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The Philippines continues to confront a persistent challenge in
raising students’ mathematical proficiency. Despite numerous interventions
over the years, Filipino learners still trail behind their peers in neighboring
countries. Results from the Program for International Student Assessment
(PISA) 2022 revealed no significant improvement compared with the
country’s performance in 2018. Fewer than one in four Filipino students
achieved the minimum proficiency level in mathematics, reading, and
science. Although average scores across all subjects increased slightly, the
gains were limited to single-digit improvements, and overall performance
remained below the OECD average. Mathematics, in particular, registered
only a modest increase, rising from 353 in 2018 to 355 in 2022 (Chi, 2023).
This persistent gap has been extensively documented in Philippine
educational research (Valle, 2024; Ignacio & Bajet, 2025; Jaudinez, 2019;
dela Cruz & Hernandez, 2023; Carandang et al., 2024; Mocorro & Mocorro,
2025; Vistro-Yu et al., 2025), with scholars underscoring the urgency of

implementing more effective and sustainable solutions. In response, several
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studies have recommended pedagogical innovations, including the design
of supplementary workbooks as instructional aids (Ibafiez et al., 2021,
Lomibao, 2016; Magayon & Tan, 2016; Malicoban et al., 2021; Besana et
al., 2022; Ayado & Berame, 2022).

Within STEM programs, calculus occupies a pivotal position, with
trigonometry serving as a foundational prerequisite. Students are expected
to demonstrate mastery of trigonometric concepts, as these form the basis
for higher-order mathematical reasoning in calculus and related fields. A
robust grasp of trigonometric principles enables learners to approach
advanced coursework with greater confidence and problem-solving
capacity. However, evidence suggests that many students encounter
persistent difficulties in this area. Nanmumpuni and Retnawati (2021), for
example, reported that learners across a wide range of cognitive levels and
creative thinking skills consistently struggled with fundamental
trigonometric concepts. Their findings highlight a widespread vulnerability
to errors in problem-solving, thereby underscoring the need for structured
pedagogical support and targeted instructional materials.

One strategy with demonstrated effectiveness in strengthening
mathematical understanding is the systematic use of workbooks (Yeh et al.,
2019). Workbooks provide learners with sequenced exercises that reinforce
classroom instruction and gradually build competence in complex concepts.
By incorporating illustrative examples, guided practice, and progressively
challenging tasks, they not only address common misconceptions but also
consolidate students’ foundational knowledge. Importantly, well-designed
workbooks can be adapted to diverse learning styles, offering visual,
concrete, and applied problem-solving opportunities to students who may
struggle with abstract reasoning (Malicoban et al., 2021; Besana et al.,

2022). Furthermore, they support both independent and collaborative modes
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of learning: students may work at their own pace, monitor their progress,
and revisit areas of difficulty, while teachers can utilize workbook outputs
to diagnose learning gaps and deliver targeted feedback.

The integration of such resources into the mathematics curriculum
has been shown to foster critical thinking, increase engagement, and
strengthen the link between theoretical knowledge and practical application
(Ayado & Berame, 2022; Rivera, 2023). Taken together, the evidence
suggests that supplementing traditional instruction with research-informed,
well-structured workbooks offers a pragmatic and scalable approach to
addressing the persistent learning gaps of Filipino students in mathematics

and trigonometry.

Enhancing Learning in Mathematics through Workbooks and
Supplemental Materials

Difficulties in learning trigonometry are rooted in several
interrelated factors. Irawan et al. (2019) noted that students’ disinterest
often arises from weak comprehension of fundamental concepts, leading to
discouragement and declining motivation. This aligns with the findings of
Nanmumpuni and Retnawati (2021), who observed that students across all
levels of creative thinking ability struggled with trigonometric concepts,
committing errors regardless of cognitive capacity. Similarly, Arhin and
Hokor (2021) reported that learners frequently failed to transfer
rudimentary knowledge into practical applications, thereby exposing the
gap between basic comprehension and problem-solving proficiency.

Further studies have identified more specific barriers to
trigonometric learning. Rahayu and Rosjanuardi (2022) highlighted

epistemological obstacles in analytic trigonometry arising from insufficient
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mastery of prerequisite topics. Nurmeidina and Rafidiyah (2019) likewise
identified poor problem comprehension, misapplication of concepts, and
limited familiarity with problem formats as significant barriers.
Complementing these insights, Adawiyah and Kurniasari (2020)
demonstrated that variations in learning styles influence how effectively
students acquire trigonometric knowledge. Haryani et al. (2022) also noted
the frequent difficulty students encounter in identifying and applying
appropriate formulas to solve specific problems.

