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abstract
	[bookmark: _GoBack]This study examined the challenges encountered by Junior High School science teachers in implementing Technological Pedagogical Content Knowledge (TPACK) and the strategies they employ to address these challenges within public secondary schools in the municipality of Sipocot, Philippines. Grounded in the mandates of Republic Act No. 10912 on continuing professional development, the study highlights the need for effective integration of technology, pedagogy, and content knowledge in science instruction. A qualitative descriptive design was employed, involving 63 science teachers from both implementing and non-implementing schools across coastal and upland areas. Data was gathered through interviews and was analyzed using the six-phase thematic analysis of Braun and Clarke, with both inductive and deductive coding. Results revealed five (5) major challenge themes: infrastructure and connectivity limitations, resource and device inequality, digital distractions and classroom management, insufficient training and support, and teacher workload and technical confidence. Correspondingly, five (5) key strategy themes were identified: offline and backup preparations, collaborative and peer support systems, blended and flexible teaching approaches, scaffolding and guided integration, and the use of core tools and contextualized examples. The presence of an equal number of challenge and strategy themes (5:5) suggests a direct alignment between the barriers experienced and the adaptive responses employed by teachers. Findings indicate that TPACK implementation is shaped by systemic, pedagogical, and individual factors, requiring flexible and context-sensitive approaches. Despite constraints, teachers demonstrated resilience through practical and collaborative strategies to sustain instruction. However, persistent issues in infrastructure, training, and resource access continue to limit optimal integration. The study underscores the need for targeted professional development, improved technological support, and policy-driven interventions. 
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1. INTRODUCTION 

