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ABSTRACT: Developing students' 21st-century skills is one of the major goals of the Philippine education system. It has been a major
problem in the education sector to integrate, innovate, and support learners in today's generation to develop a broad set of competencies
necessary to compete in the global race of skills. This study aimed to improve students' conceptual understanding and creativity skills in
physics using problem-based learning and project-based learning method. This study used a quasi-experimental pretest-posttest non-
equivalent research design. Two heterogeneous classes were utilized as participants of the study. The first class intact class was designated
as the first experimental group (n=42) utilizing problem-based learning, while the other intact class was designated as the second
experimental group (n=36) using the project-based learning method. The creativity and conceptual understanding skills were measured
using an open-ended questionnaire and scored using researcher-made rubrics with Krippendorff's alpha of 0.98 and 0.97, respectively.
Results revealed significant improvement in conceptual understanding and creativity skills due to employing both teaching methods.
Moreover, there is no significant difference in student's conceptual understanding and creativity skills as influenced by the two teaching
methods. The absence of difference suggests that the two teaching methods contributed to the equal improvement of students' scores. Based
on these results, it is suggested to use these teaching methods in other physics topics that require content and 21st-century skills mastery.
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1. INTRODUCTION
In a generation driven by innovation and complex

learning are deemed necessary so that the students will be
prepared for global competitiveness [6]. Similar to different

technological and scientific challenges, it is indeed necessary
to focus and nurture students’ 21%-century skills [1], [2].
Creating and focusing on the alignment of transversal
competencies on the curricula has been acknowledged
globally and is known as essential skills, knowledge,
attitudes, and values necessary to triumph in the worldwide
skills race and competition. Of the different skills,
conceptual understanding and creativity skills have often
been left behind in the design and development of current
curricula. Students possess creativity skills when they can
come up with several feasible and clearly defined solutions,
unique and insightful methods for a given scientific problem.
On the other hand, students exhibit conceptual understanding
when they can interpret and apply concepts, principles, and
the process by making sense of data, text, and experience
through images, analogies, and models.

The Australian Council for Educational Research
commissioned by UNICEF and the Department of Education
Philippines has explored and analyzed the integration of 21°-
century skills as applied in the Philippines K to 12 programs.
It was observed that there is a lack of explicitness in teaching
the skills, the main focus of the lesson was more on subject
content, and there was no discussion about the application of
skills, the reflection on skills, and skills relative to learning
[3]. This is similar to the assessment done by Care and Lou
[4], which stated that one challenge reported by teachers and
administrators in the Philippines is a shortage of assessment
materials designed to target transversal competencies.
Moreover, Pa-alisho [5] revealed in his study conducted on
the Department of Education-Cotabato District elementary
educators that teachers are moderately competent in terms of
21%-century skills.

Focusing on creating an aligned 21%-century education
system is one of the major responsibilities of the
administrators and teachers here in the Philippines. The
alignment and integration of the skills in teaching and

schools abroad, the primary goal of the Philippine education
system is to develop students' 21%-century skills such as
conceptual understanding and creativity. Based on the latest
NAT results and analysis of the Department of Education of
the grade 6, 10, and 12 students, science had the lowest mean
percentage score among other subjects [7, 8]. This goes to
display that much should be done to improve the state and
quality of science education in the Philippines. To achieve
this, the education sector should equip the teachers with
enough knowledge on teaching and assessing 21%-century
skills and enforce a change in how educators should teach
the learners in today's generation[9]. Based on an exhaustive
literature review, Problem-based Learning (PrBL) and
Project-based Learning (PjBL) can be utilized to improve
student learning outcomes. These methods are of great
advantage in pushing the class towards engaging the teaching
and learning process and modifying the direction of teaching
and learning from traditional, monotonous classroom
practices into a much more modern and exciting environment
[10]. Recently, Saldo and Walag [1] explored how PrBL and
PjBL developed student's communication and collaboration
skills.

The PrBL and PjBL are types of experiential and inquiry-
based learning and teaching methods. These methods possess
the same orientation: both consider learning in terms of
authentic and constructivist approaches to education. These
methods have been noted to powerfully engage the students
to learn and actively participate in the learning process.
Additionally, it is valuable and relevant to impact students'
learning outcomes and academic performance positively.
Thus, with these compelling reasons, this paper aimed to
investigate the improvement of students' skills using PrBL
and PjBL as teaching methods in Physics.

