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Abstract

The evolving landscape of education necessitates transformative approaches, emphasizing student
engagement as a critical factor for effective learning. In this premise, this study investigated the impact of
the Project-Based Learning (PBL) approach on student engagement in Grade 10 Geometry classes in a
public high school in Arizona, USA during the Academic Year 2022-2023. Data for this descriptive study
was collected from 199 Grade 10 Sophomore Geometry students in the above research environment using
a self-made data-gathering instrument that has passed the rigorous tests of validity and reliability. The
findings indicate that the majority of respondents were non-working female students enrolled in regular
sections, with parents whose educational attainment were relatively modest. The ensuing analysis showed
student engagement in PBL to be high across all essential factors of driving questions, sustained inquiry,
authenticity, collaboration, 21st century skills, and public product. Moreover, no significant difference in
student engagement were observed based on groupings by sex, student working status, and section for
most PBL essentials. On the other hand, parental educational attainment played a pivotal role in shaping
student engagement levels. The foregoing findings call for sustaining inquiry-based questions in PBL,
recognizing family contributions, while revising class section policies to enhance collaborative learning
environments.
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Introduction
Rationale

Education, like any other industry, must undergo profound change, and, to paraphrase Zhao and
Watterston (2021), all stakeholders should seriously consider reimagining education. But doing so requires
a shift from traditional models to more flexible, inclusive, and student-centered approaches.
Correspondingly, for education to evolve effectively, it is crucial to focus on student involvement in the
classroom. Evidence in support of this position can be found in Yulhendri et al. (2022) who state that
involving students in what they are learning will result in student engagement, improving student learning
performance.

In the words of Barkley and Major (2020), student engagement refers to "the mental state students
are in while learning, representing the intersection of feeling and thinking" (p. 6). Numerous studies on the
phenomenon known as "the emotional salience effect on memory" have shown that when students are
feeling and thinking simultaneously as they are learning new concepts, their feelings make it easier for
them to retain new information than when they neutrally retain it (Yin et al., 2023). This intersection of
feeling and thinking while learning (student engagement) is often observed when students have high
interactions with other individuals, ideally with their peers and lecturers (Yulhendri et al., 2022). Student
engagement is essential to effective education, as it enhances students' motivation, learning, and overall
academic success.

Among Grade 10 Geometry students at Canyon View High School, notable learning gaps in
student engagement have been observed when implementing the PBL approach in math classes. This
highlights the need for further investigation into its impact on student engagement, particularly after
applying the approach in a real classroom setting.

Objectives

This paper aimed to determine the level of student engagement in PBL approach in Mathematics at
Canyon View High School, Arizona, throughout the Second Semester of the Academic Year 2022-2023.
More specifically, this paper sought to determine 1) the extent of student engagement in PBL approach in
mathematics in terms of seven PBL essentials; and 2) the significant difference, if any, in the level of
student engagement in PBL approach in Mathematics at the research environment based on demographic
groupings.

Literature Review

This section provides an overview of the body of knowledge on the PBL approach, essential for
deepening the understanding of the subject under investigation. It incorporates insights from both local and
international researchers who have significantly influenced the variables studied.

At the onset, student engagement is a critical factor in the success of PBL, particularly in
mathematics, where active participation and contextual learning are essential. Engagement in PBL stems
from its alignment with constructivist principles, emphasizing collaboration, problem-solving, and real-
world application. According to Larmer et al. (2015), the PBL approach integrates key essentials such as
driving questions, sustained inquiry, and authenticity, fostering deeper engagement. In mathematics, these
elements are instrumental in encouraging students to explore, analyze, and apply mathematical concepts in
meaningful ways.

Driving questions, for instance, serve as the foundation of PBL by presenting open-ended, real-
world problems that challenge students to think critically and creatively. These questions guide the
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learning process and ensure relevance, motivating students to actively engage in mathematical exploration.
Shin et al. (2021) emphasize that driving questions foster inquiry-based learning, prompting students to
develop computational models and address complex issues. By connecting mathematics to everyday
experiences, driving questions help sustain student interest and focus throughout the project.

Next is sustained inquiry, a hallmark of PBL, requiring students to continuously ask questions, investigate,
and refine their understanding over time. This iterative process promotes deep learning and engagement as
students work collaboratively to address the driving question. According to Jansen (2020), sustained
inquiry in mathematics encourages students to assess their prior knowledge, identify learning gaps, and
seek solutions through research and experimentation. This approach not only builds problem-solving skills
but also fosters a sense of ownership and perseverance in learning.

Meanwhile, authenticity in PBL connects mathematical concepts to real-world contexts, making
learning relevant and meaningful. Students are more engaged when they perceive the content as applicable
to their lives or future careers. Larmer and Mergendoller (2015) argue that authentic projects inspire
students by addressing issues that matter to them, enhancing their motivation and effort. In mathematics,
authenticity can involve solving practical problems, such as budgeting, data analysis, or engineering
challenges, which demonstrate the subject's value beyond the classroom.

Collaboration is another essential component of PBL that enhances student engagement. By
working in teams, students learn to share ideas, negotiate, and build on each other’s contributions,
reflecting Vygotsky's socio-cultural theory of learning. Research by Moliner and Alegre (2020) highlights
the importance of collaboration in developing communication and interpersonal skills while solving
mathematical problems. Group dynamics in PBL encourage peer learning, foster accountability, and create
a supportive environment where students feel empowered to take risks and innovate.

The PBL approach integrates the development of 21st-century skills, such as critical thinking,
creativity, and digital literacy, essential for success in today’s world. By culminating in a public product,
PBL provides students with opportunities to present their work to an audience, which further enhances
their engagement and sense of achievement. Chen and Yang (2019) found that public presentations or
demonstrations of mathematical projects boost confidence, reinforce learning, and allow students to
connect their efforts with tangible outcomes. This process also prepares students for real-world challenges,
where teamwork and effective communication are paramount.

Engagement in mathematics through PBL is deeply rooted in its essential elements—driving
guestions, sustained inquiry, authenticity, collaboration, 21st-century skills, and public product. These
components work together to create a dynamic and interactive learning environment that motivates
students to actively participate and connect mathematics to their lives.

Methodology

This chapter discusses the methods used to gather and analyze the data based on this papers’
predetermined objectives. This section includes the research design, subject-respondents, research
instrument, data collection procedures, and ethical considerations, and data analysis and statistical
treatment.

Research Design

This study used the descriptive research design aiming to determine the extent of the PBL
approach in Mathematics tailored for Grade 10 Sophomore Geometry students at Canyon View High
School in Waddell, Arizona, during the Second Semester of the School Year 2022-2023. Generally,
descriptive research design is a sort of research design that systematically gathers data to characterize a
phenomenon, circumstance, or population being examined, according to Siedlecki (2020).
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Respondents

This paper used stratified random sampling to determine the study respondents from Sophomore
Geometry Students (N=410; n=199).

Instrument

The survey questionnaire covered 42 items for student engagement in PBL Essentials in
Mathematics, with 7 items for driving questions, sustained inquiry, authenticity, collaboration, 21st-
century skills, and public products. Each item was rated on a scale of 1 to 5, using a 5-point Likert scale
rating with 5 as always, 4 as very often, 3 as sometimes, 2 as rarely, and 1 as never. Participants were
asked to assign a numerical value to their responses based on their perceptions, experiences, or preferences
for each question within the given category. The scale ensures quantitative data to be used to analyze and
interpret the participants' sentiments systematically.

Procedures for Data Collection

A formal request was sent to the Division Superintendent after establishing the validity and
reliability tests of the research instrument. Upon approval, the said letter was distributed to the School
Principal for subsequent reliability testing. Questionnaires were then administered to teachers-respondents
through Google online survey form to ensure safety and ensure 100% retrieval of the data.

Data Analysis and Statistical Treatment

Obijective 1 used the descriptive-analytical scheme and mean as a statistical tool to determine the
extent of the student's engagement in PBL approach in mathematics in terms of the PBL essentials of
driving questions, sustained inquiry, authenticity, collaboration, 21st Century skills, and public product.
Obijective 2 used the comparative analytical scheme and Mann-Whitney U to determine the extent of the
student engagement in PBL approach in mathematics based on the same seven PBL essentials above when
grouped according to demographics.

Ethical Considerations

This research paper strived to minimize the risk of harm to its target respondents by assuring them
of the confidentiality of their responses and ensuring their anonymity throughout the entire research
process. At the onset, this paper secured their free, prior informed consent and assured them of their right
to withdraw from their research participation if deemed necessary. No personal data compromising the
respondents' identity was collected in adherence to the Family Educational Rights and Privacy Act
(FERPA), specifically on accessing the data both by the researchers and the analysts. The respondents
were likewise assured that no information that discloses their identity will be released or published without
their consent, except when extremely necessary.

