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Abstract

The purpose of this study was to determine the significant difference in the pre-assessment and post-
assessment performance of the students as to their science process skills and to assess the feedback of
case and project-based learning lessons in enhancing the science process skills of the Grade 9
Students. The study used the descriptive-experimental methods of research with selected 70 Grade 9
students as participants. In line with the findings of the study, the students’ pre-assessment
performance revealed that they are “moving toward mastery” as to their basic science process skills
and are at “low mastery” level as to their integrated science process skills while the post-assessment
performance revealed “mastery” and “near mastery” levels as to their basic and integrated science
process skills, respectively. Therefore, there is significant difference in the pre- assessment and post-
assessment performance of the students as to their science process skills in terms of basic and
integrated science process skills. Align with this, the respondents perceived case and project- based
learning strategy as highly effective. Based on the conclusion laid, teachers may consider the use of
lesson exemplar with case and project- based learning strategies as a mode of assessing and
improving students’ science process skills.
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1. Introduction

In the Philippines, the new science education framework focuses on students’
development of 21st century science process skills, where students are expected to be
confident, with skills, attitudes and capacities to be globally competitive. Furthermore, the
science curriculum was created to produce scientifically literate individuals capable of
making responsible decisions and applying scientific knowledge to community problems. A
scientifically literate individual who has mastered these skills can comprehend the very
nature of science, thus increasing the standard and quality of his life and allowing him to
survive the challenges of everyday life. As a result, these process skills have an impact on an
individual's personal, societal, and global lives as they offer the necessary tools to address
everyday problems, conduct scientific research, and generate novel scientific knowledge and
information. Individuals can learn these skills through well-designed science activities
(Derillo, 2019).

The National Scientific Teachers Association (2018) states that the science
curriculum should focus on developing learners' science process skills. In general, research
shows that learners can gain science process skills when they are planned a specified
outcome in science curriculum. Subsequently, Basic Education programs tend to bring out
the best education that the learners have, especially about how they learn. It asserts that
people build their own knowledge and understanding via personal experience and reflection.
When learning something new, students have to reconcile it with prior beliefs and knowledge
that may require revising opinions or disregarding the new information as unimportant. In
any case, they actively create the knowledge that they have. To do this, they must investigate,
evaluate current knowledge, and raise new ones. It is with regard to the modification of the
strategies and instruction for the learners to give their best of understanding to the lesson.
While the content of the Basic Education leads to the best generation of the 21st Century
learners, a science teacher guides and instructs students to explore and understand key ideas
in science, such as how to solve problems and gather data to back up theories or conclusions
(Quia & Chua, 2022).

According to Darmaji et al. (2019), science process skills are the capacity for
processing scientific ideas as well as the capacity for processing actions to create a

comprehension of scientific concepts. The scientific process skills of students are crucial
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skills that need to be cultivated in the classroom (Maison et al., 2020). Process skills are
another type of scientific approach that is used to teach students how to conduct experiments
and find things. The ability to employ scientific procedures in the development of science is
essential for all students since they are expected to learn new information or advance their

existing knowledge.

Science classes should include science experiments to help students learn the subject.
Science experiments conducted in labs help students develop their science process skills.
These abilities are classified as basic science process skills and integrated science skills by
NARST (2020). Observing, measuring, classifying, and predicting are basic science skills
while controlling variables, formulating hypotheses, interpreting data, and defining
operationally are all examples of integrated science skills. However, a prevalent issue as seen
in educational contexts is that science process skills acquisition is hindered by some
circumstances, such as the methods used to generate skills in scientific classrooms (Derillo,
2019). Science Education Institute-Department of Science and Technology reports that
Filipino students struggle to retain concepts, have weak analytical and reasoning abilities,
and have poor communication skills (they cannot express ideas or explanations of events and

phenomena in their own words).

Children should learn through making connections between concepts and real-world
examples from their surroundings and their course material. For example, a project-based
learning is a type of activity-based education that exposes students to real-world scenarios.
Align with this is another strategy that is related and supported the context-based learning;
the case-based learning. It uses cases the hypothetical, or real-life problems that will
supplement theoretical knowledge. In this learning strategy, students are given cases to solve,
allowing practical application of the concepts learned in class (Professional Learning Board,
2022).