The Continuing Professional Development Act of 2016 was established in the Philippines under the Republic Act No. 10912 (Juris, 2016). The law mandates and reinforces the Continuing Professional Development (CPD) program for all regulated professions, and establishes the Continuing Professional Development Council to oversee its implementation. The act is aimed on enhancing an upgrading the qualifications of professional along with their competencies aligned with the ASEAN Qualifications Reference Framework (AQRF), ASEAN Mutual Recognition Arrangements (MRAs), and Philippine Qualification Framework (PQF) thus, ensuring the fitness of the professionals to their chosen professions. Professional development includes growth and development along content areas, technology adoption, and pedagogical and career advancement. Teachers need to assess their skill and focus on training and programs with the goal of improving their Technological Pedagogical Content Knowledge (TPACK) components. TPACK is defined by three primary domains of knowledge such as content, pedagogy, and technology, along with the dynamic interactions of these domains (Zou et al., 2022; Hew et al., 2019; Davies and West, 2014). With TPACK frameworks, teachers are guided with the types of knowledge needed in the delivery of teaching utilizing various technologies and the complexity of integrating it with the bodies of knowledge. According to Shulman (2015) as cited in the recent study of Shambare and Jita (2024) teachers need to master the interconnection between pedagogy, lesson delivery, and lesson content to develop an integrated form of knowledge that transcends each domain individually. Effective technology integration in teaching demands a flexible and adaptive framework; one that accommodates the evolving nature of digital tools while aligning them with diverse instructional strategies and subject matter. Hunter (2016), Koehler et al. (2013) and Valtonen et al. (2021) suggested that teachers need to constantly improve themselves by following new developments and be able to transfer the changes to their educational programs. The use of theoretical and practical knowledge in a functional way while performing task is much more effective when technology is integrated with it particularly in the context of teaching science. (Jin & Schmidt-Crawford, 2022). This standardization would also mean consistency and depth in the seminars and forums of teachers to appropriately utilize technology in the delivery and attainment of the lesson outcomes in the future. This only implies that teachers must not only know what to teach and how to teach but must also focus on the how-to and what-to teach using the available technology and application that is existing in the present times. In a data released by the FPJ Web Desk (2022), even though rapid digitalization was established two years ago, around 30.58 percent of teachers are not proficient with digital technology. This poses a problem with how complex lessons in science will be delivered through the traditional manner. Furthermore, the availability of the online resources makes no sense when teachers are not using them to improve the classroom discussion and using it as a supplemental material to engage and encourage students to participate in the process of teaching and learning. In a 2024 article published by Magsambol in Rappler, it was reported that 62% of teachers are assigned to teach subjects outside their college specializations, particularly in core areas such as English, Filipino, Mathematics, and Science. These assignments account for approximately 10% of the total teaching force in these high-demand subject areas, often referred to as “difficult to fill.” Alarmingly, nearly 65% or equivalent to 4,765 non-major teachers, have not received any specialized training to equip them for these roles. This issue is especially problematic in science education, where sub-disciplines like Physics, Chemistry, and the Life Sciences require deep content knowledge and specialized pedagogical strategies. Beyond subject-matter mismatch, a number of these teachers also demonstrate limited proficiency in essential cognitive skills such as analysis, synthesis, and evaluation; skills that are central to higher-order thinking and are foundational to 21st-century competencies. These competencies are particularly relevant to the Philippines' transition toward a high-value, knowledge-driven, export-oriented manufacturing and service economy. Compounding this issue is the lack of a coherent and systemic professional development framework. Current approaches rely heavily on a cascade model, where only a few teachers attend training sessions and are expected to disseminate the content to their peers, which is an approach that often leads to uneven implementation and knowledge gaps in practice. In the municipality of Sipocot, there are a total of 14 secondary schools located in different barangays. Among the 14 schools, only nine (9) are classified as Implementing Units (IUs). As IUs, these schools receive direct budget allocations from the government for infrastructure projects and Maintenance and Other Operating Expenses (MOOE). This direct funding enables them to adequately support professional development activities such as attendance to external seminars and training programs as well as the conduct of Learning Action Cell. Additionally, according to Department of Education Memorandum No. 009, series of 2019, IUs possess the administrative capacity to manage their own funds. This is made possible through the presence of plantilla positions for Bookkeepers and Disbursing Officers, who are responsible for overseeing accounting and financial transactions, thereby ensuring proper and efficient fund utilization. On the other hand, there are five (5) non-implementing units (non-IUs) in the municipality. These schools are located in far-flung areas of the municipality and received funding through cash advances from the school division offices and corresponding Local Government Units (LGUS). Non-Implementing Units (Non-IUs) lack dedicated financial personnel and do not manage their own funds directly. Instead, their Maintenance and Other Operating Expenses (MOOE) are allocated through their respective Schools Division Offices (SDOs) via cash advances. As a result, the Modified Disbursement System (MDS) Sub-Accounts of the SDOs are used to process both the SDO’s own transactions and those of the Non-IU schools. For Non-IU schools receiving a monthly MOOE of twenty thousand pesos or less, the SDO provides a cash advance equivalent to three months’ worth of operational requirements. This disbursement is typically released during the first week of each month or quarter, depending on the availability of cash allocations. While it may sound like a huge sum of money, it cannot accommodate the purchase of new materials and equipment to be used in laboratories and even not enough budget for the conduct of LAC sessions and attendance to training related to content knowledge improvement, technology adoption, and pedagogical approaches. Moreover, schools are also classified as small school, medium school, big school, and mega school depending on the number of faculty members based on the Department of Education Memorandum No. 43, series of 2017. Small schools have a total number of faculty ranging from nine and below. Medium schools have ten to twenty-five teachers in total, large schools have twenty-six to one hundred teachers in total. The study was conducted to determine the various challenges encountered by teachers in the implementation of TPACK (Technological Pedagogical Content Knowledge) components, including issues related to technological access, pedagogical integration, content delivery, and institutional support. It also aimed to examine how these challenges are influenced by teachers’ competencies, training experiences, and the availability of resources within their teaching environments. Furthermore, the study sought to provide a broader understanding of the barriers that may hinder effective technology integration in instruction across different educational contexts.. However, the study is limited by its focus on a single municipality, which may not capture the diversity of teaching contexts, resources, and support systems that influence TPACK (Technological Pedagogical Content Knowledge) across different regions. Its cross-sectional design also restricts the findings to a single point in time, preventing analysis of how teachers’ TPACK develops or changes with experience and training. Additionally, the use of self-reported data and researcher-designed instruments introduces the possibility of researcher and response bias, which may affect the accuracy of the results. Finally, due to the localized scope and limited sample, the findings have constrained generalizability and may not be applicable to other educational settings or populations.