Results and Discussions
This chapter provides a concise overview of the study's discoveries stemming from thorough data

collection, rigorous analysis, and insightful interpretation. Following this, key conclusions were drawn
from the initial analytical phase, thereby offering valuable insights.
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Student Engagement in Math PBL via Six Essential Factors

Table 1
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Driving Questions

Items Mean Interpretation

1. I understand the driving question and make small changes to
improve the quality of my project.
2. | organize and go beyond fact-finding solutions to find the
answers to my driving questions.
3. I put effort into organizing central problems or questions at the
appropriate Extent of challenge.
4. | enjoy open-ended questions because they provide multiple
possible answers.
5. 1 am aware of our student—fr!endly language and clear criteria 4.41 Great Extent
planners and rubrics of the project.
6. I asked questions during class and sought answers. 3.62 Great Extent
7. | contributed to class discussions based on the driving

3.66 Great Extent

guestions given.
Overall Mean 3.91 Great Extent

412 Great Extent

3.80 Great Extent

4,05 Great Extent

3.74 Great Extent

Table 1 presents the level of student engagement in PBL approach for mathematics, specifically
through driving guestions, showcasing an overall mean score of 3.91, interpreted to mean great extent
(GE). In summary, the overall positive mean score suggests that students are actively involved in the PBL
approach, particularly in addressing driving questions. Krall et al.'s (2022) research outcomes indicate that
involving students in the creation of driving questions positively impacts their understanding of lessons
and enhances their participation in project-based learning. This collaborative approach fosters a deeper
comprehension of the subject matter and contributes to an overall improvement in student engagement
throughout the learning process.

Table 2
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Sustained Inquiry
Questions

Items Mean Interpretation

1. I am actively involved in an in-depth process where | can

generate questions, find and use resources, ask further questions, 3.78 Great Extent
and develop my answers.

2. | exert effort to pose questions and gather academically
rigorous and challenging data.

3. I see to it that | can share, interpret data, and develop and
evaluate solutions to the problem of the project.

4. 1 can provide the required evidence for answers and ask further
questions to build a good outcome for my project.

5. I spend considerable time organizing and creating student-
generated questions throughout the project.
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6. | see to it that | will help formulate and generate student-
generated questions throughout the project.
7.1 under_tqke inquiry rigorously because it pro_\/ld_es multiple 361 Great Extent
opportunities and needs for Great-Extent questioning.

Overall Mean 3.78 Great Extent

3.73 Great Extent

Table 2 illustrates the degree of student involvement in the PBL approach for mathematics,
specifically focusing on sustained inquiry, presenting an overall mean score of 3.78, still interpreted to
mean GE. The positive overall mean score for this table suggests that students are actively and rigorously
involved in sustained inquiry processes, leveraging it as a valuable tool for enhancing their learning
experiences and project outcomes. Cruz et al. (2022) corroborate this result with their report that, in PBL,
students actively contribute to formulating and generating sustained-inquiry questions throughout the
project. The results emphasize the pivotal role of students in shaping and answering their own questions,
highlighting a high level of engagement, especially in the creation of student-generated questions.

Table 3
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Authenticity

Items Mean Interpretation

1. I enjoy taking part in an authentic and meaningful role in the

classroom such as acting as an engineer, mathematician, etc.

2. | want to engage in real work, real problems, and real questions

in the classroom like building a castle project by calculating the 3.86 Great Extent

volume of the entire castle.

3. I can produce an authentic scientific investigation with real

scientific findings using the given formula for my calculations.

4. | allow myself to personally connect to the project by creating

and using my personal experiences to build my own beliefs and

values like designing my own project preference (Ex. Castle

Project).

5. | can create products that have positive real impacts on my

school and real communities.

6. I see to it that I can connect to my classmate’s concerns,

interests, and identities in the classr};om. 3.76 Great Extent

7. 1 follow instructions on putting out a real project or product. 4.19 Great Extent
Overall Mean 3.84 Great Extent

3.67 Great Extent

3.83 Great Extent

3.83 Great Extent

3.72 Great Extent

Table 3 analyzes the extent of student engagement within the PBL framework for mathematics,
specifically emphasizing authenticity, with an overall mean score of 3.84, interpreted to mean GE. Overall,
the findings showed a generally consistent level of engagement across various aspects of authenticity.
Nicholas and Scribner (2021) examined a high school STEM project in the Midwestern US that
emphasized authenticity by involving local professionals as PBL designers and facilitators. The study
explored how students, teachers, and volunteers experienced this authenticity using a comprehensive
framework suited to Math in STEM PBL. By assuming real-world roles, students improved retention
through memorable experiences, though there remains potential to enhance enjoyment in these authentic
roles.
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Table 4
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Collaboration

Items Mean Interpretation

1. I can be counted on to join and stay interested in a project, even
if it moves away from what | am interested in.
2. | participate in group problem-solving with an open mind,
sharing thoughts and ideas without inhibiting the contributions of 3.93 Great Extent
others.
3. 1 am a good representative of the team and the work of my
group members when | am in other settings.
4. 1 know how to gauge my impact on the group and am routinely
aware of team dynamics. 3.99 Great Extent
5. | freely share ideas, information, and resources. 4.01 Great Extent
6. | enjoy_taklng §|gn|f|cant responsibility and working 394 Great Extent
collaboratively with my teachers and group mates.
7.1 worlg with my group mates by helping each other to grow 386 Great Extent
together in a collaborative environment.

Overall Mean 3.94 Great Extent

3.93 Great Extent

3.95 Great Extent

Table 6 provides an insightful view into how students engage with the mathematics PBL
framework, focusing on collaboration. The overall mean score stands at an encouraging 3.94, still
interpreted to mean GE. In summary, the high level of student engagement in collaboration within the PBL
framework suggests that students, on average, actively participate and value collaborative efforts in their
learning experiences. Riswaari and Bintoro (2020) highlighted the positive impact of the PBL model on
student engagement in mathematics, emphasizing the importance of active collaboration. This goes beyond
passive observation, requiring both psychological and physical participation. They stressed the need for
students to understand both theoretical and practical aspects of learning, with increased engagement in
applying knowledge to real-life scenarios leading to more effective learning outcomes.

Table 5
Student Engagement in PBL Approach in Mathematics in the PBL Essential of 21st Century Skills

Items Mean Interpretation

1. | prefer solving real-world challenges that draw connections
between modern skills and the changing world around us.

2. | feel comfortable applying learning skills that focus on areas
like critical thinking and creativity.

3. I believe that learning how to think critically will improve my
problem-solving, reasoning, and decision-making skills.

4. | can network more effectively and form stronger connections
with peers if | have strong social skills.

5. 1 am aware that | need to update my digital literacy to expand
my network and possibly create new opportunities.

6. | can make choices and judgments that help people see things
more clearly and lead to better answers.
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7. | can reflect critically on learning experiences and processes. 4.07 Great Extent
Overall Mean 3.98 Great Extent

Table 5 offers valuable insights into how students engage with the PBL framework in
mathematics, focusing specifically on their 21st Century Skills. The overall mean score is an encouraging
3.98, still interpreted to mean GE. Rehman et al. (2023) reported the importance of equipping students
with twenty-first-century skills, especially those pertaining to real-life problem-solving, in order to
maintain competitiveness within the contemporary global economy. Their study focused on implementing
PBL as an instructional tool for teaching mathematics at the primary level. Employing a convergent
mixed-methods approach, the research aimed to assess the impact of the PBL approach on enhancing
students’ twenty-first-century skills, including collaborative abilities, problem-solving aptitude, and critical
thinking proficiency.

Table 6
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Public Product

Items Mean Interpretation

1. | feel supported with all the knowledge required to complete
the task of my work project or my public product.

2. Presenting my public product to the “real world” and having
them critique my work is a proud moment.

3. | feel satisfied if my products will be presented for viewing or
will go public.

4. | feel that increasing my Extent of accountability and
engagement will ensure the completion of my project.

5. I thrive off of anything video-related projects such as vlogging,
making documentaries, creating video promotions, and music 3.56 Great Extent
videos.

6. | am open and enjoy listening to any project design and
management that suggests an improvement for my product.
7. | believe that comments and suggestions about my project

410 Great Extent

3.83 Great Extent

3.72 Great Extent

3.95 Great Extent

3.90 Great Extent

make learning stick at the end of my work and help me think 3.99 Great Extent
about what's working well and what's not during the process.
Overall Mean 3.86 Great Extent

Table 6 offers valuable insights into how students engage with the PBL framework in
mathematics, focusing specifically on their Public Products. The overall mean score is an encouraging
3.86, again interpreted to mean GE. All in all, the data reveals an overall positive level of student
engagement in creating and presenting public products within the PBL framework, as evidenced by the
'great extent' category of the overall mean score.

To Cubela et al. (2023), project-based learning environments exhibit distinct characteristics,
particularly in the aspect of students generating tangible products as responses to guiding questions. These
products, known as shared artifacts, serve as publicly accessible external representations of the class's
collective learning. Although problem-based learning is not the sole approach for tackling ill-structured
and complex problems in teaching, empirical evidence suggests its superiority over conventional
classroom teaching in terms of long-term retention, skill development, and overall satisfaction of both
students and teachers.
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Student Engagement in PBL Approach in Mathematics via Six PBL Essentials when Grouped by
Demographics

Table 7
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Driving Questions when
Grouped by Sex

Items Male Female
Mean Interpretation Mean Interpretation

1. I understand the driving question and

make small changes to improve the 4.19 Great Extent 4.07 Great Extent
quality of my project.

2. | organize and go beyond fact-finding

solutions to find the answers to my 3.80 Great Extent 3.81 Great Extent
driving questions.

3. | put effort into organizing central

problems or questions at the appropriate 3.98 Great Extent 4.11 Great Extent
Extent of challenge.

4. | enjoy open-ended questions because
they provide multiple possible answers.
5. 1 am aware of our student-friendly
language and clear criteria planners and 441 Great Extent 4.42 Great Extent
rubrics of the project.

