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Abstract:

This study examined the content knowledge and pedagogical competence in Biology among Grade 10 science
teachers in the Division of Tanjay City to inform a targeted enhancement training program. Grounded in Kolb’s
Experiential Learning Theory and Burch’s Conscious Competence Theory, the research employed a descriptive-
correlational design involving 39 junior high school teachers selected through purposive sampling. Data were
gathered using a validated 27-item content knowledge test and a pedagogical competence self-assessment tool
aligned with the Philippine Professional Standards for Teachers. Descriptive statistics, Mann-Whitney U, Kruskal-
Wallis, and Spearman’s rank correlation were used to analyze the data. Results showed that the teachers
demonstrated high content competence and above average pedagogical competence, with no statistically significant
differences when grouped according to teaching experience or educational attainment. Moreover, a weak and non-
significant correlation was found between content knowledge and pedagogical competence, highlighting the
independence of these two domains. The findings underscore the need for integrated professional development that
enhances both what teachers know and how they teach, forming the basis for the proposed enhancement program
titled SPECTRA: Strengthening Pedagogical and Content Teaching in Relevant Applications.
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Introduction:

Effective science education hinges on the dual pillars of content knowledge (CK) and pedagogical competence (PC),
both of which are essential for fostering student engagement, critical thinking, and meaningful learning outcomes.
Content knowledge allows teachers to deliver scientifically accurate information, while pedagogical competence
empowers them to facilitate effective classroom instruction that caters to diverse learners (Adeoye et al., 2024;
Benson et al., et al., 2020; Hume et al., 2019). As the demand for high-quality science education continues to grow,
ensuring that teachers possess both domains of competence is vital for academic achievement, especially in content-
heavy subjects like Biology.

Globally, studies emphasize the need for integrated teaching knowledge—particularly the fusion of CK and
pedagogical content knowledge (PCK)—to improve science teaching. In Germany, Welter et al. (2021) found that
limited content expertise among biology teachers impaired the conceptual clarity of instruction. Likewise, in
Indonesia, Harlis et al. (2024) highlighted knowledge gaps in molecular biology even among experienced educators.
PCK plays a crucial role in making such abstract scientific content more accessible. For example, Spanish teachers
with high PCK were found to effectively use analogies and visual aids to simplify complex systems like the nervous
and digestive systems (Tapia et al., 2023).

Parallel to these global observations, studies in the Philippines reveal a mixed landscape. While teachers in a meta-
analysis study were reported to have strong CK (Hinampas & Fajardo, 2024), research from Capiz and Butuan City
showed varying levels of pedagogical competence, with many educators requiring further training in instructional
strategies and student engagement techniques (Gamayao & Bifias, 2021). Despite these insights, existing teacher
development programs often fail to address CK and PC holistically.

Kolb’s Experiential Learning Theory (ELT) and Burch’s Conscious Competence Theory (CCT) provide a strong
theoretical lens to understand the development of teacher competence. ELT emphasizes the transformation of
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concrete teaching experiences into abstract understanding and practice, encouraging continuous learning through
reflection and experimentation (McCarthy, 2016; Peterson & Kolb, 2017). Meanwhile, CCT highlights stages of
competence from unconscious incompetence to unconscious competence—providing a framework for diagnosing and
developing professional skills (Burch, 2014).

In the Philippine education context, the K-12 science curriculum introduced by the Enhanced Basic Education Act of
2013 (DepEd, 2019; DO No. 21 s. 2019) shifted towards a spiral progression approach, emphasizing conceptual
depth over rote coverage. Yet, despite these reforms, many Grade 10 students struggle with key competencies in
biology, partly due to gaps in teacher preparedness. This situation is exacerbated by systemic barriers such as lack
of resources, minimal institutional support, and limited access to timely and relevant professional development (Cudal
et al., 2024).

Given these realities, there is a compelling need to assess not only the current levels of CK and PC among Junior
High School biology teachers, but also to determine how factors such as teaching experience and educational
attainment affect these competencies. More importantly, the interrelationship between CK and PC remains
underexplored, raising critical questions about whether mastery in one domain translates into excellence in the other.

