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Abstract
This study examined the effect of the Gold Standard Project-Based Learning (GSPBL) model on Grade 8 students’ ability to solve linear equations in one variable, compared with conventional teaching, using a quasi-experimental pretest–posttest matched-group approach. The research was conducted at Mahayag National High School–Junior High School, San Miguel District, Division of Bohol, with thirty (30) Grade 8 students selected from approximately one hundred eighty (180) learners based on parental consent. A researcher-made 30-item achievement test served as both pretest and posttest, supported by a table of specifications, curriculum-based content validation, pilot testing, item analysis (difficulty and discrimination), and reliability estimation using the Kuder–Richardson formula. Group comparability was strengthened through matching procedures using pretest scores to form control and experimental groups prior to implementation. Results showed very low baseline performance, with both groups initially classified below proficiency, and both groups demonstrated statistically significant pretest-to-posttest improvement (control P-value = 0.0004; experimental P-value = 0.003). However, the posttest comparison indicated no statistically significant difference between the two groups’ performance (P-value = 0.76), suggesting comparable outcomes under the study timeframe and conditions. The study concludes that GSPBL is a viable approach for enriching students’ skills in the target competency, while recommending broader instructional support, teacher capacity-building, and future replications with longer exposure and delayed posttesting. In terms of SDGs, the study most directly aligns with SDG 4 (Quality Education) through its focus on improving mathematics learning outcomes, and it supports educational sustainability by promoting structured learner-centered instruction that can strengthen foundational problem-solving competencies in basic education. 
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Introduction 
Mathematics is positioned as a key driver of learners’ critical thinking and higher-order thinking development, with algebra serving as a foundational strand that supports learning across disciplines and real-world problem solving (Ampadu & Anokye-Poku, 2022). Linear equations in one variable are emphasized as essential algebraic competencies, yet many learners struggle when instruction is dominated by rote procedures rather than concept formation and contextualization (Holmlund, 2024; Assadi & Hibi, 2022). In response, Project-Based Learning (PBL)—particularly the Gold Standard PBL (GSPBL) framework—has been advanced as a student-centered, real-world anchored approach intended to deepen understanding, strengthen problem-solving, and increase engagement through inquiry, collaboration, and authentic outputs (Lucas Education Research, 2021; Fisher, et.al., 2020; Larmer, Mergendoller, & Boss, 2015). Anchored on social constructivist and experiential learning perspectives (Vygotsky, 1978; Kolb, 1984), the study is framed around addressing persistent instructional gaps in algebra by examining the effect of GSPBL on solving linear equations in one variable.

Mathematics education reforms foreground the development of learners’ critical thinking, recognizing mathematics as central to everyday decision-making and higher-order thinking formation (Ampadu & Anokye-Poku, 2022). Within mathematics, algebra functions as a core foundation, and linear equations in one variable are treated as a critical entry point that supports later, more complex mathematical learning and practical applications (Holmlund, 2024; Santos, 2024). However, learners often encounter difficulty because instruction may privilege memorization and procedures over conceptual understanding, limiting students’ ability to translate abstract equation concepts into real-life meaning and leaving prerequisite misconceptions unaddressed (Assadi & Hibi, 2022).

A consistent theme in the literature is that PBL strengthens learning by engaging students in solving meaningful problems that require inquiry, collaboration, and the construction of knowledge through authentic tasks. Rigorous PBL is linked with positive effects on student outcomes across subjects and grade levels, supporting achievement and improved teaching practices (Lucas Education Research, 2021). PBL is also described as enabling learners to work autonomously while producing realistic work products, shifting learning from passive reception to active construction (Fisher, et.al., 2020). The GSPBL framework further specifies essential design elements—challenging problem or question, sustained inquiry, authenticity, student voice and choice, reflection, critique and revision, and a public product—to make projects rigorous and aligned to learning goals (Larmer, Mergendoller, & Boss, 2015; Banzon & Santos 2025). A second theme is that, despite broad uptake of PBL in other fields, its targeted application in mathematics (especially algebra) remains relatively limited, even as research increasingly addresses its potential contributions (Abe & Gbenro, 2020; Guvenc, 2021; Boaler, 2002; Eroglu & Unlu, 2022; Hasanah & Surya, 2020). Related literature also flags implementation constraints—project organization, time demands, resources, and role shifts—alongside uneven teacher capacity and infrastructural support that can produce inconsistent outcomes (Viro et al., 2020; Fang et al., 2022; Ridha Syahdia et al., 2024; Adnan & Abdul Rahman, 2024). Within mathematics instruction specifically, contextualizing linear equations is repeatedly framed as necessary because many learners struggle with abstractness when learning is reduced to drills and procedures (Assadi & Hibi, 2022; Holmlund, 2024).