This study investigated the development of students’
conceptual understanding and creativity skills employing
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problem-based learning and project-based learning methods
in Physics. Specifically, this study answered these questions:
1.1s there an improvement in students’ conceptual
understanding and creativity skills as influenced by the two
teaching methods?

2. How do students' scores in PrBL and PjBL compare in
terms of:

a. conceptual understanding and

b. creativity?

2. MATERIALS AND METHODS

This study utilized a quantitative quasi-experimental research
design, particularly pretest and posttest non-equivalent
research design. Preliminary approval to the conduct of the
study was first secured through a letter to conduct an
experimental study to the Grade 10 Junior High School
(JHS) students of the Integrated Basic Education Department
(IBED) of San Isidro College through proper and appropriate
channels. From the three grade 10 classes in the school year
2019-2020, two different sections were randomly taken as
the study participants. One section (n=42) was designated as
the first experimental group utilizing the PrBL method, while
the other section (n=36) was designated as the second
experimental group using the PjBL method. A test was
constructed using six open-ended questions covering topics
from the second quarter lessons of grade 10. The researcher-
made instrument was presented to science education and
physics experts for face and content validity. The creativity
and conceptual understanding were measured using an open-
ended questionnaire and scored using a researcher-made
rubric with Krippendorff's alpha of 0.98 and 0.97,
respectively [1]. The descriptive data were presented as
mean and standard deviation, while the differences were
tested using the analysis of covariance (ANCOVA) at a 0.05
level of significance.

3. RESULTS AND DISCUSSION

Creativity

Creativity skills refer to how students do their projects and
how they find solutions for the problem. The creativity skills
of the participants for PrbL and PjBL were investigated and
are summarized in Table 1. As shown in Table 1,
significant improvement in creativity skills was shown in
both groups. This increase in creativity could be due to the
opportunities provided to the students during the PBL
sessions, wherein they were allowed and were given time to
construct projects or propose solutions to solve real-life
problems. As a result of the intervention given with the
situation, the students understood events in a multi-
dimensional way and improved their viewpoints [11].
According to Awang and Ramly [12], students gain creative
thinking and professional skills as they tackle complex,
interdisciplinary, and real-situation problems.

It is also revealed from the same data that the computed
probability values in both the teaching methods are
significant. This suggests that the students' pretest and
posttest scores had increased significantly in creativity skills
and improved as exposed to these teaching methods. The
increase in creativity skills of the students may be attributed
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to the integration of technology in which they were allowed
to research online about the given activities to analyze and
design projects to provide solutions to the problem. Based on
the findings of Chanlin [13], the ability to create and
elaborate knowledge and the use of technology for
supporting and reporting students' research work was
observed and developed. Moreover, students' creativity and
other life skills under project-based learning had increased
positively. They were developed due to the group activities
given to the students to finish a particular project and may be
attributed to other experiences of the students like their
extra-curricular activities, family, and personal life [14] [15].

Table 1. Pretest and Posttest Scores in Creativity

Creativity
Method Pretest Post-test t (df) p-value
PrBL 28.31+£10.87 46.42+11.00 -:2’25?;7 0.001*
PIBL 24794591  42.68+6.02 '1(23%)09 0.001*

*Significant at 0.05 level

As illustrated in Figures 1 and 2, the student's responses
clearly show creative thinking. The students demonstrate
confidence in carrying out procedures accurately, efficiently,
and with clarity and organization. Besides, the students gave
feasible and clearly defined solutions that are unique and
insightful. According to Birgili [16], when students are
presented with real-life problems to solve, they will have an
opportunity to discover new knowledge and create
innovative solutions based on their experiences. Relating to
the students' answers, it is evident that they have acquired
creative thinking since they have presented unique solutions
that are realistic, efficient, and attainable. This could be an
excellent start in developing students' creativity skills, which
is vital in raising learners who might become scientists,
designers, and engineers in the future. Furthermore,
creativity is highlighted as a vital skill in the 21st-century
that can enhance students' potential in finding and creating
solutions to different real-world problems [17]. Therefore, it
is a challenge for all teachers in today’s generation to
provide practical problems that are authentic for the students
to unravel.