6. | asked questions during class and
sought answers.

7 contrlbuted_to_ Class d|s_cu55|qns 3.70 Great Extent 3.63 Great Extent
based on the driving questions given.

Overall Mean 3.94 Great Extent 3.90 Great Extent

3.79 Great Extent 3.70 Great Extent

3.70 Great Extent 3.56 Great Extent

Table 7 provides valuable insights into how students, categorized by sex, engage with the PBL
framework in mathematics, particularly through driving questions. The overall mean score for male
students is 3.70, firmly within the GE category, while the overall mean score for female students is 3.56,
also falling within the GE category. In summary, the overall mean scores for both male and female
students suggest a generally positive level of engagement in addressing driving questions within the PBL
framework for both groups.

Sintema and Jita (2022) observed that both males and females demonstrated a positive inclination
toward engaging with driving questions within the PBL framework. In contrast, Mejia-Rodriguez et al.
(2021) asserted that, in numerous nations, including Zambia, boys typically display higher proficiency in
solving mathematical problems across various mathematical topics. Which starts with understanding the
given questions in a problem. Addressing the gender disparity in mathematical performance among
students, Dai et al. (2022) presented empirical findings indicating that the integration of games and
narratives that encourage students to create meaningful driving questions into mathematical activities tends
to facilitate the development of girls' problem-solving skills in mathematics.

Table 8
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Sustained Inquiry when
Grouped by Sex

Items Male Female
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Mean Interpretation Mean Interpretation

1. I am actively involved in an in-depth
process where | can generate questions,
find and use resources, ask further
guestions, and develop my answers.
2. | exert effort to pose questions and
gather academically rigorous and 3.67 Great Extent 3.65 Great Extent
challenging data.
3. I see to it that | can share, interpret
data, and develop and evaluate 3.80 Great Extent 3.95 Great Extent
solutions to the problem of the project.
4. | can provide the required evidence
for answers and ask further questionsto ~ 4.15 Great Extent 412 Great Extent
build a good outcome for my project.
5. 1 spend considerable time organizing
and creating student-generated questions  3.65 Great Extent 3.70 Great Extent
throughout the project.
6. | see to it that | will help formulate
and generate student-generated 3.74 Great Extent 3.72 Great Extent
questions throughout the project.
7. 1 undertake inquiry rigorously
because it provides multiple
opportunities and needs for Great-Extent
questioning.

Overall Mean 3.77  Great Extent  3.79 Great Extent

3.84 Great Extent 3.73 Great Extent

3.52 Great Extent 3.67 Great Extent

Table 8 provides insights into how students, grouped by sex, engage with the PBL framework in
mathematics, specifically through Sustained Inquiry. The overall mean score for male students is 3.77,
placing them within the GE category. Similarly, the overall mean score for female students is 3.79, also
falling within the GE category. The overall mean scores for both groups indicate a generally positive level
of engagement in Sustained Inquiry within the PBL framework. Jusra and Ramadhani (2022) highlighted
that gender exerts an influence on sustained inquiry and the self-efficacy of students in mathematical
problem-solving. The research indicated that students' inclination to invest effort in formulating questions
and collecting academically rigorous and challenging data for their projects is affected by their gender.
According to these studies, individuals, regardless of gender, who possess a heightened comprehension of
the problem, demonstrate the ability to share, interpret data, and formulate and assess solutions to project-
related issues tend to exhibit superior mathematical problem-solving abilities.

Table 9
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Authenticity when Grouped
by Sex

Items Male Female
Mean Interpretation Mean Interpretation

1. I enjoy taking part in an authentic and
meaningful role in the classroom such
as acting as an engineer, mathematician,
etc.
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2. | want to engage in real work, real

problems, and real questions in the

classroom like building a castle project 3.90 Great Extent 3.83 Great Extent
by calculating the volume of the entire
castle.

3. | can produce an authentic scientific
investigation with real scientific
findings using the given formula for my
calculations.

4. 1 allow myself to personally connect
to the project by creating and using my
personal experiences to build my own
beliefs and values like designing my
own project preference (Ex. Castle
Project).

5. | can create products that have
positive impacts on my school and real 3.72 Great Extent 3.72 Great Extent
communities.

6. | see to it that | can connect to my

classmate’s concerns, interests, and 3.72 Great Extent 3.80 Great Extent
identities in the classroom.

Lo InstuCtons ONPUTING 08 454 GreatExtent 414 Great Exte

Overall Mean 3.86 Great Extent 3.82 Great Extent

3.88 Great Extent 3.79 Great Extent

3.85 Great Extent 3.82 Great Extent

Table 9 offers intriguing insights into the engagement of students, categorized by gender, with the
PBL framework in mathematics focusing on authenticity. Both male and female students got mean scores
of 3.86 and 3.82, respectively, all categorized as GE. The overall mean scores for males and females are
quite close, indicating a consistent level of engagement between the two genders, particularly in terms of
authenticity. Riswari et al. (2020) placed emphasis on the significance of authenticity in educational
settings, particularly in fostering student engagement and learning and preparing them for prospective job
markets, notably in science and technology. The collaborative nature of group work within the PBL
framework is identified as a catalyst for optimizing students' problem-solving skills. Through this process,
students have the opportunity to empower, refine, test, and cultivate their cognitive abilities continuously.

Table 10
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Collaboration when
Grouped by Sex

Items Male Female
Mean Interpretation Mean Interpretation

1. I can be counted on to join and stay

interested in a project, even if it moves 3.94 Great Extent 3.92 Great Extent
away from what I'm interested in.

2. | participate in group problem-solving
with an open mind, sharing thoughts and
ideas without inhibiting the
contributions of others.

I@ ® \ This work is licensed under a Creative Commons Attribution 4.0 International License.
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3. 1 am a good representative of the team
and the work of my group members 3.94 Great Extent 3.96 Great Extent
when | am in other settings.
4. 1 know how to gauge my impact on
the group and am routinely aware of 3.99 Great Extent 3.99 Great Extent
team dynamics.
5. | freely share ideas, information, and
resources.
6. | enjoy taking significant
responsibility and working
collaboratively with my teachers and
group mates.
7. 1'work with my group mates by
helping each other to grow together in a 3.86 Great Extent 3.87 Great Extent
collaborative environment.

Overall Mean 3.94 GreatExtent 3.95 Great Extent

3.99 Great Extent 4,03 Great Extent

3.99 Great Extent 3.90 Great Extent

Table 10 offers a reflective glimpse into how students actively engage with the mathematics PBL
framework, specifically focusing on the critical aspect of collaboration. The males got an overall mean
score of 3.94, while the females got a slightly higher mean score of 3.95. The data implies a positive and
robust engagement of both male and female students with the Collaboration aspect of the PBL framework
in mathematics. Riswaari et al. (2020) studied 60 students, focusing on male students who excelled in open
collaboration and evaluating their group impact, showing strong team dynamics and responsibility. The
study highlights that all students, regardless of gender, benefit from understanding both the practical and
theoretical aspects of their studies. Reflecting on real-life applications deepens engagement and enhances
the learning experience. Both male and female students actively participate in collaborative learning,
working in small groups to solve problems and achieve goals, fostering problem-solving skills through
collective inquiry and solution-seeking.

Table 11
Student Engagement in PBL Approach in Mathematics in the PBL Essential of 21 Century Skills when
Grouped by Sex

Items Male Female
Mean Interpretation Mean Interpretation

1. | prefer solving real-world challenges

that draw connections between modern 3.87 Great Extent 3.87 Great Extent
skills and the changing world around us.

2. | feel comfortable applying learning

skills that focus on areas like critical 3.83 Great Extent 4.08 Great Extent
thinking and creativity.

3. I believe that learning how to think
critically will improve my problem-
solving, reasoning, and decision-making
skills.

4. | can network more effectively and
form stronger connections with peersif 1 3.83 Great Extent 4.11 Great Extent
have strong social skills.
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5. 1 am aware that | need to update my

digital literacy to expand my network 3.84 Great Extent 3.98 Great Extent
and possibly create new opportunities.

6. | can make choices and judgments that

help people see things more clearly and 3.88 Great Extent 4.03 Great Extent
lead to better answers.

7 can reflect critically on learming 3.99 Great Extent 4.13 Great Extent
experiences and processes.

Overall Mean 3.89 Great Extent 4.05 Great Extent

Table 11 offers insights into student engagement with the PBL framework in mathematics,
emphasizing 21st Century Skills. The aggregate mean score for males is 3.89, and for females, it is 4.05.
Though slightly different, both scores fall within the GE range. Overall, the data indicates that students,
irrespective of gender, generally embrace the development of 21st Century Skills within the PBL
framework in mathematics. Humairah's (2021) study found that female students showed higher
engagement and stronger 21st Century Skills in problem-solving compared to males, though gender
differences were not statistically significant for other variables. In mixed-sex schools, no significant
gender variations were observed, indicating that both male and female students are equally adept at
applying learning skills, building social connections, and addressing real-world challenges using
contemporary skills.

Table 12
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Public Product when
Grouped by Sex

Items Male Female
Mean Interpretation Mean Interpretation

1. | feel supported with all the
knowledge required to complete the task
of my work project or my public
product.

2. Presenting my public product to the
“real world” and having them critique 3.93 Great Extent 3.75 Great Extent
my work is a proud moment.