This study sought to examine the content knowledge and pedagogical competence in Biology of Grade 10 science
teachers in the Division of Tanjay City. Specifically, it explores whether there are significant differences in competence
levels when grouped according to teaching experience and educational attainment, and whether there is a significant
relationship between CK and PC. Grounded in ELT and CCT, the study ultimately aims to provide an evidence-based
foundation for a targeted enhancement training program for science teachers.

Methodology:

This study utilized a descriptive-correlational research design to investigate the levels of content knowledge and
pedagogical competence in Biology among Grade 10 science teachers. The descriptive aspect aimed to determine
the current competence levels of teachers, while the correlational component sought to identify potential relationships
between the two variables. Comparative analyses were also conducted to examine whether significant differences
existed in the competence levels of teachers when grouped according to teaching experience and educational
attainment. This multi-faceted design allowed for a holistic understanding of teacher competencies, drawing from
established methodologies in educational research (Saro et al., 2023).

The participants were 39 Grade 10 science teachers from all public secondary schools in the Division of Tanjay City,
Negros Oriental, during the third quarter of School Year 2024-2025. Of these, 13 were male and 26 were female,
with varied professional ranks ranging from Teacher I to Master Teacher II. A purposive sampling technique was
employed to ensure that all participants had relevant teaching experience in Grade 10 Biology. Teachers were
selected based on key variables such as the number of years they had been teaching science (categorized as 0-10
years and 11+ years) and their educational attainment (bachelor’s degree, with MA units, or full master’s degree).
This sampling method ensured the inclusion of teachers whose experience and qualifications aligned with the goals
of the study.

Two main instruments were used to gather data. The first was a researcher-developed Biology Content Knowledge
Test, consisting of 27 multiple-choice items aligned with the Grade 10 science curriculum for the third grading period.
Topics included the reproductive system, hormonal regulation, feedback mechanisms, genetic processes,
evolutionary theory, and ecological concepts such as biodiversity and carrying capacity. The test was validated by 10
science education experts and yielded a Kuder-Richardson Formula 20 (KR-20) reliability score of 0.71, indicating
acceptable internal consistency.

The second instrument was a Pedagogical Competence Questionnaire, adapted from Refugio et al. (2024) and
designed to assess three dimensions of pedagogical skill: discipline (classroom management), teaching and learning
(instructional strategies), and personal (student-teacher interaction). Items were rated on a five-point Likert scale,
where 5 meant “Always Practiced” (100%) and 1 indicated “Not Practiced” (0%). The instrument underwent expert
validation and achieved a high internal consistency with a Cronbach’s alpha of 0.83. These tools were accompanied
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by a demographic data sheet that collected information on the teachers’ educational background and teaching
experience.

Both instruments were subjected to rigorous validation and reliability testing. The content validity index (CVI) for the
Biology test was 1.00, while the pedagogical competence tool had a CVI of 0.99. Face validity, measured using the
Good and Scates method, yielded a score of 4.76, further supporting the appropriateness of the instruments for
academic research.

Data collection was carried out online using Google Forms to ensure accessibility and minimal disruption to classroom
routines. Cluster heads and school coordinators assisted in distributing the survey link. Participation was voluntary,
and responses were collected over a two-week period. Ethical considerations were carefully observed, including
informed consent, respondent anonymity, data confidentiality, and compliance with the Data Privacy Act of 2012. All
data were securely stored and used exclusively for research purposes.

Quantitative data were analyzed using SPSS Version 23.0. Descriptive statistics such as means and standard
deviations were used to determine the levels of content knowledge and pedagogical competence. Group comparisons
were analyzed using the Mann-Whitney U test for teaching experience and the Kruskal-Wallis test for educational
attainment. To determine the relationship between content and pedagogical competence, Spearman’s rank
correlation coefficient was used. Competence levels were interpreted using a researcher-developed scale, where
scores of 4.20-5.00 indicated high competence and 1.00-1.79 indicated no competence. Correlation coefficients
were interpreted using standard thresholds, with 0.00-0.20 indicating negligible correlation and 0.91-1.00 indicating
a very high correlation. A 5% significance level (a = 0.05) was used in all inferential tests.