According to studies, the conventional strategy (COS) should only be used sparingly
during the teaching and learning process because it prevents students from developing
conceptual understanding and problem-solving skills, making chemistry teaching and
learning challenging, boring, and irrelevant to learners' real-life experiences (Jodi, 2010).
This has caused some students to believe that science is a body of information that must be

memorized without deep comprehension (Okafor, 2014). In addition, Ambag (2018) stated
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that science is not always engaging because of the theories and terminologies that Filipino
students are constantly exposed to. Scientists ask questions, make predictions, and actually

carry out experiments rather than simply memorizing and regurgitating information.

Aligned with all the problems encountered in teaching-learning process in science,
this study aimed to determine how effective in enhancing the science process skills of Grade
9 students using the case and project-based learning lessons. This study determined the
significant difference in the pre-assessment and post-assessment performance of the students
as to their science process skills and assessed the feedback of case and project-based learning

lessons.
2. Literature review

2.1 Science Process Skills

As expressed in the investigation of Mulyeni et al. (2019), dominating the science
process skills is significant for future comprehension in science and these abilities are gainful
in day-to-day existence for tackling issues as well (Charlesworth & Lind, 2010). According
to Aka et al. (2010), the foundation of a student's understanding of the science process and
ability to solve problems lies in their early education. Students benefit from the science
process skills by being able to comprehend phenomena, respond to inquiries, construct
hypotheses, and discover information (Martin, 2009). They are fundamental in creating
thoughts (Harlen & Qualter, 2004) and they increment scholastic accomplishment in science.
According to a study by Ozgelen (2012), science process skills are linked to cognitive
development while Ismail and Jusoh (2001) confirmed that these abilities are correlated with

logical thinking abilities.

Science process skills are one of a set of high-order thinking skills, abilities, and
learning dispositions that students must master in order to be prepared for a technologically
advanced society (CEMASTEA, 2017), often referred to as skills for the 21st century. As
anchored by Turiman et al. (2019), science process skills are used as a teaching approach in
science teaching and learning. Science process skills are behaviors that encourage the
development of skills used to acquire knowledge and then disseminate it, thereby increasing
the use of optimal mental and psychomotor skills. By comprehending the nature of science,

every individual could use these skills in of his/her daily life to increase the quality of life
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and become scientifically literate. Moreover, scientists use science process skills to build
knowledge, solve problems, and carry out experiments (Okafor et al., 2015). Students in
these classes pay attention to their instructors and take notes, but they rarely ask questions or
make comments. There are two types of science process skills: Basic and Integrated Science

Process Skills.

Integrated science process skills are a definitive ability for taking care of issues and
leading logical investigations. According to Mutlu and Temiz (2013), integrated science
process skills are science process skills that combine or make use of a variety of underlying
these skills, these are high-level cognitive skills. However, basic science process skills,
focuses on where the students use observing, measuring, classifying, and predicting as

foundational tools in learning science.
2.2 Case-Based Learning

Case-based learning refers to a strategy that helps the students to understand the lesson
by relating the topics to real-life scenario. Nkhoma (2016) found that the Revised Bloom's
Taxonomy attached the knowledge dimension to the skeletal structure, which formed the
intersection of knowledge and cognitive process categories, to support the development of
learning strategies and facilitate learning assessment. To help with academic skills including
case analysis, evaluative judgment, and case solution, the Revised Bloom's Taxonomy has
been offered. As explained by Schadt (2021), students are encouraged to use their critical
thinking abilities through case studies to identify and narrow a problem, create and assess

potential solutions, and build alternatives.

Ellet (2015) describes case analysis as an educational tool used to instruct students on
how to evaluate and think critically about a real-world, practical issue that arises in an
organizational setting. In almost all cases, teacher provides and even writes the case for case
analysis assignment. Either everyone in the class is given the case to analyze alone or in
small groups, or the students choose a case to study from a predetermined list. A case
analysis requires simply laying the foundation for analyzing a scenario in practice; as a
result, it might be fully made up or partially or entirely modified from an actual

circumstance.
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Evaluative judgment, according to Tai et al. (2018), is the capacity to conclude the
character of one's work as well as that of others. In their study, they proposed that increasing
students' evaluative judgment should be a goal of higher education: a requirement for
graduates. This would assist students better their work and satisfying their future learning
demands. Investigating evaluative judgment inside an instructional technique discussion as
opposed to primarily within an evaluation discussion is one way to incorporate and

coordinate a variety of educational approaches.

