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Abstract 

This study investigated the effectiveness of integrating the Claim-Evidence-Reasoning (CER) 

framework with Project-Based Learning (PBL) to enhance the critical thinking skills of agricultural students. 

In the context of postharvest handling, where decision-making is often compromised by "invisible" biological 

consequences, this research utilized a quasi-experimental design involving 75 participants divided into an 

experimental group (n=38) and a control group (n=37). The experimental group was exposed to PBL 

combined with CER, while the control group utilized standard PBL alone. Both cohorts were evaluated across 

four domains: analysis, problem-solving, decision-making, and overall critical thinking. Statistical analysis 

using t-tests revealed that the experimental group achieved highly significant improvements across all 

variables (p<.05), with the overall critical thinking mean rising from 8.24 to 12.05. In contrast, the control 

group showed significant growth only in analysis and general critical thinking, failing to reach statistical 

significance in problem-solving (p=.208) and decision-making (p=.300). A comparison of post-test results 

confirmed a statistically meaningful performance gap between the two groups (p=.020), leading to the 

rejection of the null hypothesis for the experimental intervention.  

The findings suggest that while traditional PBL fosters foundational knowledge, it is insufficient for 

developing the high-tier mastery required for complex technical dilemmas. This study underscores the 

necessity of "engineering" critical thinking into vocational curricula through structured argumentative models 

to move students from rote procedural application to expert-like professional judgment in agricultural 

logistics. 

 
Keywords: Claim-Evidence-Reasoning (CER); Project-Based Learning; Critical Thinking; Postharvest Handling; Agricultural 

Education; Cognitive Scaffolding 

1. Introduction 

Learning is a fundamental process defined as a relatively permanent change in behavior resulting 

from experience. It began when a person encountered something new, whether through reading, listening, or 

actively trying to solve a problem. As per Prentice and Ott (2021), for the acquisition of knowledge to be 

successful, it needed to be an experience. This was echoed by Korucu-Kış (2021), who asserted that 

experiential learning took place when students intentionally broke down an experience, resulting in new 

information, skills, or insight. Through experiential learning, students were stimulated mentally, emotionally, 
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and socially, which encouraged them to think critically, solve problems, and behave suitably in situations 

appropriate to their education. 

Under the Philippine K–12 Education Curriculum, the Technology and Livelihood Education (TLE) 

module highly emphasized performance tasks, which accounted for 60% of a student's grade, as taken by 

Philippine Nikkei Jin Kai International School (2024) from DepEd’s Grading System Order No. 8, s. 2015. 

These were oral work and demonstrations of skills that were intended to allow students to demonstrate 

practical skills and blend 21st-century competencies. This emphasis on project-based activities was counter to 

the conventional lecture method, which had been found in some research to not be as effective in bridging the 

gap between abstract concepts and practical application (Zhang & Ma, 2023). Work by Hasan et al. (2023) 

also indicated that project-based learning could be used to develop critical thinking and learning ability, a 

method based on experiential learning (Saugstad, 2012). 

Critical thinking was an essential ability for all topics, both within and beyond the classroom. It 

allowed learners to solve problems, create and justify opinions, and make well-informed decisions. In the TLE 

curriculum, critical thinking was especially necessary for the use of life skills in schoolwork (Villegas, 2022). 

Diola et al. (2025) added that the Claim-Evidence-Reasoning (CER) approach was a strategy for building this 

ability since it promoted critical thinking and the support of claims by evidence and sound reasoning. 

Unfortunately, evidence showed that critical thinking was not well taught in most Philippine schools 

(Marquez, 2017). This called for effective strategies to enhance students' critical thinking skills. The research 

of Zhang and Ma (2023) revealed that experience-based learning, including problem-based and project-based 

learning, could be successful in sharpening these skills. 

Since project-based learning had the potential to improve critical thinking and learning ability, this 

research investigated the added effect of using project-based learning with the CER strategy on a horticulture 

class. The researcher examined how the blended method affected the critical thinking ability and learning 

ability of Grade 10 learners. In investigating the strategic targeting of the CER strategy in a project-based 

learning setting, this research aimed to shed new light on its effectiveness and scope for enhancing student 

learning achievements. 

 

1.1 Background of the Study 

Learning was a complex process in which there was a relatively permanent change in behavior due to 

experience. This was the core of the notion of experiential learning, which posited that for knowledge to be 

gained, it had to be based on direct experience. According to Passarelli and Kolb (2023), experiential learning 

was when learners actively reflected on an encounter, resulting in new information, skills, or understanding. 

This pedagogical methodology, which encompassed several approaches like project-based learning and 

problem-based learning, invited learners to experience the content in their minds, hearts, and sociality. In the 

process, it encouraged them to be critical thinkers, problem solvers, and appropriate responders to actual 

circumstances. This was a sharp departure from the old, lecture method of pedagogy, which had been shown 

to be less efficient in helping bridge the theory-practice gap. Empirical studies showed that project-based 

learning, an experiential learning method, was useful in the development of critical thinking and learning 

ability (Issa & Khataibeh, 2021; Suteja & Setiawan, 2022). 

In the Philippine K-12 Curriculum Education, however, Technology and Livelihood Education 

(TLE) was most appropriate for experiential learning, wherein performance tasks contributed significantly to 

the grade of the learner. Tasks like demonstrations of skills and group presentations were meant to enable 

learners to use what they had learned and acquire 21st-century skills. According to Shanta (2022), critical 

thinking was an essential skill for all subjects in academics and for real-world applications. It allowed 

students to examine information, make informed choices, and resolve complex issues. For TLE students, the 

skill was particularly vital for the transference of life skills to academic work. The Claim-Evidence-Reasoning 

(CER) approach was a systematic procedure that could be utilized to develop critical thinking. It called upon 

students to make a claim, evidence it, and provide an evidence-based logical explanation that connected the 
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evidence to the claim. It prompted learners to think scientifically and critically. 

Even as critical thinking was acknowledged internationally to be of prime importance, research 

underscored that it was not systematically taught in most Philippine institutions (Agenor & Luayon, 2024). 

This brought out a crucial research gap: although evidence existed showing that project-based learning could 

improve critical thinking and competence in learning, there was a need to explore further the effect of 

integrating project-based learning with definite, structured approaches such as CER (Buchman, 2024). The 

research aimed to do this by investigating how the implementation of the CER strategy in a project-based 

learning setting influenced students' critical thinking and learning ability in horticulture education. 

According to a consolidated report on least learned competencies in TLE of Grade 10 of a certain 

school district in Buenavista, Quezon during the third quarter of the school year 2023-2024, it was found that 

most of the competencies listed in the report were identified as competencies that required students to perform 

and exhibit critical thinking skills in order for them to understand and attain the goals of the lessons. With 

this, the researcher aimed to employ CER and project-based instruction in teaching TLE and measured its 

impact on the critical thinking skills of the students. 

This study was warranted by the necessity of finding successful teaching strategies to enhance 

students' performance in an environment that did not possess critical thinking skills, specifically within a 

subject such as TLE where this type of application was more crucial. Through investigating this particular 

type of teaching strategy blend, the study hoped to contribute new knowledge and a possible model for 

instructors who wanted to develop these critical skills within their students. 

2. Methodology 

This chapter outlines the research design, locale of the study, participants sampling technique, 

research instruments, data collection procedures and statistical treatment used in analyzing the data. Through 

these methodological approaches, the researcher established a structured framework for examining the 

relationship between the instructional strategy and the development of students’ critical thinking skills. 

  

2.1 Research Design 

 

This study utilized a quasi-experimental research design, specifically what is referred to as the Non-

equivalent Control Group Design. This was particularly suitable in educational settings where the random 

assignment of individual students was impossible due to pre-existing, intact classroom structures (Creswell, 

2014). This design differed from a true experiment in that it made use of two naturally occurring groups—in 

this case, two separate Grade 10 Horticulture classes—which acted as the experimental and control groups, 

respectively. 

A Non-equivalent Control Group Design involved a structured Pre-test–Intervention–Post-test 

procedure as follows: At the start of the intervention, a pre-test was conducted on both groups in order to gain 

a pre-operational assessment of their critical thinking capabilities and learning abilities in post-harvest 

handling prior to the intervention of the independent variable. 

In the intervention phase, both groups received varied instructional strategies: the experimental 

group was exposed to PBL integrated with the CER strategy, while the control group underwent a regular PBL 

curriculum without the explicitness of the CER framework. After the intervention, a post-test measured the 

gain in learning. The researcher used this design to statistically control for initial differences, isolate the 

specific effect of the CER strategy on the performance of students, and provide a strong framework for the 

effectiveness of the intervention. 
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2.2 Respondents of the Study 

 

The respondents were all Grade 10 students enrolled in the Horticulture subject at Hagonghong 

Integrated High School during School Year 2025–2026. Instead of selecting individual students from different 

schools, the researcher utilized an intact group within the selected school. This sampling method was practical 

and appropriate, as it allowed the researcher to conduct the intervention in a natural classroom setting while 

representing the larger population within the District of Buenavista II. 

2.3 Population and Sampling Technique  

The specific sampling method used in this study was cluster sampling. The population of the study 

consisted of all public secondary schools within the District of Buenavista II offering Grade 10 Horticulture 

under the Technology and Livelihood Education (TLE) curriculum. From this population, Hagonghong 

Integrated High School was selected as the cluster for the study. 

 

2.4 Data Gathering Procedures 

 

The data gathering for this study followed a systematic and sequential process. After securing the 

necessary permission from the school principal of Hagonghong Integrated High School, the researcher 

coordinated with the Grade 10 Technology and Livelihood Education (TLE) teachers to identify two intact 

Grade 10 Horticulture sections within the school. Hagonghong Integrated High School was selected as the 

cluster representing the District of Buenavista II through cluster sampling. 

The identified intact sections were designated as the control group and the experimental group. All 

Grade 10 students enrolled in the Horticulture subject in these sections during School Year 2025–2026 served 

as the respondents of the study. Initially, both groups were administered a pre-test designed to measure their 

critical thinking skills prior to the implementation of the intervention. 

Following the pre-test, the experimental group underwent a Project-Based Learning curriculum 

integrated with the Claim-Evidence-Reasoning (CER) strategy for the duration of one academic quarter. 

Simultaneously, the control group was taught using Project-Based Learning alone, without the explicit 

instruction of the CER framework. At the conclusion of the intervention period, both groups were given an 

identical post-test to measure any changes in their critical thinking. The pre-test and post-test scores were then 

collected and meticulously organized for statistical analysis to determine the effectiveness of the intervention. 

2.5 Research Instrument 

The primary instrument for data collection in this study was a researcher-made survey questionnaire 

specifically designed to measure the critical thinking skills of Grade 10 students. The instrument was 

fundamentally structured around three distinct sections, each corresponding to a key component of critical 

thinking: Analysis, Problem-Solving, and Decision-Making. 

To ensure the study's relevance and alignment with the actual timeline of implementation, the 

contextual focus of the questions was shifted from previous content to the Fourth Quarter's Horticulture 

competencies. Consequently, each question was directly contextualized within postharvest handling 

procedures, requiring students to demonstrate critical thought in scenarios related to differentiating types of 

maturity, explaining the principles of Tender Loving Care (TLC), and enumerating ways of reducing damage 

to produce. 

