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Abstract

This paper presents the use of case analysis in teaching circular motion. The teaching
sequence was developed based on the alternative conceptions found during the diagnostic
phase of this study. It was implemented to twenty-six (26) students in their second year at
the university taking up a program in Bachelor in Secondary Education-Physical Science
and enrolled in a course in mechanics. Results revealed that the teaching sequence was
helpful in correcting alternative conceptions and in increasing conceptual understanding.
Inconsistencies in the conceptions were also minimized.
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1. Rationale

This paper reports the result of using case analysis in teaching circular motion.
Circular motion is one of the topics in physics specifically on the field of mechanics. Past
and recent studies revealed that circular motion is difficult to understand (Searle, 1985;
Meyer, 2012) and it is not among the most important topics in physics as reported by
teachers (Finley, Stewart and Yarroch, 1982). The diagnostic phase of this study have
revealed that circular motion is not given enough emphasis by teachers in the field.

In response to this, there had been an increasing number of literatures revealing
that carefully designed teaching sequences are found to be effective in maximizing the
learning gains of students across ages, levels, and races. These studies proved that these
teaching sequences were effective in correcting alternative conceptions and in
strengthening correct conceptions across different disciplines and subject matter taught in
the classroom. These works became the platform in conceptualizing the conduct of this
study with an additional aim of removing inconsistencies in students understanding of
circular motion concepts.
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2. Theoretical Framework

The framework used in developing this study was the conceptual change model of
learning. The said model is anchored on the theory of constructivism, which postulates that
learners make their own sense of the world around them based on the interaction of prior
knowledge, new knowledge, and ideas they come into contact (Resnick, 1989).
Conceptual change model specifically describes and explains the process in which
students learn in science. In comparison, there is a similarity of the said model with Kuhn’s
paradigm shift (Kuhn, 2012) and Piaget’s principle of accommodation (Simatwa, 2010).

Along teaching and learning, the last few decades of the 20" century and up until
today, a significant number of studies were done following the conceptual change
framework. As such, it believes that students already have some knowledge about the
things around them before coming to formal instruction in the classroom. Moreover, it
poses that students start making sense of the things around them through daily
experiences and interaction with the people around them. Finally, it argues that prior
knowledge influences their formal learning and that it is highly resistant to change.

The work of Hewson (1992), Posner et al (1882), Inagaki and Hatano (2002) and
Strike and Posner (1992) have given a clearer picture of conceptual change as applied in
the classroom. They argued that if the students’ prior knowledge is still capable of
providing solutions within the given conceptual schema, students would not have a
compelling reason to change the current conception. Hence, it is significant to diagnose
their present knowledge of science concepts and make it the basis in selecting appropriate
strategies and activities in the conduct of the lesson.

3. Literature Review

There had already been a number of studies related to circular motion that were
conducted in the past. These studies can be grouped into three (3). The first includes
studies related to conceptions and conceptual understanding which describe how students
of different levels, ages and races understand circular motion. Among these were the work
of Searle (1985), Ching (2001), Antwi et al (2011), Duman, Demerci, and Sekercioglu
(2015), Vyas (2012), and Viridi, Mogharabi and Nasri (2013). One apparent findings of
their studies were the existence of alternative conceptions on the different concepts of
circular motion. Another group of studies were the ones that attempted the development of
standardized assessment tools. Among these studies were the works of Gunes and
Kizilcik (2011) and Erceg et al (2014). These tools were aimed at diagnosing students’
understanding of circular motion concepts. Lastly are the group of studies focused on
designing and implementing teaching sequences. This teaching sequences employed
different strategies and approaches aimed at increasing conceptual understanding and
addressing alternative conceptions on circular motion.

Seattha, Yuenyong, and Art-in (2015) developed a practical approach in teaching
circular motion using science, technology and society (STS) approach to understand the
context of science, technology, engineering and mathematics (STEM). Similarly, Stinner
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(2001), in his strategy called ‘linking the book of nature and the book of science’ advocated
in using more common and natural phenomena rather than focusing on textbooks to
understand circular motion. Meanwhile, the use of computer and Internet technology (Zhou
et al, 2011; Aravind and Heard, 2010) and inquiry-based strategy (McLaughlin, 2006) were
also found to be effective and efficient in teaching circular motion. Although a number of
studies have argued that it is nearly impossible to change preconceptions of students on
physics concepts. According to Ozdemir (2004), misconceptions either would tend to
coexist with the scientific conceptions or will reappear after sometime even after giving a
successful teaching (Kim and Pak, 2002; and Kizilcik, Ondu Celikkanli and Gunes, 2015).

