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ABSTRACT 

	
Aims: This study aimed to determine the level of digital pedagogy, collaborative learning, and professional development among secondary mathematics teachers in the Division of Santa Rosa City, Laguna, Philippines; examine the relationships among these variables; and assess their predictive influence on professional development. A significant research gap exists in localized empirical studies examining how these three constructs interact within the Philippine public secondary school context, particularly in mathematics education.
Study Design: Quantitative, descriptive-correlational research design.
[bookmark: _GoBack]Place and Duration of Study: Public secondary schools in the Division of Santa Rosa City, Laguna, Philippines, during the 2025-2026 school year.
Methodology: Stratified random sampling was utilized to select 85 junior high school mathematics teachers from ten public secondary schools. A validated researcher-made questionnaire measuring digital pedagogy (four domains), collaborative learning (five domains), and professional development (six domains) was administered using a 4-point Likert scale. Data were analyzed using weighted mean, standard deviation, Pearson's r, and multiple regression.
Results: Respondents demonstrated very high levels of digital pedagogy (overall WM = 3.29, SD = 0.468), collaborative learning (WM = 3.47, SD = 0.417), and professional development (WM = 3.52, SD = 0.428). The low standard deviations indicate general agreement among respondents. Significant positive relationships were found between all variables, with the strongest correlation between collaborative learning and professional development (*r* = .876, *p* < .001). Regression analysis showed that both digital pedagogy (β = 0.134, *p* = .047) and collaborative learning (β = 0.793, *p* < .001) significantly predicted professional development, explaining 77.8% of its variance (R² = 0.778).
Conclusion: Collaborative learning is the primary driver of professional development, while digital pedagogy serves as a significant but weaker supporting factor. Strengthening collaborative practices through professional learning communities, complemented by targeted digital training, can substantially improve mathematics teachers' professional growth. These findings have implications for teacher training programs and educational policy in the Philippine context.
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1. INTRODUCTION 

In contemporary education, the integration of digital technologies has significantly influenced teaching and learning practices, particularly in mathematics where abstract concepts require visualization and interactive approaches. Teachers who effectively utilize digital pedagogy are better able to facilitate meaningful learning experiences, enhance student engagement, and support deeper conceptual understanding (Zawilinski, 2011). Digital pedagogy, which involves the intentional use of digital tools, literacies, and practices, requires alignment between technological knowledge, pedagogical strategies, and content expertise to promote effective instruction.

Professional development is another essential factor in strengthening teachers' ability to integrate digital pedagogy effectively. Teachers require continuous training and support to develop the necessary skills and competencies for technology integration. A comprehensive approach that combines technological proficiency, pedagogical knowledge, and institutional support can lead to innovative teaching practices that prepare students for the demands of a digital society.

Collaborative learning among teachers has also been recognized as a key strategy for professional growth. Structured collaboration allows educators to share best practices, reflect on their teaching, and address instructional challenges collectively (Cavanagh, 2021). Participation in professional learning communities enhances teachers' understanding of curriculum standards, assessment practices, and instructional strategies, ultimately improving student outcomes.

High-quality professional development programs are essential to sustain both digital pedagogy and collaborative learning. Collaborative forms of professional development have been found to produce more lasting improvements compared to traditional training approaches. Subject-specific training enhances teachers' classroom performance and ensures the effective application of innovative instructional strategies. Continuous professional growth also encourages reflective practice, enabling teachers to evaluate and refine their teaching methods (Wang & Hwang, 2023). Mentorship programs further support teachers by providing guidance, improving confidence, and enhancing overall professional competence.

The integration of digital pedagogy, collaborative learning, and professional development represents a comprehensive approach to improving mathematics education. These interconnected factors contribute to enhanced teaching effectiveness and improved student learning outcomes by promoting innovation, collaboration, and continuous growth among educators.

However, despite the growing body of literature on digital pedagogy, collaborative learning, and professional development, limited studies have explored these variables within the specific context of the Division of Santa Rosa City. This gap highlights the need for localized research to better understand how these factors interact and influence teaching practices in a particular educational setting.

