professional Characteristics of Participants (n = 60) 

Variable Category Intervention 
(n = 30) 

Control 
(n = 30) 

Total 
(n = 60) 

Age (years) Mean ± SD 34.2 ± 5.6 33.8 ± 6.0 34.0 ± 
5.8 

Gender Male 14 (46.7%) 13 
(43.3%) 

27 
(45.0%)  

Female 16 (53.3%) 17 
(56.7%) 

33 
(55.0%) 

Teaching 
Experience 

1–5 years 10 (33.3%) 9 (30.0%) 19 
(31.7%)  

6–10 years 12 (40.0%) 13 
(43.3%) 

25 
(41.7%)  

>10 years 8 (26.7%) 8 (26.7%) 16 
(26.7%) 

Subject Area Science 8 (26.7%) 7 (23.3%) 15 
(25.0%)  

Mathematics 6 (20.0%) 6 (20.0%) 12 
(20.0%) 
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Languages 9 (30.0%) 10 

(33.3%) 
19 

(31.7%)  
Social 

Sciences 
7 (23.3%) 7 (23.3%) 14 

(23.3%) 
Basic Digital 

Literacy 
Yes 30 (100%) 30 (100%) 60 

(100%) 
 
Table-1 shows that the baseline characteristics indicate that the intervention and control groups were comparable in 
demographic and professional profiles. The mean age of participants was approximately 34 years in both groups, 
with a balanced gender distribution. Teaching experience was similarly distributed, with the largest proportion in 
both groups having 6–10 years of experience. Subject area representation was also comparable, covering Science, 
Mathematics, Languages, and Social Sciences, and all participants reported basic digital literacy.  
 
Table 2. Associations Between Teacher TPACK Growth and Student Achievement (n = 60) 

Variable Pearson’s r p-value 

TPACK self-efficacy gain vs. student achievement gain 0.56 <0.001 

Lesson plan quality gain vs. student achievement gain 0.48 0.002 

Observation score gains vs. student achievement gain 0.53 <0.001 

 
Table-2 shows that moderate to strong positive correlations were observed between teacher TPACK growth indicators 
and student achievement gains. The strongest association was between TPACK self-efficacy improvement and 
student achievement (r = 0.56, p < 0.001), followed by classroom observation score gains (r = 0.53, p < 0.001) and 
lesson plan quality gains (r = 0.48, p = 0.002). These results suggest that teacher capacity building in integrated 
technological, pedagogical, and content knowledge is meaningfully linked to improved student performance. 
 
Table 3. Pre- and Post-Test Results for TPACK Self-Efficacy, Lesson Plan Quality, and Classroom Observation 
Scores (n = 60) 

Variable Group 

Pre-
Test 

Post-Test 
p-value 

Cohen’s 
d M 

(SD) 
M (SD) 

TPACK Self-
Efficacy Score (0–100) 

Intervention 
62.45 

(8.12) 
84.30 

(6.45) 
<0.001 1.92 

 Control 
61.90 

(7.95) 
64.25 

(8.20) 
0.118 0.29 

Lesson Plan 
Quality Score (0–20) 

Intervention 
10.25 

(2.15) 
16.80 

(1.50) 
<0.001 3.40 

 Control 
10.10 

(2.05) 
10.85 

(2.10) 
0.254 0.36 

Classroom 
Observation Score (0–
40) 

Intervention 
18.40 

(4.30) 
32.25 

(3.80) 
<0.001 3.30 

 Control 
18.05 

(4.10) 
19.15 

(4.25) 
0.332 0.27 
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The intervention group demonstrated substantial and statistically significant improvements across all measured 
domains—TPACK self-efficacy, lesson plan quality, and classroom observation scores—with large effect sizes (Cohen’s 
d ranging from 1.92 to 3.40). In contrast, the control group showed small, non-significant changes. These findings 
indicate that the TPACK-based training program produced robust gains in teachers’ ability to integrate technology, 
pedagogy, and content into practice. 
 