3. | feel satisfied if my products will be
presented for viewing or will go public.
4. | feel that increasing my Extent of
accountability and engagement will 3.83 Great Extent 4.04 Great Extent
ensure the completion of my project.

5. I thrive off of anything video-related

projects such as vlogging, making Moderate

documentaries, creating video 3.47 Extent 3.63 Great Extent
promotions, and music videos.

6. 1 am open and enjoy listening to any
project design and management that
suggests an improvement for my
product.

7. | believe that comments and
suggestions about my project make

I@ ® \ This work is licensed under a Creative Commons Attribution 4.0 International License.
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learning stick at the end of my work and
help me think about what's working well
and what's not during the process.
Overall Mean 3.82  Great Extent  3.90 Great Extent

Table 12 offers insights into sex-specific engagement with the PBL framework in mathematics,
focusing on the public product. Male students achieve an overall mean score of 3.82 (GE), and female
students score 3.90 (GE). The data shows that both genders demonstrate a positive involvement in the
public product dimension of PBL in mathematics. Umar and Ko (2022) reported that both genders exhibit
active engagement in the public product dimension of PBL within the realm of mathematics. This study
explored the repercussions of fostering a shared understanding of student learning by showcasing their
lesson output as a product and evaluating its effectiveness for students and classroom methodologies,
incorporating contemporary elements that bridge digital learning. The application of the public product, as
demonstrated in their learning experiences, serves as a means for students to apply acquired knowledge to
contexts beyond themselves. The significance lies in the product's meaningful impact on someone outside
the PBL group, extending beyond the immediate participants.

Table 13
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Driving Questions when
Grouped by Student Working Status

Items Working Not Working
Mean Interpretation Mean Interpretation

1. I understand the driving question and

make small changes to improve the 4.18 Great Extent 4.09 Great Extent
quality of my project.

2. | organize and go beyond fact-finding

solutions to find the answers to my 3.92 Great Extent 3.75 Great Extent
driving questions.

3. | put effort into organizing central

problems or questions at the appropriate 4.00 Great Extent 4.07 Great Extent
Extent of challenge.

4. | enjoy open-ended questions because
they provide multiple possible answers.
5. 1 am aware of our student-friendly
language and clear criteria planners and 4.38 Great Extent 4.43 Great Extent
rubrics of the project.

6. | asked questions during class and
sought answers.

71 contrlbuted.to_ class d|§cu55|9ns 3.77 Great Extent 3.60 Great Extent
based on the driving questions given.

Overall Mean 3.99 Great Extent 3.88 Great Extent

3.88 Great Extent 3.67 Great Extent

3.77 Great Extent 3.54 Great Extent

Table 13 provides valuable insights into how students, categorized by the students’ working status,
engage with the PBL framework in mathematics, particularly through driving questions. The overall mean
score for working students is 3.99, while the overall mean score for non-working students is 3.88, still
falling within the GE category. Mercer and Dornyei (2020) emphasized the crucial role of interpersonal
relationships in various aspects of learning. They underscored that positive connections with others
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significantly enhance individuals' enthusiasm for learning, contributing to sustained learning success and
bolstering self-confidence. Notably, the relationships between students and teachers, along with students'
perceptions of their educators, were highlighted as influential factors shaping students' engagement in
academic pursuits.

Table 14
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Sustained Inquiry when
Grouped by Student Working Status
Items Working Not Working
Mean Interpretation Mean Interpretation

1. I am actively involved in an in-depth
process where | can generate questions,
find and use resources, ask further
questions, and develop my answers.

2. | exert effort to pose questions and
gather academically rigorous and 3.68 Great Extent 3.65 Great Extent
challenging data.

3. I see to it that | can share, interpret

data, and develop and evaluate solutions 3.83 Great Extent 3.91 Great Extent
to the problem of the project.

4. | can provide the required evidence for

answers and ask further questions to 4.12 Great Extent 4.13 Great Extent
build a good outcome for my project.

5. 1 spend considerable time organizing

and creating student-generated questions 3.80 Great Extent 3.62 Great Extent
throughout the project.

6. | see to it that | will help formulate and

generate student-generated questions 3.80 Great Extent 3.69 Great Extent
throughout the project.

7. 1 undertake inquiry rigorously because

3.80 Great Extent 3.77 Great Extent

it provides multiple opportunities and 3.74 Great Extent 3.54 Great Extent
needs for Great-Extent questioning.
Overall Mean 3.82 Great Extent  3.76  Great Extent

Table 14 examines how students, based on their working status, participate in the PBL framework
in mathematics, focusing on sustained inquiry. Working students scored an overall mean of 3.82, and non-
working students scored 3.76, both falling within the GE category. The overall engagement in Table 14
depicts is high level of positive engagement with sustained inquiry in PBL framework for both working
and non-working students, especially on the ability to provide necessary evidence for their responses and
pose additional inquiries, enhancing the quality of project outcomes (item No. 4). Despite lower scores on
specific items, both working and non-working categories consistently fall within the 'Great Extent'
category, suggesting a generally high level of sustained inquiry engagement across the board. Lastly, the
differences in mean scores between working and non-working categories are relatively small, indicating
similar levels of engagement overall.

Mercer and Dornyei (2020) emphasized the noteworthy level of positive engagement observed
within the PBL framework, particularly regarding sustained inquiry in math classrooms. In math
classrooms, sustained inquiry through PBL encourages students to actively seek solutions to real-world
problems or complex mathematical challenges. By engaging in authentic problem-solving processes,
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students develop a deeper understanding of mathematical concepts and principles. This hands-on approach
allows them to apply theoretical knowledge to practical situations, making learning more meaningful and
relevant.

Table 15
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Authenticity when Grouped
by Student Working Status

Items Working Not Working
Mean Interpretation Mean Interpretation

1. I enjoy taking part in an authentic and
meaningful role in the classroom such as
acting as an engineer, mathematician,
etc.

2. | want to engage in real work, real
problems, and real questions in the
classroom like building a castle project 3.91 Great Extent 3.84 Great Extent
by calculating the volume of the entire
castle.

3. | can produce an authentic scientific
investigation with real scientific findings
using the given formula for my
calculations.

4. | allow myself to personally connect
to the project by creating and using my
personal experiences to build my own
beliefs and values like designing my
own project preference (Ex. Castle
Project).

5. | can create products that have
positive impacts on my school and real 3.77 Great Extent 3.69 Great Extent
communities.

6. | see to it that | can connect to my

classmate’s concerns, interests, and 3.75 Great Extent 3.77 Great Extent
identities in the classroom.

7. | follow instructions on putting outa 47 GreatExtent 419 Great Extent
real project or product.

Overall Mean 3.85 Great Extent 3.83 Great Extent

3.69 Great Extent 3.66 Great Extent

3.83 Great Extent 3.83 Great Extent

3.85 Great Extent 3.83 Great Extent

Table 15 examines student engagement with the PBL framework in mathematics, specifically in
authenticity, based on working status. The overall mean score for working students is 3.85, while for non-
working students it is 3.83. The overall mean scores for working (3.85) and non-working (3.83) students
fall within the GE category, indicating strong engagement. De Vivo (2022) highlighted key characteristics
of successful PBL programs, emphasizing that lessons should be driven by authentic student inquiries that
lead to meaningful driving questions. This approach allows students to explore issues beyond the
classroom, engaging with their community and the wider world. The focus on authenticity is reflected in
the strong involvement of both employed and unemployed students, demonstrating a positive response to
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real-world learning experiences. Ensuring the project’s authenticity and meaningful output is crucial for
maintaining student engagement and investment in their learning.

Table 16
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Collaboration when
Grouped by Student Working Status

Items Working Not Working
Mean Interpretation Mean Interpretation

1. I can be counted on to join and stay
interested in a project, even if it moves 3.95 Great Extent 3.92 Great Extent
away from what I'm interested in.
2. | participate in group problem-solving
with an open mind, sharing thoughts and
ideas without inhibiting the
contributions of others.
3. 1 am a good representative of the team
and the work of my group members 3.95 Great Extent 3.95 Great Extent
when | am in other settings.
4. 1 know how to gauge my impact on
the group and am routinely aware of 3.98 Great Extent 3.99 Great Extent
team dynamics.
5. | freely share ideas, information, and
resources.
6. | enjoy taking significant
responsibility and working
collaboratively with my teachers and
group mates.
7. 1'work with my group mates by
helping each other to grow together in a 3.91 Great Extent 3.84 Great Extent
collaborative environment.

Overall Mean 3.95 GreatExtent 3.94  Great Extent

3.94 Great Extent 3.93 Great Extent

3.94 Great Extent 4.04 Great Extent

3.94 Great Extent 3.94 Great Extent

Table 16 analyzes student engagement in the mathematics PBL framework, emphasizing student
collaboration when grouped by working status. The overall mean score is 3.95 for working students and
slightly lower at 3.94 for non-working students. The data indicates a positive and effective collaboration
within the PBL framework, with nuanced variations in specific aspects between working and non-working
students. Almulla's (2020) study emphasized the importance of responsiveness and collaboration in
education. Learning becomes a collaborative process where students and teachers negotiate ideas, allowing
teachers to share expertise across subjects. This teamwork fosters a shared discovery process, exploring
topics from diverse perspectives. Collaboration between teachers also leads to better outcomes, as peer
support enhances overall performance.

