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Abstract

This study aimed to determine the effectiveness of Problem-Based Learning (PBL) material to the critical
thinking skills of Grade 10 students in Mathematics. The study used experimental research design by
measuring the improvement on the performance of the students after the implementation of the
researcher-made PBL material. It also used survey strategy to assess the acceptance of the students on the
quality of the developed PBL material and correlated the results with the critical thinking skills before and
after the use of the material using paper and pen test. Results revealed that learning experiences relate to
inferring, communicating, and problem-solving. There is also significant relationship between learning
outcomes and communicating and problem solving. Both effectiveness and efficiency and user-
friendliness significantly relate to communicating learning experience while congruence relates
significantly to all critical thinking skills. Thus, learners’ use of the PBL material increases their critical
thinking skills as evidenced by the t—test results showing significantly different critical thinking skills
before and after the use of PBL material. With the improved level of students’ critical thinking skills, the
PBL material may be used as a supplementary in the delivery of the lessons in any subject area.
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1. Introduction

Improving learners’ critical thinking skills is the primary focus of educators, especially in
teaching mathematics. Learning mathematics is closely related to the practices and methods of
learning and thinking since the characteristics of mathematics are mathematics and human
activity, that is, mathematics is a method of thinking, a method of organizing logical evidence,
which is carefully used by defined terms, clear, and accurate (Mendoza, 2018).

The common problem among students today is understanding a mathematical concept
only in its theoretical context with critical thinking skills underdeveloped. For example, in the
most recent profile of non-numerates in San Bartolome Integrated High School (SBIHS), at least
38.52% of Grade 7 students for the school year 2019 — 2020 are considered non-numerates.
From this context, non-numerates were assessed as those who got a score below 9 out of a 40-
item teacher—made and expert—validated standardized test for numeracy. This statistic is further
supported by the results of the First Quarterly Mean Percentage Score (MPS) with the
Mathematics MPS being second to the lowest in 8 of the subjects, with almost all numbers
leading to a decline in the Mathematics Performance of the Learners (SBIHS School Monitoring,
Evaluation and Adjustments, 2020).

Problem-based learning (PBL) can naturally shape student thinking activities and help
them solve their learning problems (Rosy & Pahlevi, 2015). PBL is also more effective than
conventional classroom instruction and has a positive impact on student critical thinking skills
(Asyhar, 2015). As PBL can help to build new knowledge (Padmavathy & Mareesh, 2013),
critical thinking skills in mathematics must be continually developed, particularly through PBL.

In this study, the PBL material applied three approaches: individual investigations,
collaborative investigations or presenting assignments. As such, this study aimed to determine
the effectiveness of PBL material in improving critical thinking skills of Grade 10 students in
Mathematics. Specifically, it aimed to evaluate the PBL material based on learning experiences,
learning outcomes, effectiveness and efficiency, user-friendliness, and congruence. During the
implementation, it assessed the level of critical thinking skills of the students before and after the
use of the material in terms of observing, analyzing, inferring, communicating, and problem-
solving. For the statistical inference, the study revealed that there is significant difference in the

pretest and posttest level of critical thinking skills of the student-respondents.



76 | International Journal of Science, Technology, Engineering and Mathematics, Volume 2 Issue 4

2. Literature review

2.1 Problem-Based Learning (PBL)

Problem-based learning approaches improve students' abilities to adapt or transfer their
thoughts to new situations and tasks. They achieve this through cultivating greater awareness of
the subject: they consider the assignments and settings of various learning situations, as well as
themselves as students in these contexts. Pintrich (2012) observes that students must “think
about" these systems rather than merely practicing them. As Zohar and Barzilai (2015) point out,

knowledge development is required as one learns.

Hitchock (2014) used the term "problem-based learning™ to describe the process of
pondering reasoning. With PBL, students become more aware of own learning experiences and
the exercises include into personal and professional development. They are more prepared to
comprehend themselves throughout the learning process and can develop ability to contemplate,
interact with, and evaluate learning on a daily basis. PBL can help students tackle their learning
challenges by naturally shaping their thinking activities (Baharun & Ummah, 2018). It is also
more successful than regular classroom instruction and improves students' critical thinking
abilities (Asyhar, 2015). Critical thinking skills in mathematics must be regularly strengthened,
notably through PBL, because PBL can assist build new knowledge (Padmavathy & Mareesh,
2013).

