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Abstract

Many students find physics as a difficult subject which results in low achievement in all levels
of education. To augment this issue, instructors look for ways on how to motivate and engage
students in their course to explore physics concepts and science skills. The main purpose of
the study was to determine the effects of practical work on students’ performance and
motivation in physics. The motivation of students to learn physics in college course was
examined by responding to the Physics Motivation Questionnaire II (PMQ II) by Glynn
(2011), 5-Likert scale with 25 items, and reliability of 0.92 assessed by Cronbach’s alpha.
Their performance in physics course was determined by pretest-posttest means using t-test.
The result of the study showed that practical work promotes enjoyment, learning, and
motivation to the non-physics major students. Males are most motivated intrinsically while
females are highly career motivated. Moreover, students perform better in the posttest as
revealed by their mean achievement scores. This approach was considered effective since

there was an improvement in the students’ performance in terms of knowledge acquisition.
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1. Introduction

Many researchers have supported the views about the poor performance of the students in physics. Adeyemo
(2010) concludes that one major reason for this poor performance might be the separation from the abstract
course. The necessity of analytical techniques in almost all the topics in physics made it harder for the students
to grasp. Another point is the rare real-life application of the artificial idealized systems in the said subject,
where past syllabi are focused on. Making the impression that physics is a dying subject which is a serious
consequence of the previous challenges. Furthermore, Finkelstein and Keller's (2004) study showed the different
well-recognized challenges in teaching physics to different universities most especially for the non-physics
majors. The traditional way of teaching, basically lecture and discussion do not engage students in the class.
They are unmotivated when teachers are mostly using PowerPoint presentations and give overloading
information. On the other hand, they are most likely to be engaged with laboratory works, field trips, and
collaborative projects.

Motivation is an integral part of learning science. Many researchers in the field of science education have
tried to explain why students contend to learn the subject. It includes the emotions they have as they strive, how
intense the emotions are, and other factors that contribute to students’ motivation. It is fundamental to examine
the different factors of motivation for the teachers to be aware of how to sustain and increase the motivation of
the students. Also, it is important in enhancing their instruction and teaching strategies. Several studies have
examined the different factors that affect the students’ performance in introductory physics. Students’ learning is
viewed as the most effective when they are engaged and motivated in different class works. In terms of
classroom routines, the activities and the exercises should be designed in a way that promotes making links
between the practical and the theoretical. Enough time and attention should be dedicated to discussing and
reflecting on the connections between the natural world and the ideas of physics (Jokiranta, 2014).

According to Sadiq (2003); Lunetta, Hofstein, and Clough (2007) science is a subject that encourages
students’ to learning how the real world works, it is a body of knowledge that suggests being applied in real-life
situations. Science teachers are being held responsible by the policymakers in regards to the lack of creativity
and practical application of the students. Lunetta et al. (2007) suggested that the use of practical work offers
simulation experiences that leave the students to learn using higher-order thinking skills and physically engaging
in the learning process. An effective instructor creates a ‘practical work’ with specific objectives by using
different pedagogical approaches that can be used in achieving learning outcomes. Palmer (2012) suggested
contextualizing science practical work within applications of science in industry, medicine, or research. It also
suggested activities that use practical work to solve authentic problems from science industries. Applying what
students learned surprises the instructor when they are task to present their understanding of the lesson.

Hodson (1990) writes in his book A critical look at practical work in school science, the following
objectives of practical work: (a) teach laboratory skills, (b) motivate students by stimulating interest and
enjoyment, (c¢) enhance the learning of scientific knowledge, (d) give insight into the scientific method and
develop expertise in using it, and (e) nurture scientific attitude. Science requires a hands-on and practical work
whereas laboratories play a big role in it. The learning environment is fundamental for science education; the
students are more interested when they can work freely. It will seem like they are just playing by simply
observing and manipulating materials and objects. Learning then becomes easy while discovering science
concepts and acquiring scientific skills (Hodson, 1990).