Globally, PBL is positioned as an approach capable of improving student learning outcomes and advancing student-centered teaching practices when implemented rigorously (Lucas Education Research, 2021). In parallel, the Philippine policy environment cited in the text emphasizes innovation, research, and learner development through adequate and relevant education systems, reinforcing the legitimacy of adopting innovative, learner-centered strategies to address persistent learning difficulties and support holistic learner development.

The study is anchored on Social Constructivist Theory and Experiential Learning Theory, emphasizing knowledge construction through interaction, guided support, experience, and reflection. From a social constructivist lens, learning is facilitated within the zone of proximal development through scaffolding and collaborative activity, supporting learners’ movement from contextualized understanding to abstract mathematical reasoning (Vygotsky, 1978). Complementarily, experiential learning frames understanding as cyclical—concrete experience, reflection, abstraction, and active experimentation—supporting deeper retention when students solve real-world problems and apply concepts in new situations (Kolb, 1984). These perspectives align with PBL and are operationalized through the structured elements of the GSPBL design framework (Larmer, Mergendoller, & Boss, 2015; Agustin et al., 2025).

Although PBL is widely discussed as beneficial for problem-solving and meaningful learning, the text highlights a continuing gap in mathematics-focused applications—particularly in algebra and linear equations in one variable—where instruction often remains procedural and insufficiently contextualized (Abe & Gbenro, 2020; Guvenc, 2021; Holmlund, 2024; Assadi & Hibi, 2022). Given reported learner difficulties and the underexplored status of GSPBL within mathematics contexts, the study is motivated to examine whether a structured, authentic, student-centered model can enrich learners’ skills in solving linear equations in one variable (Larmer, Mergendoller, & Boss, 2015).

This study aligns with SDG 4 (Quality Education) by focusing on improving mathematics learning through student-centered pedagogy that addresses learners’ difficulties in solving linear equations and strengthens essential problem-solving skills, thereby contributing to better instructional quality and learning outcomes. It also supports SDG 9 (Industry, Innovation and Infrastructure) because the policy emphasis on innovation in education reinforces the value of adopting structured instructional innovations such as Gold Standard PBL, which helps build learners’ foundational competencies needed for innovation-oriented learning environments. In addition, the study relates to SDG 8 (Decent Work and Economic Growth) by enhancing students’ analytical and reasoning skills in mathematics, which contributes to longer-term human capital development and supports more sustainable economic participation as learners become better prepared for future academic and work-related demands.

This study contributes to educational sustainability by addressing persistent barriers to deep mathematical understanding and by promoting learner-centered approaches that can be sustained through structured design elements and reflective practice. It also supports institutional and innovation sustainability by aligning instructional improvement with policy directions that encourage innovative teaching strategies and the strengthening of research- and innovation-supportive learning environments. By improving learners’ capacity to reason with algebraic concepts that connect to real-life contexts, the work further strengthens socio-economic sustainability through foundational skills development that supports informed decision-making and future readiness.

The study seeks to determine the effect of the Gold Standard PBL (GSPBL) model on learners’ skills in solving linear equations in one variable, in response to documented learning difficulties and the limited emphasis on mathematics-focused applications of rigorous PBL (Holmlund, 2024; Assadi & Hibi, 2022; Abe & Gbenro, 2020; Guvenc, 2021).


Materials and methods
2.1 Research Design 
This study employed a quasi-experimental design to determine whether there is a significant difference in Grade 8 students’ skill in solving linear equations in one variable when instruction is delivered through the Gold Standard PBL (GSPBL) model versus the conventional way of teaching. In keeping with the logic of quasi-experimentation in a school setting, the design did not rely on random assignment; instead, it used baseline performance to strengthen comparability between groups. Specifically, a pretest was administered to the participants and served as the basis for forming two groups—control and experimental—through a matching approach. Matching was undertaken by pairing students who obtained the same or nearly the same pretest scores and distributing these pairs across the two groups to minimize baseline differences prior to the intervention. After the grouping procedure, the instructional intervention was implemented according to the assigned method, and a posttest was then administered to determine learners’ performance after exposure to either GSPBL or conventional instruction.