Table 17
Student Engagement in PBL Approach in Mathematics in the PBL Essential of 21% Century Skills when
Grouped by Student Working Status

Items Working Not Working

I@ ® \ This work is licensed under a Creative Commons Attribution 4.0 International License.
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Mean Interpretation Mean Interpretation
1. | prefer solving real-world challenges
that draw connections between modern 3.78 Great Extent 3.91 Great Extent
skills and the changing world around us.
2. | feel comfortable applying learning
skills that focus on areas like critical 3.97 Great Extent 3.97 Great Extent
thinking and creativity.
3. I believe that learning how to think
critically will improve my problem-
solving, reasoning, and decision-making
skills.
4. | can network more effectively and
form stronger connections with peersif I 3.97 Great Extent 3.99 Great Extent
have strong social skills.
5. 1 am aware that | need to update my
digital literacy to expand my network 3.92 Great Extent 3.92 Great Extent
and possibly create new opportunities.
6. | can make choices and judgments that
help people see things more clearly and 3.98 Great Extent 3.96 Great Extent
lead to better answers.
7.1 can reflect critically on learning 4.02 Great Extent 4.10 Great Extent
experiences and processes.

Overall Mean 3.95 Great Extent 4.00 Great Extent

4.05 Great Extent 4.15 Great Extent

Table 17 provides insight into student engagement with the mathematics PBL framework,
emphasizing 21st Century Skills when grouped by working status. The overall mean score is 3.95 for
working students and slightly higher at 4.00 for non-working students. The high overall mean scores imply
a positive orientation towards 21st Century Skills development in the PBL framework for both working
and non-working students. Yang et al. (2021) reported how PBL has gained global recognition as a viable
alternative to traditional teacher-centered education, prioritizing hands-on, collaborative approaches while
integrating 21st-century skills and inquiry-based learning activities. Previous research suggests that PBL
effectively enhances student learning, engagement, and academic performance across various disciplines,
such as mathematics and science. For instance, Paryanto et al. (2023) demonstrated that PBL positively
impacted student achievement and attitudes toward learning in engineering education.

Table 18
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Public Product when
Grouped by Student Working Status

Items Working Not Working
Mean Interpretation Mean Interpretation

1. | feel supported with all the
knowledge required to complete the task
of my work project or my public
product.

2. Presenting my public product to the
“real world” and having them critique 3.95 Great Extent 3.77 Great Extent
my work is a proud moment.
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3. | feel satisfied if my products will be
presented for viewing or will go public.
4. | feel that increasing my Extent of
accountability and engagement will 3.86 Great Extent 3.99 Great Extent
ensure the completion of my project.
5. I thrive off of anything video-related
projects such as vlogging, making
documentaries, creating video
promotions, and music videos.
6. 1 am open and enjoy listening to any
project design and management that
suggests an improvement for my
product.
7. | believe that comments and
suggestions about my project make
learning stick at the end of my work and  3.95 Great Extent 4.01 Great Extent
help me think about what's working well
and what's not during the process.

Overall Mean 3.89  Great Extent 3.85 Great Extent

3.86 Great Extent 3.65 Great Extent

3.49 Great Extent 3.59 Great Extent

4.03 Great Extent 3.84 Great Extent

Table 18 offers a glimpse into how students, grouped according to their working status, actively
engage with the mathematics PBL framework, focusing specifically on their Public Products. The overall
mean score for the working category is 3.89 and 3.85 for the non-working category. The data implies
positive engagement and a strong commitment to public products within the PBL framework for both
working and non-working students.

Anggito et al. (2021) support this study, indicating that creating public products such as video
PBL stimulates students' eagerness to learn. Likewise, Lugiati (2020) highlighted how video PBL
enhances student learning outcomes. Videos condense lengthy events into concise, dense presentations
aided by visual and auditory elements that enable revisiting and deeper understanding of the content.
Moreover, the application of video-assisted PBL extends beyond high schools to elementary levels, aiming
to boost artistic creativity among young learners (Handayani & Dian, 2021). Recognizing the need for
improved student learning outcomes and enhanced critical thinking skills, project-based learning emerges
as a promising approach. PBL fosters active engagement and collaborative problem-solving, encouraging
higher-order thinking skills.

Table 19
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Driving Questions when
Grouped by Parents’ Education

Items LEA HEA
Mean Interpretation Mean Interpretation

1. I understand the driving question and

make small changes to improve the 4.06 Great Extent 4.19 Great Extent
quality of my project.

2. | organize and go beyond fact-finding

solutions to find the answers to my 3.69 Great Extent 3.93 Great Extent
driving questions.
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3. | put effort into organizing central
problems or questions at the appropriate ~ 3.97 Great Extent 4.13 Great Extent
Extent of challenge.

4. | enjoy open-ended questions because
they provide multiple possible answers.
5. 1 am aware of our student-friendly

3.74 Great Extent 3.74 Great Extent

language and clear criteria planners and 4.27 Great Extent 4.56 Very Great
. . Extent

rubrics of the project.

6. | asked questions during class and 3.45 Moderate 379 Great Extent

sought answers. Extent

7.1 contrlbuted_to_ class dls_cu55|qns 3.57 Great Extent 3.75 Great Extent
based on the driving gquestions given.

Overall Mean 3.82 Great Extent 4.01 Great Extent

Table 19 provides valuable insights into how students, categorized by their parents’ education,
engage with the PBL framework in mathematics, particularly through driving questions. The overall mean
score for the lower educational attainment (LEA) group is 3.82, while the overall mean score for the higher
educational attainment (HEA) group is 4.01, falling within the 'great extent' category. In summary, the data
suggests that students with parents having HEA, on average, demonstrate a slightly elevated level of
engagement with the PBL framework in mathematics. Amerstorfer and Von Munster-Kistner (2021)
emphasize various strategies that teachers can employ to enhance students' academic engagement. The
study reveals that academic engagement is closely intertwined with affective factors that impact students
both individually (such as motivation and enjoyment) and as part of a team (including team spirit and
concerns about social status). Moreover, parental support at home also plays a significant role in
influencing student engagement.

Table 20
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Sustained Inquiry when
Grouped by Parents’ Education

Items LEA HEA
Mean Interpretation Mean Interpretation

1. I am actively involved in an in-depth
process where | can generate questions,
find and use resources, ask further
questions, and develop my answers.

2. | exert effort to pose questions and
gather academically rigorous and 3.53 Great Extent 3.79 Great Extent
challenging data.

3. I see to it that | can share, interpret

data, and develop and evaluate solutions 3.73 Great Extent 4.05 Great Extent
to the problem of the project.

4. | can provide the required evidence for

answers and ask further questions to 3.98 Great Extent 4.29 Great Extent
build a good outcome for my project.

5. | spend considerable time organizing

and creating studentgenerated questions 3.54 Great Extent 3.82 Great Extent
throughout the project.
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6. | see to it that | will help formulate
and generate student-generated questions  3.55 Great Extent 3.92 Great Extent
throughout the project.

7. 1 undertake inquiry rigorously because Moderate

it provides multiple opportunities and 3.47 E 3.75 Great Extent
. xtent
needs for Great-Extent questioning.
Overall Mean 3.63 GreatExtent 3.94  Great Extent

Table 20 provides valuable insights into how students, grouped by their parents’ education, engage
with the PBL framework in mathematics, specifically through sustained inquiry. The overall mean score
for the LEA group is 3.63. Similarly, the overall mean score for the HEA group is 3.94. In their study,
Zerovnik and Serbec (2021) underscored the critical elements of successful PBL implementation,
emphasizing the importance of adhering to key project design principles. These include initiating projects
with challenging problems or questions formulated by students or groups and providing ample time for
sustained inquiry, during which students can inquire, explore, research, and engage with materials
meaningfully.

It is emphasized that while all PBL teachers should incorporate inquiry-based methods into their
teaching, the implementation may vary across different grade levels, subject areas, and types of projects.
Engaging in sustained inquiry enables students to interact with the world through a lens of curiosity.
Through inquiry-based projects, students develop the ability to pose meaningful questions and the agency
to effectively seek answers to those questions. Moreover, sustained inquiry facilitates the retention of
content and skills, as students actively seek and co-construct knowledge, rather than passively receiving it.

Table 21
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Authenticity Questions
when Grouped by Parents’ Education

Items LEA HEA
Mean Interpretation Mean Interpretation

1. I enjoy taking part in an authentic and
meaningful role in the classroom, such
as acting as an engineer, mathematician,
etc.

2. | want to engage in real work, real
problems, and real questions in the
classroom, like building a castle project 3.72 Great Extent 4.01 Great Extent
by calculating the volume of the entire
castle.

3. I can produce an authentic scientific
investigation with real scientific findings
using the given formula for my
calculations.

4. | allow myself to personally connect
to the project by creating and using my
personal experiences to build my own 3.60 Great Extent 4.08 Great Extent
beliefs and values like designing my

project preference (Ex. Castle Project).
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5. | can create products that have
positive real impacts on my school and 3.49 Great Extent 3.96 Great Extent
real communities.
6. | see to it that | can connect to my
classmate’s concerns, interests, and 3.52 Great Extent 4,02 Great Extent
identities in the classroom.
[ foIIc_)w Instructions on putting out a 3.92 Great Extent 4.46 Great Extent
real project or product.
Overall Mean 3.63 GreatExtent 4.06 Great Extent
Table 21 offers insights into how students, grouped by their parents’ education, engage with the
PBL framework in mathematics, focusing on authenticity. The overall mean score for the LEA group is
3.63 and 4.06 for the HEA group, placing them both within the GE category. These figures indicate a
generally consistent and positive engagement with authenticity in the PBL framework for both groups.
MckKibben and Murphy (2021) conducted a quasi-experimental study to examine the impact of project
authenticity in PBL on student achievement. Their findings revealed that authenticity significantly
contributed to students' educational progress. When projects are designed with authenticity as a focal
point, students become deeply engaged in learning with a sense of purpose.