Science has been widely relevant to society and became a fast-changing body of knowledge. Students can
formulate their scientific ideas to make sense of their simple observations. Effective teachers are those who
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empower the students to be decision-makers and maneuver the development of scientific methods individually. It
is where they look for the answers in regards to the material or even to explain phenomena in the environment
and society itself. Moreover, an effective teacher is capable of evaluating oneself and is reflective of the
challenges of teaching to further develop the learner-centered approach.

The learner-centered approach has been tested for years already. It has been an effective approach to
developing different 21st-century skills such as creative and critical thinking skills. This approach is also known
as interactive learning whereas hearing, seeing, and manipulating variables are the best way for the students to
learn. Students’ curiosity and imagination are stimulated through hands-on and minds-on activities which are
based on a practical work approach. The role of the teacher in the learner-centered classroom is to act as the
facilitator of learning. The teacher utilizes the interest and unique needs of every student, for them to experience
meaningful learning. Through the use of a predetermined and developmental oriented objective, the learning of
the students is assessed (SEI-DOST & UP NISMED, 2011).

Furthermore, researchers of different subject domains have implemented practical work to promote students’
motivation and engagement (TIMSS, 1995; Stanley, 2000), diagnose and remediate students’ misconceptions
(Daramola, 1987), motivate and interest students in science (Nashon, 1989), and endear the learners to be intake
charge of their ability to investigate and question nature (Hirschfeld, 2012). A similar correlation was also found
between understanding science subjects and practical work which lead to an improvement in achievement tests
(Wasanga, 2009). Practical work allows the learners to take science learning seriously as demonstrated by
Amunga, Musasia, and Musera (2011). This study investigated how practical work can help in learning
introductory physics and getting more non-physics major students to get interested in the subject.

1.1 Research questions

Although many studies have been conducted on motivation and engagements, it is fundamental that more
in-depth research be carried out to investigate the effects of practical work on the performance and motivation of
non-physics major students. Hence, this study aims to answer the following research questions:

»  What are the students’ perceptions and motivations regarding practical work in physics?
»  How does practical work enhance student’s performance in physics?

1.2 Null hypothesis

There is no significant difference between the mean scores of the pretest and posttest.

2. Methodology

2.1 Research design

This study used the one-group pretest-posttest design. This is a quasi-experimental research design in which
the same dependent variable is measured in one group of participants before (pretest) and after (posttest)
treatment is administered (Privitera & Ahlgrim-Delzell, 2018) (see Figure 1, for more details).

2.2 Respondents and sampling

The participants of the study consist of 30 freshmen students under the course Physics 1 (Mechanics) in the
academic year 2015-2016. To determine the effectiveness of practical work in physics, the researcher purposely
selected fifteen (15) female students taking BS Psychology and another fifteen (15) male students taking BS
Civil Engineering. A purposive sample also referred to as a judgmental or expert sample, is a type of
nonprobability sample. The main objective of a purposive sample is to produce a sample that can be logically
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assumed to be representative of the population. This is often accomplished by applying expert knowledge of the
population to select in a nonrandom manner a sample of elements that represents a cross-section of the
population (Lavrakas, 2008).
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Figure 1. Design of the study

2.3 Research instruments

The California Physics Standards Test (CPST) was used as a pretest to determine the readiness level of the
respondents. The same test consisting of 44 multiple-choice questions was used as a posttest 8 weeks later. These
questions represent only some ways in which 28 California content standards in mechanics may be assessed.

Physics Motivation Questionnaire II (PMQ II) is a 5-Likert scale survey. These 25 items included 16 from
the original questionnaire—identically worded or with syntactic changes to improve comprehensibility—and 9
new items. As DeVellis (2003) recommends, the items are randomly ordered, strongly worded, unambiguous
declarative statements in the form of short, simple sentences without jargon. Glynn et al (2011) categorized
motivation into five components: intrinsic motivation, self-efficacy, self-determination, grade motivation, and
career motivation. The Cronbach’s alpha of all 25 items was 0.92.