2. material and methods 

A qualitative descriptive design was employed to determine the challenges experienced by science teachers in implementing TPACK components and the strategies they use to address these challenges. Subsequently, the transcripts were analyzed using the Braun and Clarke’s (2006) six phase thematic analysis framework. Both deductive and inductive categories were devised to identify relevant themes.  The respondents of this study were sixty-three (63) Junior High School science teachers from the municipality of Sipocot particularly from public high schools located within the municipality and respondents were from five (5) schools considered as non-implementing units and is located in far-flung areas representing both coastal and upland places and nine (9) implementing units. Secondary schools from the municipality of Sipocot are divided into three, having schools belonging to Sipocot 1, Sipocot North, and Sipocot South. Sipocot 1 and Sipocot North have a total of five schools each and are considered as small, medium, and big schools based on the Deped Memorandum Number 42, series of 2017. On the other hand, Sipocot 2 has four (4) schools but is also composed of small, medium, and big schools. As for the instrumentation used in the study, for the challenges met by the teachers on the TPACK implementation and the strategies used to address the challenges, a set of questions to be used on the interview was crafted by the researchers. Then, it was asked to the participants. After getting information, a survey questionnaire containing the challenges and the strategies was crafted and was distributed to the respondents. Themes were crafted for the challenges and strategies based on the saturation of responses of the participants during the conduct of the interview. Before the conduct of the interview, ethical consideration of the study and informed consent among the respondents was processed to the Bicol University Ethical Review Committee. This ensures voluntary and informed participation; the researcher conducted a thorough assessment of each participant's understanding of the study’s procedures and risks.

3. results and discussion

CHALLENGES MET BY THE TEACHERS ALONG THE IDENTIFIED TPACK COMPONENTS
Various challenges were faced by the teachers in delivering science concepts into the classroom. This study delves on identifying the major challenges met by the in-service science teachers in the integration of TPACK in their classes. Lifted from the qualitative inquiry - an interview – which was conducted until the saturation of data was attained, the researcher was able to identify major themes of the challenges they encountered including infrastructure and connectivity limitations, resource and device inequality, digital distractions and classroom management, insufficient training and support, and teacher workload and technical confidence. The domains were then evaluated for significant difference along the age, educational attainment, and gender of the respondents and along with the school size, type of unit the school belongs to, and the location where the school is located across the TPACK domains namely TK, CK, PK, TCK, PCK, TPK, and the TPACK. 
Table 1. Themes developed and sample responses recorded during the conduct of 
              interview among the in-service science teachers 

	Theme/Challenges Met
	Codes
	Sample Responses

	Infrastructure and Connectivity Limitations
	Unstable Internet, Power Interruption, Technical Failure
	“The main issue is internet connectivity. Sometimes the connection is weak, and this affects both teachers and students.” (T1) “Ang problema, hindi laging stable ang kuryente, lalo na kapag may bagyo.” (T18) “Minsan wala ring kuryente, so kailangan ko mag-adjust at bumalik sa chalk and board.” (T15)

	Resource and Device Inequality
	Device Shortage, Unequal Access, Sharing of Gadgets
	“Not all students had smartphones to run the motion app. I solved this by grouping them so they could share devices.” (T4) “Minsan, may ilan na walang gadget, so kailangan ko mag-adjust.” (T8) “Device disparity—some students have their own smartphones or laptops, while others don’t.” (T11)