To ensure the quality of this instrument, validity and reliability testing were both required. Content 

validity was established through a panel of experts who rigorously reviewed the questionnaire's items to 

confirm that they accurately measured the intended critical thinking skills and were appropriate for the Grade 
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10 target population. Following this, a reliability test was conducted by administering the survey to a group of 

students with similar characteristics to the study's participants. The reliability of the research instrument was 

evaluated using Cronbach’s Alpha, a statistical measure that determines the internal consistency of a scale. 

For this study, the instrument achieved an overall coefficient of 0.810, which indicated a high level of 

reliability. 

In the context of this study, the following ranges of scores, interpretations, and descriptions are 

utilized to assess student performance across three key domains. The assessment framework categorizes 

student performance into four distinct proficiency levels across the domains of analysis, problem-solving, and 

decision-making. Students achieve an Excellent rating with scores of 6 to 7, demonstrating thorough 

analytical evidence, creative and logical problem-solving, and well-justified decision-making. The Proficient 

level, ranging from 4 to 5, indicates a consistent ability to identify key relationships and suggests reasonable 

solutions with adequate justification. Scores between 2 and 3 represent the Developing stage, where students 

show partial analysis and limited evaluation, often missing deeper interpretations or providing unclear 

justifications. Finally, the Beginning level includes scores of 0 to 1, characterized by inaccurate analysis, a 

failure to identify core problems, and unsupported or inappropriate decisions. 

2.6 Statistical Treatment of Data 

The statistical analysis for this study was designed to achieve two primary objectives: to describe the 

characteristics of the data and to infer whether the intervention had a significant effect. This was 

accomplished through the use of both descriptive and inferential statistics. 

Descriptive statistics were used to summarize and organize the data collected from the pre-test and post-

test. For both the experimental group (PBL with CER) and the control group (PBL alone), the following were 

calculated: 

• Mean: This represented the average score for each group on both the pre-test and post-test. The 

mean score provided a central tendency measure, giving a clear picture of the overall performance of 

each group before and after the intervention. For example, a higher mean score on the post-test 

suggested a general improvement in critical thinking or learning competence. 

• Standard Deviation: This measured the amount of variation or dispersion of scores within each 

group. A low standard deviation indicated that the scores were clustered closely around the mean, 

suggesting a consistent level of performance among students in that group. A high standard 

deviation, on the other hand, indicated a wider spread of scores, suggesting a greater range of 

performance. 

These descriptive statistics provided a foundational understanding of the data, allowing the 

researcher to see the basic performance trends within each group before and after the intervention. 

Inferential statistics were used to make generalizations about the population based on the sample 

data. In this study, the primary inferential tool was the t-test, a statistical test used to determine if there was a 

significant difference between the means of two groups. 

The study employed two types of t-tests: 

• Paired-Sample T-test: This test was used to compare the pre-test and post-test scores within each 

group (the experimental group and the control group). This determined if there was a significant 

improvement in critical thinking and learning competence for the students in each group after the 

intervention. 

• Independent-Sample T-test: This test was used to compare the post-test scores between the two 

groups (the experimental group and the control group). This was the most crucial part of the analysis 

as it directly answered the core research question: Did the group exposed to Project-Based Learning 
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with the CER strategy show a significantly greater improvement than the group taught with Project-

Based Learning alone? 

 

The results from these statistical analyses either supported or refuted the hypothesis that the CER 

strategy, when integrated into a Project-Based Learning framework, had a significant and positive effect on 

the critical thinking skills of horticulture students. 

3. Results and Discussions 

This chapter presents the tables showing the results of the data gathered which are analyzed and 

interpreted based on the statement and hypothesis sited. 

The Pre-test and Post-test Scores of the Control Group Exposed to Project-Based Learning Alone Strategy 

and the Experimental Group Exposed to Project-Based Learning with the Claim-Evidence-Reasoning (CER) 

Strategy. 

Table 1 

Pre-test and Post-test Scores of the Group Exposed to Project-Based Learning Alone in terms of Analysis 

Scores 
                  Pretest  Posttest 

Frequency Percentage Frequency Percentage Description 

6 – 7  0 0.0 4 10.81 Excellent 

4 – 5 11 29.73 19 51.35 Proficient 

2 – 3 21 56.76 14 37.84 Developing 

0 – 1 5 13.51 0 0.0 Beginning 

Total 37 100.0 37 100.0  

The pre-test scores for the control group, consisting of 37 students exposed to Project-Based 

Learning alone, indicated a baseline level of analytical competence that was largely concentrated in the lower 

proficiency ranges. Out of the 37 participants, 0 student (0.00%) achieved a score of 6–7, 11 students 

(29.73%) achieved a score of 4–5, 21 students (56.76%) achieved a score of 2–3, and 5 students (13.51%) 

achieved a score of 0–1. 

These results classified the students into the Excellent, Proficient, Developing, and Beginning 

categories, respectively. The data suggested that most students began the study with only a foundational 

ability to analyze maturity indices and draw valid conclusions regarding crop development. The 13.51% of 

students in the Beginning category indicated a significant struggle to differentiate between various maturity 

stages, while the total absence of students in the Excellent rating confirmed a lack of high-level mastery 

across the entire cohort. According to Priyadharsini (2025), true analysis requires the ability to see patterns 

and make inferences; the high percentage of students in the Developing category suggested that while they 

possessed factual knowledge, they had not yet achieved conceptual understanding. This is a common trend in 

traditional vocational settings where students learn the "how-to" of harvest but struggle with the "when and 

why" of scientific maturity indices without an inquiry-based pedagogical structure (E-Agri, n.d.). 
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The post-test results for the control group, which was exposed to Project-Based Learning alone, 

indicated a positive progression in analytical competence regarding postharvest maturity. Out of the 37 

participants, 4 students (10.81%) achieved a score of 6–7, 19 students (51.35%) achieved a score of 4–5, 14 

students (37.84%) achieved a score of 2–3, and 0 student (0.00%) achieved a score of 0–1. 

These results classified the students into the Excellent, Proficient, Developing, and Beginning 

categories, respectively. While the standard Project-Based Learning curriculum helped more than half of the 

class improve, a significant portion still struggled to consistently apply complex maturity indices. The 

persistent "Developing" segment and the relatively low "Excellent" rate were consistent with Cognitive Load 

Theory; as Sweller (1988) and Hendrayana et al. (2020) suggest, students in unstructured environments may 

experience cognitive overload that prevents high-tier mastery. This supports the argument by Kirschner et al. 

(2006) that minimally guided instruction can be less effective for complex tasks because it fails to provide the 

specific mental schemas needed to differentiate between variables like subtle shifts in maturity indices. 

Ultimately, this suggested that while PBL alone was effective for general improvement, it lacked the 

instructional scaffolding necessary to move the entire cohort into a higher level of analytical mastery. 

Table 2 

Pre-test and Post-test Scores of the Group Exposed to Project-Based Learning Alone in terms of Problem-

Solving 

Scores 
                  Pretest   Posttest 

Frequency Percentage Frequency Percentage Description 

6 – 7  3 8.11 4 10.81 Excellent 

4 – 5 9 24.32 13 35.14 Proficient 

2 – 3 20 54.05 18 48.65 Developing 

0 – 1 5 13.51 2 5.40 Beginning 

Total 37 100.0 37 100.0  

The pre-test scores for the control group regarding their problem-solving competence indicated that a 

majority of the students possessed a baseline understanding of postharvest issues but struggled with advanced 

technical application. Out of the 37 participants, 3 students (8.11%) achieved a score of 6–7, 9 students 

(24.32%) achieved a score of 4–5, 20 students (54.05%) achieved a score of 2–3, and 5 students (13.51%) 

achieved a score of 0–1. 

These results classified the students into the Excellent, Proficient, Developing, and Beginning 

categories, respectively. This suggested that the bulk of the class was in the early stages of learning how to 

apply the TLC (Tender, Loving, Care) principles to real-world agricultural problems, such as managing field 

heat or preventing tissue ruptures. This distribution aligned with findings by Law et al. (2020), who suggested 

that "ill-structured" problems required a level of cognitive flexibility that most students had not yet developed 

through traditional rote instruction. The prevalence of students in the lower categories underscored the 

necessity of moving beyond simple Project-Based Learning toward more structured inquiry models, as 

students in standard project environments often remained at a superficial level of problem-solving without 

explicit guidance in reasoning (Sánchez-García & Reyes-de-Cózar, 2025). This initial state confirmed that the 

control group provided a valid baseline to measure the comparative efficacy of the experimental intervention. 

The post-test scores for the control group regarding their problem-solving competence indicated that 

while some students improved through Project-Based Learning alone, a near majority remained at the 

foundational levels of application. Out of the 37 participants, 4 students (10.81%) achieved a score of 6–7, 13 
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students (35.14%) achieved a score of 4–5, 18 students (48.65%) achieved a score of 2–3, and 2 students 

(5.40%) achieved a score of 0–1. 

 

These results classified the students into the Excellent, Proficient, Developing, and Beginning 

categories, respectively. This outcome was consistent with Cognitive Load Theory, which suggests that when 

students engage in unstructured tasks without specific guidance, their working memory can be overwhelmed 

by the complexity of the problem space, hindering the development of high-level mental models (Chen et al., 

2023). While the standard curriculum provided some growth, the high percentage of students in the 

Developing category—nearly half of the class—suggested that many were still operating at a rote or intuitive 

level rather than achieving "meaningful" problem-solving (Main, 2023). These students demonstrated a 

strengthened ability to diagnose causes of decay compared to the pre-test, yet they continued to face 

challenges in consistently applying TLC (Tender, Loving, Care) principles to resolve postharvest issues. This 

indicated that while PBL alone facilitated a decrease in the Beginning population, it did not fully bridge the 

gap for a significant portion of the cohort. 

 

Table 3 

Pre-test and Post-test Scores of the Group Exposed to Project-Based Learning Alone in terms of Decision-
Making 

Scores 
                Pretest Posttest 

Frequency Percentage Frequency Percentage Description 

6 – 7 0 0.0 1 2.71 Excellent 

4 – 5 16 43.24 12 32.43 Proficient 

2 – 3 16 43.24 16 43.24 Developing 

0 – 1 5 13.51 8 21.62 Beginning 

Total 37 100.0 37 100.0  

The pre-test scores for the control group regarding their decision-making skills indicated a fairly 

even split between the intermediate proficiency levels. Out of the 37 participants, 0 student (0.00%) achieved 

a score of 6–7, 16 students (43.24%) achieved a score of 4–5, 16 students (43.24%) achieved a score of 2–3, 

and 5 students (13.51%) achieved a score of 0–1. 

These results classified the participants into the Excellent, Proficient, Developing, and Beginning 

categories, respectively. This distribution suggested that while a significant portion of the class could identify 

some superior damage-reduction strategies, an equal number still struggled to consistently prioritize 

biological integrity over logistical convenience in scenarios involving packing and transport. The data further 

showed that the 13.51% of students at the Beginning level possessed a minimal understanding of how to 

reduce mechanical injury. Notably, the total absence of students in the Excellent category confirmed that 

high-tier mastery was not present at the onset of the study, aligning with baseline trends in the experimental 

group.  