5. As part of the young league of engineers, your team decided to join the Annual Motor Boat Challenge, which aims
to generate novel ideas and resources that will help the government in its rglief opezations-for typhoon victims in
remote areas. Your team will make a design proposal of a motor boat. The boat should run a minimum of two meters
on water so that it can reach to more victims during actual operations. It should be made of locally available and
lightweight materials. The blueprint and the small-scale sample will be presented to the board of judges, which will
be composed of engineers and representatives from the disaster agency ofthe govemmenL Yourleam will be judged
based on the conlcnl. orymmnon. fluency, flexibility, originali P p and application of
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Figure 1. Student’s response in question number 5
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6. Teachers has this difficulty of explaining the concepts of electricity and magn You work as a design engineer
at Scientific Toys, Inc., a company engaged in designing, manufacturing, and marketing toys that can be used in
teaching. As an engineer, you are tasked to design and fabricate a toy that demonstrates the concepts of electrici

P ty
and magnetism. The toy will be displayed during the national science fair to engage students to discover fun in
learning science. Before the event, your team will present the design and prototype of your toy before the company’s
board of directors, representative form the Intellectual Property Office, and physics experts. Your design will be
evaluated based on the content, organization, fluency, flexibility, originality, interpretation, explanation, and
application of ideas. '[h|s i§ the ‘03 kormng device .
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Figure 2. Student’s response in question number 6

The differences in the pretest and posttest scores of the
students in creativity for the two teaching methods were
investigated using one-way ANCOVA and are shown in
Table 2. This suggests no significant difference in students'
creativity skills as influenced by the two teaching methods.
This means that students' scores in the two experimental
groups were not significantly different from one another.

Table 2. One-way ANCOVA Table Examining the Difference in
Creativity Skills for the Two Teaching Methods

Source  Sum of Squares  df Mean F  p-value
Square
Group
(Treatment 7.467 1 7467 1457 232"
effect)
Error 343.480 67 5.127
Total 350.947 68

*Significant at 0.05 level, “>Not significant

Students' creative thinking skills increased by using the
problem-based learning method [18], [19]. Likewise,
implementing project-based learning in the class could
improve their creativity skills like flexibility, novelty, and
originality [20]. It was also revealed a significant favorable
influence of project-based learning on the affective
development of creativity, including adventurousness,
curiosity, imagination, and challenge [21]. Besides, it was
also revealed that PBL affects students’ creativity and critical
thinking [22]. This could have been the reason for the
absence of difference for both of the teaching methods. This
further implies that the lack of difference between the two
teaching methods would mean that both groups may have
equally developed the creative skills.

Conceptual Understanding

Conceptual understanding skills refer to what the students
have known in basic science concepts. The conceptual
understanding for the two teaching methods was examined
and are summarized in Table 3. As shown, significant
improvement was shown in conceptual understanding skills
for both groups. The students' pretest scores in conceptual
understanding are similar in both of the teaching methods.
This increase in conceptual understanding skills for the two
teaching methods could be due to the brainstorming and
exploratory activities are given where the students were
allowed to research and present their outputs in class. This is
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also shown in the report [23] that more expert-like views
about the subject tended to obtain higher conceptual
understanding. It was also emphasized the importance of
considering students' beliefs in physics, for it is also related
to conceptual understanding that may significantly affect
their learning [24].

In addition, the pretest and posttest scores of the students had
increased positively in conceptual understanding. This
further highlights that the students improved their conceptual
understanding skills as exposed to problem-based learning
and project-based learning methods. This may also be due to
the range of students' abilities and differences between
students' groupmates, various real-world problems presented,
and sophisticated gadgets they own that could help them
research and further understand the topic. Students'
conceptual understanding of a topic can also be attributed to
the undertaking of multiple projects utilizing the project-
based learning method, advanced analysis tools, and the
differences between students' cohorts [25]. This is similar to
the results [26], wherein project-based learning methods
improved students' understanding of the concepts improved
through team-format activities.