These learning difficulties are further compounded by systemic
issues related to pedagogy and curriculum. Maghirang and Banzon (2023)
emphasized that performance in trigonometry depends on strong
foundational knowledge, active learning strategies, and effective teaching
approaches. Similarly, Delima (2022) underscored the continued difficulty
of trigonometry for both students and teachers, despite its acknowledged
importance in the curriculum. Empirical evidence reflects these challenges:
Batidor and Casinillo (2021) found that achievement in trigonometry
consistently remained below satisfactory levels, pointing to the need for
stronger teacher preparation. Likewise, Padernal and Diego (2020) reported
that pre-calculus performance remained only average across diverse student
backgrounds, underscoring the broader necessity for instructional
enhancement.

To address these challenges, workbooks and other supplemental
learning materials have been recognized as effective tools for improving
student performance. Gyamfi et al. (2021) described workbooks as
instructional resources that scaffold learners’ progression through complex
concepts, while Bordia (2022) highlighted their role in reinforcing
conceptual clarity through varied exercises. Collado and Abubo (2021)

found that students using workbooks outperformed peers who relied solely
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on lectures, while Benitez (2020) affirmed that well-designed workbooks—
meeting standards of content quality, examples, and assessment—
contributed to improved competency. However, Mithans et al. (2022) noted
that students tended to engage with workbooks more frequently in school
than at home, suggesting a need for strategies that promote their broader use
beyond classroom contexts.

Beyond conventional workbooks, diverse supplemental learning
resources have also demonstrated positive effects on teaching and learning.
Agbunag (2022), for instance, showed that contextualized and localized e-
learning resources in Physics improved instructional processes,
recommending their continuous adaptation. Similarly, Decorifia (2022)
validated supplementary learning packages that supported independent
learning during the “new normal,” advocating for ongoing refinement to
enhance quality. Talas and Panoy (2023) further confirmed that
supplemental materials strengthened critical thinking, as evidenced by
significant improvements in pre- and post-test results.

The integration of culturally relevant and subject-specific
supplemental resources has likewise been shown to enhance student
engagement and motivation. Besonia et al. (2023) found that culturally
grounded materials fostered stronger connections between personal
experiences and academic learning, particularly in digital environments.
Saldo and Walag (2023) emphasized that supplemental approaches
embedded in classroom instruction not only improved learning outcomes
but also supported the development of 21st-century skills. In a similar vein,
Alejandria et al. (2023) reported positive learner feedback on an educational
tool for mastering the periodic table, which students described as both
enjoyable and effective.

The validation of workbooks across disciplines further underscores
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their instructional value. Utami et al. (2023) reported that Generation Z
students responded positively to workbook use, while Fran (2022)
demonstrated that validated workbooks effectively supported both teachers
and students, enhancing research-based learning. Sulistina and
Salimaturosidah (2023) confirmed the feasibility of their workbook through
expert evaluation and readability tests, while Rahayu et al. (2022) validated
an e-workbook as effective in promoting collaboration and critical thinking.
Similarly, Araza and Magnaye (2023) showed that MELCS-based
workbooks effectively bridged theoretical and practical learning.

Technological innovations have further advanced workbook
development. Akouaydi et al. (2021) demonstrated that digital workbooks
incorporating tactile devices improved both feedback and learning
processes. Perkins et al. (2023) emphasized their role in promoting self-
directed learning and formative assessment, while Greubel et al. (2023)
concluded that well-designed digital workbooks enhanced academic
relevance and increased student enjoyment.

Teacher-developed and subject-specific workbooks have also
proven effective in meeting learner needs. Comay-Ao et al. (2019) designed
an arithmetic workbook highly rated by master teachers for its
responsiveness to learners’ difficulties, while Inocencio and Calimlim
(2021) documented significant gains in Science performance from teacher-
developed workbooks. Basilio and Sigua (2022) confirmed the utility of
validated instructional modules, and Bernido (2020) found that inquiry-
based materials fostered deeper learning. Likewise, Manzano (2023)
reported excellent ratings for instructional materials in both content quality
and pedagogical effectiveness.

Other studies reinforced the broader usability and relevance of

workbook-like resources. Lacea and Buscano (2023) highly rated Learning
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Activity Sheets (LAS) for appropriateness and practicality, while Navarra
et al. (2022) advocated greater TESDA investment in effective workbook
resources. Dominado et al. (2023) emphasized their engaging potential in
contexts lacking modern instructional tools, and Rogayan and Dollete
(2019) confirmed workbook acceptability in terms of coherence and
usefulness. Similarly, Homillano (2023) reported significant learning gains
in Science, Technology, and Society following the integration of an
instructional module, highlighting the sustained value of workbook

development in improving learning outcomes.