	Digital Distractions and Classroom Management
	Off-Task Behavior, Overreliance on Visuals, Loss of Focus
	“My biggest challenge is ensuring that students use the technology for learning and not just for entertainment.” (T2) “Some students rely too much on visuals without analyzing the deeper concepts.” (T2) “Sometimes, students are too focused on the gadget and not the science concept.” (T7)

	Insufficient Training and Support
	Limited Training, Lack of Mentoring, Generic Seminars
	“Most of my learning comes from experimenting, kasi hindi masyado in-depth ang training.” (T7) “Nakapag-NEAP at division trainings ako… pero kulang minsan sa contextualized classroom application.” (T9) “Formal trainings were useful, but peer mentoring has been more practical.” (T13)

	Teacher Workload and Technical Confidence
	Time Pressure, Overload, Low Confidence
	“Preparing tech-based lessons often takes me double the time.” (T6) “Medyo overwhelming ang dami ng tech tools na puwedeng gamitin.” (T12) “Sometimes, I worry that I don’t know the apps well enough.” (T13b)



Based on the interview conducted, it was revealed that the integration of digital technology in classroom instruction remains mediated by enduring infrastructural, pedagogical, and psychosocial challenges. Foremost among these is the persistent infrastructure and connectivity limitation (C1). Teachers’ experiences of unreliable internet access, fluctuating electricity, and malfunctioning devices underscore the fragility of digital learning environments, especially in public schools and rural settings. Statements such as “the main issue is internet connectivity” (T1) and “hindi laging stable ang kuryente” (T18) reflect systemic barriers that inhibit the seamless conduct of digitally mediated instruction. Similar observations have been documented in prior studies (Basilaia and Kvavadze, 2020; UNESCO, 2023), emphasizing that technological equity remains contingent upon robust infrastructural support.
Another structural impediment identified was resource and device inequality (C2), which highlighted the uneven access to ICT tools among students and teachers. Teachers reported having to group learners to compensate for the lack of devices (“Not all students had smartphones... I solved this by grouping them,” T4), revealing how technological deprivation perpetuates digital divides within the classroom. Such inequalities resonates with Warschauer’s (2020) view that the digital divide has evolved beyond mere access; it now encompasses disparities in digital literacy and the capacity to use technology for meaningful learning outcomes.
Warschauer describes the digital divide as a continuum of stratification in access, adaptation and creation of knowledge via ICT, not just a binary ‘haves vs. have-nots’.  This aligns closely with this theme that unequal ICT device access among students and teachers (grouping students to compensate) perpetuates a deeper divide, not just physical devices but capacity, literacy, and meaningful use.
Beyond technical and material constraints, teachers also confronted behavioral and cognitive issues, captured under the theme digital distractions and classroom management (C3). Participants observed that students were often “too focused on the gadget and not the science concept” (T7) or “use the technology for entertainment” (T2), leading to surface-level engagement. This observation aligns with Kirschner and De Bruyckere’s (2017) argument that unstructured exposure to technology may reduce cognitive depth and analytical thinking. Teachers thus faced the dual burden of leveraging technology to stimulate motivation while mitigating its distractive tendencies.
A systemic but equally profound issue was insufficient training and support (C4). Teachers repeatedly expressed that professional development programs were “too generic” or “not contextualized to classroom realities,” with one participant stating, “most of my learning comes from experimenting” (T7). This underscores a recurring challenge in ICT integration literature that short-term, compliance-oriented workshops often fail to cultivate pedagogical mastery (Koehler, Mishra, and Cain, 2019). The lack of ongoing mentoring further isolates teachers in their pursuit of technological competence.
The theme of teacher workload and technical confidence (C5) encapsulates the emotional and cognitive toll of technological adaptation. Preparing technology-integrated lessons “takes double the time” (T6), while navigating multiple unfamiliar applications increases stress and uncertainty. This finding mirrors the growing recognition that digital transformation in education demands not only skills but also psychological readiness and institutional support (Trust and Whalen, 2020). 
Collectively, these challenges highlight the layered nature of digital integration where structural limitations intersect with individual capacities and pedagogical realities.