Beghetto (2021) explains that creative learning by giving creative solution in schools
is a particular type of learning that incorporates creative expression within the framework of
academic learning. Larger-scale initiatives that can have a positive and long-lasting impact
on people's learning and live both inside and outside of classrooms and schools are also
possibilities for students to engage in creative learning. These opportunities can range from
smaller-scale curricular experiences that are beneficial to their own and others' learning to
larger-scale initiatives. In this approach, initiatives that encourage creative learning serve as
an essential component of positive education.

2.3 Project-Based Learning

Project-based learning (PBL) are typically neither teacher-led, scripted, or packaged
(Thomas, 2022). PBL projects do not result in predetermined courses or outcomes but offer
students significantly more autonomy, choice, unsupervised work time, and responsibility
than traditional instruction and projects.

Projects are pragmatic as opposed to scholastic. The characteristics that venture show
give them a genuine vibe to understudies. The subject, the assignments, the roles that
students play, the setting in which the work is done, the mentors who work with students on
the project, the final products, the audience for the final products, or the standards by which
the final products or performances are evaluated are all examples of characteristics of a
project. As explained by Renton Prep Christian School (2019), in its purest form, during
PBL, both the teacher and the student are involved. Students actively investigate problems
found in the real world using this method. It is a dynamic process that involves an
instructional method to create a product or presentation. Additionally, PBL adheres to

general principles where students collaborate to research and address a real-world,
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challenging subject. Use of technology, collaboration, creativity, communication, and critical

thinking are all 21st century skills that authentic tasks should require.

PBL emphasizes student participation in a project. The term "project” in this context
refers to a task that requires students to conduct inquiries into problems, work independently
to acquire their own expertise, and ultimately produce tangible deliverables. Nuraini (2019)
stated in his study that each PBL stage's product features are as follows: (1) start with an
essential question; (2) build a plan for the project; (3) establish a schedule; (4) keep track of
the students and the project's progress; (5) evaluate the result; and (6) evaluate the
experience. In addition, Ark (2018) argues that PBL is a crucial method of instruction. It
enables students to master intellectual achievements and subject-matter knowledge, acquire
skills essential for future success, and develop the personal agency required to face

difficulties in life and the wider world.

Harsma et al. (2021) states that the students are provided with problems or issues
throughout class that must be resolved utilizing the knowledge they are learning. They decide
together what they already know about the topic, what they need to know to address the
problem, how to apply the answers, and how to evaluate the outcomes. Case-based learning
(CBL) is an educational paradigm that is similar and related to the project-based learning
(Williams, 2022). This PBL method uses contextualized questions that are based on "real-

life" issues that might be clinical or non-clinical. It is andragogical (adult teaching/learning).

A case, problem, or inquiry is used to promote and support the development of
knowledge, skills, and attitudes. This is one of the primary characteristics of CBL that
derives from PBL. Cases are typically written as problems that give the learner background
information about a patient or other clinical setting. Cases place occurrences in a context or
environment that supports authentic learning. Recent research articles, vital signs, clinical
signs and symptoms, and laboratory data are all supplied as supporting evidence. CBL

enables learners to adopt a cooperative, team-based educational philosophy (Williams, 2022).

Proponents of CBL believe that CBL still offers an open-ended approach to problems,
encouraging discussion, debate, and addressing ambiguity, while providing students with

more structure in an efficient and purposeful way. However, while PBL is an easy way to
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tackle a student with a serious challenge, it requires a well-structured, continued, and

supported experience to reap all possible benefits.
2.4 Conceptual Framework

As for the background knowledge and ground principles, there are varieties of
concepts, theories and studies were explained to discern the objectives of this research. The
study included the case and project-based learning and its components, as the independent
variables and for the dependent variables, it includes science process skills and feedback for

using case and project-based learning.