2.2 PBL Materials

Learning resources are good technique to bridge the gap between the learners'
requirements and the knowledge and skills they need to learn. Understanding the soft-skills
pupils must possess is critical to implementing PBL. When it comes to problem-based learning,
the capacity to communicate, think critically, compromise, and collaborate are all necessary
skills. The teacher must be aware and need to devote time to teaching and assessing these
abilities. Students must also be able to evaluate themselves and their peers, as well as express
what they have learned and justify their solutions. Furthermore, the instructor must anticipate
when pupils may become stuck and what materials they will want (Kuhfeld et al., 2020).

Individual lessons, units, and even entire curricula can be taught using PBL. It is

frequently used in a team setting to develop skills such as consensus decision making,
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communication and discussion, team maintenance, conflict resolution, and team leadership.
While the core method of problem solving in placed environments has been employed
throughout the history of education, the term PBL was not coined until the 1970s as an
alternative to medical education (Jones, 2013).

2.3 Critical Thinking Skills

Thinking is a cognitive process for gaining knowledge. The ability to think is a skill that
can be learned. The three crucial parts of thinking skills are critical thinking, creative thinking,

and problem solving (Launch Pad, 2001).

Barry (2012) outlined ten skills that are required to succeed in the twenty-first century,
which include critical thinking skills, communication, leadership, collaboration, adaptability,
competitiveness and accountability, innovation, global citizenship, entrepreneurial skills and
spirit, and the ability to access, analyze, and synthesize content. Students will be prepared for
global economic struggle through education in the twenty-first century. According to the
Partnership for 21st Century Skills, 21st-century learning must teach four skills: communication,
cooperation, critical thinking, and creativity. In addition, Frydenberg and Andone (2011)
suggested that everyone needs critical thinking abilities, digital literacy skills, information
literacy, media literacy, and mastery of information and communication technologies in order to

face up to learning in the twenty-first century.

Derilo (2019) found in a study that students' academic achievement in Mathematics is
related to their degree of Basic Critical Thinking Skills (BSPS), but not to their level of
Integrated Critical Thinking Skills (ICTS). This implies that when a student's BSPS are
improved, he may be able to do better in Mathematics. Similarly, students with a low level of
critical thinking skills might expect poor academic success.

2.4 PBL and Critical Thinking Skills

Numerous research suggest that problem-based learning can be applied to a learning
content if educators see the need. Critical thinking is the ability to think logically, coherently,
and rationally while correctly identifying the connections between and among ideas and
concepts. Observing, analyzing, inferring, communicating, and problem-solving are all skills that

underpin critical thinking. Being able to think critically necessitates having the ability to
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creatively uncover connections between things. Allowing pupils to think outside the box fosters
their curiosity and allows them to benefit from a wider range of learning opportunities. When
comparing, students should be able to tell whether things, thoughts, or ideas are connected or not
solely by looking at how different or similar they are. Certain problems have a pattern that makes
them easier to solve than others. Critical thinking abilities that have been developed make it
easier to recognize this pattern, giving the student less time to solve it. Critical thinking abilities
were an effective technique of improving students' grasp of mathematics ideas since they assisted
in perceiving, analyzing, evaluating, and presenting facts in a logical and sequential manner
(Chukwuyenum, 2013).

Activity materials based on PBL may include individual investigations, collaborative
investigations, and the presentation of assignments (Arends, 2007). Individual investigative
exercises allow students to discuss non-routine mathematics topics that may improve critical
thinking skills (NCTM, 2000) while group exercises may provide opportunities to exchange
ideas, connect and inform others about mathematics problem-solving strategies. Encouraging
students to communicate and interact with others is very important in building critical thinking
skills (Jacobs, 2012). By presenting assignments, students can practice and get used to speaking
in public with confidence to communicate ideas (Arends, 2007).

When the role of teachers is facilitators rather than teachers (Arends, 2007), students are
therefore expected to be independent, self-control and to evaluate their thinking (Facione, 2011).
Students are taught to have the ability to identify and analyze the information in a given problem,
especially the situation that are complex and ambiguous, and students are able to analyze the
information to assess the justification. Therefore, the activities in the materials can encourage
students to identify and interpret information, information analysis, and evaluation of the
evidence and arguments. Thus, an intervention may be made for them, through a learning
approach.