Table 3. Pretest and Posttest Scores in Conceptual
Understanding

Method Conceptual Understanding p-
t (df)
Pretest Post-test value
-34.89
PrBL 29.23+10.35 47.64+10.47 (35) 0.001
PjBL 26.6845.87 44.62+6.00 1(13?;;8 . 0.001

*Significant at 0.05 level

As revealed in Figures 6 and 7, students' answers demonstrate
conceptual understanding. The students' responses show
accurate, extensive, and deep understanding in interpreting
the problem through analogies and examples. Likewise, it is
very evident in the answers of the students that they have
understood the problem since they have supported and
justified their answers or solutions with enough reasoning
grounded from concepts and principles. The gain in students'
conceptual understanding can be attributed to the strategies
and activities given to the students, which are real-life [27].
Since the students' activities are hands-on utilizing PBL, they
will have the chance to correct their misconceptions and
improve their school performance. Finally, based on another
work [28], hands-on activities can build students'
understanding of the concept and construct their own
knowledge.

T

2. The students of San Isidro College have little information on how EM waves are used in latest advancement in
technology, and its good and bad effects to the human body. As a news writer for a school paper, assigned to feature
important scoops about the latest advancement in technology and its good and bad effects to the Imman body, your
task is to inform readers through a one-page news article of the imp function, i
and good and bad effects of a certain technology that utilizes waves. Your task is to create a one-page news article
about technology that uu[m:s waves. The news article will be evaluated based on the content, organization, fluency,
flexibility, originali planation, and application of ideas.
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Figure 3. Student’s response in question number 2
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4. You are a member of the production and marketing committee of a new company that manufactures instruments
using mirrors and lenses. The company has the difficulty in preparing for a product launch for the upcoming Annual

Convention of Small-Scale Business Owners. As part of team, you want to help the company by proposing new
instruments that uses mirrors and lenses. The CEO of the company encourages a friendly competition among the
members of the production, creative, and marketing departments to design a simple yet trendy qptical instrument
(using mirrors and lenses). A written product proposal should be prepared and submitted two days prior to the
presentation to the CEO and other department managers. Thc sample producl and pmpma] will be evaluated based
on the content, organization, fluency, flexibility, originali P and

ion of ideas.
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Figure 4. Student’s response in question number 4

Table 4. One-way ANCOVA Table Examining the Difference in
Conceptual Understanding Skills for the Two Teaching Methods

Mean
Source Sum of Squares  df Square F  p-value
Group
(Treatment 11.191 1 11191  1.939 .168™°
effect)
Error 386.689 67 5.771
Total 397.88 68

*Significant at 0.05 level, “>Not significant

As shown in Table 4, there is no significant difference in
student's conceptual understanding skills as influenced by the
two teaching methods. This suggests that students' scores in
the two experimental groups were not significantly different
from one another. These findings are consistent with the
results that, through essay tests, the students' classical
comprehension of conceptual understanding had improved
utilizing problem-based learning [29]. Likewise, the problem-
based method effectively enhances the conceptual
understanding of the students since they are actively involved
in learning, and it is expected that it facilitates students to
develop an understanding of scientific concepts such as
designing, predicting, concluding, and constructing a
hypothesis [30]. Moreover, in a study [31] to investigate the
effect of project-based learning environments on students’
conceptual understanding of recycling, it was found that the
project-based learning environment had a positive effect on
students' conceptual understanding of recycling. This could
have been the reason for the absence of difference for both of
the teaching methods. This further implies that the lack of
difference between the two teaching methods could mean that
both groups may have equally developed the conceptual
understanding skills.

4. CONCLUSION

The students' conceptual understanding and creativity skills
have increased positively after using the two teaching
methods. This means that when these teaching strategies are
utilized, students can develop their conceptual understanding
and creativity skills due to the different real-world scenarios
given to propose and construct solutions as answers to the
problems. Also, no significant differences were found in
students' scores for the two skills as influenced by the two
teaching methods. This could be because both problem-based
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and project-based learning methods are inquiry-based
teaching methods that are student-centered, problem-
focused, self-directed, self-reflective, and the teacher serves
as a facilitator. Problem-based learning and project-based
learning as teaching methods have significantly developed
the students’ conceptual understanding and creativity in
physics. Educators, therefore, may utilize inquiry-based
teaching methods that are learner-centered to develop
students'  21%-century skills, especially conceptual
understanding and creativity skills.
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