Table 22
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Collaboration when
Grouped by Parents’ Education

Items LEA HEA
Mean Interpretation Mean Interpretation

1. I can be counted on to join and stay
interested in a project, even if it moves 3.73 Great Extent 4.14 Great Extent
away from what I'm interested in.
2. | participate in group problem-solving
with an open mind, sharing thoughts and
ideas without inhibiting the contributions
of others.
3. l'am a good representative of the team
and the work of my group members 3.79 Great Extent 411 Great Extent
when | am in other settings.
4. 1 know how to gauge my impact on the
group and am routinely aware of team 3.77 Great Extent 4.22 Great Extent
dynamics.
5. | freely share ideas, information, and
resources.
6. | enjoy taking significant
responsibility and working
collaboratively with my teachers and
group mates.
7. 1 work with my group mates by
helping each other to grow together in a 3.65 Great Extent 4.09 Great Extent
collaborative environment.

Overall Mean 3.74 Great Extent  4.16 Great Extent

I@ ® \ This work is licensed under a Creative Commons Attribution 4.0 International License.
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Table 22 offers insights into how students, grouped by their parents’ education, engage with the
PBL framework in mathematics, looking closely at the critical aspect of collaboration. The overall mean
score for the LEA group is 3.74 and 4.16 for the HEA group, placing them both within the GE category.
Overall, results from both groups show that students, regardless of their parents’ education, generally
engage well in collaboration, as indicated by the GE results for both groups. Hussein (2021) conducted a
gualitative analysis of 67 reflective reports from students participating in an engineering education project-
based learning assignment. The findings reveal that challenges in collaboration often stem from conflicts
over priorities among students and uncertainty surrounding project assignments. While collaboration is a
fundamental aspect of the PBL process, its benefits are frequently overlooked in discussions.

Table 23
Student Engagement in PBL Approach in Mathematics in the PBL Essential of 21% Century Skills
Questions when Grouped by Parents’ Education
Items LEA HEA
Mean Interpretation Mean Interpretation

1. | prefer solving real-world challenges

that draw connections between modern 3.71 Great Extent 4.04 Great Extent
skills and the changing world.

2. | feel comfortable applying learning

skills that focus on areas like critical 3.74 Great Extent 4.22 Great Extent
thinking and creativity.

3. | believe that learning how to think
critically will improve my problem-
solving, reasoning, and decision-making
skills.

4. | can network more effectively and
form stronger connections with peersif | ~ 3.77 Great Extent 4.21 Great Extent
have strong social skills.

5. 1 am aware that | need to update my

digital literacy to expand my network 3.82 Great Extent 4.02 Great Extent
and possibly create new opportunities.

6. | can make choices and judgments that

help people see things more clearly and 3.76 Great Extent 4.18 Great Extent
lead to better answers.

7 can reflect critically on leaming 3.82 Great Extent 4.33 Great Extent
experiences and processes.

Overall Mean 3.78 Great Extent 4.20 Great Extent

3.85 Great Extent 4.39 Great Extent

Table 23 offers valuable insights into how students engage with the PBL framework in
mathematics, focusing specifically on their 21st Century Skills when grouped according to their parents’
education. The overall mean score for the LEA group is an encouraging 3.78, while the overall mean score
for the HEA group is a whopping 4.20. Students exhibit robust engagement with 21st Century Skills in the
PBL framework in mathematics, with their overall mean scores falling within the GE category. Carrio et
al.’s study (2020) revealed that in interdisciplinary PBL courses, students and tutors perceived more
significant improvement in 21st-century skills and found PBL more beneficial, leading to higher overall
satisfaction with the course. There was a notable correlation between the acquisition of generic and 21st-
century research skills and the perceived usefulness of PBL, especially in terms of student engagement and
overall satisfaction with the learning experience.

I@ ® \ This work is licensed under a Creative Commons Attribution 4.0 International License.
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Table 24
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Public Product Questions
when Grouped by Parents’ Education

Items LEA HEA
Mean Interpretation Mean Interpretation

1. | feel supported with all the knowledge

required to complete the task of my work  3.84 Great Extent 4.36 Great Extent
project or my public product.

2. Presenting my public product to the

“real world” and having them critique 3.74 Great Extent 3.93 Great Extent
my work is a proud moment.

3. | feel satisfied if my products will be
presented for viewing or will go public.
4. | feel that increasing my extent of
accountability and engagement will 3.76 Great Extent 4.14 Great Extent
ensure the completion of my project.

5. | thrive off of anything video-related

projects such as vlogging, making Moderate

documentaries, creating video 3.45 Extent 3.67 Great Extent
promotions, and music videos.

6. | am open and enjoy listening to any
project design and management that
suggests an improvement for my
product.

7. | believe that comments and
suggestions about my project make
learning stick at the end of my work and
help me think about what's working well
and what's not during the process.

3.64 Great Extent 3.80 Great Extent

3.75 Great Extent 4.06 Great Extent

3.85 Great Extent 4,14 Great Extent

Overall Mean 3.72 Great Extent 4.02 Great Extent

Table 24 offers valuable insights into how students engage with the PBL framework in
mathematics, focusing specifically on the students’ Public Products when grouped according to their
parents’ educational attainment. The overall mean score for the LEA group is 3.72 and 4.02 for the HEA
group. The overall mean scores indicate positive engagement for both LEA (3.72) and HEA (4.02) groups,
falling within the 'great extent' category. The result was supported by Potvin et al. (2022), focusing on the
facilitative factors for scaling high-quality project-based learning (PBL), aiming to comprehend the
dynamics influencing the dissemination, sustainability, and transformative potential of PBL within
schools. The research delves into the engagement observed in a 9th-grade English Language Arts (ELA)
study, examining the process and outcomes of deepening pedagogical practices.

Table 25

Student Engagement in PBL Approach in Mathematics in the PBL Essential of Driving Questions when
Grouped by Section

I@ ® \ This work is licensed under a Creative Commons Attribution 4.0 International License.
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Items Regular Honors
Mea
n

Mean Interpretation Interpretation

1. I understand the driving question and

make small changes to improve the 4.04 Great Extent 4.23 Great Extent
quality of my project.

2. | organize and go beyond fact-finding

solutions to find the answers to my 3.75 Great Extent 3.88 Great Extent
driving questions.

3. | put effort into organizing central

problems or questions at the appropriate ~ 3.88 Great Extent 4.26 Great Extent
extent of the challenge.

4. | enjoy open-ended questions because
they provide multiple possible answers.
5. 1 am aware of our student-friendly
language and clear criteria plannersand ~ 4.21 Great Extent 4.67
rubrics of the project.

6. | asked questions during class and
sought answers.

7. | contributed to class discussions
based on the driving questions given, 3.66 Great Extent 3.66 Great Extent

Overall Mean 3.83 Great Extent 4.02 Great Extent

3.72 Great Extent 3.76 Great Extent

Very Great
Extent

3.54 Great Extent 3.72 Great Extent

Table 25 provides valuable insights into how students, categorized by section, engage with the
PBL framework in mathematics, mainly through driving questions. The overall mean score for students in
regular classes is 3.83 and 4.02 for students in honors classes. When summarized, the overall mean scores
indicate a strong and positive engagement for both regular and honors classes, with both scores falling
within the 'great extent' category.

Shin et al. (2021) proposed a PBL framework to develop computational thinking through
modeling. At its core, it is a driving question designed around a real-world, ill-defined problem that directs
students' exploration of key concepts and principles. This question structures learning activities, connects
students to scientific content and practices, and ensures coherence throughout the process. Students engage
with the central phenomenon, collaboratively investigate the driving question, and generate further
inquiries to deepen their understanding.

Table 26
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Sustained Inquiry when
Grouped by Section

Items Regular Honors
Mean Interpretation Mean Interpretation

1. I am actively involved in an in-depth
process where | can generate questions,
find and use resources, ask further
questions, and develop my answers.

2. | exert effort to pose questions and Moderate

gather academically rigorous and 3.47 Extent 3.90 Great Extent
challenging data.

I@ ® \ This work is licensed under a Creative Commons Attribution 4.0 International License.
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3. I see to it that | can share, interpret

data, and develop and evaluate solutions  3.78 Great Extent 4.01 Great Extent
to the problem of the project.

4. | can provide the required evidence

for answers and ask further questions to 3.90 Great Extent 4.42 Great Extent
build a good outcome for my project.

5. | spend considerable time organizing

and creating studentgenerated questions ~ 3.55 Great Extent 3.84 Great Extent
throughout the project.

6. | see to it that | will help formulate

and generate student-generated 3.63 Great Extent 3.85 Great Extent
guestions throughout the project.

7. 1 undertake inquiry rigorously

because it provides multiple Moderate
opportunities and needs for Great-Extent 341 Extent 3.85 Great Extent
guestioning.