This learning approach may be in the form of a strategy or an activity material. Mendoza
(2018) describes effective learning material as to learning experience, learning outcomes,
effectiveness and efficiency, and user-friendliness. The congruence of the learning material to
PBL approach was lifted from Hadley (2012). The collection of students’ knowledge and
personal experience, the significant and essential learning that students have achieved and can

reliably demonstrate, and the usefulness, value, efficacy, and a well-defined structure and
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organization of the content are essential to determine the effectiveness of the learning material.
These qualities will be of consideration on the level of critical thinking skills of the learners.
Consequently, components of critical thinking skills in mathematics can be measured by
observation, analysis, inference, communication and problem solving of the evidence and
arguments (Facione, 2011).

Aliliran (2016) concludes that PBL can actually contribute meaningfully to the positive
development of creative and critical thinking skills in mathematics and science in a face-to-face
classroom set up. But the gap has been identified whether PBL can still be of significant
contribution to the said skills development if it will be focused solely on mathematics and critical

thinking skills only and is applied not as a strategy but used as a learning material.

3. Methodology

3.1. Research Design

This study used experimental one group pretest-posttest research design. It is an
experimental research design characterized as simply the attempt to establish relationships and
check the development of specific skills (Creswell, 2012) through a systematic study of
designing, developing, and evaluating instructional programs, processes, and products that must
meet criteria of internal consistency and effectiveness. A PBL material was used to test if there is

an improved critical thinking skills of the Grade 10 students in Mathematics.
3.2. Participants of the Study

Participants of this research were 10th Grade students of an integrated high school in the
Philippines. Considering that there is only one section conducting online class, which consist of
38 learners, they were purposively chosen as sample group. Purposive sampling, also known as
judgmental, selective, or subjective sampling, is a non-probability technique based on
characteristics. In this study, participants must be Grade 10 students who are under the online

delivery of remote instructions (Crossman, 2020).
3.3. Research Instrument

The study used two main instruments: a survey questionnaire and a teacher-made test for

Critical Thinking Skills. The survey questionnaire was primarily used to measure the perception
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of the respondents as to the PBL material. It is divided into five sub-indicators, namely learning
experience, learning outcomes, effectiveness and efficiency, user-friendliness, and congruence.
Each sub indicator has five statements each rated using a Likert Scale ranging from 1 to 4, with 4
being the highest.

A teacher-made test for Critical Thinking Skills has five parts, one for each skill:
observing, analyzing, inferring, communicating, and problem—solving. Fifteen (15) points were
allotted for each skill with a total of 75 points. The test was content validated by experts. A table

of specifications was also provided to highlight the distribution of test items per skill.

3.4. Research Procedure

The study covered three phases: the pre-assessment, the implementation and the post
assessment stages.

For the pre-assessment, the research instruments were validated through presentation to a
panel of experts. After securing the necessary permission from relevant offices, learners were
given the teacher-made, expert-validated critical thinking skills test in the form of a pretest. This
was done to measure the initial level of skills of the learners.

The implementation stage was the center of the study. In this phase, the researcher used
the PBL material on a regular basis for six (6) weeks for quarter 3 of school year 2021 - 2022.
The problem-based enriched learning material was applied in three approaches: individual
investigations, collaborative investigations or presenting assignments. The approach was
determined based on the nature of the lessons. It used one or combination of two or more of the
approaches. As usual, the material starts with the learning targets covered by the Most Essential
Learning Competencies and the Specific Learning Objectives. It was followed by an activity,
which served as the springboard of the lesson discussion and highlighted the different
approaches — though the approaches were also applied to other parts of the lesson. After the
activity, it allowed students to explore on the lesson and then finally they were assessed through
process questions aligned with the PBL approach.

In the post assessment, the respondents took the critical thinking skills test as well as
answered the evaluation questionnaire for the PBL materials to identify its strengths and

different areas for improvement. From the gathered results, data analysis was performed.
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3.5. Statistical Treatment of Data

To decide on the actual results of the study and its findings, descriptive and inferential
statistics were used. In order to describe the perception of the respondents as to the use of PBL
Materials, mean and standard deviation was used. Frequency and percentage were applied to
describe the level of skills of the respondents before and after the use of PBL materials. For the
inferential statistics, Pearson-moment product correlation was used to reveal whether the
perception of the learners relate significantly to their level of critical thinking skills. To find
whether there is a significant difference in the participants' level of critical thinking skills before
and after the use of PBL materials, paired samples t-test was applied. All inferential statistics
were done at five percent (5%) level of significance.