2.2 Research Setting 
The study was conducted at Mahayag National High School (MNHS), located in San Miguel District, Division of Bohol. The school context provided a defined junior high school environment where Grade 8 learners could be accessed and observed under typical instructional conditions. In Academic Year 2024–2025, MNHS recorded a total population of 1,180 enrollees, composed of 843 junior high school and 337 senior high school students, establishing the broader institutional setting from which Grade 8 participants were drawn. Within this locale, the junior high school campus served as the immediate research environment because Grade 8 classes formed the pool from which the study participants were selected and grouped for the instructional comparison. 
2.3 Respondents 
The respondents were thirty (30) Grade 8 students from MNHS, selected from approximately one hundred eighty (180) Grade 8 learners, with participation conditioned on parental consent. To ensure ethical participation, the study emphasized voluntariness and clarified that students had the right to decline, withdraw, or discontinue participation at any time without penalty and without any effect on their grades in the subject. Consistent with this, an assent process was used to formalize willingness to participate while maintaining the learners’ freedom to withdraw even after assent had been provided, and withdrawal was explicitly stated to have no impact on students’ grades or their relationship with the researcher. Following recruitment and consent, the respondents took a pretest that functioned as the basis for forming comparable groups. The matched-grouping procedure paired students with the same or nearly the same pretest scores and allocated paired participants evenly into the control and experimental groups, strengthening baseline comparability before the intervention was carried out.

2.4 Research Instruments 
Student achievement was measured using a researcher-made 30-item test used for both pretest and posttest administration, designed to assess skills in solving linear equations in one variable. Test preparation included constructing a table of specifications, establishing content validity anchored on the Department of Education Curriculum Guide competencies, and obtaining iterative reviews from a mathematics teacher and a master teacher in mathematics. The instrument underwent pilot testing with Grade 8 students not included in the experiment, followed by item analysis using the index of difficulty and discrimination index, and reliability estimation using the Kuder–Richardson formula based on item score tallies. Instructional delivery was guided by semi-detailed lesson plans aligned with Grade 8 Mathematics competencies. To strengthen instructional validity, the lesson plans and an accompanying researcher-made lesson plan evaluation instrument were subjected to expert validation. The evaluation criteria were guided by Danielson’s Framework for Teaching (2007), the seven essential project design elements developed by PBLWorks (Larmer, Mergendoller, & Boss, 2015), and principles of constructive alignment and outcomes-based education (Biggs & Tang, 2011). Three content and pedagogy experts independently reviewed the lesson plan using the instrument; their ratings and comments informed revisions prior to implementation.

2.5 Data Collection 
Approval to conduct the study was secured through a formal request to the school principal. Data collection followed staged implementation: participants’ parents received an orientation covering the study purpose, expected duration, procedures, voluntary participation, withdrawal rights, and confidentiality; student assent procedures were implemented, and students could withdraw at any time without penalty. Prior to the main implementation, the test underwent pilot testing and item analysis using non-participant Grade 8 learners. The pretest was administered to all participants in one hour, with students allowed to use aliases to protect privacy; pretest results served as the basis for matched grouping. Instruction then proceeded with both groups covering the same topic but using different approaches: the control group received conventional instruction emphasizing objective-setting, concept discussion with step-by-step examples, and exercises; the experimental group received instruction using the Gold Standard PBL model elements, including opportunities for students to choose how to present solutions and engage in reflection, critique, revision, and presentation of outputs. After the intervention sessions, the posttest (a rearranged version of the pretest items) was administered to both groups within one hour, and results were gathered, tallied, tabulated, and prepared for statistical treatment and interpretation.

2.6 Data Analysis 
Test development data were analyzed through item analysis using the index of difficulty and discrimination index, while test reliability was estimated using the Kuder–Richardson formula based on item-level score tallies. For outcome analysis, pretest and posttest scores were collected, tallied, and tabulated to support statistical treatment and interpretation of performance patterns within and between the control and experimental groups.