This concentration in the mid-to-lower tiers aligned with Rational Choice Theory, which suggests 

that without specific training, individuals often operate under bounded rationality—choosing the convenient 

path over the scientifically sound one (Sánchez-García & Reyes-de-Cózar, 2025). As Kitinoja and Kader 

(2015) noted, decision-making in horticultural supply chains is often compromised when students do not yet 

understand the "invisible" biological consequences of rough handling and poor climate control. 

The post-test scores for the control group in the domain of decision-making indicated that while a 

segment of the class progressed, a significant majority still struggled to achieve high-level proficiency 

through Project-Based Learning alone. Out of the 37 participants, 1 student (2.71%) achieved a score of 6–7, 

12 students (32.43%) achieved a score of 4–5, 16 students (43.24%) achieved a score of 2–3, and 8 students 
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(21.62%) achieved a score of 0–1. 

These results classified the participants into the Excellent, Proficient, Developing, and Beginning 

categories, respectively. This distribution suggested that for nearly half of the cohort, the standard curriculum 

did not sufficiently shift their judgment toward effective damage-reduction strategies, such as optimizing 

container fit or prioritizing static compression prevention over logistics speed. A concerning trend showed 

that the number of students at the Beginning level actually increased compared to the pre-test, suggesting that 

without a structured reasoning framework, some students might have become overwhelmed by the 

complexities of postharvest decision-making. As Belton and Dhami (2020) noted, rational decision-making is 

a distinct cognitive ability that requires "de-biasing" strategies. The increase in the Beginning population 

suggests that without a strategy like CER to act as a "cognitive anchor," students may become confused by the 

myriad of distractors in advanced horticultural scenarios. Ultimately, as Kitinoja and Kader (2015) 

emphasized, postharvest loss is largely a result of poor human decision-making, and the data suggests PBL 

alone is insufficient for developing the critical judgment necessary to prevent mechanical injury and 

physiological stress. 

 

Table 4 

Pre-test and Post-test Scores of the Group Exposed to Project-Based Learning Alone in terms of Overall 
Critical Thinking 

Scores 
                 Pretest  Posttest 

Frequency Percentage Frequency Percentage Description 

6 – 7  0 0.0 0 0.0 Excellent 

4 – 5 16 43.24 23 62.16 Proficient 

2 – 3 21 56.76 14 37.84 Developing 

0 – 1 0 0.0 0 0.0 Beginning 

Total 37 100.0 37 100.0  

The overall pre-test scores for the control group regarding their critical thinking skills indicated a 

class that was relatively balanced between the basic and intermediate levels of postharvest knowledge. Out of 

the 37 participants, 0 student (0.00%) achieved a score of 15–18, 16 students (43.24%) achieved a score of 

10–14, 21 students (56.76%) achieved a score of 5–9, and 0 student (0.00%) achieved a score of 0–4. 

These results classified the participants into the Excellent, Proficient, Developing, and Beginning 

categories, respectively. This suggested that over half of the cohort began the study with only a foundational 

ability to integrate the concepts of analysis, problem-solving, and decision-making when faced with practical 

agricultural scenarios. The fact that 100% of the students fell into the middle two tiers indicated a 

"homogeneity of reasoning" often found in traditional classrooms where instruction focuses on standardized 

procedures (Facione, 2015). As Zhao et al. (2026) observed in agricultural education, students frequently fail 

to reach Excellent status because they are not challenged to defend their claims with specific biological 

evidence. This baseline reinforced the study's premise that without a structured intervention like the Claim-

Evidence-Reasoning (CER) model, students are likely to remain within these intermediate boundaries, 

showing only marginal growth in their ability to handle high-level agricultural dilemmas. 

The overall post-test results for the control group regarding their critical thinking skills indicated a 

general upward trend toward intermediate proficiency, though high-tier mastery remained elusive through 

Project-Based Learning alone. Out of the 37 participants, 0 student (0.00%) achieved a score of 15–18, 23 

students (62.16%) achieved a score of 10–14, 14 students (37.84%) achieved a score of 5–9, and 0 student 
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(0.00%) achieved a score of 0–4. 

These results classified the participants into the Excellent, Proficient, Developing, and Beginning 

categories, respectively. This represented a notable improvement from the pre-test phase, suggesting that the 

standard curriculum successfully moved many students into a more consistent level of technical reasoning. 

However, the fact that over one-third of the class remained at the Developing level indicated a continued 

struggle with the integrated application of analysis, problem-solving, and decision-making. Furthermore, the 

total absence of students in the Excellent category highlighted a plateau in critical thinking growth. According 

to Paul and Elder (2019), critical thinking requires intellectual standards like precision and logic, which are 

rarely developed through mere exposure to content. The 37.84% of students remaining in the Developing 

category highlighted a lack of "critical thinking disposition," or the consistent habit of applying analytical 

tools to new problems (Facione, 2015). As Williams et al. (2026) observed, the jump from Proficient to 

Excellent necessitates a deliberate pedagogical shift toward student-led argumentation, reinforcing the 

premise that the CER strategy is the essential link for achieving top-tier mastery. 

Table 5 

Pre-test and Post-test Scores of the Group Exposed to Project-Based Learning with Claim-Evidence-
Reasoning (CER) Strategy in terms of Analysis 

Scores 
                Pretest      Posttest 

Frequency Percentage Frequency Percentage Description 

6 – 7  2 5.26 9 23.68 Excellent 

4 – 5 9 23.68 18 47.36 Proficient 

2 – 3 27 71.05 9 23.68 Developing 

0 – 1 0 0.0 2 5.26 Beginning 

Total 38 100.0 38 100.0  

The pre-test results for the experimental group—those designated to undergo Project-Based Learning 

integrated with the Claim-Evidence-Reasoning (CER) strategy—revealed a baseline performance primarily 

concentrated in the lower proficiency tiers regarding their analytical skills. Out of the 38 participants, 2 

students (5.26%) achieved a score of 6–7, 9 individuals (23.68%) achieved a score of 4–5, 27 students 

(71.05%) achieved a score of 2–3, and 0 student (0.00%) achieved a score of 0–1. 

The heavy concentration in the Developing tier indicated that most students entered the study with 

only a foundational grasp of how to systematically examine physiological and horticultural data to determine 

the developmental states of various crops (Awasthi, 2023). It was notable that no students fell into the 

Beginning category, suggesting that while their analytical depth was limited at the start of the intervention, the 

entire group possessed at least a minimal baseline understanding of maturity indices and horticultural 

assessment. These findings highlighted that the group had substantial room for growth in higher-order 

analytical thinking, justifying the introduction of the CER framework to bridge the gap between simple 

observation and evidence-based reasoning (Wei et al., 2026). These baseline scores served as the primary 

point of comparison against post-test results to measure the eventual effectiveness of the integrated PBL and 

CER approach (Clifton & Clifton, 2019). 

The post-test results regarding the analytical competence of the experimental group demonstrated a 

notable shift toward higher proficiency levels following the integration of Project-Based Learning with the 
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Claim-Evidence-Reasoning (CER) strategy. Out of the 38 participants, 9 students (23.68%) achieved a score 

of 6–7, 18 students (47.36%) achieved a score of 4–5, 9 students (23.68%) achieved a score of 2–3, and 2 

students (5.26%) achieved a score of 0–1. 

This distribution indicated a strengthened ability to evaluate maturity indices and draw valid 

biological conclusions compared to the pre-test phase, with over 71% of the students now concentrated in the 

top two proficiency brackets. In the context of vocational horticulture, this analytical growth is crucial; 

Knobloch and Wang (2024) argue that integrating science into agricultural education via models like CER 

improves both technical competence and real-world problem-solving. The fact that nearly a quarter of the 

group reached the Excellent level suggests that the intervention helped students overcome common "surface-

level" analysis barriers. As noted by Rumfot et al. (2025), combining authentic project-based tasks with 

structured reflection is the most effective means of moving technical students toward expert-like performance 

in analytical tasks. 

Table 6 

Pre-test and Post-test Scores of the Group Exposed to Project-Based Learning with Claim-Evidence-
Reasoning (CER) Strategy in terms of Problem-Solving 

Scores 
                  Pretest    Posttest 

Frequency Percentage Frequency Percentage Description 

6 – 7  0 0 9 23.68 Excellent 

4 – 5 10 26.32 18 47.36 Proficient 

2 – 3 17 44.74 9 23.68 Developing 

0 – 1 11 28.95 2 5.26 Beginning 

Total 38 100.0 38 100.0  

The pre-test data regarding the problem-solving competence of the experimental group indicated that 

a significant portion of the students struggled to apply technical solutions to postharvest issues before the 

intervention. Out of the 38 participants, 0 student (0.00%) achieved a score of 6–7, 10 students (26.32%) 

achieved a score of 4–5, 17 students (44.74%) achieved a score of 2–3, and 11 students (28.95%) achieved a 

score of 0–1. 

These results classified the participants into the Excellent, Proficient, Developing, and Beginning 

categories, respectively. The data reflected a critical gap in students' ability to use the TLC (Tender, Loving, 

Care) principles for practical intervention, as nearly half the class lacked the systematic approach required to 

diagnose and resolve complex physiological challenges like surging respiration or pathogen entry. 

Furthermore, the total absence of students in the Excellent tier highlighted a widespread deficiency in linking 

rough handling or poor environmental management to specific biological outcomes. With over 73% of 

participants scoring at or below the developing level, the need for a more structured reasoning framework was 

evident. By implementing Project-Based Learning combined with the Claim-Evidence-Reasoning (CER) 

strategy (Johnson, 2024; Daraman et al., 2025), the study aimed to move these students toward a proficient 

and excellent command of postharvest problem-solving. 

The post-test evaluation of the experimental group’s problem-solving skills indicated a substantial 

improvement in their ability to apply the TLC (Tender, Loving, Care) principles to mitigate postharvest decay 

and physiological stress. Out of the 38 participants, 9 students (23.68%) achieved a score of 6–7, 18 students 

(47.36%) achieved a score of 4–5, 9 students (23.68%) achieved a score of 2–3, and 2 students (5.26%) 
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achieved a score of 0–1. 

These results classified the participants into the Excellent, Proficient, Developing, and Beginning 

categories, respectively. This reflected a more consistent capability to diagnose issues like field heat or 

mechanical injury and implement technically sound solutions, such as immediate precooling or tool 

maintenance. The jump from zero student in the pre-test to nearly 24% in the Excellent category suggested 

that the CER model provided the "scaffolded" mental models necessary for high-level problem representation. 

This is consistent with Manaka (2024), who posited that problem-solving in technical domains like 

horticulture requires students to accurately represent the problem space. Furthermore, the overall trend—

showing over 70% of participants moving into the top two brackets—aligns with findings by Al-Mutawah et 

al. (2022), who noted that knowledge integration frameworks are significantly more effective for teaching 

complex scientific concepts than traditional instruction. 