4. Findings and Discussion

Table 1

Students’ Evaluation of the PBL Material Quality

Indicators Mean SD Remarks
Learning Experience 3.80 0.20 With high quality
Learning Outcomes 3.23 0.55 With quality
Effectiveness and Efficiency 3.27 0.46 With quality
User-friendliness 3.52 0.39 With high quality
Congruence 3.72 0.31 With high quality

Legend: 1.00 to 1.49 (With poor quality); 1.50 to 2.49 (With low quality); 2.50 to 3.49 (With quality); 3.50 to 4.00
(With high quality)

Table 1 presents the summary of the effectiveness of the PBL material. The result indicates
that generally, there is a very positive perception on the quality of the material. On the five
indicators used, three indicators, learning experience, user — friendliness and congruence all had
a mean of above 3.50, thus considered with high quality while the remaining two indicators,
learning outcomes and effectiveness and efficiency have a mean value of between 2.50 to 3.49
which interprets as with quality.

For learning experience, the students found it very much effective because the material
has meaningful learning opportunities which were thought to be of great significance to the
learning that happened inside and outside of the classroom. It is supported by the study of

Aleong (2012) that in order to have high quality learning experiences the teachers can control,
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direct and influence the students through planning and implementing the curriculum which will
make students journey of learning worthwhile.

Learning outcomes also have a verbal interpretation of ‘with quality.” This result is
similar to the study of Aziz et al. (2012) that majority of the students find learning outcomes
valuable because they use them in their studies in many ways. Since the ultimate goal of
education is the learning outcomes, this has been the primary consideration in crafting and
designing the PBL material. Competencies were anchored on the curriculum guide, which
enumerates the desired competencies for each subject for a particular grade level.

In terms of effectiveness and efficiency, it also has a mean that translates to with quality.
Since an initial assessment of what has been done and what needs to be done has been made,
students perceived the PBL material as a means to address their needs and its topics are made
very timely. Kaiser (2020) mentioned in his study that in order to make effective and efficient
learning possible, then the focus must be on the students, models of learning and techniques to be
used in teaching which can then improve and compliment the traditional approach like lecture or
expository instruction.

In a digitally inclined world, students find technology as a means of interaction, socially
and academically. Socially through gaining friends and academically as a strategy for teaching as
used by some or most teachers. In the study conducted by Simui et al. (2017), they enumerated
the key elements that an instructional designer needs to consider including presentation and
layout of content, inclusion of real-life situations, and use of interactive language. These
elements were considered in designing the learning material used in this study, thus students find
it user-friendly. This result is supported by the study of Jayaram and Dorababu (2015), which
emphasized that the focuses of learning materials are the flexibility of the process, friendly and
informal climate in numerous learning situations, the use of experience, and the enthusiasm and
commitment of students as well as the teachers.

The study claims that the material is of high quality. According to Maranan (2020), the
quality of a material is also related to the effects it provides to the learners. When teachers are
able to craft learning materials that are tailored to the needs, capacities and needs improvement
of learners, they are expected to perform better. At the onset of the pandemic, teachers have
shifted from being end-users of learning materials to being developers. Thus, capacity building

for teachers in developing learning modules must be strengthened.
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Table 2

Pretest and Posttest Scores on Critical Thinking Skills

Pre-Test Post-Test

Grade Remarks
F % F %
Observing
90 and above 11 28.95 38 100.00 Outstanding
85 to 89 25 65.79 0.00 Very Satisfactory
80to 84 2 5.26 0.00 Satisfactory
7510 79 0.00 0.00 Fairly
74 and below 0.00 0.00 Needs improvement
Analyzing
90 and above 0.00 37 97.37 Outstanding
85 to 89 2 5.26 1 2.63 Very Satisfactory
80 to 84 8 21.05 0.00 Satisfactory
75 to 79 26 68.42 0.00 Fairly
74 and below 2 5.26 0.00 Needs improvement
Inferring
90 and above 0.00 35 92.11 Outstanding
85 to 89 0.00 3 7.89 Very Satisfactory
80 to 84 4 10.53 0.00 Satisfactory
75t0 79 19 50.00 0.00 Fairly
74 and below 15 39.47 0.00 Needs improvement
Communicating
90 and above 0.00 13 34.21 Outstanding
85 to 89 0.00 23 60.53 Very Satisfactory
80 to 84 5 13.16 2 5.26 Satisfactory
7510 79 21 55.26 0.00 Fairly
74 and below 12 31.58 0.00 Needs improvement
Problem- Solving
90 and above 0.00 10 26.32 Outstanding
85 to 89 0.00 25 65.79 Very Satisfactory
80to 84 6 15.79 3 7.89 Satisfactory
75t0 79 22 57.89 0.00 Fairly
74 and below 10 26.32 0.00 Needs improvement

