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ABSTRACT

The major goal of this research is to construct a frictional force learning module
to provide clear understanding on the concepts of frictional force to Thai students in
Mathayomsuksa 4 (tenth grade). The study started from the identification of the basic concepts
of frictional force. Then, open-ended questions were constructed to survey students’
understanding of the concepts of frictional force. The questions were distributed to 241 Thai
students. The results revealed these students’ misunderstanding regarding the concepts of
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CHAPTER|
INTRODUCTION

The dissertation introduction addresses a presentation of an importance for
doing this research to promote Thai high school students’ understanding of frictional
force concepts. After that the purposes of this study, the research questions, and the
scope of the research are concisely presented. Finally, we present the summary of the

introduction chapter.

1.1 Context of thisstudy

The study of force and motion is a branch of that of classical mechanics.
This leads to the study of such topics as gravitation, electricity and magnetism,
according to the nature of the forces and motion dealt with. Of course, it is difficult to
study such fields of physics without mastering the general laws in force and motion.
Thus, it is necessary for students to comprehensively conceive the concepts
(Khumaeni et al, 2008). However, Thai high school students have taken less than 35%
score of the achievement test for 3 years. This was reported by The National Institute
of Educational Testing Service (NIETS). They have analyzed the O-NET data during
2007-2009 and found that Thai students in Matthayomsuksa 6 had the decreasing
score from year 2007 to year 2009 in the topic of force and motion. Particularly, in
2009 the achievement in the topic of force and motion was considered as the lowest of
all physics topics. These results were from almost 350,000 Thai high school students
across Thailand, who took the O-NET exam. They gained the average score 4.19 from
the full score 17.50 or 24% (NIETS, 2011). This represents not only the unsuccessful
teaching and learning of this topic in high school levels of Thailand, but also displays
the low background knowledge of Thai students that they will bring to the university

classrooms.
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Furthermore, the force and motion consists of several complicated and
relevant concepts namely the Newton’s first, second and third laws of maotion,
frictional forces, position, velocity, acceleration, projectile and circular motions, free
falling object and others. The review of literature concerning teaching and learning
sub-topics of force and motion of Thai researchers disclosed some significant
documents. For instance, Panijpan and colleagues (in 2009) presented a magnetic set-
up to teach the Newton’s laws of motion. The same concept was also reported in the
research of Nopparatjamjomras and his colleagues in 2010 by using the mechanic
instrument. Moreover, the free falling object concept was studied in the work of
Arayathanitkul and his colleagues in 2011. Nevertheless, teaching and learning the
frictional force concept of Thai students has been investigated in a small number of
studies.

Therefore, in the preliminary work we started to survey a group of Thai
high school students (n=46) about the frictional force concepts by using the open-
ended questions. All students have learned the frictional force concept prior to the test.
We found that almost 80% of these students held the alternative concepts, for
example, (1) the direction of frictional force was always opposite to the motion of the
object, and (2) when the object moved, the kinetic friction always acted between the
contact areas. In addition, our preliminary results were similar to certain significant
studies, which clearly revealed that many students were really confused about
frictional forces (Paulo & Adriano, 2005; Sharma & Sharma, 2007; Ahmet & Nazmi,
2008).

These preliminary results encouraged the researchers to arrange a more
appropriate approach for Thai high school students learn the frictional force. Therefore,
we aim to construct the active learning module based on the hands-on and the
Interactive Lecture Demonstrations (ILDs) approaches. The students’ prior knowledge
of frictional forces is utilized as key resources for designing this learning module.
Moreover, the learning module will give students an opportunity for doing experiment,
discussing with their peers, and constructing their own concepts of frictional forces via

the everyday life situations.
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1.2 Purposes of the Study

The objectives of this study are:

(1) to investigate the alternative concepts of frictional forces of Thai high
school students, and

(2) to improve Thai high school students’ understanding of the frictional
force under the learning module based on the hands-on and the Interactive Lecture
Demonstrations (ILDs) approaches designed by the researchers.

1.3 Research Questions

To achieve the purposes of this study, the research questions will be
responded.

(1) What are the alternative concepts of frictional forces held by Thai high
school students?

(2) Does the learning module based on the hands-on and the Interactive
Lecture Demonstrations (ILDs) approaches designed by the researchers increase high

school students’ conceptual understanding of frictional forces?