Development and Validation of TRIBOO: A Supplementary
Workbook for Learning Basic Concepts of Trigonometry

This study sought to address the low proficiency of Grade 12 STEM
students in trigonometry through the development and validation of
TRIBOO, a supplementary workbook designed to strengthen foundational
understanding of basic trigonometric concepts. The workbook was
subjected to validation by mathematics teachers from various schools to
ensure content accuracy, pedagogical soundness, and instructional
relevance. It features clearly stated lesson objectives, concise explanations,
illustrative examples, structured exercises, and real-world application
problems. Together, these components aim to enhance conceptual clarity,
provide meaningful practice, and support students in developing deeper and

more durable learning in trigonometry.

Methodology
This study employed a quantitative research design, a systematic

and empirical approach that describes, explains, and predicts phenomena
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using numerical data. Specifically, a quasi-experimental one-group pre-
test—post-test design was utilized to compare students’ performance before
and after the use of TRIBOO, thereby determining its effectiveness in
improving learning outcomes.

The research was conducted in the Senior High School Department
of a public university in Laguna, Philippines. Convenience sampling, a non-
probability sampling technique, was applied to select participants who were
readily accessible. A total of 35 Grade 12 STEM students participated in the
implementation of TRIBOO, while five expert validators in mathematics
education were engaged to evaluate the workbook’s content, instructional

soundness, and overall quality.

Table 1
Six (6) phases of ASSURE model

A survey and pre-test were conducted to identify the least

Phase 1: Analysis learned concepts and assess students’ proficiency in the basic
concepts of trigonometry.

Phase 2: Stating The results of the survey and pre-test served as the basis for the

Obijectives specific objectives of the workbook.

Phase 3: Selecting TRIBOO is made available in both printed and digital formats,

Method and Materials  and its content follows a structured sequence for each topic.

The workbook content was organized using the Most Essential
Learning Competencies (MELCs) of the STEM strand. Each
topic begins with a pre-assessment to gauge prior knowledge,

Phase 4: Utilizing the

Method followed by a recall activity, a concise lesson, and exercises to
reinforce understanding and build mastery.

Phase 5: TRIBOO incorporates engaging activities aligned with its

Requires learners’ learning objectives, including hands-on exercises, problem-

participation solving tasks, and open-ended questions for self-reflection.

Phase 6: After rigoroug validation by five experts, the workbook was

Evaluation pilot-tested with Grade 12 STEM students, who then completed

a post-test.

Data collection involved a 15-item pre-test administered to assess
students’ baseline proficiency in trigonometry and identify areas of

difficulty. Following this, TRIBOO was introduced as the intervention, after
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which a post-test was conducted to measure learning gains and proficiency
improvement. The study was systematically guided by the six phases of the
ASSURE model, which provided the framework for designing,
implementing, and evaluating the intervention.

The researchers secured permission to administer a pen-and-paper
one-group pre-test and post-test. The data collected provided valuable
evidence on the effectiveness of the validated workbook as a supplemental
learning resource. Descriptive statistics, specifically the mean and standard
deviation, were employed to determine students’ proficiency levels in the
basic concepts of trigonometry before and after exposure to TRIBOO. To
further establish the significance of observed differences, a paired t-test was
conducted to compare pre-test and post-test scores, thereby assessing the

impact of the intervention on student performance.

Findings
Table 1 presents the mean proficiency level of Grade 12 STEM
students in the basic concepts of trigonometry, as measured by their pre-test

Scores.

Table 1
Mean level of students’ proficiency on the basic concepts of trigonometry

Test Mean SD Interpretation
Pre-Test 5.06 2.00 Poor
Post-test 10.00 1.55 Good

Legend: 13 — 15 Very Good; 10 — 12 Good; 7 — 9 Fair; 4 — 6 Poor; 0 — 3 Very Poor

In the pre-test, students obtained a mean score of 5.06 out of 15,
indicating performance just above the midpoint. The standard deviation of

2.00 suggests moderate variability, with some students performing
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significantly higher or lower than the average. Based on the predefined
interpretation scale, this mean score falls within the poor category,
confirming that Grade 12 STEM students demonstrated low proficiency in
the basic concepts of trigonometry. Obeng et al. (2024) noted that
trigonometry is often perceived as more abstract and challenging than other
mathematical domains, largely because it requires students to connect
geometric representations (e.g., triangles and diagrams) with numerical
symbols and algebraic reasoning. Such abstraction can hinder conceptual
understanding and lead to lower levels of achievement. Addressing this gap
requires additional instructional support that bridges conceptual and
procedural knowledge. Targeted interventions particularly the use of
structured workbooks have been shown to enhance both proficiency and
confidence in solving trigonometric problems. Inocencio and Calimlim
(2021), for instance, reported that teacher-developed workbooks
significantly improved student performance, underscoring their utility as
instructional scaffolds.