Padilla (2005 as cited by Ediyanto et al., 2018), there are two types of science process
skills; the basic and integrated science process skills. Basic science process skills include
observing, measuring, classifying and predicting. Integrated science process skills include
controlling variables, formulating hypotheses, interpreting data and defining operationally.
Align with this, Okafor et al. (2015) explains that in order for the learners to foster skills
acquisition, learners should engage in creating pattern of relationship and thinking by
actively participating and constructing meaning from their interactions in the environment
and relate them to the previous experiences. Moreover, Holbrook (2014) proposes a context-
based learning to scientific instruction that could encourage creativity and the development
of basic and integrated science process skills by relating the lessons in real-life situation.
Real life learning activities may be designed as inquiry activities to be completed as group
work, and the approach may overlap with project-based (Taber, 2022).

According to Nkhoma (2016), who examined the benefits of creating case-based
learning activities based on Bloom's Taxonomy of thinking skills, this strategy promotes
deep learning through critical thinking: Evaluative judgment positively increases skills in
creative solution, case analysis positively increases skills in evaluative judgement, and
knowledge application positively increases skills in case analysis. However, with the support
of the Project Management Institute Education Foundation and the William and Flora
Hewlett Foundation, the Buck Education Institute uses Getting Smart to create a 27-member
Steering Committee and a 90-member Advisory Board, and convened a framework for
project-based learning. was developed. This framework includes his six criteria designed to

serve as a foundation for educators, organizations, parents and students. Technology
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integration, public products, working in team, intellectual challenge, reflection, and project
management. Integrating all these benefits of deep learning into projects and ensuring a

quality student experience requires a holistic approach.
3. Methodology

3.1 Research Design

This study used descriptive-experimental research design. Experimental method was
used in determining the mean mastery level of science process skills among the respondents
and significant difference between the pre and post-assessment performances of the groups of
students as to their science process skills in terms of basic process and integrated process
skills. This method shows an information-gathering experiment described as having a
variation present or not, and it must be carried out entirely within the researcher's control.
Typically, controlled experiments use this term. To make the results more reliable, these tests
minimize the impacts of the variable. In this design, a group of people, plants, animals, etc.
may participate in an experimental unit's procedure (Byjus, 2022).

The descriptive method, on the other hand, was applied in determining the association
of respondents’ case and project-based learning and science process skills. According to Mc
Combes (2019), a group, situation, or phenomenon is intended to be accurately and
systematically described by a descriptive research design. What, where, when, and how
questions can be answered, but why questions not. Descriptive research strategies allow him

to explore one or more variables using a wide range of research techniques.
3.2. Participants of the Study

The study involved the participation of Grade 9 students from a public high school
during the School Year 2022-2023, composed of 70 students. All the students in a single
group were given pre-assessment and post-assessment. The study was conducted during
March and April 2023. Respondents were selected by purposive sampling. Purposive
sampling, also known as judgmental, selective, or subjective sampling, is a sequence that
relies on the researcher's judgment in selecting study units (participants, cases, tissues,

events, data points, etc.) (Sharma, 2017).
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3.3. Research Instruments

The instruments used in the study to gather data were lesson exemplar aligned in case
and project-based learning, modified and adapted pre-assessment and post-assessment in
DepEd learner’s module with researcher-made table of specification (TOS), and a survey

questionnaire.
The researcher administered two kinds of assessment and those are as follows:
A. Pre-Assessment and Post-Assessment

Basic and Integrated Science Process Skills. The researcher provided the pre-
assessment and post-assessment with a total of 80-item questions for basic science process
skills and integrated science process skills; 40-item for basic science process skills and 40-
item 40 for integrated science process skills. The assessment was aligned and adapted to the
Most Essential Learning Competencies (MELC) of DepEd. The pre-assessment and post-
assessment were given and administered to the selected Grade 9 students to determine

students’ mastery of basic and integrated science process skills.
B. Feedback on using Case and Project-Based Learning

A survey questionnaire was given to selected Grade 9 students of participating
school. The indicators included were adapted from Ark's (2018) Framework of Project-based
Learning. The purpose of the questionnaire was to get feedback from the respondents on how
effective the case and project-based scenario was in enhancing the science process skills. To
ensure the accuracy of the instruments, the researcher submitted the questionnaires through
external and internal validation. After the instruments were validated, the instruments were

modified based on the comments and suggestions of the validators.
3.4. Research Procedure

The stages of conceptualization were followed while conducting the study. The

procedure of this study was as follows:

Implementation: Immediately after validation of the copies of the questionnaires, the
researcher gave a request letter asking permission through the Schools Division
Superintendent, from the principal of the participating school and to the 70 respondents to
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conduct a study by performing a face-to-face discussion of the lesson using lesson exemplar,

distributing preassessment and post-assessment and a survey guestionnaire.