Table 7 

Pre-test and Post-test Scores of the Group Exposed to Project-Based Learning with Claim-Evidence-
Reasoning (CER) Strategy in terms of Decision-Making 

Scores 
                  Pretest   Posttest 

Frequency Percentage Frequency Percentage Description 

6 – 7 0 0 1 2.63 Excellent 

4 – 5 10 26.32 19 50.00 Proficient 

2 – 3 20 52.36 14 36.84 Developing 

0 – 1 8 21.05 4 10.53 Beginning 

Total 38 100.0 38 100.0  

The pre-test scores for the experimental group in the domain of decision-making indicated that 

majority of the students possessed a limited capacity for selecting optimal postharvest strategies prior to the 

intervention. Out of the 38 participants, 0 student (0.00%) achieved a score of 6–7, 10 students (26.32%) 

achieved a score of 4–5, 20 students (52.63%) achieved a score of 2–3, and 8 students (21.05%) achieved a 

score of 0–1. 

These results classified the participants into the Excellent, Proficient, Developing, and Beginning 

categories, respectively. The distribution suggested that while more than half of the class could recognize 

basic logistical choices, they likely struggled to prioritize the biological integrity of the produce over more 

convenient or faster handling methods, as supported by the study of Palumbo et al. (2022). Furthermore, 

21.05% of students at the Beginning level appeared to lack the fundamental understanding necessary to make 

even basic damage-reduction decisions, such as selecting appropriate container capacities. Mirroring results in 

other competency areas, the total absence of students in the Excellent tier confirmed that high-level, 

comprehensive decision-making was not yet a mastered skill within this cohort (Morelli et al., 2021). Overall, 

these baseline figures reinforced the necessity of the quasi-experimental intervention, as the CER framework 

requires students to justify logistical choices with scientific evidence to bridge the gap toward expert-level 

judgment (ModelTeaching, 2019). 

The post-test results for the experimental group in the domain of decision-making revealed a 

significant shift toward higher competency levels following the implementation of Project-Based Learning 
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integrated with the Claim-Evidence-Reasoning (CER) strategy. Out of the 38 participants, 1 student (2.63%) 

achieved a score of 6–7, 19 students (50.00%) achieved a score of 4–5, 14 students (36.84%) achieved a score 

of 2–3, and 4 students (10.53%) achieved a score of 0–1. 

These results classified the participants into the Excellent, Proficient, Developing, and Beginning 

categories, respectively. This represented a substantial improvement from the pre-test, indicating that the 

intervention effectively enhanced the students' ability to prioritize biological integrity and damage reduction 

over mere logistical convenience. While a portion of the group remained in the Developing and Beginning 

categories, the decrease in the Beginning population—from over 21% to roughly 10%—suggested that the 

CER framework provided a more accessible structure for making sound technical decisions in agricultural 

transport and packing. This improvement is supported by Decision Theory; as Arkes (1991) and Methling et 

al. (2022) note, effective decision-making requires resisting mental shortcuts. The CER strategy counteracts 

these heuristics by forcing students to provide "Reasoning" that explicitly links their "Evidence" to their 

"Claim." 

Table 8 

Pre-test and Post-test Scores of the Group Exposed to Project-Based Learning with Claim-Evidence-
Reasoning (CER) Strategy in terms of Overall Critical Thinking 

Scores 
                  Pretest     Posttest 

Frequency Percentage Frequency Percentage Description 

6 – 7 0 0.0 9 23.68 Excellent 

4 – 5 15 39.47 19 50.00 Proficient 

2 – 3 21 55.26 10 26.32 Developing 

0 – 1 2 5.26 0 0.0 Beginning 

Total 38 100.0 38 100.0  

The overall pre-test scores for the experimental group regarding their critical thinking skills indicated 

that most students began the study with a basic to intermediate grasp of postharvest concepts. Out of the 38 

participants, 0 student (0.00%) achieved a score of 15–18, 15 students (39.47%) achieved a score of 10–14, 21 

students (55.26%) achieved a score of 5–9, and 2 students (5.26%) achieved a score of 0–4. 

These results classified the participants into the Excellent, Proficient, Developing, and Beginning 

categories, respectively. The heavy concentration in the Developing range suggested that while students could 

identify some correct handling procedures, they likely struggled to consistently connect biological evidence 

with technical reasoning across the domains of analysis, problem-solving, and decision-making. The total 

absence of Excellent scores confirmed that none of the participants initially possessed a comprehensive 

mastery of integrated postharvest principles, a common trend in vocational education where students often 

memorize procedures without understanding the underlying biological "why" (Pasquinelli & Richard, 2023). 

Furthermore, this distribution aligned with the findings of Vo et al. (2024), noting that critical thinking 

requires structured "scaffolding" to transition from simple identification to complex evaluation. These results 

validated the implementation of the Claim-Evidence-Reasoning (CER) model to help students develop the 

rigorous mental habits needed to navigate advanced postharvest management. 

The overall post-test results for the experimental group in the domain of critical thinking reflected a 

significant and positive shift in student performance following the implementation of Project-Based Learning 
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combined with the Claim-Evidence-Reasoning (CER) strategy. Out of the 38 participants, 9 students 

(23.68%) achieved a score of 15–18, 19 students (50.00%) achieved a score of 10–14, 10 students (26.32%) 

achieved a score of 5–9, and 0 student (0.00%) achieved a score of 0–4. 

These results classified the participants into the Excellent, Proficient, Developing, and Beginning 

categories, respectively. This marked a notable increase from the pre-test and indicated that a majority of the 

cohort developed a reliable ability to navigate complex horticultural scenarios by selecting the best possible 

answers over plausible distractors. The significant gains in performance were consistent with Bloom’s 

Taxonomy (Revised), which highlights the cognitive shift from "Remembering" to "Analyzing" and 

"Evaluating" (Stanton et al., 2021). The jump to the Excellent tier indicated that students successfully 

integrated the sub-domains of analysis and problem-solving into a holistic evaluation process, a hallmark of 

advanced critical thinking. Furthermore, by requiring students to link a claim to specific horticultural 

evidence, the intervention effectively suppressed impulsive thinking, supporting the findings of Paul and 

Elder (2019) and Khishfe (2020) that explicit instruction in argumentative structures significantly improves 

performance in science-based dilemmas. 

The Significant Difference between the Pre-test and the Post-test Scores of the Group Exposed to Project-

Based Learning Alone 

Table 9 

Significant Difference between the Pre-test and the Post-test Scores of the Group Exposed to Project-Based 
Learning Alone 

Variables 
Pretest Posttest 

t df 
Sig. (2-
tailed) 

Mean SD Mean SD 

Analysis 2.89 1.20 3.86 1.36 -3.898 36 .000 

Problem Solving 3.16 1.50 3.46 1.64 -1.281 36 .208 

Decision Making 3.11 1.26 2.89 1.37 1.052 36 .300 

Critical Thinking 9.16 2.56 10.22 3.20 -6.812 36 .000 

Legend: p<.05 – significant; p>.05 – not significant 

The statistical analysis for the control group revealed a mixed performance outcome when utilizing 

Project-Based Learning (PBL) alone. While there was a significant improvement in the categories of Analysis 

and overall Critical Thinking, the results for Problem Solving and Decision Making failed to reach statistical 

significance. Specifically, the Analysis mean rose from 2.89 to 3.86 with a p-value of .000, and the overall 

Critical Thinking mean increased from 9.16 to 10.22, also with a p-value of .000. These specific results 

allowed for the rejection of the null hypothesis in those domains, indicating that the traditional project-based 

approach did indeed foster basic analytical growth and general subject-matter awareness. 

However, the results failed to reject the null hypothesis for the domains of Problem Solving and 
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Decision Making. In Problem Solving, the mean score saw only a marginal increase from 3.16 to 3.46, 

resulting in a p-value of .208. Even more notably, the Decision-Making mean actually decreased from 3.11 to 

2.89 with a p-value of .300. These figures suggested that without a structured reasoning framework, students 

in the control group were unable to make significant gains in their ability to resolve technical postharvest 

issues or make sound logistical judgments.  

Therefore, the decision to classify the hypothesis as rejected is grounded in the divergent statistical 

outcomes observed between the two study groups across the various competency domains. While the null 

hypothesis was completely rejected for the experimental group which demonstrated significant growth in 

Analysis, Problem Solving, Decision Making, and overall Critical Thinking (p < .05) the results for the 

control group were inconsistent. Specifically, the control group showed significant improvement only in 

Analysis and Critical Thinking, while failing to achieve a statistically significant difference in the critical 

areas of Problem Solving (p = .208) and Decision Making (p = .300) 

In summary, the data indicated that while traditional Project-Based Learning was effective for 

improving basic analytical competency, it was insufficient for developing the more complex, evidence-based 

skills required for high-level problem-solving and decision-making. The lack of a significant difference in 

these key areas underscored a plateau in student development. This suggested that while students gained a 

general understanding of the material, they struggled to translate that knowledge into consistent, technically 

sound professional judgment when faced with the multifaceted challenges of agricultural logistics. 

The Significant Difference between the Pre-test and the Post-test Scores of the Group Exposed to Project-

Based Learning Combined with Claim-Evidence-Reasoning (CER) Strategy 

Table 10 

Significant Difference between the Pre-test and the Post-test Scores of the Group Exposed 
to Project-Based Learning Combined with Claim-Evidence-Reasoning (CER) Strategy 

Variables 
Pretest Posttest 

t df 
Sig. (2-

tailed) Mean SD Mean SD 

Analysis 3.13 1.04 4.32 1.44 -5.244 37 .000 

Problem Solving 2.50 1.47 4.32 1.58 -6.888 37 .000 

Decision Making 2.61 1.20 3.42 1.39 -3.266 37 .002 

Critical Thinking 8.24 2.54 12.05 3.47 -20.293 37 .000 

Legend: p<.05 – significant; p>.05 – not significant 

The statistical analysis indicates a highly significant improvement in student performance following 

the implementation of Project-Based Learning combined with the Claim-Evidence-Reasoning (CER) strategy. 

Across all assessed variables—Analysis, Problem Solving, Decision Making, and the overall Critical 

Thinking score—the mean scores increased notably from the pre-test to the post-test. Specifically, the total 
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critical thinking mean rose from 8.24 to 12.05, and the associated p-value of .000 was far below the standard 

.05 alpha level. This demonstrated that the growth in student competency was not due to random chance but 

was a direct result of the pedagogical intervention. 

Consequently, the null hypothesis was rejected. The t-values for each category, such as −20.293 for 

overall critical thinking and −6.888 for problem solving, confirmed a strong and statistically significant shift 

in the students' academic abilities. This suggested that the structured CER framework effectively bridged the 

gaps in student reasoning, allowing them to move from basic identification to more complex application of 

postharvest principles. 

The improvement in the decision-making domain, while having a slightly higher p-value of .002 

compared to the other variables, still remained statistically significant. This indicated that the integrated 

strategy successfully enhanced the students' professional judgment and their ability to justify technical choices 

with scientific evidence. Overall, the data consistently showed that the combination of hands-on projects with 

formal argumentative scaffolding led to a meaningful and measurable increase in higher-order thinking skills 

within the experimental group. 