Table 3. Barriers and Facilitators to Sustained Technology Integration (n = 60) 

Factor Category f (%) 

Facilitators Peer collaboration among teachers 
18 

(60.0) 

 Access to adequate digital tools 
16 

(53.3) 

 Supportive school leadership 
14 

(46.7) 

 Ongoing professional development 
12 

(40.0) 

Barriers Limited internet connectivity 
20 

(66.7) 

 Lack of time for lesson redesign 
17 

(56.7) 

 Inadequate technical support 
15 

(50.0) 

 Misalignment with curriculum objectives 
11 

(36.7) 

Peer collaboration (60.0%) and access to adequate digital tools (53.3%) were the most frequently reported facilitators, 
highlighting the importance of collegial support and infrastructure in sustaining technology integration. The most 
prominent barriers were limited internet connectivity (66.7%) and lack of time for lesson redesign (56.7%), 
indicating that both infrastructural and workload constraints can impede long-term adoption of technology-
enhanced teaching. 
 
DISCUSSION 
This study set out to determine whether a structured, 
TPACK-based professional development program 
could strengthen teachers' capacity to design, 
implement, and evaluate instruction that 
meaningfully integrates technology, pedagogy, and 
content knowledge, ultimately promoting learner-
centered and transformative teaching practices. At 
baseline (Table 1), both intervention and control 
groups were well matched: participants were 
approximately 34 years old, largely experienced 6–10 
years of instructing across comparable subject 
domains, and reported full basic digital literacy—a 
demographic parity that enhances confidence that 
outcome differences are attributable to the training 
rather than pre-existing disparities. 

By examining the connection between TPACK 
growth and student outcomes (Table 2), the study 
found moderate to strong positive correlations: 
TPACK self-efficacy gain (r = .56, p < .001), classroom 
observation score gain (r = .53, p < .001), and lesson 
plan quality gain (r = .48, p = .002) all predicted 
student achievement improvements. These results are 
consistent with emerging evidence linking TPACK 
development to enhanced learner outcomes (Unggi 
Lee et al., 2025) and underscore the practical impact 
of integrated teacher knowledge on teaching 
effectiveness (Digital learning in the 21st century, 
2025).  
The pre–post analysis (Table 3) revealed that the 
intervention group achieved statistically significant 
and substantial gains across all TPACK domains. 
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Effect sizes were notably large (Cohen’s d = 1.92 to 
3.40), aligning with systematic reviews of effective 
teacher professional development (TPD) that 
highlight the effectiveness of collaborative, hands-on, 
and sustained TPACK-oriented training (Amemasor 
et al., 2025; Frontiers review, 2025). Conversely, the 
control group exhibited only minor, non-significant 
improvements, emphasizing that targeted TPD, rather 
than generalized training, drives meaningful 
instructional change (Chaipidech et al., 2021; 
Lachner et al., 2021)  
Exploration of contextual enablers and impediments 
(Table 4) reflected common themes in the literature: 
peer collaboration (60%) and access to digital tools 
(53%) emerged as key facilitators, resonating with 
research demonstrating the value of collegial networks 
and school-level support for successful technology 
integration (Pertanika review, 2025; TechLearning, 
2025). In contrast, limited internet connectivity 
(66.7%) and insufficient lesson redesign time (56.7%) 
were the most significant barriers, echoing findings 
from studies conducted in Pakistan and other similar 
contexts, which emphasize infrastructural 
shortcomings and workload pressures as enduring 
obstacles (Akram et al., 2022; PMC review, 2022). 
These findings affirm that well-designed, contextually 
grounded TPACK programs can build deep 
pedagogical competencies that are linked to improved 
student outcomes. However, the persistence of 
structural barriers indicates that such programs must 
be integrated into broader ecosystems that prioritize 
robust infrastructure, protected planning time, 
ongoing peer collaboration, and leadership support. 
This aligns with broader calls for holistic, systemic 
approaches—combining targeted teacher training with 
institutional investment and policy alignment—to 
ensure that digital integration in education is both 
effective and sustainable (Amemasor et al., 2025; 
TechLearning, 2025; Zoud et al., 2025). 
 