The researcher implemented a face-to-face discussion with the 70 students using the
case and project-based learning lessons. The researcher taught first the single group of
students the topics of weather using case-based learning, and after the two sub-lessons related
to weather being taught to the Grade 9 students, the same single group where the subjects to
the discussion of the two sub-lessons for climate using another strategy, which is the project-
based learning. The researcher administered the 80-item adapted-modified-pre-assessment to
the students before the face-to-face discussion of the lesson using the learning strategies, case
and project- based learning to measure and assess the prior knowledge of the students to the
lesson. The researcher assessed and analyzed the basic and integrated science process skills
of the students in a face-to-face learning modality within almost a month to determine how
effective the case and project-based learning lessons were in enhancing the science process
skills of grade 9 students. In this study, the researcher administered the 80-item adapted
post-assessment and modified to DepEd Learner’s Module for Basic and Integrated Science
Process skills to the respondents after teaching the lesson covered in the third quarter, of
School Year 2022-2023.

Data Analysis. After the implementation of the strategy and survey, the
questionnaires were collected and tallied immediately, and gave the data to the statistician for

treatment. The data were statistically computed, interpreted, and verbally analyzed.

Ethical Consideration. With utmost confidentiality, the researcher assured that all the
respondents’ information and results were accessible only to the researcher and the thesis

adviser.
3.5. Statistical Treatment of Data

The following statistical tools were utilized in providing solutions and analysis to the
problem of the research: mean and standard deviation; and t-test.

4. Findings and Discussion

Table 1 presents the mastery level of basic and integrated science process skills in

pre-assessment performance. The computed overall mean for basic science process skills is
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17.90 that shows students “moving toward mastery” level in observing, measuring,
classifying and predicting, However, in integrated science process skills, students’ falls under
“low mastery” level in controlling variables, formulating hypothesis, interpreting data and

defining operationally with overall mean of 18.56.

Table 1.
Mastery Level of Students in Basic and Integrated Science Process Skills in Pre-Assessment Performance

Pre-Assessment Performance

Science Process Skills

Mean SD Remarks
Basic Science Process Skills
Observing 4.40 1.601 Low Mastery
Measuring 4.37 1.416 Low Mastery
Classifying 4.27 1.483 Low Mastery
Predicting 4.86 1.311 Moving Toward Mastery
Overall 17.90 4.334 Moving Toward Mastery
Integrated Science Process Skills
Controlling variables 4.69 1.291 Moving Toward Mastery
Formulating hypothesis 4.19 1.448 Low Mastery
Interpreting data 4.73 1.318 Moving Toward Mastery
Defining operationally 4.96 1.268 Moving Toward Mastery
Overall 18.56 2.733 Low Mastery

Legend: 0-2 (No Mastery); 3-4 (Low Mastery); 5-6 (Moving Toward Mastery); 7-8 (Near Mastery); 9-10
(Mastery)

This shows that during the actual learning process, students struggle to develop
comprehensive science process skills. This skill is usually more difficult to develop because
they are not used to being taught, and students struggle to answer questions related to
unfamiliar job application questions. One of the reasons for this, in addition to the fact that
hands-on activities are not always carried out due to time constraints, it is difficult for teachers
to observe each student's new science process competencies, especially their overall science
process competencies (Sulistri, 2019).

On the other hand, table 2 presents that in post-assessment performance, the overall
remarks of Grade 9 students in basic science process skills shows that students have
“mastery” in observing, measuring, classifying and predicting. However, in overall remarks,
integrated science process skills such as controlling variables, formulating hypothesis,
interpreting data and defining operationally, the students’ considered in the level of “near

mastery’.

Data reveal that after the influence of case and project- based scenario in the learning

process, students’ basic science process skills have highly increased, most especially in
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observing skill. Observing is the most significant skill of science process wherein collecting
information using senses will help students to gain knowledge about the world and make

learning experiences stored in their long-term memory (Mulyeni et al., 2019).