4. Statement of the Problem

The foregoing study attempted to find out the effectiveness of case analysis in
teaching circular motion.

Specifically it sought:

1. What is the effectiveness of using case analysis in teaching circular motion?
2. What are the limitations if using case analysis in teaching circular motion?

5. Methodology

This developmental study was implemented to twenty-six (26) university students in
their second year taking up Bachelor in Secondary Education majoring Physical Sciences
and were enrolled in a course in Mechanics. The entire study is divided into four (4) phase
namely diagnostic phase, developmental phase, implementation phase, and revision
phase.

Diagnostic Phase Developmental Phase Implementation Phase Revision Phase
1. Giving of the 18-item |:> 1. Development of the 1. Actual implementation of the I::> 1. Revision of the
diagnostic test to the teaching sequence based teaching sequence. teaching sequence
students. on the result of the 2. Students were divided in based on the actual
diagnostic test. groups of 5. experience and
2. 4 cases were included in 3. 45 minutes is allocated to observation of the
the teaching sequence complete the investigation of researcher and the
3. Pilot-testing of the every case. observation notes of
teaching sequence. 4. 2 groups present their case the observer

report every after completing
a case.

5. Atleast 2 physics teachers
present to observe during the
implementation

Figure 1. Detailed flow chart of the study

The diagnostic phase included the diagnosis of students’ understanding using an
eighteen (18) carefully selected and adopted questions on different concepts related to
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circular motion. These questions underwent content-validation from four (4) physics
teachers in the university.

The developmental phase included the development and pilot-testing of the
teaching sequence in circular motion which utilized case analysis. The consideration of the
activities included were based on the result of the diagnostic test. It included four (4) cases
for analysis. These cases were entitled (1) Investigating the Merry-Go-Round; (2) David
and Goliath (Whirling Stone); (3) Vehicle on a Circular Track; and (4) Moon’s Revolution
around the Earth. These were pilot-tested to a similar group of students enrolled in a
general physics course.

The implementation phase was the actual implementation of the developed
teaching sequence. It was implemented in two successive meetings since Mechanics is a
four (4) unit course which requires three (3) hours lecture and three (3) hours laboratory
every week. Every case were completed in forty-five (45) minutes. The entire class were
divided into five groups. Four (4) groups have five (5) members while one (1) group has six
(6) members. These grouping were decided by the researcher such that it is
heterogeneous. The basis of which were the scores and result of the midterm
examinations. The respondents were allowed to open references during the course of
investigating the cases. Every after finishing a case, two (2) groups were asked to present
their case report. The presentation included the procedure, the responses and
explanations to the guide questions. During the implementation, group interactions were
videotaped and observations were noted. At least two (2) physics teachers were also
present to observe and take note of the proceeding. Individual and/or group interviews
were conducted after the class as it was deemed necessary to verify and confirm
observations made by the researcher. After the implementation of all the cases, a posttest
was given.

The revision phase included the modification of the teaching sequence based on
the observation and actual experience of the researcher during the implementation. It also
included the observations and notations made by the other two (2) physics teachers who
observed the actual implementation of the teaching sequence.

Results of the diagnostic test and posttest were analyzed using simple percentage
and frequency count and t test. Simple Collaizi method was used in seeking for patterns
and themes in the written explanations, interviews, video recording, teachers’ observations
and researcher’s notes.

6. Results and Discussion

Results showed that a remarkable increase in the mean score of 8.73 was recorded
upon comparing the result of the pre-test and the post-test. The table that follows
summarizes the change in the individual scores of the respondents.
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Table 1
Comparison of pretest and posttest scores

Student | Pretest | Post test | Student | Pretest | Post test
No. Score Score No. Score Score
1 4 16 14 8 17
2 5 18 15 7 16
3 7 15 16 2 11
4 9 17 17 4 12
5 7 17 18 8 11
6 4 14 19 5 15
7 5 10 20 6 14
8 6 16 21 5 11
9 5 14 22 6 15
10 6 16 23 3 17
11 7 15 24 7 12
12 2 11 25 7 14
13 3 17 26 5 9

T-test result revealed that the value of computed t is 16.19. The value of p is <
0.00001, hence, the difference is considered significant at p < 0.05. Table 2 summarizes
the t-test calculations.