2.7 Ethical Considerations 
Ethical safeguards included obtaining school approval, orienting parents on the purpose and procedures of the study, securing student assent, and emphasizing voluntary participation with the right to decline, withdraw, or discontinue at any time without penalty or grade impact. Confidentiality protections included discussing limits of confidentiality, maintaining anonymity of responses, allowing aliases on answer sheets, and restricting access to records to ensure data were kept private unless authorized permission was required.
Results and Discussion 
Main Findings: Students’ Performance in Solving Linear Equations in One Variable
3.1.1 Pre-test Performance of the Control and Experimental Groups
The pre-test results indicated a uniformly low baseline performance in solving linear equations in one variable. All learners in both the control group and the experimental group were classified under “Below 75” (Did Not Meet Expectations), with 15 students (100%) in each group falling within this bracket. Consistent with this distribution, both groups obtained the same descriptive average score of 41, indicating that neither group entered the intervention with a measurable advantage in initial competency. The homogeneity of pre-test performance provides two important methodological implications for the study. First, it confirms that the target competency was generally weak among the participating Grade 8 learners at the outset, suggesting that foundational understanding and procedural fluency for linear equations were still developing. Second, the identical baseline performance strengthens the credibility of the between-group comparison because the matched-group procedure—pairing students with the same or nearly the same pre-test scores—appears to have successfully produced comparable groups. With baseline comparability supported by both distributional results (100% below proficiency in each group) and the identical average score, subsequent performance changes can be interpreted more defensibly as being associated with instructional exposure rather than pre-existing group differences.

3.1.2 Post-test Performance of the Control and Experimental Groups
Post-test results showed improvement in both groups, although performance largely remained below the proficiency benchmark. In the control group, 10 students (67%) still fell under “Below 75,” while 5 students (33%) reached “75–79” (Fairly Satisfactory). In the experimental group, 13 students (87%) remained “Below 75,” and 2 students (13%) reached “75–79.” The descriptive average scores increased to 57 for the control group and 55 for the experimental group; however, both averages remained within the “Did Not Meet Expectations” category. The post-test pattern indicates that both instructional approaches supported measurable learning gains, but the magnitude of improvement was insufficient to shift most learners into satisfactory performance levels under the study’s conditions. The fact that only a minority of students reached the “Fairly Satisfactory” level suggests that students may have gained partial procedural competence without consistently achieving mastery across the assessed skill set. This outcome mirrors the pattern reported by Egbe and Anyaegbunnam (2017), where both experimental and control groups improved from pre-test to post-test, yet overall performance still did not reach the desired proficiency and the between-group difference was not statistically significant. In this context, the results can be interpreted as evidence that instructional exposure—whether conventional or GSPBL—contributed to improvement, but additional instructional time, reinforcement, or targeted remediation may be required for more substantial movement toward proficiency, especially for students beginning from a very low baseline.

3.2 Differences in Performance Within and Between Groups
3.2.1 Difference Between the Pre-test Results of the Two Groups
Statistical comparison of the groups’ pre-test performance showed identical mean scores of 12.2 for both groups, with standard deviations of 2.68 (control) and 2.86 (experimental). The computed t-value was 0 and the P-value was 1, which exceeded the 0.05 level of significance. The null hypothesis was therefore accepted, indicating no statistically significant difference between the groups prior to the intervention. The absence of a significant pre-test difference is a critical condition for a quasi-experimental comparison because it strengthens internal validity by supporting equivalence at baseline. In practical terms, this result reinforces the descriptive findings that both groups began at essentially the same level of competence. Consequently, any post-intervention differences—or the absence of such differences—can be interpreted more confidently as a function of instructional exposure rather than an artifact of unequal starting points.

3.2.2 Difference Between the Pre-test and Post-test Results of the Control Group
For the control group, mean performance increased from 12.2 (SD = 2.68) in the pre-test to 17 (SD = 4.38) in the post-test, yielding a mean difference of 4.8. The computed t-value was -4.58 and the P-value was 0.0004, which is less than 0.05. The null hypothesis was rejected, indicating a statistically significant improvement in the control group. The significant gain in the control group suggests that conventional instruction was effective in improving students’ ability to solve linear equations in one variable, at least within the measured timeframe and assessment conditions. This finding is consistent with Karjanto and Acelajado (2022), where students exposed to traditional instruction likewise demonstrated significant improvement. The result implies that structured teacher-led explanation, guided examples, and practice exercises can produce meaningful learning gains, particularly when learners begin at low baseline performance and benefit from systematic scaffolding of procedures and problem-solving steps.