In terms of observing, the test scores revealed that before the learners’ exposure to the
PBL, the majority of their scores fall under very satisfactory, with eleven (11) students being
able to have an outstanding score and only two (2) got a score of satisfactory. After the use of the
learning material, all of the learners were able to get outstanding scores. The question for
observing revolved around identifying the main problem and deciding on the most significant
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values that can be derived from the problem. These results imply that after the use of the PBL
Material, the students find it easier to come up with a central problem from a given situation and
are able to make deductions on the values presented.

In terms of analyzing, initial scores are greatly concentrated on the range of fairly that
covers test scores from 75 to 79. This implies that they are only able to present the formula,
substitute the proper values and solve for the final answer. However, after the use of the PBL
Material, the concentration of the scores have drastically shifted to the 90 and above or the
outstanding level. The outstanding level of analyzing shows that aside from giving the
appropriate values, they can also think of other ways of presenting the analysis, such as the use
of a venn diagram. They were also able to explain what these values mean and what their
diagram is all about. The PBL Material, specifically the questions, examples and discussions,
enabled the learners to use their analyzing skills.

The table also shows that the scores for inferring skills fall between needs improvement
and fairly with score range of 75 to 79 and 74 and below before the teacher used the PBL
Material. For those who did not meet the expectations, they only wrote numbers or digits found
in the situation. For those who scored fairly, they simply showed their final answers. After
exposure to the materials, there scores can be described as outstanding. They can present the
values and how they can be used for the solution, and they were able to briefly and concisely
provide discussion on what they need to do to arrive at a precise and accurate answer. They were
able to explain further the context of their calculations after being exposed to the learning
material. Their scores were then concentrated on the outstanding bracket, ranging from scores of
90 and above.

As to communicating, the scores are generally close to that of inferring likely found
between needs improvement and fairly for the pre-test but for the post-test, the students were
more of very satisfactory and outstanding, with 60.53% and 34.21%, respectively. This leads to
the conclusion that after the use of the PBL Materials, the learners find themselves more open to
communicating to their fellow students and to their teacher. This is supported by the personal
message from a student respondent who said that they had more time talking when the PBL
Material was used in their online class. It served as a springboard for learners to be

communicative about their thoughts and ideas specially when solving problems.



ISSN 2799-1601 (Print) 2799-161X (Online) | 85

For the problem-solving skills, the same can be said as for communicating. The general
scores are found in the two lower brackets before the students’ exposure to the learning material,
needs improvement and fairly and were raised to very satisfactory after the use of the material.
Specific skill observed was use of percentage, decimals and fraction in presenting relevant
relationship on how the problem may be solved but still cannot elaborate on how the numbers
can be applied in relation to the problem given. There were also 26.32% of the population that
were able to perform outstandingly. It is therefore concluded that after the use of the PBL

Material, the students are more versed in applying the solutions in a real-life context.

Table 3
Relationship between the Qualities of PBL Material and Level of Critical Thinking Skills

Qualities of PBL Critical Thinking Skills

Material ; ; : A Problem
Observing Analyzing Inferring Communicating Solving
Learning . . .
. 0.130 -0.070 0.397 -0.363 0.357
Experiences
Learning Outcomes 0.014 0.200 -0.298 0.539™ -0.379"
Effectiveness and .
o 0.059 0.224 -0.314 0.352 -0.149
Efficiency
User — friendliness -0.096 0.213 -0.294 0.373" -0.182
Congruence 0.439™ -0.352" 0.545™ -0.378" 0.419™

Legend: *. Correlation is significant at the 0.05 level (2 — tailed).
**_Correlation is significant at the 0.01 level (2 — tailed).