For these reasons, the researcher undertook this study to determine the levels of digital pedagogy, collaborative learning, and professional development among secondary mathematics teachers in the Division of Santa Rosa City. This study also aimed to examine the relationships among these variables and their predictive influence on professional development. The findings of this study are expected to serve as a basis for developing an action plan that will enhance teachers' digital competencies, strengthen collaborative practices, and promote continuous professional growth, ultimately improving the quality of mathematics education.


2. METHODOLOGY 

To obtain the necessary data for the study, a quantitative research approach was utilized. Quantitative research is a method that involves the systematic collection and analysis of numerical data to describe variables and examine relationships among them. This approach was deemed appropriate as the study aimed to measure the levels of digital pedagogy, collaborative learning, and professional development, and determine the relationships among these variables. Likewise, a descriptive-correlational research design was employed. Descriptive research focuses on describing existing conditions, practices, and phenomena, while correlational research determines the degree of relationship between variables. Using this design, the researcher described the levels of (a) digital pedagogy, (b) collaborative learning, and (c) professional development of Secondary Mathematics Teachers in the Division of Santa Rosa City and examined the significant relationships among these variables.

For the sampling technique, stratified random sampling was utilized to ensure proper representation of respondents from different schools. The total population consisted of 108 Junior High School mathematics teachers from public secondary schools in the Division of Santa Rosa City. Using the Raosoft Calculator with a 95% confidence level and 5% margin of error, a sample size of 85 teachers was obtained. The respondents were selected proportionally from the following schools: Aplaya National High School, Balibago Integrated High School, Dita Integrated School, Don Jose Integrated High School, Leon C. Arcillas National High School, Pulong Sta. Cruz National High School, Santa Rosa Science and Technology High School, Santo Domingo Integrated High School, Sinalhan Integrated High School, and Southville IV National High School. These respondents were considered appropriate as they possessed relevant knowledge and experience related to the variables under study.

The primary source of data was the respondents themselves. A researcher-made questionnaire was used as the main data-gathering instrument. The instrument consisted of three parts: Part I measured the level of digital pedagogy, Part II assessed collaborative learning, and Part III determined the level of professional development. A four-point Likert scale was used to facilitate responses and interpretation. Since the instrument was developed by the researcher, it underwent validation by experts in research, language, and statistics to ensure clarity and relevance. After incorporating their suggestions, the instrument was approved by the adviser. Reliability testing using Cronbach's alpha yielded coefficients of 0.972 for digital pedagogy, 0.974 for collaborative learning, and 0.982 for professional development, indicating that the instrument was highly reliable.

In terms of data gathering, permission to conduct the study was secured prior to administering the questionnaire. The survey was distributed through Google Forms, allowing respondents to answer conveniently. Participation was voluntary, and confidentiality and anonymity were assured. The collected data were then organized, tallied, and prepared for statistical analysis.
For the statistical treatment of data, several tools were used. Weighted mean and standard deviation were applied to determine the levels of digital pedagogy, collaborative learning, and professional development across their respective indicators. Pearson's r Moment Correlation Coefficient was utilized to examine the significant relationships among the variables. Furthermore, multiple regression analysis was employed to determine the predictive power of digital pedagogy and collaborative learning on the level of professional development of the respondents. These statistical tools enabled the researcher to analyze, interpret, and draw meaningful conclusions from the data gathered.


3. results and discussion

Part I: Level of Digital Pedagogy

Table 1.	Overall Level of Digital Pedagogy
	Scale
	Domains
	WM
	SD
	Interpretation

	Digital Pedagogy
	Technological knowledge and skills
	3.32
	.479
	Very High

	
	Pedagogical design and strategies
	3.32
	.509
	Very High

	
	Digital assessment and feedback
	3.26
	.513
	Very High

	
	Mathematical content representation
	3.28
	.501
	Very High

	OVERALL
	
	3.29
	.468
	Very High


Note. Scoring Range: 3.25-4.00 (Very High); 2.50-3.24 (High); 1.75-2.49 (Low); 1.00-1.74 (Very Low)

As presented in Table 1, the overall level of digital pedagogy among the respondents was perceived as very high (overall weighted mean = 3.29 and SD = 0.468). Across the four domains, teachers rated their competencies consistently at very high levels: technological knowledge and skills (WM = 3.32), pedagogical design and strategies (WM = 3.32), digital assessment and feedback (WM = 3.26), and mathematical content representation (WM = 3.28). These findings indicate that teachers are highly capable of integrating digital technologies into instruction, designing effective pedagogical strategies, providing timely feedback through digital platforms, and representing mathematical content in ways that enhance student understanding. Overall, the results suggest a strong readiness among teachers to leverage digital pedagogy for improving mathematics teaching and learning outcomes. The low standard deviation (SD = 0.468) indicates that the respondents' ratings were consistent and showed little variability, suggesting general agreement among teachers regarding their digital pedagogy competencies.