The results strongly highlight the benefits of combining Project-Based Learning (PBL) with the 

Claim-Evidence-Reasoning (CER) approach, especially when it comes to enhancing students' problem-

solving and decision-making skills—areas in which PBL by itself proved inadequate. The use of CER 

challenges students to participate in a more rigorous cognitive process, in contrast to standard PBL, which 

frequently places an emphasis on task completion and product creation. In addition to being encouraged to 

investigate ideas through study and observation, learners are methodically assisted in analyzing the 

information they have obtained and developing solid arguments to back up their arguments. Because students 

must defend their choices with reasoned, fact-based arguments rather than depending solely on instincts or 

shallow knowledge, this methodical approach fosters deeper intellectual engagement. They consequently gain 

the capacity to assess various options critically, foresee outcomes, and make well-informed decisions based 

on technical expertise. The experimental group's notable gains in problem-solving and decision-making 

indicate that CER successfully fills in the gaps in traditional PBL, turning it from a largely experiential 

activity into a cognitively demanding process that promotes higher-order thinking and disciplined reasoning 

necessary for challenging, real-world applications. 

The Significant Difference in the Post-test Scores between the Group Exposed to Project-Based Learning 

Combined with Claim-Evidence-Reasoning (CER) Strategy and the Group Exposed to Project-Based 

Learning Alone 

Table 11 

Significant Difference between the Post-test Scores of the Group Exposed to Project-Based Learning 
Combined with Claim-Evidence Reasoning Strategy and the Group Exposed Project-Based Learning Alone 

Variables 
PBL Alone PBL with CER 

t df 
Sig. (2-

tailed) Mean SD Mean SD 

Strategies 10.22 3.20 12.05 3.47 2.381 73 .020 

Legend: p<.05 – significant; p>.05 – not significant 

The statistical analysis revealed a significant difference between the post-test scores of the two 
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groups, favorably supporting the integration of the Claim-Evidence-Reasoning (CER) strategy. The 

experimental group, which utilized Project-Based Learning (PBL) combined with CER, achieved a higher 

mean score of 12.05 compared to the 10.22 mean score of the control group that used Project-Based Learning 

alone. With a calculated t-value of 2.381 and a p-value of .020, the results fell below the standard .05 

significance threshold. This indicated that the performance gap between the two groups was statistically 

meaningful and likely a result of the specific instructional intervention rather than random variation. 

The group that was exposed to Project-Based Learning (PBL) using the Claim-Evidence-Reasoning 

(CER) framework performed better on the post-test because of both the structured nature of CER and the 

additional dimension of meaningful student interaction that developed naturally during its implementation. 

PBL + CER required students to actively propose, defend, and critically assess ideas through evidence-based 

debates, in contrast to PBL alone, where collaboration is frequently restricted to task completion and product 

development. During presentations, students had to explain their ideas, provide evidence to support them, and 

develop logical arguments. This prompted queries, rebuttals, and peer assessment. This process extended 

learning beyond the production stage into increased cognitive involvement by promoting lively, student-

driven argumentative conversations. As a result, students were engaging in what can be considered a 

developing component—"Interaction"—in addition to carrying out CER as a procedural requirement, which 

greatly aided in refining their analytical, problem-solving, and decision-making skills. Through these 

discussions, students were exposed to different points of view, encouraged to reconsider their conclusions, 

and prompted to defend their reasoning, all of which improved their higher-order thinking skills. In the end, 

this dynamic and conversational environment gave the experimental group a distinct advantage over the 

simpler and less mentally challenging PBL framework alone since it promoted a more comprehensive and 

lively learning experience. 

Based on these findings, the null hypothesis was rejected. The data suggested that while Project-

Based Learning was an effective teaching method on its own, its impact was significantly amplified when 

paired with the CER framework. The structured requirement for students to justify their claims with evidence 

and scientific reasoning appeared to provide a superior cognitive advantage, leading to higher-tier mastery of 

the subject matter compared to traditional project-based methods. 

This significant difference underscored the value of using argumentative scaffolding to enhance 

critical thinking skills in technical subjects. By forcing a more deliberate connection between theoretical 

concepts and practical applications, the CER-integrated approach successfully pushed students toward a 

deeper level of competency. Consequently, the results provided strong evidence that the combined strategy 

was a more effective pedagogical tool for improving student outcomes in complex agricultural scenarios than 

utilizing project-based learning in isolation. 

4. Conclusion and Recommendations  

Based on the statistical analysis and the comparison of performance data between the experimental 

and control groups, the following conclusions were drawn: 

• The integration of Project-Based Learning combined with the Claim-Evidence-Reasoning (CER) 

strategy significantly improved students’ performance across all domains, as shown by the increase 

in mean scores and p-values below .05. Therefore, the hypothesis stating there is no significant 

difference between the pre-test and the post-test scores of the group exposed to Project-Based 

Learning combined with Claim-Evidence-Reasoning (CER) strategy is REJECTED. 
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• The group exposed in Project-Based Learning exclusively demonstrated notable enhancements in 

Analysis and total Critical. Nonetheless, no notable enhancement was detected in Problem Solving 

and Decision Making. Consequently, the hypothesis stating that there is no significant difference 

between the pre-test and the post-test scores of the group exposed to Project-Based Learning alone is 

REJECTED. 

• A significant difference was found between the post-test scores of the two groups, with the 

experimental group obtaining a higher mean score than the control group, supported by a computed 

p-value of .020. Therefore, the hypothesis stating that there is no significant difference between the 

post-test scores of each group exposed to Project-Based Learning combined with Claim-Evidence-

Reasoning (CER) strategy and the group exposed to Project-Based Learning alone is REJECTED. 

Based on the findings and conclusions of this research, the following recommendations are proposed 

for educators, administrators, and future researchers: 

• It is highly recommended that instructors in agricultural and vocational education may integrate the 

Claim-Evidence-Reasoning (CER) framework into their standard Project-Based Learning (PBL) 

activities. Since the study proved that hands-on projects alone may lead to a proficiency plateau, 

adding a formal requirement for students to justify their technical choices with scientific evidence 

will ensure they move beyond rote memorization toward high-level professional judgment. 

• Educational institutions may provide targeted training and workshops for faculty members on how to 

scaffold argumentative reasoning within technical subjects. Educators need to be equipped with the 

tools to transition from being "providers of facts" to "facilitators of inquiry," specifically focusing on 

helping students identify biological maturity indices and mitigate postharvest stress through 

evidence-based claims. 

• School administrators and curriculum developers may consider redesigning course modules to 

include explicit "thinking protocols." Rather than focusing solely on the successful completion of a 

project (e.g., harvesting or packing), assessment rubrics should weigh heavily on the student's ability 

to analyze problems and defend their decisions. This shift will help eliminate the "Beginning" 

proficiency category and push more students into the "Excellent" tier. 

• Given the significant gap in decision-making and problem-solving within the control group, it is 

recommended that instructional materials for agricultural logistics include visual and structural 

scaffolds. Using CER templates during practical simulations of transport and packing can act as a 

cognitive anchor, preventing students from making convenience-based decisions that compromise 

the biological integrity of the produce. 

• Further research may be conducted to test the longitudinal effects of the CER-integrated PBL 

approach. Future studies could investigate whether these critical thinking gains are sustained when 

students enter the professional workforce or if the strategy is equally effective in other technical 

domains such as Fisheries, Animal Science, or Agricultural Engineering. Additionally, expanding the 

study to a larger, more diverse demographic would help validate the generalizability of these findings 

across different educational settings. 

Acknowledgements 

 Above all, the researcher humbly offers his deepest gratitude to Almighty God for His 

constant guidance, wisdom, and strength throughout the completion of this study. This work would not have 

been possible without His divine blessings and support. 

To Dr. MARIO R. BRIONES, the University President for his leadership and support in advancing 

the vision of the Graduate Studies and Applied Research program toward a brighter future for its students and 

the wider community. 

65

John Carlo B. Mendeja / International Journal of Research Publications (IJRP.ORG)

www.ijrp.org



    

To Atty. RUSHID JAY A. SANCON, PhD, the Vice President for Academic Affairs, for his 

unwavering support, encouragement, and dedication to upholding academic excellence. 

To Engr. LUIS M. ALVAREZ, the LSPU- San Pablo Campus Director, for his exemplary 

leadership and steadfast support in ensuring the success of academic and research undertakings within the 

campus. 

To Dr. EDILBERTO Z. ANDAL, GSAR Dean for his insightful advice, academic direction, and 

helpful criticism that greatly enhanced the caliber and rigor of this research. 

To. Mr. ALLEN E. PASIA the Research Statistician, for his patience, knowledge, and assistance 

with the application and interpretation of statistical techniques, all of which significantly improved the 

precision and dependability of the results. 

To Mrs. JOCELYN V. MADRIDEO, Subject Specialist, for her insightful recommendations, 

expert knowledge, and direction that improved the content and applicability of this study. 

To Dr. TERESA M. YAMBAO, Technical Editor, for her meticulous review, helpful editorial 

support, and attempts to enhance the manuscript's organization, clarity, and overall presentation. 

To Mrs. ZENAIDA M. CUENCA, Thesis Adviser, for her continuous support, encouragement, and 

advice during the entire process of this research. 

Finally, the researcher expresses his deepest love and gratitude to his beloved mother, Mrs. LAILA 

B. MENDEJA, for her unconditional love, endless support, and unwavering understanding throughout this 

journey. Her countless sacrifices, hard work, and selfless dedication have made it possible for the researcher 

to reach this significant milestone. She has been a constant source of strength and inspiration, and this 

achievement is for her.  

 

References 

Admoko, S., Suprapto, N., Suliyanah, Deta, U. A., Achmadi, H. R., Hariyono, E., & Madlazim. (2021). Using 
Toulmin’s Argument Pattern Approach to Identify Infodemics in the Covid-19 Pandemic Era. Journal 
of Physics: Conference Series, 1805(1), 012011. https://doi.org/10.1088/1742-6596/1805/1/012011 

 
Agenor, N., & Luayon. (2024). Global Journal of Educational Thoughts PROMOTING RESEARCH IN 

SECONDARY SCHOOLS: A COMPARATIVE STUDY OF MALAYSIA AND THE PHILIPPINES. 
https://globalschooljournal.com/wp-content/uploads/sites/11/2024/11/Paper-3-PROMOTING-
RESEARCH-IN-SECONDARY-SCHOOLS-A-COMPARATIVE-STUDY-OF-MALAYSIA-AND-THE-
PHILIPPINES.pdf 

 
Al-Mahrooqi, R., & Denman, C. J. (2020). Assessing Students’ Critical Thinking Skills in the Humanities and 

Sciences Colleges of a Middle Eastern University. International Journal of Instruction, 13(1), 783–796. 
https://doi.org/10.29333/iji.2020.13150a 

 
Al-Mutawah, M., Mahmoud, E., Thomas, R., Preji, N., & Alghazo, Y. (2022). Math and Science Integrated 

Curriculum: Pedagogical Knowledge-Based Education Framework. Education Research International, 
2022, 1–10. https://doi.org/10.1155/2022/2984464 

 
Al-Sai, Z. A., Husin, M. H., Syed-Mohamad, S. M., Abdullah, R., Zitar, R. A., Abualigah, L., & Gandomi, A. H. 