For the test of relationships performed between the quality of the PBL materials and
CTS, it revealed learning experience significantly relates to inferring, communicating and
problem solving, but has no significant relationship to observing and analyzing. This elucidates
that learning experience of the students, as provided for in the learning material, are greatly
varied and utilize situations and problems that are highly relatable to the skills of the learners.
This further implies that inferring and problem solving are positively affected by learning
experiences. Learning experiences focused on the vocabulary and comprehension and
independent and collaborative learning which are related to communication, adapting to needs,
interests and abilities that are the focused of inferring and individual competencies of learners in

terms of problem solving.
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Positive significant relationship between learning experiences and inferring and
communicating have been found. This means that the high perception of the learners in the
material is reflected in their inferring and problem solving skills. This further implies that the
learning experiences provided by the PBL Material are found by the students to be significantly
contributory to their level of inferring and communicating skills and that the students who took
the critical thinking skills test are also the ones with developed inferring and communicating
skills. This is supported by the high perception of the respondents and their scores. This is further
supported by some parts of the PBL Material where it provided varied learning experiences as
reflected in the activities provided in the material. The significant negative correlation between
the learning experiences and communicating imply that the students who positively perceived the
learning experiences in the material were the ones who got the low scores for the said skill. This
leads to the conclusion that communicating skills of the learners are not heavily affected by the
way they perceive the learning experiences in the learning materials.

Learning outcomes also significantly relate to the specific skills communicating and
problem solving. Positive significant relationship for communicating and negative significant
relationship for problem solving. The students who are aware of the learning outcomes as
specified in the materials scored satisfactorily to the communication skills test. This may be true
because by allowing the students to present their assignments to class, they were able to find the
level of communication relevant in achieving their learning goals. Likewise, the open channel of
communication between the teacher and the learner, and amongst learners made them share a
common goal for learning. For the problem-solving skills, the learners who perceived highly of
the learning outcomes had low scores for the skill. This entails that since learning outcomes are
very much specific in the material, yet very broad in the context of problem solving, they are
having a hard time connecting the learning outcomes to real-life situations.

Communicating significantly related to the effectiveness and efficiency and user-
friendliness as primary desired qualities of the learning material. Effectiveness and efficiency
discusses about the qualities of the learning material in terms of addressing the needs of the
learners. These learners have scored highly were able to perceive the material as effective and
efficient in addressing their needs. Effective in the sense that it provided a variety of examples
and efficient as it can readily answer questions emerging from the learners as the discussion
progresses. With the use of less texts and more of graphical presentations and images, students

were able to understand better the lessons. The step-by-step procedures on performing the more



ISSN 2799-1601 (Print) 2799-161X (Online) | 87

complex solutions also helped the learners. This may be the reason why the user — friendliness of
the material significantly related to the communication skills of the learners. As claimed by
Suarez (2018), students are more inclined into seeing graphical representations rather than
reading texts.

All Critical Thinking Skills showed significant relationship to the level of congruence.
Since PBL material has been proven to develop critical thinking skills as a teaching strategy, and
now when applied in a learning material, the results support and further strengthen these claims.
This leads to the conclusion that the more congruent the material becomes, the more it will be

able to develop the level of Critical Thinking of the student respondents.

Table 4
Test of Difference in the Critical Thinking Skills Before and After the Use of PBL Material

Paired Differences

Critical 95%

Thinking Test Mean SD ConfuljeTf‘ _

Skills Std. Interval of the Sig.
Std. Error Difference (2-

Mean Deviation Mean Lower Upper t Df tailed)

. Pretest 89.18 3.46
Observing Posttest  96.61 2.26 -7.42 4.77 0.77 -899 -585 -9594 37 0.000

. Pretest 78.82 3.04
Analyzing Posttest 96.05 1.52 -17.24 3.34 054 -18.33 -16.14 -31.809 37 0.000

. Pretest 76.21 3.13
Inferring Posttest 9479 .42 -18.58 3.68 0.60 -19.79 -17.37 -31.116 37 0.000

L Pretest 77.05 3.18
Communicating Posttest 8916 257 -12.11 3.57 0.58 -13.28 -10.93 -20.902 37 0.000

Problem Pretest 76.71 2.99

Solving Posttest 88.95 284 -12.24 4.30 0.70 -13.65 -10.82 -17.559 37 0.000

Legend: Sig. < 0.05 significant

Table 4 shows that all of the Critical Thinking Skills, observing, analyzing, inferring,
communicating and problem-solving, are significantly different, in favor of the posttest as
reflected by the values of the mean.