Table 2

Mastery Level of Students in Basic and Integrated Science Process Skills in Post-Assessment

Post-Assessment Performance

Science Process

Mean SD Remarks
Basic Science Process
e  Observing 9.57 .809 Mastery
e Measuring 8.87 1.062 Mastery
e Classifying 8.87 1.048 Mastery
e Predicting 8.86 1.026 Mastery
Overall 36.17 2.126 Mastery
Integrated Science Process Skills
e Controlling variables 8.16 1.337 Near Mastery
e Formulating hypothesis 8.74 .988 Mastery
e Interpreting data 8.97 .884 Mastery
o Defining operationally 9.30 .768 Mastery
Overall 35.17 2.071 Near Mastery

Legend: 0-2 (No Mastery); 3-4 (Low Mastery); 5-6 (Moving Toward Mastery); 7-8 (Near Mastery); 9-10
(Mastery)

In measuring skill, the result may imply that students mastered the different
measuring instruments in science and they also understand the concept of solving conversion
of units. Through observation, students increased their classifying skills. The students
improved in this area by understanding the essence of grouping objects or events into
categories based on characters or properties of objects or events. Students can strengthen the
ability to classify objects with practice and appropriate coaching. On the other hand, the
predicting in basic science process skills indicates that students improved their educated

guess about what’s likely to happen when you introduce changes in the given problem.

It can be seen also in the data that all the subskills in integrated science process skills
have increased. The result in controlling variables may imply that students clearly identify
the relationship between an independent variable and a dependent variable after engaging in
lesson that will enhance their skills by making excellent way of determining relationships
between variables that can be later validated in real world settings through descriptive or

comparative studies.
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Furthermore, this means students are better able to prove their predictions and answer
the student worksheet questions provided by the teacher when forming hypotheses. This is
consistent with research of Hirca (2015), who states that if individuals can prove their
predictions, they reach a position where they can stimulate further thinking. Based on
Piaget's theory, students can formulate problems and form hypotheses. Similarly, based on
Piaget's cognitive development, high school students are in the formal operational phase.
This allows students to form problems and hypotheses. During the ideation and
reconstruction stages, an assimilation process occurs as students interact with their

environment through observation, hands-on activity, and discussion.

In the aspect of interpreting the data, the students are able to connect the results of
observations and solve problems as it is displayed on tables, figures or graphs. The increase

in this subskill indicates that students do well after applying case and project-based scenario.

In defining operationally, students developed the “mastery” level. This implies that
students gained and improved their skills by formulating operational definitions based upon
the observable characteristics of the given problem in the post-assessment and during the

implementation of the lesson.

Table 3.

Summary Table on the Feedback of the Respondents on Case-Based Learning

Indicators Mean SD Verbal Interpretation
Case Analysis 3.45 0.49 Highly Effective
Evaluative Judgment 3.43 0.47 Highly Effective
Creative Solution 3.39 0.53 Highly Effective
Overall 3.42 0.45 Highly Effective

Legend of the Verbal Interpretation of the Weighted Mean:1.00 to 1.74 -Not Effective, 1.75 to 2.49 -Slightly
Effective, 2.50 to 3.24-Effective, 3.25 to 4.00 - Highly Effective

Table 3 shows feedback after using case-based learning lessons in enhancing science
process skills. The overall weighted mean distribution in case analysis, evaluative judgment

and creative solution is 3.42, interpreted as highly effective.

The data revealed that after using case-based strategies to improve skills in the
science process, students are able to reflect on the relationship between the facts described in
the cases and critical incidents, this is supported by Ellet (2015). Case analysis places



ISSN 2799-1601 (Print) 2799-161X (Online) | 93

students in “real world” situations and critiques complex scenarios within organizational
settings in order to apply reflection and critical thinking skills on appropriate solutions,
decisions, or recommended solutions. It is a problem-based teaching and learning method
that analyzes systematically. This is considered a more effective teaching method than

classroom role-plays and simulation activities.

The result in the actual study shown that the students assigned in an active role in
applying standards while accumulating knowledge. Such student involvement in
understanding and applying standards is consistent with current definitions of evaluative
judgment as “the ability to make decisions about the quality of one's own and others' work™
(Tai et al., 2018). Students develop the quality and formation of evaluative judgments so that
they can act independently considering all kinds of information and feedback comments on
future occasions without explicit external guidance from a teacher or teacher-like person

need to understand.