Overall Mean 3.62 Great Extent 3.99 Great Extent

Table 26 highlights how students, grouped by section, engage in sustained inquiry within the PBL
framework in mathematics, with average scores of 3.62 for regular students and 3.99 for honors students.
This indicates active engagement by both groups. Radware Bot Manager Captcha (2020) highlights that
inquiry-based methods empower students to take ownership of their learning by collaborating on projects
aligned with their interests. The study aims to improve drawing proficiency through a flipped classroom
strategy within PBL, using e-learning materials to support knowledge acquisition and real-world
application. Students actively engage by evaluating prior knowledge, identifying learning gaps, and, with
teacher guidance, creating personalized learning paths that foster creativity and innovation in solving real-
world problems (Larmer, Mergendoller, & Boss, 2015).

Table 27
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Authenticity when Grouped
by Section

Items Regular Honors
Mean Interpretation Mean Interpretation

1. I enjoy taking part in an authentic

and meanmgful role in t_he classroom, 345 Moderate 3.95 Great Extent
such as acting as an engineer, Extent

mathematician, etc.

2. | want to engage in real work, real

problems, and fundamental questions

in the classroom, like building a castle  3.53 Great Extent 427 Great Extent
project by calculating the volume of
the entire castle.

3. I can produce an authentic
scientific investigation with real
scientific findings using the given
formula for my calculations.
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4. | allow myself to personally
connect to the project by creating and
using my personal experiences to
build my own beliefs and values like
designing my own project preference
(Ex. Castle Project).
5. I can create products that have
positive real impacts on my school 3.51 Great Extent 3.98 Great Extent
and real communities.
6. | see to it that | can connect to my

, . Moderate
classmate’s concerns, interests, and 3.47 414 Great Extent

3.59 Great Extent 4,15 Great Extent

) . Extent

identities in the classroom.

7.1 foIIovy instructions on putting out 3901 Great Extent 453 Very Great

a real project or product. Extent
Overall Mean 3.58 Great Extent 4.16 Great Extent

Table 27 offers intriguing insights into the engagement of students, categorized by section, with
the PBL framework in mathematics focusing on authenticity. Among students in regular classes, the
overall mean score stands at 3.58, placing them in the 'great extent' category. Similarly, for students in
honor classes, the overall mean score is 4.16, also aligning within the 'great extent' category. In summary,
students in both regular and honors groups demonstrate a high level of engagement with authenticity
within the PBL framework. Postlethwait (2023) explored whether high school students' attitudes toward
mathematics improve in a PBL environment, focusing on engagement. The study found that students value
classwork connected to their personal experiences and real-world relevance, aligning with Almarode's
(2019) findings. However, it was inconclusive whether PBL participation positively impacted attitudes
toward mathematics when accounting for pretest scores. Literature indicates that students benefit from
projects fostering critical thinking and authentic, relatable contexts, with evidence suggesting performance
improvements through this approach.

Table 28
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Collaboration when
Grouped by Section

Items Regular Honors
Mean Interpretation Mean Interpretation

1. I can be counted on to join and stay

interested in a project, even if it moves 3.65 Great Extent 4.28 Great Extent
away from what I'm interested in.

2. | participate in group problem-solving
with an open mind, sharing thoughts and
ideas without inhibiting the
contributions of others.

3. 1 am a good representative of the team
and the work of my group members 3.77 Great Extent 4.18 Great Extent
when | am in other settings.
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4. 1 know how to gauge my impact on
the group and am routinely aware of 3.79 Great Extent 4.24 Great Extent
team dynamics.
5. | freely share ideas, information, and
resources.
6. | enjoy taking significant
responsibility and working
collaboratively with my teachers and
group mates.
7. 1 work with my group mates by
helping each other to grow together in a 3.65 Great Extent 4.14 Great Extent
collaborative environment.

Overall Mean 3.71  GreatExtent 424  Great Extent

3.76 Great Extent 433 Great Extent

3.64 Great Extent 4,32 Great Extent

Table 28 offers a glimpse into how students actively engage with the mathematics PBL
framework, specifically focusing on the critical aspect of collaboration when grouped according to section.
The overall mean score is 3.71 for the regular group and 4.24 for the honors group. The overall mean
scores for both regular and honors groups indicate a high level of engagement in collaboration within the
mathematics PBL framework. Rizkiyah et al.'s (2020) study yielded the following conclusions: a) The
PBL model with the STEM approach positively influences students' collaborative skills, and b) The PBL
model with the STEM approach positively impacts student learning outcomes if they work collaboratively
among peers. Furthermore, another study posited that students thrive academically and socially in a PBL
environment when they work collaboratively.

Table 29
Student Engagement in PBL Approach in Mathematics in the PBL Essential of 21% Century Skills when
Grouped by Section

Items Regular Honors
Mean Interpretation Mean Interpretation

1. | prefer solving real-world challenges

that draw connections between modern 3.65 Great Extent 4.15 Great Extent
skills and the changing world around us.

2. | feel comfortable applying learning

skills that focus on areas like critical 3.72 Great Extent 4.28 Great Extent
thinking and creativity.

3. | believe that learning how to think
critically will improve my problem-
solving, reasoning, and decision-making
skills.

4. | can network more effectively and
form stronger connections with peersif I 3.80 Great Extent 4.22 Great Extent
have strong social skills.

5. 1 am aware that | need to update my

digital literacy to expand my network 3.74 Great Extent 4.15 Great Extent
and possibly create new opportunities.
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6. | can make choices and judgments that

help people see things more clearly and 3.76 Great Extent 4.23 Great Extent
lead to better answers.

7 can reflect critically on learming 3.77 Great Extent 4.44 Great Extent
experiences and processes.

Overall Mean 3.76 Great Extent 4.27 Great Extent

Table 31 offers valuable insights into how students engage with the PBL framework in
mathematics, focusing specifically on their 21st Century Skills when grouped according to section. The
overall mean score for those taking regular classes is 3.76 while those taking honors classes is 4.27. Both
regular and honors groups demonstrated a high level of engagement in 21st Century Skills within the PBL
framework with both mean scores falling under the GE category. Permata et al. (2022) studied the impact
of project-based learning (PBL) on enhancing students' 21st-century skills and fostering engagement.
Survey results showed that class projects significantly improved life skills (97.1%), learning skills
(95.6%), and literacy skills (88.3%), with each skill category exceeding a 50% satisfaction rate. This
indicates that students gain substantial experience in these areas through classroom projects.

Table 30
Student Engagement in PBL Approach in Mathematics in the PBL Essential of Driving Questions when
Grouped by Section

Items Regular Honors
Mean Interpretation Mean Interpretation

1. | feel supported with all the
knowledge required to complete the task
of my work project or my public
product.

2. Presenting my public product to the
“real world” and having them critique 3.65 Great Extent 4.06 Great Extent
my work is a proud moment.

3. | feel satisfied if my products will be
presented for viewing or will go public.
4. | feel that increasing my extent of
accountability and engagement will 3.72 Great Extent 4.24 Great Extent
ensure the completion of my project.

5. | thrive off of anything video-related
projects such as vlogging, making
documentaries, creating video
promotions, and music videos.

6. 1 am open and enjoy listening to any
project design and management that
suggests an improvement for my
product.

7. | believe that comments and
suggestions about my project make
learning stick at the end of my workand ~ 3.77 Great Extent 4.28 Great Extent
help me think about what's working well

and what's not during the process.
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Overall Mean 3.67 Great Extent 4.11 Great Extent

Table 30 offers valuable insights into how students engage with the PBL framework in
mathematics, focusing specifically on the students’ Public Products when grouped according to section.
The overall mean score for the regular group is 3.67 and 4.11 for the honors group. Junisbayeva (2020)
conducted a comprehensive review of literature and analysis focusing on PBL in foreign language
education and its impact on critical thinking skills. The study delved into the main concepts, key
components, and the learning process inherent within PBL. Results revealed a consensus among
researchers that PBL serves as a method to enhance critical thinking skills. Most scholars emphasized the
importance of analytical, reflective, evaluative, and creative abilities, along with the capacity to present as
a "Public Product™ and have a critique of public outputs, as integral elements of the critical thinking
improvement process within PBL.

Comparative Analysis in the Extent of the Student Engagement in PBL Approach in Mathematics in
Six PBL Essentials and Demographics

Table 31
Difference in the Extent of Student Engagement in PBL Approach in Mathematics in the PBL Essential of
Driving Questions when Grouped according to Demographics

Categor Mean Mann Sig
Demographics N Rank Whgney p-value level Interpretation
Male 86  102.94 .
Sex Female 113 9777 4606.500 0.529 Not Significant
Working 65 106.95
Student Working  Not .
Status Workiin 134 96.63 3903.000 0.234 Not Significant
g 0.05
Parents' Lower 102 91.95 -
Education Higher 97 10847 4125500 0.043 Significant
Section Regular 111 94.15 = \»20 000 0.107 Not Significant

Honors 88  107.38

The analysis in Table 31 reveals a significant relationship between parents' education and student
engagement in Problem-Based Learning (PBL) Mathematics, with a p-value of 0.043. This indicates that
students with more educated parents tend to be more engaged in PBL Mathematics. Several factors
contribute to this relationship: highly educated parents are more likely to be involved in their children's
education, creating a supportive environment that encourages active engagement with PBL activities
(Hernandez-Padilla et al., 2023). Additionally, families with higher socioeconomic status have access to
more educational resources, such as materials, technology, and extracurricular activities, which enhance
students' ability to engage effectively with PBL tasks (Hernandez-Padilla et al., 2023). Furthermore,
educated parents possess cultural capital, including valued knowledge and norms, which helps students
navigate educational systems and engage more deeply with learning (Bourdieu, 1986). These factors
collectively support the notion that higher parental education levels positively influence student
engagement in PBL Mathematics.