For observing, there has been a significant difference based from the values of the mean
and standard deviation of the pre and posttest. It suggests that initially there were students who
struggled in finding the main problem and identifying the pertinent values. Therefore, observing
has been improved because the PBL Material used guide questions that allowed them to choose
which values such as the given, the operation to be used and the processes they need to undertake

are useful and which are otherwise.



88 | International Journal of Science, Technology, Engineering and Mathematics, Volume 2 Issue 4

In terms of analyzing, students were able to gain a systematic view of how problems may
be solved. They used a variety of methods including graphical representations, direct substitution
and solving to show that all these solutions ultimately lead to a single final answer. Students also
had the chance to collaborate with each other so that they can check other students’ ideas.

As to inferring or the ability of the learners to generate explanations, they are already
capable of generating clear and understandable explanations presented in a logical manner after
being exposed to the PBL Material. One reason for this is that the lessons are anchored on the
most essential learning competencies and that the lessons were tailored to the needs of the
learners. This is consistent with the findings of Hart and Martin (2018) that when it comes to
inferring skills, it is better that students be presented with a general problem, have them solve it
and explain, then allow them to explore the context of their explanations.

With regards to communication, the students really had anxiety toward the subject and
was coupled with their intimidation with the teacher. This has resulted to low pretest scores and
was admitted by one of the respondents. But as the students were exposed to the use of the PBL
Material and were subjected to activities wherein they would present their works, they gained
more confidence and talked even better with their teachers and fellow students. They were also
able to use their own words to get messages across based on how they were able to understand
the problem and its context. Not only that, but they also showed that after computing, they are
capable of explaining what these numbers mean.

The results also show that problem-solving skills have also been improved. It was
observed by the researcher that the students have the skill of applying the meaning of the
computed values in order to solve the problem at hand. For example, when the students were
asked in one of the classes whether it would be better to have more goods or less goods in a sari
— sari store, one of the students answered that having more goods would mean a greater
probability that the goods the customers are looking for are in the store increases the chances of
serving the customer. However, if there are less goods, it would have less probability that the

store has what the customer needs.

5. Conclusion

This study aimed to determine the effectiveness of PBL material to the critical thinking

skills of Grade 10 students in Mathematics. The study used experimental research design focused
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on students’ perception on the quality of the material and its effectiveness in improving the
critical thinking skills of the students. The findings showed that PBL Material content are
aligned with the learning outcomes, effectiveness and efficiency. For learning experience,
students agreed to its user-friendliness and congruence. The pre-exposure tests scores were
generally concentrated on the scales interpreting to needs improvement, fairly and satisfactory
ranging from below 74 and 80 to 84. After the use of the PBL material, the scores raised to 85 to
89 and 90 and above ranges, very satisfactory and outstanding. This is true for all the Critical
Thinking Skills that were tested. Significant relationships were found between learning
experiences and inferring, communicating and problem-solving. Learning outcomes related
significantly to the communicating and problem-solving scores while effectiveness and
efficiency and user-friendliness both have significant relationship to communicating. All Critical
Thinking Skills have significant relationship to Congruence. The scores before and after
exposure to the PBL material were significantly different in terms of observing, analyzing,
inferring, communicating and problem-solving. All scores for the different skills are in favor of

the posttest.

This study concludes that if the material can further enhance the desired qualities,
learning experiences, learning outcomes, effectiveness and efficiency, user-friendliness and
congruence, it is likely that the learners will have a higher level of Critical Thinking Skills. The
PBL material, or the exposure to it, has developed the level of Critical Thinking Skills of the
students. With these, this study suggests that the material can be used to develop the inferring
and communicating skills of the learners by providing meaningful learning experiences as
reflected by the significant relationship. The same can be said for learning outcomes,
effectiveness and efficiency and user-friendliness which all related to communicating, with
learning outcomes also relating to problem-solving. The congruence of the material to PBL also
related to all the critical thinking skills. Thus, it is recommended that to strengthen these parts of
the material to further develop the skills. All critical thinking skills were developed by the PBL
material, leading to the conclusion that it may be used as a supplementary material which
teachers can use in the delivery of the lessons. This may be further tested in different learning
modalities implemented in the school.
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