3.2.3 Difference Between the Pre-test and Post-test Results of the Experimental Group
For the experimental group, mean performance increased from 12.2 (SD = 2.86) in the pre-test to 16.6 (SD = 3.56) in the post-test, producing a mean difference of 4.4. The computed t-value was -3.44 and the P-value was 0.003, which is less than 0.05. The null hypothesis was rejected, indicating a statistically significant improvement among students exposed to the Gold Standard PBL model. The significant pre–post improvement supports the effectiveness of GSPBL in enriching students’ skills in solving linear equations in one variable. This aligns with Bukari (2020), which reported significant performance improvement among students exposed to PBL in linear equation word problems and also noted increased engagement and a more positive attitude toward mathematics. Within the present study’s context, the result suggests that an instructional approach grounded in inquiry, collaboration, and authentic problem engagement can generate measurable gains in algebra performance even when students begin with low initial proficiency.

3.2.4 Difference Between the Post-test Results of the Two Groups
The post-test comparison showed mean scores of 17 (SD = 4.38) for the control group and 16.6 (SD = 3.56) for the experimental group, with a mean difference of 1.4. The computed t-value was -0.27 and the P-value was 0.76, which is greater than 0.05. The null hypothesis was accepted, indicating no statistically significant difference between the groups’ post-test results. The absence of a significant post-test difference indicates that, while both groups improved substantially within-group, neither approach produced a statistically superior outcome relative to the other under the study’s implementation conditions. This pattern is consistent with Bukari (2020), where improvement from pre-test to post-test did not translate into a statistically significant advantage for the active-learning group over the control group in post-test scores. From an instructional perspective, this suggests that short-cycle gains may be achievable through both approaches, but differences in outcomes may not emerge strongly unless conditions allow deeper consolidation of learning, more extended exposure, or assessments that capture higher-level transfer and reasoning. In this study, the comparable post-test outcomes can therefore be interpreted as evidence that GSPBL is beneficial for learning improvement, but its advantage over conventional instruction was not demonstrated quantitatively in the final post-test performance.
Conclusion & Recommendations 
The study concludes that the Gold Standard PBL approach contributed to meaningful learning improvement among the experimental group, as reflected in a statistically significant increase from pre-test to post-test performance in solving linear equations in one variable. At the same time, the comparative post-test analysis indicates that the experimental group did not significantly outperform the control group taught through conventional methods, because both groups demonstrated improvement and their mean post-test scores remained comparable. Taken together, these findings position Gold Standard PBL as a viable and effective instructional approach for enriching learners’ understanding and skills on the target competency, while also indicating that its advantage over conventional teaching may not be readily captured through immediate standardized post-test outcomes within the specific context and timeframe of implementation.
Based strictly on the study’s conclusions, it is recommended that school administrators encourage mathematics teachers to utilize the Gold Standard PBL model to enrich learners’ skills in solving linear equations in one variable, and that mathematics supervisors include a workshop focused on integrating the Gold Standard PBL model into lesson planning to strengthen classroom implementation. It is likewise recommended that mathematics club advisers apply the model during remedial tutorials or review classes and refer it to learners who experience difficulty with the topic. For future research, replication is recommended using more exposure sessions, a test with more items to generate additional evidence on the model’s effect, and post-tests administered with sufficiently long intervals after the intervention to examine the model’s potential role as a retention aid; further enhancement of the tool and assessment of resulting outcomes are also recommended.

The study recognizes that the superiority of the Gold Standard PBL model over conventional teaching may not be immediately evident when outcomes are measured through standardized post-test performance within a limited implementation window and under the study’s existing evaluation conditions. As indicated in the text, stronger capture of the depth of learning attributed to the model may require a longer intervention period, the integration of mastery-based assessments, and closer alignment between project tasks and the evaluation tools used to measure learning. The recommendations for increased exposure, more test items, and longer post-test intervals likewise imply that the scope and timing of measurement may have constrained the ability to observe longer-term learning consolidation and retention effects.    
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