This implies also that the students can more easily and effectively identify their own
questions to address after discussing the lessons in the actual study, develop their own
understanding of new and different ways to address those questions, and share and get
feedback on their original ideas and insights. Explanation problems are the best teaching
strategy for enhancing explanatory knowledge (Orias & Chua, 2021). According to Beghetto
(2021), semi-structured learning experiences that require students to meet learning goals in
novel and different ways help to ensure that students are developing academically and
personally meaningful understandings. These experiences also give students the chance to

possibly advance their peers' and teachers' understanding.

The students are better prepared to evaluate and explain complex issues as a result of
case-based learning. The students were able to come up with varieties of solutions fit in the
case scenario given by the teacher. Additionally, Harman et al. (2015) demonstrate how case-
based learning mixed with group problem-solving improves the development of professional
abilities. In view of this, case-based learning is thought to have a great potential for fostering
systematic analysis, problem-solving abilities, and suggested courses of action. The teacher is

responsible for helping students diagnose issues and offer workable solutions.
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Table 4.

Summary Table on Feedback of the Respondents on Project-Based Learning

Project-Based Learning Mean SD Verbal Interpretation
Intellectual Challenge 341 0.50 Highly Effective
Working in Team 3.49 0.55 Highly Effective
Technology Integration 3.36 0.56 Highly Effective
Public Product 3.32 0.62 Highly Effective
Reflection 3.44 0.64 Highly Effective
Project Management 3.43 0.57 Highly Effective

Overall 3.41 0.50 Highly Effective

Legend of the Verbal Interpretation of the Mean:1.00 to 1.74 -Not Effective, 1.75 to 2.49 -Slightly Effective,
2.50 to 3.24-Effective, 3.25 to 4.00 - Highly Effective

Table 4 presents feedback of the respondents after using project-based learning in
enhancing science process skills. The overall weighted mean distribution of the respondents
in intellectual challenge, working in team, technology integration, public product, reflection
and project management is 3.41 which is interpreted as highly effective,

This implies that the participants in the study were better able to work on tasks that
had personal significance and were important to their education. A high-quality project
necessitates that student engage in critical thought over a difficult topic, question, or matter
that has several solutions before working on it for days, weeks, or even months. Students
must acquire crucial academic knowledge, ideas, and abilities in order to properly complete a
project. Additionally, they should be encouraged and supported as they work to produce the
best-quality work possible.

The data shows also that the students worked well as a team to accomplish the
learning objectives. During the implementation of activities, each member from different
groups did the activity cooperatively and asked suggestions to other members to perform
successfully. As Jaiswal et al. (2021) point out, when students are engaged in problem-
solving, working in teams enables them to cooperate with one another. Students need to learn
how to work in teams, especially when they are working with groups from different fields.
Students improve their motivation, persistence, and professional skills as they collaborate in

groups. Cooperation abilities allude to all characteristics and capacities that empower people
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to work actually with their friends when taken part in cooperative exercises like gatherings or

ventures.

In the actual study, the students improved in integrating technology in making a
successful project. Most of the students, expound their explanation by means of using
different designs offered by the computer. According to research, children acquire
technology skills as they work on projects like writing scientific reports and drawing cartoon
stories. When children learn computer skills in solitude, it may not be engaging for them and
may not fulfill their specific needs. Students perform technology projects with a focus on
problem-solving activities through project-based learning (Love, 2011). Moreover, the
students improved in making a public product or artifact that demonstrates knowledge to a
real audience is a crucial component of project-based learning as supported by Wilson-
McCain (2021). This shows that the pupils were successful in tying what they learned in

school to difficulties, issues, or obstacles that they would encounter in the real world.

The students are able to recognize and articulate the reasons behind their actions and
how they contribute to their final result or project. When students can relate personally to the
work they are doing, it becomes more authentic and fosters greater student ownership and
engagement. Students build a personal connection to the work and are nearly always more
involved in the project when they are reflecting on their own work and the work of their

group around a public project they are developing.