(2022). Big Data Maturity Assessment Models: A Systematic Literature Review. Big Data and 
Cognitive Computing, 7(1), 2. https://doi.org/10.3390/bdcc7010002 

 
Álvarez-Huerta, P., Muela, A., & Larrea, I. (2022). Disposition toward critical thinking and creative confidence 

beliefs in higher education students: The mediating role of openness to diversity and challenge. 
Thinking Skills and Creativity, 43, 101003. https://doi.org/10.1016/j.tsc.2022.101003 

 
Amaresan, N., & Kumar, K. (2025). Compendium of Phytopathogenic Microbes in Agro-Ecology . Springer 

International Publishing. https://doi.org/10.1007/978-3-031-81770-0 

66

John Carlo B. Mendeja / International Journal of Research Publications (IJRP.ORG)

www.ijrp.org

https://doi.org/10.1088/1742-6596/1805/1/012011
https://globalschooljournal.com/wp-content/uploads/sites/11/2024/11/Paper-3-PROMOTING-RESEARCH-IN-SECONDARY-SCHOOLS-A-COMPARATIVE-STUDY-OF-MALAYSIA-AND-THE-PHILIPPINES.pdf
https://globalschooljournal.com/wp-content/uploads/sites/11/2024/11/Paper-3-PROMOTING-RESEARCH-IN-SECONDARY-SCHOOLS-A-COMPARATIVE-STUDY-OF-MALAYSIA-AND-THE-PHILIPPINES.pdf
https://globalschooljournal.com/wp-content/uploads/sites/11/2024/11/Paper-3-PROMOTING-RESEARCH-IN-SECONDARY-SCHOOLS-A-COMPARATIVE-STUDY-OF-MALAYSIA-AND-THE-PHILIPPINES.pdf
https://doi.org/10.29333/iji.2020.13150a
https://doi.org/10.1155/2022/2984464
https://doi.org/10.1016/j.tsc.2022.101003


  

 
Anderson, N. T., Walsh, K. B., & Wulfsohn, D. (2021). Technologies for Forecasting Tree Fruit Load and 

Harvest Timing—From Ground, Sky and Time. Agronomy, 11(7), 1409. 
https://doi.org/10.3390/agronomy11071409 

 
Anjali , A. J., Bamola, A., Mishra, S., Jain, I., & Pathak, N. (2024). State-of-the-art non-destructive approaches 

for maturity index determination in fruits and vegetables: principles, applications, and future directions. 
https://fppn.biomedcentral.com/articles/10.1186/s43014-023-00205-5 

 
Anwar, M. N., Mushtaq, N., Mubeen, A., & Iqbal, M. (2024). The Power of ZPD: Enhancing Teaching and 

Learning. Journal of Education and Social Studies, 5(2), 396–405. 
https://doi.org/10.52223/jess.2024.5220 

 
Assem, H. D., Nartey, L., Appiah, E., & Aidoo, J. K. (2023). A Review of Students’ Academic Performance in 

Physics: Attitude, Instructional Methods, Misconceptions and Teachers Qualification. European 
Journal of Education and Pedagogy, 4(1), 84–92. https://doi.org/10.24018/ejedu.2023.4.1.551 

Awasthi, P. (2023). APPLICATION AND IMPORTANCE OF CROP PHYSIOLOGY IN HORTICULTURE. 
Reviews in Food and Agriculture, 4(2), 32–35. https://doi.org/10.26480/rfna.02.2023.32.35 

 
Belton, I. K., & Dhami, M. K. (2020). Cognitive biases and debiasing in intelligence analysis. Routledge 

EBooks, 548–560. https://doi.org/10.4324/9781315658353-43 
 
Bethel, M. M. (2024). Students’ Perspectives and Experiences in Project-Based Learning: A Qualitative Study. 

Trends in Higher Education, 3(4), 903–911. https://doi.org/10.3390/higheredu3040052 
 
Bharwani, V. (2023). The Effect Of Prolonged Online Learning On Students’ Performance Post Locked Down 

During Covid-19 Pandemic. Jurnal Multidisiplin Indonesia, 2(10), 3399–3447. 
https://doi.org/10.58344/jmi.v2i10.630 

 
Bisht, A., & Singh, S. P. (2024). Postharvest Losses and Management of Horticultural Produce: A Review. 

Journal of Scientific Research and Reports, 30(3), 305–320. 
https://doi.org/10.9734/jsrr/2024/v30i31881 

 
Boateng, S. D., Ankrah, D. A., & Manteaw, S. A. (2023). Competence-based education: reflections on the 

context of teaching agriculture in Ghana’s pre-tertiary schools. Cogent Education, 10(1). 
https://doi.org/10.1080/2331186x.2023.2207793 

 
Brandt, W., & Lorié. (2024). MEASURING STUDENT SUCCESS SKILLS: A REVIEW OF THE LITERATURE 

ON ANALYTICAL THINKING COMPETENCIES OF THE FUTURE. 
https://files.eric.ed.gov/fulltext/ED660549.pdf 

 
Bruckmaier, G., Krauss, S., Binder, K., Hilbert, S., & Brunner, M. (2021). Tversky and Kahneman’s Cognitive 

Illusions: Who Can Solve Them, and Why? Frontiers in Psychology, 12. 
https://doi.org/10.3389/fpsyg.2021.584689 

 
Brunsell, E. (2012, September 25). Designing Science Inquiry: Claim + Evidence + Reasoning = Explanation. 

Edutopia. https://www.edutopia.org/blog/science-inquiry-claim-evidence-reasoning-eric-brunsell 
 
Buchman, J. C. (2024). Enhancing Critical Thinking Abilities through Project-Based Learning: Effects and 

Implementation. Asia-Pacific Journal of Convergent Research Interchange, 10(9), 545–554. 
https://doi.org/10.47116/apjcri.2024.09.43 

 
Canillo, E. P., & Bendanillo, A. A. (2023). The centrality of the learners in the light of John Dewey’s philosophy 

of education. Science and Education, 4(4), 725–735. https://cyberleninka.ru/article/n/the-centrality-of-

67

John Carlo B. Mendeja / International Journal of Research Publications (IJRP.ORG)

www.ijrp.org



    

the-learners-in-the-light-of-john-dewey-s-philosophy-of-education 
 
Chen, O., Paas, F., & Sweller, J. (2023). A Cognitive Load Theory Approach to Defining and Measuring Task 

Complexity Through Element Interactivity. Educational Psychology Review, 35(2). 
https://doi.org/10.1007/s10648-023-09782-w 

 
Cherry, K. (2024, July 18). Self-determination theory and motivation. Verywell Mind. 

https://www.verywellmind.com/what-is-self-determination-theory-2795387 
 
Cherukuri, J. (2025). Beyond Lectures: Innovative Approaches to Promote Student Engagement Through 

Scenario-Based Learning (SBL). Journal of Engineering Education Transformations, 570–575. 
https://doi.org/10.16920/jeet/2025/v38is2/25083 

 
Clark, R. M. (2023, April 28). Leveraging Uncertainty: A Framework for Argumentation in Socioscientific Ill-

Structured Problem Solving. Vt.edu; Virginia Tech. https://vtechworks.lib.vt.edu/items/f378286b-8cc1-
453e-805c-b872e324c4b5 

 
Clifton, L., & Clifton, D. A. (2019). The correlation between baseline score and post-intervention score, and its 

implications for statistical analysis. Trials, 20(1). https://doi.org/10.1186/s13063-018-3108-3 
 
Daraman, S. A. J., Ecdang, J., Senit, A., Malintad, T. L., Archua, R. J., & Jackjun , C. (2025). Improving Critical 

Thinking Skills Through Claim-evidence-reason Framework. 
https://journalajess.com/index.php/AJESS/article/view/1988 

 
del Pozo, B., Belenko, S., Ekaterina Pivovarova, Ray, B., Martins, K. F., & Taxman, F. S. (2024). Using 

Implementation Science to Improve Evidence-Based Policing: An Introduction for Researchers and 
Practitioners. Police Quarterly. https://doi.org/10.1177/10986111241265290 

 
Diola, W. Y., Jalon, J. B., & Prudente, M. S. (2025). Exploring the Use of Claim-Evidence-Reasoning in 

Promoting Scientific Reasoning Skills of Elementary School Students. Anatolian Journal of Education, 
10(1), 203–214. https://eric.ed.gov/?id=EJ1467110 

 
Dixit, M., & Thomas, K. A. (2021). Transformative Pedagogy Integrating Bloom’s Taxonomy,  

David Kolb’s Experiential Learning and Neuro-systemic Dynamics in Learning. 3–25. 
https://doi.org/10.1007/978-3-030-72400-9_1 

 
Domeignoz-Horta, L. A., Cappelli, S. L., Shrestha, R., Gerin, S., Lohila, A. K., Jussi Heinonsalo, Nelson, D. B., 

Ansgar Kahmen, Duan, P., Sebag, D., Verrecchia, E., & Laine, A.-L. (2024). Plant diversity drives 
positive microbial associations in the rhizosphere enhancing carbon use efficiency in agricultural soils. 
Nature Communications, 15(1). https://doi.org/10.1038/s41467-024-52449-5 

 
E-Agri. (n.d.). Lecture 2: MATURITY INDICES, HARVESTING AND POST HARVEST HANDLING OF FRUITS 

AND VEGETABLES I. MATURITY. Retrieved March 31, 2026, from 
http://www.eagri.org/eagri50/HORT381/pdf/lec02.pdf 

 
Eswaran, U. (2024). Project-Based Learning: Fostering Collaboration, Creativity, and Critical Thinking. 

Www.igi-Global.com; IGI Global. https://www.igi-global.com/chapter/project-based-learning/341139 
 
Etherton, B. A., Choudhury, R. A., Alcalá, R. I., Romaric A. Mouafo-Tchinda, Plex, A. I., Choudhury, M., 

Adhikari, A., Lei, S., Nattapol Kraisitudomsook, Buritica, J., Cerbaro, V. A., Kwame Ogero, Cox, C., 
Walsh, S. P., Jorge L. Andrade-Piedra, Bonaventure Aman Omondi, Navarrete, I., McEwan, M., & 
Garrett, K. A. (2024). Disaster plant pathology: Smart solutions for threats to global plant health from 
natural and human-driven disasters. Phytopathology, 114(5), 855–868. https://doi.org/10.1094/phyto-
03-24-0079-fi 

68

John Carlo B. Mendeja / International Journal of Research Publications (IJRP.ORG)

www.ijrp.org



  

 
Fallas Gabuardi, V. M. (2021). Project-Based Learning: boosting 21st century skills. Estudios, 43, 340–419. 

https://doi.org/10.15517/re.v0i43.49335 
 
Fathi, E., & Shoja, B. M. (2018). Deep Neural Networks for Natural Language Processing. 229–316. 

https://doi.org/10.1016/bs.host.2018.07.006 
 
French, S., Dickerson, A. L., & Mulder, R. A. (2023). A review of the benefits and drawbacks of high-stakes 

final examinations in higher education. Higher Education, 88. https://doi.org/10.1007/s10734-023-
01148-z 

 
Golden, B. (2023). Enabling critical thinking development in higher education through the use of a structured 

planning tool. Irish Educational Studies, 42(4), 1–21. https://doi.org/10.1080/03323315.2023.2258497 
 