Part 2: Level of Collaborative Learning

Table 2.	Overall Level of Collaborative Learning
	Scale
	Domains
	WM
	SD
	Interpretation

	Collaborative Learning
	Group dynamics
	3.44
	.434
	Very High

	
	Peer interaction and communication
	3.44
	.467
	Very High

	
	Collaborative learning activities implemented
	3.45
	.486
	Very High

	
	Teacher collaboration and support
	3.49
	.441
	Very High

	
	Student engagement and motivation
	3.51
	.449
	Very High

	OVERALL
	
	3.47
	.417
	Very High


Note. Scoring Range: 3.25-4.00 (Very High); 2.50-3.24 (High); 1.75-2.49 (Low); 1.00-1.74 (Very Low)

As shown in Table 2, the overall level of collaborative learning was perceived as very high (overall weighted mean = 3.47 and SD = 0.417). Among the domains, respondents rated student engagement and motivation the highest (WM = 3.51), followed by teacher collaboration and support (WM = 3.49), collaborative learning activities implemented (WM = 3.45), and both group dynamics and peer interaction and communication (WM = 3.44 each). These findings indicate that collaborative learning is strongly practiced, with students actively engaged, teachers providing consistent support, and group interactions fostering meaningful academic discussions and shared responsibilities. Overall, the results suggest a highly collaborative learning environment that promotes engagement, motivation, and effective peer and teacher interactions. The standard deviation of 0.417 reflects homogeneity in respondents' perceptions of collaborative learning practices.

Part 3: Level of Professional Development

Table 3.	Overall Level of Professional Development of the Respondents
	Scale
	Domains
	WM
	SD
	Interpretation

	Professional development
	Content knowledge enhancement
	3.55
	.452
	Very High

	
	Pedagogical strategies
	3.53
	.458
	Very High

	
	Assessment literacy
	3.54
	.463
	Very High

	
	Reflective practice
	3.52
	.440
	Very High

	
	Mentoring and coaching
	3.48
	.502
	Very High

	
	Curriculum alignment
	3.49
	.469
	Very High

	OVERALL
	
	3.52
	.428
	Very High


Note. Scoring Range: 3.25-4.00 (Very High); 2.50-3.24 (High); 1.75-2.49 (Low); 1.00-1.74 (Very Low)

As shown in Table 3, the overall level of professional development of the respondents was perceived as very high (overall weighted mean = 3.52 and SD = 0.428). Among the domains, content knowledge enhancement received the highest rating (WM = 3.55), followed by assessment literacy (WM = 3.54), pedagogical strategies (WM = 3.53), and reflective practice (WM = 3.52). Curriculum alignment (WM = 3.49) and mentoring and coaching (WM = 3.48) were also rated very high. These findings indicate that teachers actively engage in various professional development activities that strengthen their content knowledge, instructional strategies, assessment practices, and reflective teaching. Overall, the results suggest that respondents demonstrate a strong commitment to continuous professional growth to enhance teaching effectiveness and student learning outcomes. The SD of 0.428 suggests that teachers' ratings of their professional development were relatively uniform across the sample.


Part 4: Relationship between the Level of Digital Pedagogy, Level of Collaborative Learning and Level of Professional Development

Table 4.   Relationship Between the Level of Digital Pedagogy and Level of Collaborative Learning
	Independent
	Dependent
	Pearson’s ra
	p-value
	Interpretationb

	Digital pedagogy
	Collaborative learning 
	.618
(strong)
	< .001
	Significant


Note. aCorrelation: 0.00 – 0.19 (very weak); 0.20 – 0.39 (weak); 0.40 – 0.59 (moderate); 0.60 – 0.79 (strong); 0.80 – 1.00 (very strong). (Evans, 1996) bSignificant at <.05. 