In project management, the students were seen engaged in lessons and hands-on
activities and considered as effective for students’ success in attaining learning goals.
Aligned with this, project management offer a standard way for executing projects, exactly
the way that researchers use the logical strategy as an aide while performing tests. According
to Liegel (2004), this enables the students involved to concentrate on the content of the
project rather than how to complete it. Because it also involves individuals who make up
teams or work groups, teamwork and team or group learning are mentioned prior to working
on learning in project management because they serve as a reference for learning and
development in project management. Group learning is much of the time conceptualized as a
ceaseless course of activity and reflection through which groups procure, consolidate, and

apply information. This cycle is firmly connected with exercises like getting clarification on
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pressing issues, looking for input, making do, examining mistakes, testing fundamental

suspicions, and pondering explicit results or surprising outcomes (Gil & Mataveli, 2018).

This implies that the students acquire and develop more understanding of the lesson
and improve science process skills using the categories under project-based learning on
which students learned how to find information, use resources, combine what they find, and
evaluate their findings critically. As seen in this study, the use of the project-based learning
strategies is observed and effective to increase students’ science success and support the
results of this study (Ergiil & Kargin, 2014).

Table 5.

Significant Difference between Pre and Post-Assessment in Basic and Integrated Science Process Skills

Pre-Assessment Post-Assessment

Science Process Mean T Df Sig. (2-
Skills Mean SD Mean sSD Difference tailed)
Basic Science
Process Skills
Observing 4.40 1.601 9.57 .809 5.171 23.910 69 .000
Measuring 4.37 1.416 8.87 1.062 4,500 24.609 69 .000
Classifying 4.27 1.483 8.87 1.048 4.600 26.386 69 .000
Predicting 4.86 1.311 8.86 1.026 4.000 25.377 69 .000
Overall 17.90 4,334 36.17 2.126 18.271 37.254 69 .000
Integrated Science
Process Skills
Controlling variables 4.69 1.291 8.16 1.337 3471 17.622 69 .000
Formulating 419 1448 874 988 4.557 20917 69 .000
hypothesis
Interpreting data 473 1.318 8.97 .884 4.243 22.298 69 .000
Defining 496 1268  9.30 768 4.343 24339 69 .000
operationally
Overall 18.56 2.733 35.17 2.071 16.614 15.785 69 .000

**Significant at .01 level

Table 5 shows that there is significant difference in the level of students’ science

process skills before and after assessment.

It can be seen that in the actual conduct of study, all the categories for basic and
integrated science process skills have significantly increase from pre-assessment to post-
assessment. The result reveals that after the use of case and project-based learning lessons in
teaching students to enhance their science process skills, students improve and learn to think

critically and use information creatively. As supported by Charlesworth and Lind (2010),
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mastering the science process skills is crucial for future scientific comprehension, and using
these skills to solve problems in daily life is also helpful. Students can build on their initial
learning to gain a deeper understanding of the science process and problem-solving skills
(Aka et al., 2010). Students that are proficient in the science process skills are better able to
comprehend facts, find information, and formulate theories. They improve scholastic success
in science learning and are crucial in the development of concepts (Harlen & Qualter, 2004),

and they increase academic achievement in science learning.

Table 6

Post-Assessment Performance of the Groups of Students as to their Basic and Integrated Science Process Skills

Basic Science Integrated Science
Process Skills Process Skills Mean Sig. (2-
Difference Df tailéd)
Mean SD Mean SD
Post-Assessment ~ 36.17 2.126 35.17 2.071 1.678 2942 69 .004

Table 6 shows that there is significant difference in the level of students’ science
process skills in post-assessment. Basic science process skills show significant difference
over integrated science process. This implies that in post-assessment, the students are able to
grasp the different science process skills. This indicates also that the students improved a lot
in integrated science process skills since the students engaged in the actual or hands-on
activity even there are two different lessons and learning strategies being applied in the
learning process. Moreover, the data reveals that using case and project-based learning
strategy, it helped the students learned not just the concept of science but also how the

science works using different process skills.
5. Conclusion

Findings of the study showed significant difference in the pre- assessment and post-
assessment performance of the of the students as to their science process skills in terms of
basic and integrated science process skills. Similarly, there is significant difference in the
level of students’ science process skills in post-assessment. Basic science process skills show
significant difference over integrated science process. Hence, teachers may consider the use

of lesson exemplar with case and project- based learning strategies as a mode of assessing
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and improving students’ science process skills since the findings of student’s mastery level in

basic and integrated science process skills are said to be nearly mastered.
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