Table 32

I@ ® \ This work is licensed under a Creative Commons Attribution 4.0 International License.
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Difference in the Extent of Student Engagement in PBL Approach in Mathematics in the PBL Essential of
Sustained Inquiry when Grouped by Demographics

Categor Mean Mann Si
Variable g N Whitney p-value g Interpretation
y Rank U level
Male 86 98.84 N
Sex Female 113 100.88 4759.500 0.804 Not Significant
. Working 65  104.47
Student Working A
Status Not _ 134 9783 4064.500 0.445 Not Significant
Working 0.05
Parents' Lower 102  89.05 L
- 3830.500  0.006 Significant
Education Higher 97 1151 g
Section Regular 111 83.20 5000 600 0,003 Significant

Honors 88 113.63

Table 32 analyzes student engagement in the PBL approach to Mathematics, focusing on sustained
inquiry across four demographic groupings. The p-values for sex (0.804) and student working status
(0.445) are above 0.05, indicating no significant impact on engagement. However, the p-values for parents'
education (0.006) and section (0.003) are below 0.05, signifying a significant influence on student
engagement.

The same table further explores the statistical significance of these variables in relation to student
engagement. It confirms that parents' education and section have a notable effect, while sex and student
working status do not. This suggests that factors like parental education and section play a critical role in
shaping engagement in the PBL approach to Mathematics. Davis-Kean et al. (2021) support these findings,
highlighting socioeconomic status (SES) as a key predictor of academic performance and engagement.
Their study shows that parental educational attainment, a key aspect of SES, significantly influences
children's academic outcomes and the educational disparities that persist across generations.

Table 33
Difference in the Extent of Student Engagement in PBL Approach in Mathematics in the PBL Essential of
Authenticity when Grouped by Demographics

Mean Mann Si
Demographics  Category N Whitney p-value g Interpretation
Rank U leve
Male 86 101.41 N
Sex Female 113 9968 4737.500 0.762 Not Significant
. Working 65 100.38
St“degia\ﬁ‘s’rk'”g Not 134 gggy 4330500 0949 Not Significant
Working ' 0.05
Parents' Lower 102 86.44 .
Education Higher 97  114.26 3564.000  0.001 Significant
Section Regular 111 83.56 = 3300500  0.000 Significant

Honors 88 120.73
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Table 33 analyzes student engagement in Mathematics through the PBL approach, focusing on
authenticity. The p-values for sex (0.762) and student working status (0.949) are above 0.05, showing no
significant impact on engagement. However, parents' education (0.001) and section (0.000) are below 0.05,
indicating these factors significantly influence student engagement. These findings highlight the
importance of parental education and academic section in shaping engagement while sex and working
status have no significant effect. Almulla (2020) supports this, showing that PBL enhances student
engagement by fostering collaboration, understanding, and authentic learning. His study also found a link
between higher parental education and improved student engagement, underlining the role of parental

education in academic success and well-being.

Table 34

Difference in the Extent of Student Engagement in PBL Approach in Mathematics in the PBL Essential of
Collaboration when Grouped according to Demographics

Demographic Mean Mann - Si
grap Category N Whitney P 9. Interpretation
S Rank U value level
. Male 86  100.42 -
Sex at Birth Fernale 113 9968 4823.000 0.929 Not Significant
Student Working 65  103.60
Working Not 4121.000 0.538 Not Significant
Status Working 134 9825 0.05
Parents' Lower 102  86.88 L
Education Higher 97  113.79 3609.000 0.001 Significant
. Regular 111 84.48 .
Section Honors 88 11958 3161.000  0.000 Significant

The results in Table 34 illustrate that student section (p = 0.000) and parental education (p =
0.001) have significant impacts on participation in Problem-Based Learning (PBL) Mathematics, whereas
gender and working status are not significant (p > 0.05). This is in agreement with research showing that
higher levels of parental education are associated with increased access to educational resources and
engagement (e.g., establishing supportive learning climates and providing means such as math problem-
solving software), which enhances students' ability to interact with PBL activities. Collaborative dynamics
of PBL, as emphasized by Makkonen et al. (2021), also increase participation by fostering peer-to-peer
interaction and collective problem-solving, which enhance both cognitive knowledge and socioemotional
capabilities. Their research on talented physics students revealed that the PBL focus on autonomy and
collaboration provoked interest and engagement, although learning outcomes were similar to those of
traditional approaches. Likewise, studies on PBL in mathematics highlight its capacity to ground abstract
principles in real-world contexts, engaging curiosity and enthusiasm for the subject through collaborative
learning structures. These aggregate results indicate that PBL's collaborative framework, paired with
supportive academic and familial contexts, motivates genuine engagement in math education.

Table 35

Difference in the Extent of Student Engagement in PBL Approach in Mathematics in the PBL Essential of

21% Century Skills when Grouped according to Demographics
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Mean Mann p- Sig
Demographics Category N Rank Whlljney value  level Interpretation
. Male 86 94.52 A
Sex at Birth Female 113 10417 4387.500 0.240 Not Significant
Student Working 65 100.25
Working Not 4338.500 0.965 Not Significant
Status Working 134 99.88 0.05
Parents  Lower 102 86.25 45/ 500 0001 Significant
Education  Higher 97 114.46
Section ~ Regular 1118460 40, 505 6000 Significant

Honors 88 119.43

Table 35 compares student engagement in Mathematics through the PBL framework, specifically
focusing on 21st Century Skills. The analysis shows that variables such as gender (0.240) and student
working status (0.965) have no statistical significance, while parents' education (0.001) and student section
(0.000) are significant. These findings highlight the influence of parental education and student section on
engagement and the development of 21st Century Skills within PBL.

This underscores the importance of considering these factors when implementing PBL to enhance
student involvement and outcomes in Mathematics education. Tailoring interventions to account for
demographic and contextual differences is crucial, particularly for fostering 21st Century Skills. Rehman
et al. (2023) studied PBL's impact on primary students' 21st Century skills, focusing on collaboration,
critical thinking, and engagement. Their findings showed that PBL significantly improved these skills,
supporting its efficacy in preparing students for modern challenges. The study emphasizes the importance
of PBL in developing essential skills like problem-solving and communication for the 21st century.

Table 36
Difference in the Extent of Student Engagement in PBL Approach in Mathematics in the PBL Essential of
Public Product when Grouped according to Demographics

Mann

Demographics  Category N '\I_\flaeﬁlr(] Whli}ney vzfl_ue Iii/gél Interpretation
Sex :l/‘la ?TIIZIe 18163 19071'?547 4682.000 0.659 Not Significant
Studgnt Working 65  102.02 o
V\é(i;I:L:rS}g \l)l\;)(;(rkiing 134 99.02 4224.000 0.730 005 Not Significant
oorerts h?;\rlgr 19072 18181'?661 3821.000  0.005 Significant
Section E'z%‘;'gr 18181 18166?605 3419.000  0.000 Significant

Table 36’s analysis of student engagement within the PBL framework highlights the statistically
significant influence of parents’ education (p = 0.005) and student section (p = 0.000) on engagement
related to public product creation, while gender and working status show no significant effects (p > 0.05).
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The significant role of parental education aligns with findings that higher-educated parents often provide
greater access to resources like technology and math-related tools, fostering environments where students
engage more deeply with complex, real-world tasks inherent to PBL. This is reinforced by studies showing
that parental involvement and socioeconomic resources enhance students’ capacity to connect abstract
mathematical concepts to tangible applications, a cornerstone of PBL’s effectiveness. Similarly, the
significance of student section underscores the impact of classroom dynamics: sections prioritizing
collaborative, student-centered learning—where peers co-create solutions and teachers facilitate
autonomy—demonstrate higher engagement. Research indicates that such environments promote cognitive
and emotional investment by allowing students to anchor learning in personal experiences and collective
problem-solving, as seen in PBL’s emphasis on teamwork and authentic problem statements. These factors
collectively suggest that PBL’s success in fostering engagement through public products depends on both
external familial support and internal instructional structures that prioritize collaboration and real-world
relevance

Conclusion

Although the generalization that women are more committed to their studies than men is not
totally true, the statistics indicate that student participation in the Problem-Based Learning (PBL) method
to mathematics is strong across a range of demographic groups. Notably, the PBL approach shows great
promise as a teaching tool, encouraging in-depth learning and offering a stimulating atmosphere that
promotes student achievement. Excellent student participation across a variety of categories and
demographic characteristics makes this clear. However, it turns out that parental education level has a
significant impact on kid participation, especially when it comes to driving questions. This emphasizes
how crucial it is to take family dynamics into account while planning and carrying out PBL projects.
Furthermore, parental education and section dynamics are important factors in determining student
engagement, even while student participation in PBL components is consistent across some demographics
like sex and employment level. In order to get the best results, it is imperative that these criteria be taken
into consideration while creating and executing PBL programs in educational settings.
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