STRATEGIES EMPLOYED BY THE TEACHERS TO ADDRESS THE CHALLENGES
Teachers employed various strategies in order to address the challenges often faced in the classroom. Based on the qualitative inquiry there are five major strategies used by the teachers to address the challenges. These include offline and backup preparation, collaborative and peer support systems, blended and flexible teaching approaches, scaffolding and guided integration, and use of core tools and contextualized examples. 
Despite these multifaceted challenges, teachers demonstrated notable agency, resilience, and creativity in sustaining instructional effectiveness through diverse adaptive strategies. The most salient approach was offline and backup preparations (S1), where teachers pre-downloaded videos, stored materials in flash drives, or designed analog lesson versions to ensure instructional continuity.
As one participant stated, “I always prepare offline versions of everything like the videos, PowerPoint files, and simulations” (T2). Such redundancy planning embodies a pragmatic form of pedagogical resilience that mitigates infrastructural uncertainty. This practice parallels emerging scholarship on “low-tech resilience,” which promotes continuity through redundancy and resource adaptability (Trust and Whalen, 2020).
Complementing this, collaborative and peer support systems (S2) served as informal yet powerful mechanisms for professional learning. Teachers relied on peer mentoring, shared resources via Google Drive, and engaged in Learning Action Cells (LACs) for joint problem-solving. One teacher explained, “We share lesson plans, activities, and even digital resources” (T1). These collaborative practices embody the essence of professional learning communities, fostering both competence and collective efficacy (Darling-Hammond et al., 2020). Such collegial networks fill the void left by formal training gaps, creating a self-sustaining ecosystem of pedagogical innovation.
Table 2. Findings on the strategies employed by the teachers to address 
                their challenges from the interview

	Theme/Strategies used
	Codes
	Sample Responses

	Offline and Backup Preparations
	Offline Files, Printed Materials, Alternative Plans
	“I always prepare offline versions of everything—videos, PowerPoint files, and simulations.” (T2) “I always download videos and store them in flash drives.” (T3) “Kung walang power, may boardwork at storytelling.” (T15)

	Collaborative and Peer Support Systems
	Peer Mentoring, Resource Sharing, Team Teaching
	“We share lesson plans, activities, and even digital resources.” (T1) “Active kami sa Learning Action Cells. Nagbabahagi kami ng digital resources.” (T8) “Once a month, we hold what we call an ‘error clinic.’ We gather misconceptions and share solutions.” (T11)

	Blended and Flexible Teaching Approaches
	Blended Learning, Lesson Adaptation, Flexible Modalities
	“I use blended learning and flipped classroom strategies.” (T2) “I really believe in blended learning… whatever I prepare digitally, may equivalent siyang low-tech version.” (T10) “Kapag walang projector, may printed images. Para hindi titigil ang learning.” (T15)

	Scaffolding and Guided Integration
	Step-by-Step Guidance, Peer Tutoring, Gradual Tool Use
	“I paired them with classmates who were more tech-savvy so that learning wouldn’t stop.” (T2) “I scaffold tasks so students can focus more on learning than on tool navigation.” (T12) “I gradually introduce new technology para hindi ma-overwhelm ang students.” (T12)

	Use of Core Tools and Contextualized Examples
	Consistent Platforms, Localized Content, Familiar Tools
	“Google Classroom, Quizizz, YouTube, and PhET simulations are my go-to resources.” (T2) “If the textbook uses foreign animals, I replace them with animals found in our community.” (T1) “Google Classroom has been very reliable… PhET and Algodoo are great for conceptual models.” (T11)