An expert-validated survey was used to assess the respondents’ perceptions of the use of practical works in
terms of learning, enjoyment, and motivation. Consequently, an unstructured interview with the participants is a
follow up on the results of the intervention in the introductory physics course to better interpret the findings of
the study.

2.4 Data collection and ethical considerations

The study was carried out over the 8 weeks in the semester of the 2015-2016 academic year. Participants
were oriented on the use of practical work in the learning course, Physics 1 (Mechanics). Intensive practical
activities have different components that guide students to the right concepts and skills in learning physics. They
took the pretest before the intervention and the same test was given as a posttest to the participants at the end of
the semester. Their performance was measured by investigating the differences in their pretest and posttest. They
also responded to a survey questionnaire that assesses their motivation in learning physics. Lastly, respondents’
perception of practical work in physics was measured using an expert-validated survey.

To participate in this study, respondents were asked to submit signed informed consent form and parental
consent as applicable. Consent forms indicated the purpose of the study, the rights and roles of participants, and
the statement of confidentiality to protect the participants’ right to privacy. At any point during the conduct of the
study, respondents may choose to discontinue their participation.
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3. Results and discussions

The following were the data obtained and the analyses of the study to answer the research questions:

Research Question 1: What are the students’ perceptions and motivations regarding practical work in
physics?

The participants were asked about their perceptions using practical work as a strategy in teaching to better
understand physics. Their responses were categorized under three major themes (see table 1). The practical work
used in the study gained positive responses from the respondents. Accordingly, 100% of the respondents enjoy
practical work in physics; 93.33% were motivated while 96.67% said they learn physics concepts and skills.

Table 1
Perceptions of the respondents on practical work

Category Frequency Percent
Enjoyment 30 100.00
Motivation 28 93.33
Learning 29 96.67

As gleaned from the table, two students enjoyed practical work but were not motivated and one of these two
claimed that he did not learn using practical work. Both students are taking a civil engineering course. Lai (2011)
suggested that motivation can be manipulated through certain instructional practices. Although students find
class activities enjoyable using various strategies, one should ensure that these activities enhance motivation and
learning. As it is the ultimate objective of every instruction: students stay in class because they are motivated to
learn.

Some students have the following comments and suggestions (verbatim) in the use of practical work in
learning introductory physics course:

I learned a lot not just about lessons; understanding its meaning and memorizing terms. But 1
also gained new knowledge on how to apply what I learned in real life and how our everyday
lives include science. Science was never an easy subject but if you learn how to love it, you could

understand its relevance.

Thank you for allowing me to creatively learn physics in a great and fun way...
More creative laboratory activities rather than laboratory activities...

I learned a lot in physics this semester...

Creative lab is more fun...

We need more time learning physics...

Science = engineering...

The motivation of students to learn physics in college course was examined as they responded to the PMQ II.
Respondents have a minimum response of 0 (never) and the maximum response of 4 (always) when asked to
respond to the different statements from the perspective of “When I am in physics course...”.

Results show that Statement 3, “Learning physics is interesting” got the highest (M=3.87) for males while
statement 20, “I think about the grade I will get in physics” got the highest (M=3.93) for females. A similar study
showed that boys appear to view physics as valuable in itself and are pleased if there is internal coherence within
the physics concepts learned whereas girls, tend to look for external coherence as outlined (Stadler, Duit, &
Benke, 2000).
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Figure 2. Mean scores of Physics Motivation Questionnaire I1

Statement 17, “I am curious about discoveries in physics” was second highest for males (M=3.67) while
three statements tied (M=3.87) second-highest for females: statement 4, “Getting a good physics grade is
important to me”; statement 13, “Understanding physics will benefit me in my career”; and statement 23, “My
career will involve physics”. While males are motivated intrinsically, it is found that females are extrinsically
motivated - grade and career motivation.