Results:

The study aimed to evaluate the content knowledge and pedagogical competence in Biology among Grade 10 science
teachers in the Division of Tanjay City. The findings are presented based on the research questions and are organized
thematically to reflect group comparisons and correlations.

Results revealed that the teachers generally demonstrated high levels of content knowledge in Biology. The overall
mean score for content competence was 23.97 (SD = 3.07), which fell within the "high competence" category. When
grouped by teaching experience, teachers with longer service (more than 10 years) obtained a slightly higher mean
score of 24.35 compared to 22.90 for those with shorter experience. Similarly, based on educational attainment,
teachers holding a master’s degree achieved the highest mean score of 26.67, compared to 23.84 for those with MA
units and 23.55 for those with only a bachelor's degree. Despite these observed differences, statistical tests showed
no significant differences in content knowledge when grouped by experience (p = 0.106) or educational attainment
(p = 0.161), suggesting that these demographic variables did not significantly influence content competence.

In terms of pedagogical competence, the results also indicated overall favorable outcomes. Teachers were rated as
"above average competent" with a group mean of 3.90 (SD = 0.65). Among the three measured dimensions, the
personal dimension yielded the highest mean score of 4.12 (SD = 0.76), followed by teaching and learning (M =
3.97, SD = 0.69), and discipline (M = 3.50, SD = 0.76). This suggests that while teachers were generally effective
in building relationships and delivering instruction, classroom management could be an area for improvement.

When pedagogical competence was analyzed according to years of teaching experience, those with longer experience
(M = 4.12) scored higher than those with less experience (M = 3.82). With respect to educational attainment,
teachers with MA units scored highest (M = 4.21), followed by bachelor’s degree holders (M = 4.00), and full MA
holders (M = 3.68). Despite these variations, the Mann-Whitney U and Kruskal-Wallis tests both showed no significant
differences in pedagogical competence when grouped by teaching experience (p = 0.182) or educational attainment
(p = 0.251). These findings suggest that professional growth and effectiveness in pedagogy may not be solely
determined by tenure or academic degree.

To explore the relationship between content knowledge and pedagogical competence, Spearman’s rank correlation
coefficient was used. The result showed a weak, negative, and statistically insignificant correlation (p = -0.269, p =
0.098). This indicates that higher content knowledge does not necessarily predict higher pedagogical competence,
and vice versa. The two domains appear to function independently, reinforcing the notion that excellence in teaching
requires targeted development in both content and pedagogy rather than relying on one to enhance the other.
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The findings emphasize the need for professional development programs that simultaneously address content
mastery and pedagogical enhancement. The weak correlation and non-significant group differences suggest that
teachers’ competence is influenced by factors beyond experience and education—such as engagement in continuous
learning, reflective practices, and access to meaningful training opportunities.

Discussion:

This study examined the content knowledge and pedagogical competence of Grade 10 science teachers in the Division
of Tanjay City, and whether these competencies were influenced by teaching experience, educational attainment, or
interrelated. The findings offer critical insights into the current landscape of science teacher preparation and
underscore the importance of targeted, evidence-based professional development interventions.

The analysis showed that the majority of teachers possessed high content knowledge in Biology, regardless of their
years of teaching or educational qualifications. While those with a master’s degree had slightly higher mean scores,
the lack of statistically significant differences suggests that formal credentials or teaching tenure are not sufficient
indicators of disciplinary competence. These results align with Gamayao and Bifias (2021) and Kraft and Lyon (2024),
who note that content mastery is often sustained through continuous engagement with updated science content,
rather than accumulated experience alone.