Teachers also employed blended and flexible teaching approaches (S3) to adapt to shifting technological circumstances. The combination of digital tools and traditional methods such as printed visuals or manual boardwork, enabled pedagogical continuity amid unpredictable conditions. This approach reflects the ongoing evolution of blended learning from a contingency model toward a deliberate instructional design choice that enhances engagement and accessibility (Garrison and Vaughan, 2008). The emphasis on flexibility indicates a redefinition of digital pedagogy not as technological dependency but as situational adaptability. In addressing student competence and engagement, the theme scaffolding and guided integration (S4) captured teachers’ strategic efforts to align tool use with learning objectives. Teachers scaffolded digital activities through step-by-step guidance, recorded tutorials, and peer tutoring to reduce students’ cognitive load (“I paired them with classmates who were more tech-savvy,” T2). Such practices exemplify pedagogical intentionality—where technology serves as a cognitive scaffold rather than a mere engagement tool. This aligns with the principles of the TPACK framework (Mishra and Koehler, 2006), which emphasizes the interplay of technological, pedagogical, and content knowledge in fostering meaningful learning experiences. The use of core tools and contextualized examples (S5) emerged as a strategy that bridges pedagogical familiarity with contextual relevance. Teachers preferred reliable platforms such as Google Classroom, PhET, and Quizizz, and localized their examples to reflect community realities (“If the textbook uses foreign animals, I replace them with animals found in our community,” T1). This reflects an emergent form of technological minimalism (Selwyn, 2022), where the focus shifts from tool novelty to pedagogical depth and contextual resonance. By streamlining tool use and situating learning materials within culturally relevant contexts, teachers achieved greater clarity, efficiency, and engagement.

ALIGNMENT OF CHALLENGES AND STRATEGIES ACROSS TPACK COMPONENTS

The summary table on the preceding page illustrates that teachers’ challenges in technology-integrated instruction are multidimensional, contextually embedded, and structurally interconnected, rather than isolated within discrete domains of the TPACK framework. Correspondingly, the strategies adopted by teachers reflect adaptive, practice-oriented enactments of TPACK, wherein technological decisions are subordinated to pedagogical intent and content integrity. This alignment reinforces the view of TPACK not as a static body of knowledge, but as a dynamic, situationally responsive form of professional expertise. Challenges associated with Technological Knowledge are predominantly rooted in system-level constraints, particularly unstable internet connectivity, frequent power interruptions, and limited access to reliable hardware. These challenges constrain teachers’ ability to deploy digital tools consistently, often rendering planned technology-enhanced lessons vulnerable to disruption. Importantly, these constraints are largely exogenous to teacher competence, underscoring that TK in resource-limited contexts extends beyond tool proficiency to include anticipatory planning and technological contingency management. In response, teachers adopt offline-first and backup-oriented strategies, such as downloading instructional videos, storing simulations locally, and preparing printed or board-based alternatives. These practices represent a recontextualized form of TK, where competence is measured not by constant online connectivity but by the ability to maintain instructional continuity despite technological breakdowns. The reliance on a small set of stable, familiar platforms (e.g., Google Classroom, PhET simulations) further reflects a strategic narrowing of the technological repertoire to maximize reliability and usability.
Within the CK domain, challenges emerge not from deficiencies in subject matter knowledge per se, but from the risk of conceptual dilution when digital tools prioritize visual appeal over scientific reasoning. Teachers observe that students may engage superficially with animations and simulations, focusing on observable features while neglecting underlying principles and causal mechanisms. To counter this, teachers deliberately employ contextualized and localized content strategies, replacing abstract or foreign examples with phenomena drawn from learners’ immediate environment. This approach reinforces CK by anchoring scientific concepts in familiar, meaningful contexts, thereby supporting deeper cognitive processing. The strategy underscores an important insight: effective technology integration does not automatically enhance content understanding; rather, CK must be actively safeguarded and reasserted through deliberate instructional choices.