In the post-test, students achieved a mean score of 10.00,
categorized as good performance. The lower standard deviation of 1.55
indicates that scores were more tightly clustered around the mean,
suggesting greater consistency across student outcomes. These findings
demonstrate that, following the implementation of TRIBOO, students
exhibited marked improvement in their proficiency in the basic concepts of
trigonometry.

The positive learning gains may be attributed to the workbook’s
structured design, which provided learners with step-by-step guidance,
diverse examples, and practice opportunities that reinforced conceptual
clarity and problem-solving skills. Consistent with the findings of Collado

and Abubo (2021), students who engaged with workbook-based instruction
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outperformed those taught solely through traditional lecture methods. This
highlights the value of integrating structured workbook exercises into
trigonometry instruction, not only to improve student outcomes but also to

promote deeper understanding and mastery of mathematical concepts.

Table 2

Test of significant difference between the pre-test and post-test results

Mean Critical .
Item Mean SD Difference T-Test Value Interpretation
Pre-Test 5.06 2.00
4.94 12,18  2.032 Significant
Post-Test 10.00 1.55

Table 2 presents the difference between students’ pre-test and post-
test performance in the basic concepts of trigonometry. The analysis yielded
a mean difference of 4.94 and a computed t-value of 12.18, which exceeds
the critical t-value of 2.032 at the 0.05 level of significance. Consequently,
the null hypothesis was rejected, indicating a statistically significant
difference between pre-test and post-test results.

The post-test scores, which were substantially higher than the pre-
test scores, provide clear evidence that the use of the TRIBOO workbook
positively influenced students’ proficiency in trigonometry. This finding
aligns with Talas and Panoy (2023), who demonstrated that supplemental
materials contribute to improvements in students’ critical thinking skills, as
reflected in significant pre- and post-test gains. Integrating such resources
into instruction can therefore help learners strengthen their ability to
analyze, evaluate, and synthesize information more effectively.

At the same time, Collado and Abubo (2021) emphasized that while
workbook use enhances academic performance, its impact is maximized

when paired with effective instructional strategies. This underscores the
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pivotal role of teachers in facilitating workbook use not only by integrating
the material into classroom practice but also by fostering a supportive and
engaging learning environment. Thus, while TRIBOO proved effective as a
supplemental resource, its success ultimately depends on thoughtful

pedagogy and the quality of instructional delivery.

Table 3
Overall rating of the TRIBOO among the five expert validators

Criteria Mean SD Interpretation
1. Workbook Objectives 3.92 0.28 Highly Acceptable
2. Workbook Content 3.64 0.49 Highly Acceptable
3. Workbook Format and Language 3.72 0.46 Highly Acceptable
4. Workbook Relevance 3.72 0.46 Highly Acceptable
Overall Weighted Mean 3.71 0.55 Highly Acceptable

Table 3 presents the overall ratings of TRIBOO as evaluated by five
expert validators across four criteria: workbook objectives, content, format
and language, and relevance. The workbook objectives obtained the highest
mean rating of 3.92 with a standard deviation of 0.28, indicating strong
clarity and alignment with intended learning outcomes. The content was
rated with a mean of 3.64 (SD = 0.49), reflecting its adequacy in addressing
the fundamental concepts of trigonometry. Meanwhile, both format and
language and relevance received a mean of 3.72 with a standard deviation
of 0.46, suggesting that the workbook was presented in an accessible
manner and was considered highly pertinent to student learning needs.

All criteria were interpreted as “highly acceptable.” The overall
weighted mean of 3.71 (SD = 0.55) further supports this interpretation,
indicating that the validators collectively found the TRIBOO workbook to

be an effective and appropriate supplemental learning material for teaching
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the basic concepts of trigonometry. These findings affirm that the workbook
possesses both instructional value and practical applicability in enhancing

student proficiency.

Recommendation

Students can utilize TRIBOO as an effective study tool to review
fundamental concepts and engage in self-paced learning at their own
convenience. For mathematics teachers, the validated workbook is
recommended as a supplemental resource that can enhance instructional
strategies and address diverse student learning needs. To maximize
accessibility, it is further recommended that TRIBOO be made available
online, enabling both students and teachers to benefit from greater
flexibility and ease of use.

For future research, pilot testing TRIBOO with a larger and more
diverse group of students is suggested to strengthen the evaluation of its
effectiveness and determine its potential for wider implementation. Such
initiatives will not only validate its broader applicability but also provide
valuable insights into refining its content and delivery for greater impact in

mathematics education.
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