For the relationship between the level of digital pedagogy and the level of collaborative learning, a Pearson r value of .618 was obtained, indicating a strong correlation with a p-value of < .001, which is lower than the test of significance at .01. This implies that there is sufficient statistical evidence to reject the null hypothesis, showing a significant relationship between the variables.
This means that the higher the level of digital pedagogy, the higher the level of collaborative learning. Teachers who effectively integrate digital tools, strategies, and technologies in their instruction are more likely to promote collaborative learning environments where students actively interact, share ideas, and engage in collective problem-solving.


Table 5.     Relationship between the Level of Digital Pedagogy and Level of Professional Development
	Independent
	Dependent
	Pearson’s ra
	p-value
	Interpretationb

	Digital pedagogy
	Professional development
	.624
(strong)
	< .001
	Significant


Note. aCorrelation: 0.00 – 0.19 (very weak); 0.20 – 0.39 (weak); 0.40 – 0.59 (moderate); 0.60 – 0.79 (strong); 0.80 – 1.00 (very strong). (Evans, 1996) bSignificant at <.05. 

For the relationship between the level of digital pedagogy and the level of professional development, a Pearson r value of .624 was obtained, indicating a strong correlation with its p-value of < .001, which is lower than the test of significance at .01. This implies that there is sufficient statistical evidence to reject the null hypothesis, showing a significant relationship between the variables.
This means that the higher the level of digital pedagogy, the higher the level of professional development. Teachers who demonstrate stronger competencies in digital pedagogy are more likely to engage in professional development activities that enhance their instructional strategies, technological skills, and overall teaching effectiveness.


Table 6. Relationship between the Level of Collaborative Learning and Level of Professional Development
	Independent
	Dependent
	Pearson’s ra
	p-value
	Interpretationb

	Collaborative learning
	Professional development
	.876
(very strong)
	< .001
	Significant


Note. aCorrelation: 0.00 – 0.19 (very weak); 0.20 – 0.39 (weak); 0.40 – 0.59 (moderate); 0.60 – 0.79 (strong); 0.80 – 1.00 (very strong). (Evans, 1996) bSignificant at <.05. 

For the relationship between the level of collaborative learning and the level of professional development, a Pearson r value of .876 was obtained, indicating a very strong correlation with its p-value of < .001, which is lower than the test of significance at .01. This implies that there is sufficient statistical evidence to reject the null hypothesis, showing a significant relationship between the variables.
This means that the higher the level of collaborative learning, the higher the level of professional development. Teachers who actively participate in collaborative learning environments are more likely to engage in professional development activities that enhance their teaching skills, instructional strategies, and overall professional growth.

Part 5: Predictive Power of Level of Digital Pedagogy and Level of Collaborative Learning on the Level of Professional Development of the Respondents

Table 7. Model Summary of the Combined Predictive Power of Level of Digital Pedagogy and Level of Collaborative Learning on the Level of Professional Development of the Respondents
	Model
	R2
	Adj. R2
	     F
	Df
	        p-value
	Interpretation

	1
	.778
	.773
	143.813
	2,82
	        <.001
	Significant


Note. Predictors: (Constant) Digital pedagogy, collaborative learning; Dependent Variable: professional development

Table 7 presents the model summary of the combined predictive power of the level of digital pedagogy and level of collaborative learning on the level of professional development of the respondents. The results indicate that the regression model is statistically significant (F(2, 82) = 143.813, *p* < .001), demonstrating that the set of predictors collectively provides a strong explanation of the level of professional development. This confirms that the model fits the data significantly better than a model with no predictors.
The coefficient of determination (R² = 0.778) shows that 77.8% of the variance in professional development is explained by the respondents' level of digital pedagogy and collaborative learning. This reflects a very high level of explanatory power, suggesting that these factors play a substantial role in determining the level of professional development.
The adjusted R² value (.773) further indicates that the model remains robust after accounting for the number of predictors included. This suggests minimal inflation of the explained variance and supports the stability and generalizability of the model.
Taken together, the findings reveal that digital pedagogy and collaborative learning strongly and significantly influence the level of professional development of the respondents. Consequently, the null hypothesis stating that these predictors have no significant effect on professional development was rejected.