 
Gullino, M. L., Garibaldi, A., Gamliel, A., & Katan, J. (2022). Soil Disinfestation: From Soil Treatment to Soil 

and Plant Health. Plant Disease. https://doi.org/10.1094/pdis-09-21-2023-fe 
 
Haryono, H., Ginanjar, F., & Rosyalita, D. (2025). The Effectiveness of Collaborative Learning Strategies in 

Enhancing Critical Thinking Skills Among General Education Students. The Journal of Academic 
Science, 2(7), 1911–1920. https://doi.org/10.59613/tsc9kg32 

 
Hasan, M., Arisah, N., Ratnah , S., Ahmad, M. I. S., & Miranda. (2023). Experiential Learning Model for the 

Development of Collaborative Skills through Project Based Learning Practicum. Typeset.io. 
https://doi.org/10.23887/jpiundiksha.v12i2.57376 

 
Hendrayana, A., Pamungkas, A. S., & Maulida , M. N. Z. (2020). The Effect of Problem-based Learning Model 

Modified by Cognitive Load Theory on Mathematical Problem Solving Skills. Researchgate. 
https://www.researchgate.net/publication/346761929_The_Effect_of_Problem-
based_Learning_Model_Modified_by_Cognitive_Load_Theory_on_Mathematical_Problem_Solving_S
kills 

 
Ho, Y.-R., Chen, B.-Y., & Li, C.-M. (2023). Thinking more wisely: using the Socratic method to develop critical 

thinking skills amongst healthcare students. BMC Medical Education, 23(1). 
https://doi.org/10.1186/s12909-023-04134-2 

 
Husain, E. (2024). Development of Scientific Attitude in Children: Concept and Measures. University News, 

Association of Indian University. 
https://www.academia.edu/download/117946238/Scientific_Attitude_Concept_and_Measures.pdf 

 
Issa, H. B., & Khataibeh, A. (2021). The Effect of Using Project Based Learning on Improving the Critical 

Thinking among Upper Basic Students from Teachers’ Perspectives. Pegem Journal of Education and 
Instruction, 11(2), 52–57. https://eric.ed.gov/?id=EJ1302127 

 
Johnson, L. M. (2024). A New Framework for Teaching “Reasoning” in Claim-Evidence-Reasoning. 

Classroomscience.org. https://classroomscience.org/articles/fyi/new-framework-teaching-reasoning-
claim-evidence-reasoning 

Kahramanoglu, I. (2023). Postharvest Physiology and Handling of Horticultural Crops. Google Books. 
https://books.google.com/books?hl=en&lr=&id=GGDiEAAAQBAJ&oi=fnd&pg=PA6&dq=Understandin
g+the+ubiquity+of+plant+damage+sources+requires+students+to+analyze+every+stage+of+the+han
dling+chai 

 
Karagianni, G. (2024). “Metacognitive Evolution: Bridging Aristotelian Wisdom and Autonomous Learning in the 

Digital Age.” International Journal of Education and Research, 12(8). 

69

John Carlo B. Mendeja / International Journal of Research Publications (IJRP.ORG)

www.ijrp.org

https://books.google.com/books?hl=en&lr=&id=GGDiEAAAQBAJ&oi=fnd&pg=PA6&dq=Understanding+the+ubiquity+of+plant+damage+sources+requires+students+to+analyze+every+stage+of+the+handling+chai
https://books.google.com/books?hl=en&lr=&id=GGDiEAAAQBAJ&oi=fnd&pg=PA6&dq=Understanding+the+ubiquity+of+plant+damage+sources+requires+students+to+analyze+every+stage+of+the+handling+chai
https://books.google.com/books?hl=en&lr=&id=GGDiEAAAQBAJ&oi=fnd&pg=PA6&dq=Understanding+the+ubiquity+of+plant+damage+sources+requires+students+to+analyze+every+stage+of+the+handling+chai


    

https://www.ijern.com/journal/2024/August-2024/06.pdf 
 
Kaur, R., & Watson, J. A. (2024). A Scoping Review of Postharvest Losses, Supply Chain Management, and 

Technology: Implications for Produce Quality in Developing Countries. Journal of the ASABE, 67(5), 
1103–1131. https://doi.org/10.13031/ja.15660 

 
Kerimoğlu, E., & Altun, S. (2024). Backward Design in Pre-Service Teacher Education to Enhance Curriculum 

Knowledge. Journal of Teaching and Learning, 18(2), 128–149. https://doi.org/10.22329/jtl.v18i2.8625 
 
Khishfe, R. (2020). Explicit Instruction and Student Learning of Argumentation and Nature of Science. 

ResearchGate. 
https://www.researchgate.net/publication/346100493_Explicit_Instruction_and_Student_Learning_of_
Argumentation_and_Nature_of_Science 

 
Kirschner, P. A., Sweller, J., & Clark, R. E. (2006). Why Minimal Guidance during Instruction Does Not work: 

an Analysis of the Failure of constructivist, discovery, problem-based, experiential, and inquiry-based 
Teaching. Educational Psychologist, 41(2), 75–86. https://doi.org/10.1207/s15326985ep4102_1 

 
Knobloch, N. A., & Wang, H.-H. (2024, June 7). Integrated STEM in School-Based Agricultural Education. 

ResearchGate. https://doi.org/10.4018/979-8-3693-2766-1.ch012 
 
Korucu-Kış, S. (2021). Preparing student teachers for real classrooms through virtual vicarious experiences of 

critical incidents during remote practicum: A meaningful-experiential learning perspective. Education 
and Information Technologies, 26. https://doi.org/10.1007/s10639-021-10555-7 

 
Kristina, N., Warnita, W., & Resigia, E. (2022). Project Based Learning Horticultural Course at Faculty of 

Agriculture, Andalas University. Advances in Social Science, Education and Humanities 
Research/Advances in Social Science, Education and Humanities Research. 
https://doi.org/10.2991/assehr.k.220303.043 

 
Law, V., Ge, X., & Huang, K. (2020). Understanding Learners’ Challenges and Scaffolding their Ill-structured 

Problem Solving in a Technology-Supported Self-Regulated Learning Environment. Springer EBooks, 
321–343. https://doi.org/10.1007/978-3-030-36119-8_14 

 
Letina, A. (2020). Development of Students’ Learning to Learn Competence in Primary Science. Education 

Sciences, 10(11), 325. https://doi.org/10.3390/educsci10110325 
 
Liu, S., Cai, C., Liu, C., Samarapungavan, A., Gardner, S. M., Clase, K. L., & Pelaez, N. J. (2022). Assessment 

of Evidentiary Reasoning in Undergraduate Biology: A Lit Review and Application of the Conceptual 
Analysis of Disciplinary Evidence (CADE) Framework. Contributions from Biology Education 
Research, 351–391. https://doi.org/10.1007/978-3-030-98592-9_17 

Main, P. (2023, December 8). Rote Learning. Www.structural-Learning.com.  
https://www.structural-learning.com/post/rote-learning 
 
Makamure, C. (2025). Project-Based Learning (PBL) for Professional Development of Mathematics Educators: 

Unlocking Opportunities and Navigating Pitfalls and Considerations. Teacher Training and Student 
Learning - Past Values, Present Uncertainties and Future Prospects [Working Title]. 
https://doi.org/10.5772/intechopen.1009552 

 
Manaka, M. A. (2024). Integrating a school food garden in teaching mathematics Grade 3 at a school in the 

Limpopo province. Ump.ac.za. https://openscholar.ump.ac.za/handle/20.500.12714/790 
 
Marquez, L. (2017). Critical thinking in philippine education: What we have and what we need. ResearchGate, 

15(2), 272–303.  

70

John Carlo B. Mendeja / International Journal of Research Publications (IJRP.ORG)

www.ijrp.org

https://www.ijern.com/journal/2024/August-2024/06.pdf
http://www.structural-learning.com/


  

 
https://www.researchgate.net/publication/320551159_Critical_thinking_in_philippine_education_What_we_hav

e_and_what_we_need 
 
Mele, G., Capaldo, G., Secundo, G., & Corvello, V. (2023). Revisiting the idea of knowledge-based dynamic 

capabilities for digital transformation. Journal of Knowledge Management, 28(2). 
https://doi.org/10.1108/jkm-02-2023-0121 

 
Methling, F., Abdeen, S. J. M., & von Nitzsch, R. (2022). Heuristics in multi-criteria decision-making: The cost 

of fast and frugal decisions. EURO Journal on Decision Processes, 10, 100013. 
https://doi.org/10.1016/j.ejdp.2022.100013 

 
ModelTeaching. (2019, January 29). Claim-Evidence-Reasoning (CER). Model Teaching. 

https://www.modelteaching.com/education-articles/stem-steam/claim-evidence-reasoning-cer 
 
Morelli, M., Casagrande, M., & Forte, G. (2021). Decision Making: a Theoretical Review. Integrative 

Psychological and Behavioral Science, 56(1). https://doi.org/10.1007/s12124-021-09669-x 
 
Myada, S. (2017, September 12). TLC for Plants & Gardens. Myheartbeatsgreen.com. 

http://www.myheartbeatsgreen.com/2017/09/12/tlc-for-plants-gardens/ 
 
Nardiello, J. (2022). USING CLAIM, EVIDENCE, AND REASONING TO IMPROVE UNDERSTANDING AND 

CONCEPT RETENTION IN MIDDLE SCHOOL SCIENCE. 
https://www.montana.edu/msse/capstones/unarchived-capstones/Nardiello_CapstonePaper.pdf 

 
Nayak, A., Satpathy, I., & Jain, V. (2024). The Project-Based Learning Approach (PBL). Advances in 

Educational Technologies and Instructional Design Book Series, 158–174. 
https://doi.org/10.4018/979-8-3693-3041-8.ch010 

 
Northern Illinois University. (2012). Situated learning. Northern Illinois University. 

https://www.niu.edu/citl/resources/guides/instructional-guide/situated-learning.shtml 
Novalia, R., Marini, A., Bintoro, T., & Muawanah, U. (2025). Project-based learning: For higher education 

students’ learning independence. Social Sciences & Humanities Open, 11, 101530. 
https://doi.org/10.1016/j.ssaho.2025.101530 

 
Odell, M., & Pedersen, J. L. (2025). Project and Problem-Based Teaching and Learning. Springer Texts in 

Education, 353–369. https://doi.org/10.1007/978-3-031-81351-1_20 
 
Osagiede, M. A., & Alordiah, C. O. (2024). Cultivating Excellence: A Holistic Framework for Optimizing Student 

Learning, Curriculum, and Assessment Integration in Agricultural Science Education in Nigeria. The 
Educator: A Journal of the School of Education, Moi University, 4(2), 18–33. 
https://journals.mu.ac.ke/index.php/edj/article/view/419 

 
Palumbo, M., Attolico, G., Capozzi, V., Cozzolino, R., Corvino, A., de Chiara, M. L. V., Pace, B., Pelosi, S., 

Ricci, I., Romaniello, R., & Cefola, M. (2022). Emerging Postharvest Technologies to Enhance the 
Shelf-Life of Fruit and Vegetables: An Overview. Foods, 11(23), 3925. 
https://doi.org/10.3390/foods11233925 

 
Pasquinelli, E., & Richard, O. (2023). Critical thinking as the ability to sort and qualify the information available, 

to form one’s own judgement. European Journal of Education, 58(3), 422–433. 
https://doi.org/10.1111/ejed.12565 

 
Passarelli, A. M., & Kolb, D. A. (2023). Using Experiential Learning Theory to Promote Student Learning and 

Development in Programs of Education Abroad. Routledge EBooks, 137–161. 