In terms of pedagogical competence, teachers demonstrated an above average level, with notable strength in the
personal and instructional dimensions, including student engagement and reflective teaching practices. However, the
discipline dimension—relating to classroom management—received comparatively lower scores, indicating an area
that requires professional support. Montana (2024) similarly observed that even accomplished teachers in science
often lack confidence in managing student behavior during hands-on or inquiry-based activities.

Interestingly, the study found no significant differences in pedagogical competence based on years of teaching or
educational attainment. This supports the work of Fernandes et al. (2023), who argue that pedagogical skill does not
develop automatically with experience, but rather through structured and reflective professional learning. More
critically, the study identified a weak and statistically insignificant correlation between content knowledge and
pedagogical competence, suggesting that mastery in one domain does not guarantee strength in the other. These
findings reinforce the position of Michel et al. (2025) and Sato and Kim (2023) that content and pedagogy are distinct
yet complementary dimensions of teacher competence, both of which must be developed intentionally and
concurrently.

This distinction is also affirmed by the study’s theoretical underpinnings. Kolb’s Experiential Learning Theory (ELT)
provides a framework for designing professional learning that is iterative, reflective, and grounded in real teaching
contexts. Burch’s Conscious Competence Theory (CCT), on the other hand, highlights the psychological progression
from unawareness of incompetence to automatic mastery—emphasizing the need for diagnostic feedback and
differentiated training interventions tailored to a teacher’s developmental stage.

These insights inform the proposed enhancement program, SPECTRA: Strengthening Pedagogical and Content
Teaching in Relevant Applications. Designed in direct response to the study’s findings, SPECTRA offers an integrated
professional development framework that addresses both knowledge acquisition and pedagogical refinement. By
embedding Kolb's reflective learning cycle into its structure and guiding teachers along the Burch competence ladder,
the program aims to advance educators toward unconscious competence in both content and classroom practice.
Sessions on instructional design, peer teaching, classroom management, and higher-order thinking skills are
complemented by content deepening activities and reflective action planning—ensuring balanced development across
domains.

SPECTRA also operationalizes recommendations from the literature on effective professional learning. It embraces
approaches such as collaborative lesson planning, hands-on simulations, mentorship, and peer feedback, which are
championed in models like professional learning communities (PLCs) and lesson study (Botha & Nel, 2022;
Antinluoma et al., 2021). Importantly, the program also emphasizes assessment-driven development, whereby
teachers’ training needs are identified based on actual performance data—rather than assumed through rank or
qualification.
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The findings of this study therefore advocate for a shift in professional development philosophy: from one-size-fits-
all training to responsive, competency-based interventions like SPECTRA. Especially in science education, where
teachers must facilitate complex conceptual learning in dynamic classroom settings, such holistic and research-
informed programs are essential to improving teacher efficacy and student achievement.

Conclusion:

This study concludes that Grade 10 science teachers in the Division of Tanjay City generally exhibit high content
knowledge in Biology and above average pedagogical competence, with strengths in instructional strategies and
professional disposition. Despite these encouraging results, the data reveal that teaching experience and educational
attainment do not significantly influence either content or pedagogical competence. Furthermore, the absence of a
statistically significant correlation between the two domains suggests that mastery of subject matter does not
automatically translate to effective teaching, and vice versa.

These findings affirm the necessity of targeted and integrated professional development programs. Rather than
assuming that tenure or academic degrees equate to competence, professional growth must be rooted in structured
support that simultaneously enhances what teachers know (content) and how they teach it (pedagogy). Theories
such as Kolb’s Experiential Learning Cycle and Burch’s Conscious Competence Model offer valuable frameworks for
designing such programs, as they emphasize reflective practice and progressive skill acquisition.

Ultimately, the effectiveness of science education depends on teachers who are not only knowledgeable in their field
but are also equipped to translate that knowledge into engaging, inclusive, and learner-centered instruction. By
recognizing the distinct nature of content and pedagogical competence, education stakeholders can design
enhancement programs that develop both capacities—ensuring that every student has access to meaningful and
high-quality science learning experiences.
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