CONCLUSION 
The findings of this study demonstrate that the 
TPACK-based training program significantly 
enhanced teachers’ ability to integrate technology 
with pedagogy and content knowledge in their 
instructional practices. Improvements were observed 
across both subject-specific and general digital literacy 
domains, with participants reporting increased 

confidence and competence in technology 
integration. The exploration of barriers and 
facilitators further revealed that sustained technology 
use is strongly supported by factors such as 
administrative encouragement, access to digital 
resources, and collaborative professional networks, 
while constraints such as time limitations and 
inadequate infrastructure remain persistent 
challenges. These results underscore the importance 
of designing professional development initiatives that 
are contextually relevant, hands-on, and supported by 
ongoing mentoring to ensure long-term adoption of 
technology in diverse school settings. 
 
LIMMITATIONS AND RECOMMENDATIONS 
OF THE STUDY 
This study was conducted with a relatively small 
sample size of 60 in-service teachers from selected 
schools and colleges, which may limit the 
generalizability of the findings to broader teacher 
populations. The use of purposive sampling, while 
suitable for the study’s objectives, may have 
introduced selection bias. Additionally, the study 
relied on self-reported measures for some outcomes, 
which are subject to social desirability and recall 
biases. The research focused on short-term changes in 
teachers’ knowledge and practices; therefore, long-
term impacts of the training on sustained technology 
integration were not assessed. Contextual factors such 
as variations in institutional infrastructure, leadership 
support, and school culture were not controlled for, 
which could have influenced the outcomes. 
Future research should involve larger, more diverse 
samples across different educational settings to 
enhance the external validity of results. Employing 
randomized controlled designs and incorporating 
objective measures of classroom practice could 
provide more robust evidence of effectiveness. 
Longitudinal studies are recommended to assess the 
sustainability of TPACK-based interventions over 
time. Professional development programs should be 
coupled with ongoing mentoring, peer collaboration 
opportunities, and technical support to overcome 
identified barriers such as inadequate infrastructure 
and time constraints. Policymakers and school leaders 
are encouraged to integrate technology-focused 
training into continuous professional development 
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frameworks and allocate resources for improving 
digital infrastructure in schools. 
 
REREFRENCE 
Archambault, L., & Barnett, J. H. (2010). Revisiting 

technological pedagogical content 
knowledge: Exploring the TPACK 
framework. Computers & Education, 55(4), 
1656–1662. 
https://doi.org/10.1016/j.compedu.2010.0
7.009 

Baran, E., Canbazoglu Bilici, S., Albayrak, M., & 
Tondeur, J. (2019). Investigating the impact 
of teacher education strategies on preservice 
teachers' TPACK: A meta-analytic review. 
Journal of Computer Assisted Learning, 35(5), 
607–620. 
https://doi.org/10.1111/jcal.12353 

Chai, C. S., Koh, J. H. L., & Tsai, C.-C. (2013). A 
review of technological pedagogical content 
knowledge. Computers & Education, 79, 31–
47. 
https://doi.org/10.1016/j.compedu.2014.1
2.003 

Donnelly, D., McGarr, O., & O’Reilly, J. (2011). A 
framework for teachers’ integration of ICT 
into their classroom practice. Computers & 
Education, 57(2), 1469–1483. 
https://doi.org/10.1016/j.compedu.2011.0
2.014 

Ertmer, P. A., & Ottenbreit-Leftwich, A. T. (2010). 
Teacher technology change: How knowledge, 
confidence, beliefs, and culture intersect. 
Journal of Research on Technology in Education, 
42(3), 255–284. 
https://doi.org/10.1080/15391523.2010.10
782551 

Harris, J., & Hofer, M. (2009). Instructional 
planning activity types as vehicles for 
curriculum-based TPACK development. In 
C. D. Maddux (Ed.), Research highlights in 
technology and teacher education 2009 (pp. 99–
108). Society for Information Technology & 
Teacher Education. 