Table 2

Difference Scores Calculations
Mean: 8.73
u=0
S? = SS/df = 189.12 / (26-1) = 7.56
S2u=S?N=7.56/26=0.29
Sw = V8% =v0.29 = 0.54
T-value Calculation

T=(M-u)/SM=(8.73-0)/0.54 = 16.19

Summary of t-test calculations

The result of this study supports the constructivist theory of learning. As proven in
this study, students are indeed capable of constructing new concepts, the way they
understand it and reconstruct previously learned concepts if given the opportunity and the
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right condition to learn the intended concepts to be learned. Moreover, this study supports
the conceptual change model of learning which explains the possibility of correcting
previously learned concepts to a more viable one as soon as the learner discovers its
limitations.

Upon thoroughly examining the responses and explanations made by the learners
in the post test, it revealed more consistency and less guessing. Table 3 is a summary of
the number of students who get the correct answer of every item in the pretest and its
equivalent item in the posttest.

Table 3
Change in the number of respondents got a correct answer in comparable items of the
pretest and posttest

Item | Pretest | Post | Item | Pretest | Post
No. test No. test
1 20 24 10 3 20
2 23 26 11 5 25
3 15 26 12 0 18
4 5 23 13 7 24
5 7 25 14 4 21
6 2 18 15 2 20
7 9 23 16 16 23
8 1 17 17 1 2
9 4 16 18 15 23

The use of case analysis have allowed the students to interact with their co-learners
and develop their investigative skills as they discuss results with each other, question their
findings and explanations, browse and read references. Most importantly, it allowed the
students to comprehend and synthesize the likelihood of different natural phenomena
governed by the same principle/s which is one of the problems diagnosed during the first
phase of the study. Inconsistency in the understanding was addressed during the course
of the teaching sequence implementation as proven in the posttest result. The different
cases investigated allowed the students to deduce that certain concepts in physics,
centripetal force in the case of this study, its existence is possible in different context,
hence, thorough analysis is required.

However, the use of case analysis in teaching concepts in science has some
limitations as well. First, it takes time and careful preparation to identify cases which
includes situations or natural phenomena manifesting the intended concepts for
investigation, otherwise it will result to more confusion on the part of the students. Second,
a longer time is needed to successfully implement case analysis in teaching. Finally and
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importantly, the teacher must be skilled enough in facilitating and processing students’
interactions and discussions.

7. Implications

Based on the result of the foregoing study, the use of case analysis can be
considered useful in teaching physics. In the case of teaching circular motion to university
students enrolled in mechanics, it was found to be effective particularly in addressing
alternative conceptions and developing consistency of understanding. Such strategy can
be used especially in teaching physics concepts that are present in multiple context such
as circular motion.

Case analysis is a highly student-centered strategy which allows students to be
investigative giving them the opportunity to synthesize the similarities and likelihood of
different phenomena and the presence of these concepts in real life situations. Using this
strategy effectively will allow the students to develop sense of ownership of their learning
through the investigations they conduct. Although, using this strategy requires greater
amount of time and an effective facilitating skills and in depth knowledge of the subject
matter is required from the teacher to ensure success in the utilization of case analysis as
a strategy in teaching.

8. Recommendations

From the result of the study, it is highly recommended to extend the same study to
all curvilinear motion such as projectie and rotational motions. Moreover, it is
recommended as well to use case analysis as a strategy in teaching other concepts in
physics and other related disciplines.

Meanwhile, along the study itself, it is recommended to use other methods of
guantitative and qualitative analysis to verify the results and implications reported in this
study. Other strategies in teaching circular motion is also recommended especially on the
use of indigenous and improvised materials and integrating circular motion concepts in
other disciplines. Moreover, it is suggested that other factors that might have affect the
improved performance of the students must also be looked into. Further, it is suggested
that case analysis be used to other topics in science across different levels.
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