Table 3. Summary table of the Alignment of Challenges and Strategies 
                Across TPACK Components

	TPACK Component
	Key Challenges (Themes and Codes)
	Illustrative Challenges
	Strategies Used by Teachers (Themes & Codes)
	Illustrative Strategies

	TK (Technological Knowledge)
	Infrastructure and Connectivity Limitations (Unstable Internet, Power Interruption, Technical Failure)

	Weak or unreliable internet and power interruptions limit consistent technology use; teachers report insufficient depth and contextualization in formal ICT trainings
	Offline and Backup Preparations (Offline Files, Printed Materials); Use of Core Tools (Consistent Platforms, Familiar Tools)
	Teachers download videos and simulations, prepare printed alternatives, and rely on stable platforms such as Google Classroom, YouTube, and PhET

	CK (Content Knowledge)
	Insufficient Training and Support for lesson content
	Seminars are too generic and poor discussion of content or lessons
	Use of Contextualized Examples (Localized Content, Concept Anchoring)
	Teachers replace abstract or foreign examples with locally relevant phenomena to deepen conceptual understanding

	PK (Pedagogical Knowledge)
	Classroom Management Issues (Off-Task Behavior, Loss of Focus)
	Classroom management challenges
	Scaffolding and Guided Integration (Step-by-Step Guidance, Gradual Tool Use)
	Teachers scaffold tasks, provide clear instructions, and gradually introduce tools to maintain learner focus

	PCK (Pedagogical Content Knowledge)
	Classroom management (Student’s reliance on visual rather than complex concept)
	Difficulty balancing engaging digital tools with accurate science explanation
	Blended and Flexible Teaching Approaches (Lesson Adaptation, Low-Tech Equivalents)
	Teachers design lessons where digital simulations are paired with discussions, analogies, and board work

	TCK (Technological Content Knowledge)
	Lacked mentoring support for effective technology integration in content
	Not all students can access subject-specific applications or simulations
	Blended and Flexible Teaching Approaches; Core Tool Selection
	Teachers choose lightweight, content-appropriate tools (e.g., PhET) and provide non-digital content equivalents

	TPK (Technological Pedagogical Knowledge)
	Teacher Workload and Low Technical Confidence (Time Pressure, Overload)
	Preparing tech-enhanced lessons requires more time and increases anxiety
	Collaborative and Peer Support Systems (Peer Mentoring, Resource Sharing)
	Teachers engage in Learning Action Cells, peer mentoring, and team planning to share workload and expertise

	TPACK (Integrated Knowledge)
	Combined Constraints Across Technology, Pedagogy, and Content
	Simultaneous issues of access, confidence, pedagogy, and conceptual depth
	Blended Learning, Peer Collaboration, Contextualization, and Scaffolding
	Teachers flexibly integrate technology with pedagogy and content, ensuring learning continuity despite contextual constraints