To perform a task for its own sake is intrinsic. Males are found to be intrinsically motivated. They work on
physics tasks because they find it interesting. On the other hand, females are found to be grade motivated.
Motivation to perform a task as a means to an end is extrinsic. They are extrinsically motivated to work on
physics tasks to attain a desirable outcome such as a good grade. Both types of motivation, intrinsic and extrinsic
however, are important in contributing to students’ success in their courses (Black & Deci, 2000).

The overall response (see table 2) for both genders is greater than three (3) which means that students often
think and feel that their course with the use of practical work promotes different types of motivation to perform
better in their physics class.

Table 2

Summary of the mean of the different types of motivation

Q# Statement Mean (Male)  Mean (Female)

Intrinsic Motivation

1 The physics I learn is relevant to my life. 3.47 3.53

3 Learning physics interesting. 3.87 3.53

12 Learning physics makes my life more meaningful. 2.93 3.20

17 I am curious about discoveries about physics. 3.67 3.73

19 I enjoy learning physics. 3.47 3.67
Mean 3.48 3.53

Self-efficacy

9 I am confident that I will do well on physics test. 3.00 2.47

14 I am confident that I will do well on physics labs and projects. 2.80 3.00

15 I believe I can master physics knowledge and skills. 2.53 3.00

18 I believe I can earn a grade of "A" in physics. 2.93 3.20

21 I am sure I can understand physics. 2.87 3.47
Mean 2.83 3.03

Self-determination

5 I put enough effort into learning physics. 3.20 3.53

6 I use strategies to learn physics well. 3.07 3.27

11 I spend a lot of time learning physics. 2.67 2.87

16 I prepare well for physics tests and labs. 3.13 2.93

22 I study hard to learn physics. 2.67 3.13
Mean 2.95 3.15
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Table 2 ... continued

Q# Statement Mean (Male)  Mean (Female)
Grade Motivation
2 I like to do better than other students on physics tests. 3.47 2.87
4 Getting a good physics grade is important to me. 2.93 3.87
8 It is important that I get an "A" in physics. 2.87 3.73
20 I think about the grade that I will get in physics. 2.47 3.93
24 Scoring high on physics tests and labs matters to me. 2.73 3.73
Mean 2.89 3.63
Career Motivation
7 Learning physics will help me get a good job. 2.67 3.47
10 Knowing physics will give me a career advantage. 2.80 3.73
13 Understanding physics will benefit me in my career. 3.07 3.87
23 My career will involve physics. 3.33 3.87
25 I will use physics problem -solving skills in my career. 2.73 3.27
Mean 2.92 3.64
Grand Mean 3.01 3.39

Male and female students are motivated differently. Males are mostly intrinsically motivated (M=3.48)
while females tend to be career motivated (M=3.64) and again females are grade motivated (M=3.63) more than
the males (M=2.89). Grade and career motivations are collectively called intrinsic motivation. In this study,
students were highly motivated in their physics class, both intrinsically and extrinsically using practical work.

Both genders identified self-efficacy as their least motivation. Males (M=2.83) have lower self-efficacy than
females (M=3.03). Self-efficacy refers to students’ beliefs about their capabilities in a specific area, which
influences the choice of activities and achievement (Chemers, Hu, & Garcia, 2001). Female respondents
believed that they can achieve well in physics than males. The absence of the counterpart in class boosts their
motivation to learn the introductory physics course. This is contrary to several studies. Hyde and Kling (2001)
asserted that studies by Beyer and Bowden (1997), Eccles, Wigfield, and Schiefele (1998), and the U.S.
Department of Education (2000) (as cited in Hyde & Kling, 2001) indicate that women have less confidence in
their abilities than do men.

Females have higher self-determination (M=3.15) than males (M=2.95). Self-determination refers to
students having some choice in and control over their learning (Reeve, Nix, & Hamm, 2003). When college
science students have the opportunity to choose what their assignments will be, they are more likely to learn
from the assignments (Glynn & Koballa, 2006). Females believed they have control over their learning of
physics and are more determined to accomplish and present their task in physics class. Consequently, they are
more motivated to achieve higher grades than their counterpart.