Table 8. Predictive Power of Level of Digital Pedagogy and Level of Collaborative Learning on the Level of Professional Development of the Respondents
	Predictors
	B
	SE
	Beta (β)
	p-value
	Decision
	Interpretation

	Digital pedagogy
	.122
	.060
	.134
	.047
	Reject H0
	Significant

	Collaborative learning
	.814
	.068
	.793
	<.001
	Reject H0
	Significant


Note. Dependent Variable: Professional development 

Table 8 presents the multiple regression results examining the predictive power of digital pedagogy and collaborative learning on the level of professional development of the respondents. The results indicate that collaborative learning has a significant and positive predictive effect on professional development (β = 0.793, *p* < .001) since the p-value is less than the significance level of .05. This variable emerges as the strongest predictor in the model, suggesting that respondents who experience higher levels of collaborative learning tend to demonstrate higher levels of professional development. The results further show that for every one-unit increase in collaborative learning, professional development increases by 0.814 units. Thus, the null hypothesis for collaborative learning was rejected since the p-value was less than .05.
Similarly, digital pedagogy significantly predicts professional development (β = 0.134, *p* = .047). The positive standardized coefficient indicates that higher levels of digital pedagogy are associated with higher levels of professional development. Specifically, the findings reveal that for every one-unit increase in digital pedagogy, the level of professional development increases by 0.122 units. Accordingly, the null hypothesis for digital pedagogy was also rejected since the p-value is less than .05.
In summary, the findings reveal that both digital pedagogy and collaborative learning significantly predict the level of professional development, with collaborative learning exerting greater influence than digital pedagogy in explaining the professional development of the respondents.

Discussion
The finding that secondary mathematics teachers demonstrated very high levels of digital pedagogy aligns with global trends emphasizing technology integration in education. However, the relatively lower mean for digital assessment and feedback (WM = 3.26) compared to other digital pedagogy domains suggests that while teachers are confident in using digital tools and designing technology-enhanced lessons, they may be less comfortable using digital platforms for formative and summative assessment.
The very high level of collaborative learning observed, particularly in student engagement and motivation (WM = 3.51) and teacher collaboration (WM = 3.49), reflects a school culture that supports peer interaction and shared instructional responsibilities. These findings are consistent with Cavanagh (2021), who found that structured collaboration allows educators to share best practices and address instructional challenges collectively.
The very strong correlation between collaborative learning and professional development (*r* = .876) suggests that these two constructs are closely intertwined. This finding aligns with Scott and Templeton (2022), who demonstrated that practice-based professional development programs significantly improve teachers' use of evidence-based practices when embedded in collaborative contexts.
The regression results showing that collaborative learning (β = 0.793) is a much stronger predictor of professional development than digital pedagogy (β = 0.134) have important implications. While digital skills are valuable, they appear to play a supporting rather than leading role in teacher development. This finding is supported by Wang and Hwang (2023), who found that reflective practice, often facilitated through collaboration, enhances professional identity and growth.



4. Conclusion

This study concludes that secondary mathematics teachers in the Division of Santa Rosa City, Philippines, demonstrate very high levels of digital pedagogy, collaborative learning, and professional development. The strongest competencies are in technological knowledge and pedagogical design (for digital pedagogy), student engagement and teacher collaboration (for collaborative learning), and content knowledge and assessment literacy (for professional development).
A significant positive relationship exists among all three variables, with collaborative learning showing a very strong correlation with professional development (*r* = .876). Furthermore, both digital pedagogy and collaborative learning significantly predict professional development, explaining 77.8% of its variance. However, collaborative learning exerts a substantially greater influence (β = 0.793) than digital pedagogy (β = 0.134), indicating that teacher collaboration is the primary driver of professional growth.
Based on these findings, Project MATHuto (Mastering Advancement in Teaching through Harmonized Technology Upgrades) was proposed to strengthen digital pedagogy and collaborative learning through structured training, professional learning communities, and mentoring programs.
School administrators should prioritize the establishment and support of professional learning communities, as collaborative practices have the strongest effect on teacher development. Digital pedagogy training should continue but be integrated within collaborative frameworks rather than offered as standalone technical workshops. Future researchers should employ longitudinal or experimental designs to establish causality, include objective measures of teaching practice beyond self-reports, and examine discriminant validity between collaborative learning and professional development constructs. Replication studies in other Philippine divisions and educational levels are also recommended to validate and extend these findings.