Pedagogical challenges are most evident in issues of classroom management and learner attention. The introduction of digital devices creates competing affordances, while technology can enhance engagement, it simultaneously increases the likelihood of off-task behavior and cognitive overload. This tension places heightened demands on teachers’ PK, particularly in structuring learning activities that sustain focus and promote meaningful engagement. Teachers respond through scaffolding and guided integration, implementing step-by-step instructions, gradual tool introduction, and peer-assisted learning structures. These strategies demonstrate sophisticated PK, as teachers shift from assuming technological fluency to explicitly teaching how and when technology should be used for learning purposes. The emphasis on gradualism reflects an understanding of cognitive load theory, wherein instructional design must regulate task complexity to prevent disengagement and confusion. At the intersection of pedagogy and content, teachers confront the challenge of overemphasizing technological engagement at the expense of conceptual explanation. Digital tools, particularly simulations and multimedia presentations, may captivate learners but fail to ensure accurate conceptual understanding if not pedagogically framed. Teachers address this by employing blended and flexible teaching approaches, integrating digital resources with teacher-led explanations, guided discussions, analogies, and board work. This strategy exemplifies strong PCK, as teachers intentionally align instructional methods with the epistemic demands of the discipline. Technology becomes a supporting representational tool, rather than a substitute for pedagogical mediation, reinforcing the centrality of teacher expertise in sense-making processes. Challenges in the TCK domain are strongly shaped by resource and device inequality, which constrains students’ access to content-specific digital applications. The uneven distribution of devices limits the feasibility of individualized technology use, particularly for simulations and interactive applications designed for personal engagement. Teachers’ strategies reflect pragmatic TCK, characterized by the selection of content-appropriate tools that are lightweight, shareable, and adaptable to group work. By pairing digital simulations with printed visuals or whole-class demonstrations, teachers ensure that content learning remains accessible regardless of individual device ownership. This adaptive use of technology highlights that TCK in constrained contexts is less about maximizing interactivity and more about optimizing representational accuracy and accessibility. The TPK-related challenges center on teacher workload and technical confidence, with educators reporting increased preparation time and anxiety when navigating multiple digital tools. These challenges underscore the affective and temporal dimensions of TPK, which are often underrepresented in conceptual models. Teachers mitigate these challenges through collaborative and peer-support systems, including Learning Action Cells, shared lesson repositories, and informal mentoring. Such practices redistribute cognitive and emotional labor, enabling teachers to develop TPK collectively rather than individually. Collaboration thus functions as a mediating structure that transforms isolated experimentation into shared professional learning. At the integrated TPACK level, the summary table reveals that teachers’ most effective responses are holistic rather than component specific. The convergence of blended learning, contextualization, scaffolding, and collaboration demonstrates that meaningful technology integration emerges from the synergistic alignment of technology, pedagogy, and content. Rather than pursuing technologically sophisticated instruction, teachers prioritize instructional coherence and resilience, ensuring that learning objectives remain attainable under varying contextual conditions. This finding supports contemporary critiques of techno-centric integration models and affirms the value of context-sensitive, teacher-driven TPACK enactment. The alignment of challenges and strategies across TPACK components suggests that professional development initiatives should move beyond tool-focused training toward situated, practice-based, and collaborative learning models. Moreover, policy interventions must recognize that infrastructural limitations significantly shape teachers’ technological choices, and that effective integration often involves strategic constraint rather than expansion of technological options.

4. Conclusion

The study highlights that infrastructure and connectivity limitations are most pronounced in small schools, indicating that these institutions remain at a disadvantage in terms of digital access and technological readiness. This suggests that school plays a substantial role in shaping the extent of digital infrastructure challenges, with some schools experiencing the greatest difficulties. The results imply that larger institutions may benefit from better access to resources, stronger technological support, and more consistent internet connectivity, while smaller schools continue to struggle with insufficient facilities. It can be concluded that teachers in geographically isolated and disadvantaged areas experience more severe infrastructure and connectivity limitations compared to teachers in non-GIDA schools. This highlights the persistent digital divide affecting schools in remote locations, where weak internet signals, inadequate ICT facilities, and lack of support systems hinder effective teaching and learning. In addition, it demonstrates that science teachers have developed moderate yet pragmatic coping strategies in response to the challenges of technology integration within the TPACK framework. Their reliance on offline and backup preparations highlights resilience and foresight in addressing infrastructural constraints. Collaboration and peer support underscore the collective nature of coping, as teachers pool resources and expertise to mitigate challenges. Although blended and flexible approaches are practiced, they are largely informal and adaptive rather than structured, indicating room for further development of systematic blended learning models. Scaffolding and guided integration remain vital for ensuring student success, especially in bridging technological gaps among learners. The use of core tools and contextualized examples reflects a pedagogical commitment to accessibility, cultural relevance, and alignment with curriculum goals. The lack of significant demographic differences suggests that these strategies are uniformly applied across diverse teacher profiles, pointing to shared realities of technological access, institutional support, and pedagogical expectations in the Philippine education system. While teachers have shown adaptability and resilience, the findings emphasize the need for institutional interventions to formalize and strengthen these strategies through targeted professional development, infrastructure support, and policy alignment.
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