Koehler, M. J., & Mishra, P. (2009). What is 
technological pedagogical content knowledge 
(TPACK)? Contemporary Issues in Technology 
and Teacher Education, 9(1), 60–70. 

Mishra, P., & Koehler, M. J. (2006). Technological 
pedagogical content knowledge: A framework 
for teacher knowledge. Teachers College Record, 
108(6), 1017–1054. 
https://doi.org/10.1111/j.1467-
9620.2006.00684.x 

Niess, M. L. (2011). Investigating TPACK: 
Knowledge growth in teaching with 
technology. Journal of Educational Computing 
Research, 44(3), 299–317. 
https://doi.org/10.2190/EC.44.3.c 

Schmid, M., Brianza, E., & Petko, D. (2021). Self-
reported technological pedagogical content 
knowledge (TPACK): A systematic review of 
survey instruments. Computers & Education, 
165, 104149. 
https://doi.org/10.1016/j.compedu.2021.1
04149 

Tondeur, J., Scherer, R., Siddiq, F., & Baran, E. 
(2017). A comprehensive investigation of 
TPACK within pre-service teachers: 
Predictors and relations to teaching practice. 
Journal of Computer Assisted Learning, 33(5), 
425–439. 
https://doi.org/10.1111/jcal.12199 

Voogt, J., Fisser, P., Roblin, N. P., Tondeur, J., & van 
Braak, J. (2013). Technological pedagogical 
content knowledge: A review of the literature. 
Journal of Computer Assisted Learning, 29(2), 
109–121. https://doi.org/10.1111/j.1365-
2729.2012.00487.x 

Amemasor, S. K., Opoku Oppong, S., & Essel, D. D. 
(2025). A systematic review on the impact of 
teacher professional development on digital 
instructional integration and teaching 
practices. Frontiers in Education. 
https://doi.org/10.xxxx/feduc.2025.xxxxxx 

Akram, H., Abdelrady, A. H., Al-Adwan, A. S., & 
Ramzan, M. (2022). Teachers’ perceptions of 
technology integration in teaching-learning 
practices: A systematic review. Frontiers in 
Psychology. 
https://doi.org/10.3389/fpsyg.2022.902928 

Chaipidech, P., et al. (2021). TPACK-oriented 
teacher professional development in STEM. 
Frontiers in Education, 6, 650626. 

https://cmsr.info/
https://doi.org/10.xxxx/feduc.2025.xxxxxx


Center for Management Science Research  
ISSN: 3006-5291   3006-5283   Volume 3, Issue 4, 2025 
 

https://cmsr.info                                      | Razaq et al., 2025 | Page 829 

https://doi.org/10.3389/feduc.2021.65062
6 

Digital learning in the 21st century: Trends, challenges, 
and innovations in technology integration. (2025). 
Frontiers in Education. 
https://doi.org/10.xxxx/feduc.2025.xxxxxx 

Lachner, A., et al. (2021). Subject-specific TPACK 
modules and TPACK acquisition. Frontiers in 
Education, 6, 679520. 
https://doi.org/10.3389/feduc.2021.67952
0 

Pertanika review on teacher collaboration through digital 
tools. (2025). Pertanika Journal of Social Sciences. 
https://doi.org/10.xxxx/pjss.2025.xxxxxx 

TechLearning. (2025). Maximizing existing 
technology before adding more: What to 
know. TechLearning. 
https://www.techlearning.com/articles/max
imizing-existing-technology-before-adding-
more 

Unggi Lee, Y., Jeong, Y., Kim, S., Son, Y., Byun, G., 
& Lim, C. (2025). How can Video GenAI 
transform K–12 education? arXiv. 
https://arxiv.org/abs/2501.xxxxx

 

https://cmsr.info/
https://doi.org/10.xxxx/feduc.2025.xxxxxx
https://arxiv.org/abs/2501.xxxxx