Limitations of the Study
Several limitations should be considered when interpreting the findings. First, the study relied exclusively on self-reported Likert-scale data, which introduces the possibility of common method bias, as both the independent and dependent variables were measured using the same instrument and respondents. Second, the very strong correlation between collaborative learning and professional development (*r* = .876) raises potential concerns about construct overlap, suggesting that future research should examine the discriminant validity of these measures. Third, no diagnostic tests for multicollinearity (e.g., variance inflation factor) were conducted in the regression analysis, and readers should interpret the beta coefficients with caution. Fourth, the cross-sectional design precludes any causal inferences; the predictive relationships reported are statistical rather than causal. Longitudinal or experimental studies are needed to establish directionality. Finally, the study was limited to one division in the Philippines, which restricts generalizability to other regions or educational levels.
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APPENDIX

Table 9. Project MATHuto (Mastering Advancement in Teaching through Harmonized Technology Upgrades): An Action Plan for Secondary Mathematics Teachers

	KEY RESULT AREAS/ 
AREAS OF CONCERN
	OBJECTIVES
	STRATEGY/ ACTIVITY
	TIME FRAME
	PERSONS INVOLVED
	BUDGET ALLOCATION
	SUCCESS INDICATOR

	Digital Pedagogy Integration
	To enhance teachers’ competence in using digital tools in teaching mathematics
	Conduct workshops and training on the use of digital platforms, learning management systems, and interactive math applications
	3 months
	School Heads, ICT Coordinators, Mathematics Teachers, DepEd Trainers
	Php 50,000 (Division / School MOOE)
	98% Increased teacher proficiency and effective integration of digital tools in mathematics lessons

	Collaborative Learning Practices


	To strengthen collaborative instructional strategies among mathematics teachers
	Establish Professional Learning Communities (PLCs) for sharing best practices, lesson study, and peer collaboration
	6 months
	School heads, Department Heads
	Php 30,000
(Division / School MOOE)
	98% Regular PLC meetings conducted and improved collaborative teaching practices

	Mentorship & Support
	To support continuous improvement in teaching strategies and instructional delivery
	Implement mentoring and coaching sessions between master teachers and secondary mathematics teachers
	Quarterly
	Master Teachers, School Heads, Mathematics Teachers
	Php 15,000
(Division / School MOOE)
	98% Improved teaching strategies and positive feedback from mentoring sessions

	Professional Development
	To promote continuous professional growth and reflective teaching practices
	Encourage participation in seminars, webinars, and training related to mathematics education and digital pedagogy
	Whole School Year
	School Heads, Mathematics Teachers, Division Supervisors
	Php 50,000 (Division / School MOOE)
	Increased participation in professional development activities and improved instructional competence

	Reflective Practice and Assessment Literacy
	To enhance teachers’ skills in assessment and reflective teaching
	Conduct training on assessment strategies, data-driven instruction, and reflective teaching practices
	3rd–4th Quarter
	School Heads, Master Teachers, Mathematics Teachers
	Php 50,000 (Division / School MOOE)
	Improved assessment practices and use of data to improve student learning






This action plan aims to enhance the digital pedagogy, collaborative learning, and professional development of Secondary Mathematics Teachers in the Division of Santa Rosa City. Although the findings revealed a very high level in these areas, continuous improvement is necessary to keep teachers responsive to the evolving demands of technology-integrated and collaborative instruction.

To address this, Project MATHuto (Mastering Advancement in Teaching through Harmonized Technology Upgrades): An Action Plan for Secondary Mathematics Teachers will implement initiatives such as technology integration workshops, collaborative professional learning communities, mentoring and coaching programs, and continuous professional development activities. These efforts aim to strengthen teachers' digital competencies, promote collaborative practices, and support continuous professional growth to improve the quality of mathematics instruction.