71

John Carlo B. Mendeja / International Journal of Research Publications (IJRP.ORG)

www.ijrp.org



    

https://doi.org/10.4324/9781003447184-8 
 
Patel, Dr. M. K. , Mishra, Dr. G., Bhusan, Dr. L. P. , & Sahu, Dr. K. K. (2024). Fundamentals of Fruit Science: 

Cultivation, Physiology, and Harvest. Google Books. 
https://books.google.com.ph/books?hl=en&lr=&id=RMFkEQAAQBAJ&oi=fnd&pg=PA1&dq=For+stude
nts 

 
Perry, S. B. (2020). Project-Based Learning. The Students’ Guide to Learning Design and Research. 

https://edtechbooks.org/studentguide/project-based_learning 
 
Philippine Nikkei Jin Kai International School. (2024). Grading System and Identification Of Achievers» 

Philippine Nikkei Jin Kai - International School. Philippine Nikkei Jin Kai - International School. 
https://www.pnjkis.edu.ph/about-us/grading-system-and-identification-of-achievers/ 

 
Pleschová, G. (2025). The Long-Term Effects of Educational Development Programmes. 

https://doi.org/10.1007/978-3-031-82662-7 
 
Podgórska, M., & Zdonek, I. (2023). Interdisciplinary collaboration in higher education towards sustainable 

development. Sustainable Development. https://doi.org/10.1002/sd.2765 
 
Prentice, C. M., & Ott, E. (2021). Previous experience, trickle-down training and systemic ad hoc-ery: 

educators’ knowledge acquisition when teaching refugee pupils in one local authority in England. 
Teachers and Teaching, 1–15. https://doi.org/10.1080/13540602.2021.1946034 

 
Priyadharsini, P. R. S. (2025). Unlocking the Power of Analytical Reasoning: Mastering Critical Thinking Skills 

for Success. 295–308. https://doi.org/10.1007/978-981-96-5600-4_22 
Puntambekar, S. (2022). Distributed Scaffolding: Scaffolding Students in Classroom Environments. 

Educational Psychology Review, 34(1), 451–472. https://doi.org/10.1007/s10648-021-09636-3 
 
Raghavan, M., Ranganna, G., Wahengbam, R., Vani , & Kumar, S. (2024). Cultivating Tomorrow: A Deep Dive 

into Artificial Intelligence’s Impact on Horticulture. Researchgate. 
https://www.researchgate.net/profile/Hemanth-S-
5/publication/387155180_Enhancing_Food_Security_Breeding_Strategies_for_Drought-
Tolerant_Pulse_Varieties/links/676286ec8465b54be4e64b3c/Enhancing-Food-Security-Breeding-
Strategies-for-Drought-Tolerant-Pulse-Varieties.pdf#page=13 

 
Raja, T. R. (2023). ENVISIONING ENGAGED MATHEMATICS PEDAGOGY THROUGH PROJECT-BASED 

LEARNING FOR NEPALI SCHOOLS: AN AUTOETHNOGRAPHIC ACTION INQUIRY. 6.110. 
http://101.251.6.110:8080/handle/20.500.14301/131 

 
Rauscher, W., & Badenhorst, H. (2020). Thinking critically about critical thinking dispositions in technology 

education. International Journal of Technology and Design Education. https://doi.org/10.1007/s10798-
020-09564-3 

 
Rumfot, S., Sahib, A., Anshoriyah, S., Oka, A. A., & Ramadhan, I. (2025). The impact of Project-based 

Learning on senior high school students’ academic performance. Journal of Educational Management 
and Instruction (JEMIN), 5(1), 81–99. https://doi.org/10.22515/jemin.v5i1.10442 

 
Samosa, R. C. (2021). EFFECTIVENESS OF CLAIM, EVIDENCE AND REASONING AS AN INNOVATION 

TO DEVELOP STUDENTS’ SCIENTIFIC ARGUMENTATIVE WRITING SKILLS. European Journal of 
Research Development and Sustainability, 2(5), 25–35. https://doi.org/10.17605/OSF.IO/76CG5 

 
Sánchez-García, R., & Reyes-de-Cózar, S. (2025). Enhancing Project-Based Learning: A Framework for 

Optimizing Structural Design and Implementation—A Systematic Review with a Sustainable Focus. 

72

John Carlo B. Mendeja / International Journal of Research Publications (IJRP.ORG)

www.ijrp.org



  

Sustainability, 17(11), 4978–4978. https://doi.org/10.3390/su17114978 
 
Science Buddies. (2012, June 18). Measuring Plant Growth. Science Buddies; Science Buddies. 

https://www.sciencebuddies.org/science-fair-projects/references/measuring-plant-growth 
 
Shanta, S. (2022). Assessment of Real-World Problem-Solving and Critical Thinking Skills in a Technology 

Education Classroom. Contemporary Issues in Technology Education, 149–163. 
https://doi.org/10.1007/978-981-16-7885-1_10 

 
Solved. (2024). Empowering Critical Thinking with the Claim-Evidence-Reasoning Model in PreK-12 Education. 

Solvedconsulting.com. https://www.solvedconsulting.com/blog/using-the-claim-evidence-reasoning-
cer-model-a-blueprint-for-critical-thinking-in-prek-12-education 

 
Song, D. (2021). A Literature Review, Container Shipping Supply Chain: Planning Problems and Research 

Opportunities. Logistics, 5(2), 41. https://doi.org/10.3390/logistics5020041 
 
Stanton, J. D., Sebesta, A. J., & Dunlosky, J. (2021). Fostering metacognition to support student learning and 

performance. CBE—Life Sciences Education, 20(2). https://doi.org/10.1187/cbe.20-12-0289 
Suteja, S., & Setiawan, D. (2022). Students’ Critical Thinking and Writing Skills in Project-Based Learning. 

International Journal of Educational Qualitative Quantitative Research, 1(1), 16–22. 
https://doi.org/10.58418/ijeqqr.v1i1.5 

 
Sutherland, W. (2022). Transforming Conservation: A Practical Guide to Evidence and Decision Making. In 

library.oapen.org. Open Book Publishers. https://library.oapen.org/handle/20.500.12657/59867 
 
Tang, K. H. D. (2023). Student-centered Approach in Teaching and Learning: What Does It Really Mean? Acta 

Pedagogia Asiana, 2(2), 72–83. https://doi.org/10.53623/apga.v2i2.218 
 
Tarasova, K., Gracheva, D., Talov, D., Orel, E., & Dementiev, A. (2025). Measuring changes in critical thinking 

skills among university economics students: insights from domain-specific assessment. Studies in 
Higher Education, 1–16. https://doi.org/10.1080/03075079.2025.2484423 

 
Thomas, C. G. (2021). Research Methodology and Scientific Writing. Springer International Publishing. 

https://doi.org/10.1007/978-3-030-64865-7 
 
van den Berg, G. (2004). The use of assessment in the development of higher-order thinking skills. Africa 

Education Review, 1(2), 279–294. https://doi.org/10.1080/18146620408566285 
 
Villegas, C. H. (2022). Technology and Livelihood Education Teachers’ Competence and Work Skills and Work 

Attitudes of Public High School Students. European Online Journal of Natural and Social Sciences, 
11(1), pp. 86–96. https://european-science.com/eojnss/article/view/6308 

 
Vo, K., Sarkar, M., White, P. J., & Yuriev, E. (2024). Development of problem-solving skills supported by 

metacognitive scaffolding: Insights from students’ written work. Chemistry Education Research and 
Practice. https://doi.org/10.1039/d3rp00284e 

 
Wangmo, R., Giri, N., Ghalley, L. R., Jamtsho, Y., & Zangmo, T. (2025). Using of claim, evidence, and 

reasoning strategy in scientific explanation and argumentative writing skills of grade nine chemistry 
students. Journal of Pedagogical Sociology and Psychology. https://doi.org/10.33902/jpsp.202533548 

 
Watson, J., Wright, S., Fitzallen, N., & Kelly, B. (2022). Consolidating understanding of variation as part of 

STEM: experimenting with plant growth. Mathematics Education Research Journal. 
https://doi.org/10.1007/s13394-022-00421-1 

 

73

John Carlo B. Mendeja / International Journal of Research Publications (IJRP.ORG)

www.ijrp.org



    

Webster, A., Metcalf, A., Kelly, L., Bisesi, A., Marnik-Said, M., Colbeck, C., Marine, R., Vinces, M., Campbell, 
A., & Allen, T. (2022). Undergraduates’ lived experience of project-/problem-based learning in 
introductory biology. Advances in Physiology Education, 46(1), 162–178. 
https://doi.org/10.1152/advan.00042.2021 

 
Wei, L., Mazlan, C. A. N., & Safian, A. R. (2026). Claim, Evidence, and Reasoning (C-E-R) Framework: 

Application in Dissertation and Thesis Writing for Music Education Research and Cross-Disciplinary 
Contexts. International Journal of Research and Scientific Innovation, 13(1), 2145–2156. 
https://doi.org/10.51244/ijrsi.2026.13010190 

Western Governors University. (2020, June 8). Experiential Learning Theory. Western Governors University. 
https://www.wgu.edu/blog/experiential-learning-theory2006.html 

 
Wibowo, S., Wangid, M. N., & Firdaus, F. M. (2025). The relevance of Vygotsky’s constructivism learning 

theory with the differentiated learning primary schools. Journal of Education and Learning (EduLearn), 
19(1), 431–440. https://doi.org/10.11591/edulearn.v19i1.21197 

 
Williams, J., McKibben, J. D., Clemons, C. A., Cletzer, D. A., & Lindner, J. R. (2026). Foundations First: A Self-

Determination Theory Analysis of Agricultural Education Teacher Well-Being and Retention. Journal 
of Agricultural Education, 67(1), 1. https://doi.org/10.5032/jae.v67i1.2912 

 
Yu, L., Chen, Z., Wu, W., Xu, X., Lv, Y., & Li, C. (2024). Effects of Precooling on Endurance Exercise 

Performance in the Heat: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. 
Nutrients, 16(23), 4217–4217. https://doi.org/10.3390/nu16234217 

 
Zhang, J., & Browne, W. J. (2022). Exploring Chinese high school students’ performance and 
  

perceptions of scientific argumentation by understanding it as a three‐component progression of 
competencies. Journal of Research in Science Teaching. https://doi.org/10.1002/tea.21819 

 
Zhang, L., & Ma, Y. (2023). A study of the impact of project-based learning on student learning effects: a meta-

analysis study. Frontiers in Psychology, 14(1). https://doi.org/10.3389/fpsyg.2023.1202728 
 
Zhao, Z., Hu, H., Hao, X., Zhang, L., & Ma, R. (2026). Exploration on Cultivating Excellent Agricultural and 

Forestry Talents in Plant Protection the Major. Universe Scientific Publishing. 
https://doi.org/10.18686/ahe.v7i25.10172 

74

John Carlo B. Mendeja / International Journal of Research Publications (IJRP.ORG)

www.ijrp.org