Gender-wise practical activities have been found to benefit girls tremendously (Musasia, Abacha, & Biyoyo
2012). Designing practical work in physics greatly motivated female participants of the study. They tend to
engage and achieve more than their counterpart males. They believe that they can achieve well in physics
courses and are determined to do so. The determination to meet physics objectives requirements of the practical
tasks leads the student to be responsible for the learning situation and develop insight and course of action into
the requirements of the task involved (Musasia, Ocholla, & Sakwa 2016).

Research Question 2: How does practical work enhance students’ performance in physics?

Mean scores of the pretest and posttest of the students indicated an increase using practical work in an
introductory physics course. The figure below clearly revealed the mean gain of 19.33 for civil engineering
students and 19.93 for students taking psychology. The result specified that males and females do not greatly
differ in understanding physics concepts. This is contrary to the findings of Kost, Pollock, and Finkelstein (2009)
and Musasia et al. (2016) where boys grasp physics concepts better than their counterpart girls.
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Table 3
Mean and Standard Deviation pre-post-test raw score
Mean N SD SE Mean
CE Pretest 17.40 15 11.89 3.07
Posttest 36.73 3.71 .96
Psych Pretest 16.80 15 6.00 1.55
Posttest 36.73 9.42 2.43

To test if there is a significant difference in the mean achievement scores of the students, a paired samples
t-test was computed.

Table 4

Significance level of CSTP pre-post test score

Statistics MD SD t df  p-value
Pretest-Posttest (CE) -19.33 11.22 -6.676 14 .000
Pretest-Posttest (Psych) -19.93 8.59 -8.988 14 .000
Table S
Summary of computations
Subject Category Mean Computed t-test Computed p-value Decision Remarks
CE Pretest-Posttest -19.33 -6.68 .0000 Reject Ho  Significant
Psych Pretest-Posttest -19.93 -8.99 .0000 Reject Ho  Significant

Based on the table, the computed p-value is less than the .05 level of significance. The decision is to reject
the null hypothesis: There is a significant difference between the mean scores of the pretest and posttest. These
results suggest that the use of practical work does affect students’” performance. Specifically, the results propose
that when students use this approach, their performance in physics enhances. Similar to the study of Musasia et
al. (2016) which showed that the instructional method (practical work) used in teaching experimental groups was
more effective than that used in the control group. It can be perceived that students perform better using practical
work. This was considered effective in physics instruction since there was an improvement in the context or
knowledge acquisition.

4. Conclusions and recommendations

Practical work in physics instruction promotes enjoyment, learning, and motivation to the freshmen
non-physics major students. Teachers become more effective educators and students become more active by
engaging them in learning tasks. Students often think and feel that their course with the use of practical work
promotes different types of motivation to perform better in their physics class. Males are intrinsically motivated.
They are more interested and find satisfaction in learning physics. Females on the other hand, are extrinsically
motivated. They learn physics as a means to a tangible end, such as a career or a grade.

The study showed that practical work has a positive effect on students’ achievement in physics. Students
perform better using practical work. Achievement in physics course was manifested as practical work enhanced
student’s performance. This was confirmed by rejecting the null hypothesis: There is a significant difference
between the mean scores of pretest and posttest.

This study recommends the use of practical work in other areas based on the learning competencies which
can be used to motivate students in different science courses. The use of different assessment tools to measure
the effectiveness of practical work may be explored. Instead of a paper-pencil test, a researcher may employ the
use of rubrics for performance tasks. Finally, replicate the study using a large population, randomized sampling
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techniques, and a longer period between pretests and posttests.

4.1 Limitations of the study

The California Standards Tests (CSTs) measure the achievement of California content standards in
English-language arts, mathematics, science, and history-social science for grades 2-11. Grade 11 is of the same
level as freshmen college students during the conduct of the study since the Philippines have not yet adopted the
K12 curriculum. Participants of the study are included in the last batch who did not take senior high school under
the new curriculum.
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