1.4 Research Structure

This dissertation gives research data concerning the teaching and learning
of frictional forces of Thai high school students. The study introduces the frictional
force learning module based on the hands-on and the Interactive Lecture
Demonstrations (ILDs) approaches designed by the researchers. There are seven main
chapters in this dissertation.

Chapter |: Introduction—the significance of this research and the aim of
the research study.

Chapter 11: Literature Review—the key concepts of frictional forces,
research of students’ alternative concepts of frictional forces, research of the frictional
force teaching and learning, the hands-on and the Interactive Lecture Demonstrations
(ILDs) approaches, and the normalized gain.
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Chapter I11: Frictional Force Conceptual Survey— how to construct and
evaluate open-ended questions to monitor students’ understanding.

Chapter IV: Frictional Force Learning Module—the development of the
frictional force learning module.

Chapter V: Results—what we have found in this research.

Chapter VI: Discussion— examine what we found, analyze and compare
with other studies.

Chapter VII: Conclusions—the summary of the study and suggestions.

1.5 Summary

This chapter presents the overview of this dissertation. It starts from the
significance of doing this research in the part of context of the study. Then the
research goals and questions are addressed. The seven main chapters of the

dissertation are briefly explained in the last section.
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CHAPTERIII
LITERATURE REVIEWS

This chapter presents the literatures concerning the frictional force and the
associated concepts for designing and evaluating the learning module. It consists of
five major topics. Firstly, we briefly summarize the key concepts of frictional forces
for Thai high school students. Secondly, the significant previous researches reported
alternative concepts of frictional forces are illustrated. Thirdly, we show what other
researchers have done for teaching the frictional forces. Fourthly, the active learning
strategies used in this research namely the Interactive Lecture Demonstrations (ILDs)
and the hands-on method are proposed. Finally, we review the normalized gain as the

method for evaluation our frictional force learning module in this research.

2.1 TheKey Concepts of Frictional Forces

We name the parallel force with the surface that resists the relative motion
of an object when the object surface interacts with its surroundings as “the frictional
force” (Serway and Jewett, 2010; Halliday et al., 2008). This frictional force is
significantly important in people’s activities in everyday lives. Unless the frictional
forces exist, we cannot walk; run and hold the glass and the car cannot move or stop.
Of course, the frictional force has been considered as one of the fundamental physics
concepts. In Thailand, according to the Basic Education Core Curriculum B.E. 2551
(A.D. 2008), the frictional force is one topic in the fourth strand called the force and
motion of science core concepts. The 5, 9™ and 10™ graders are required to learn the
frictional force concepts comprising definition of frictional forces, magnitude and
direction of frictional forces, types of frictional forces (static and kinetic frictions) by
which all focus on the dry friction in macroscopic scales (IPST, 2011).

In general, if the surface of one object comes into contact to the relative

motion with the surface of another object, the frictional force exists, by which the
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nature of frictional forces is a very complex phenomenon which cannot be represented
by a simple model.

However, for high school students, the basic assumptions of frictional forces are
required. Ordinarily, the frictional force is proportional to the texture of both surfaces
(represented by the coefficient of friction) and the normal force. With the same
coefficient of friction, the magnitude of frictional forces depends upon the normal
force. Moreover, it is independent of the area of contact and the velocity of motion.
These assumptions exclude in the cases of a very small area digging into another
surface and the high velocity of motion influenced by the air friction.

Only two types of dry friction, static and Kinetic frictions, are considered

mainly for high school students. The static frictional force ( f,) is the force resists the
relative motion of two contacted surfaces of the solid bodies that are not moving on

each other. The magnitude of static frictional force (f, ) is equal or less than the
resultant of the coefficient of static friction ( ) multiplied by that of the normal force

(N) (ie. f,<uN). The kinetic frictional force ( f,) is the force resists the relative

motion of two contacted surfaces of the solid bodies that are sliding on each other. The

magnitude of Kinetic frictional force ( f,) is the resultant of the coefficient of kinetic
friction () multiplied by that of the normal force (N)

(i.e. f, = 1, N ).The coefficient of Kinetic friction is commonly less than the coefficient

of static friction. The maximum friction force of two surfaces before the sliding starts
is the product of the coefficient of static friction and the magnitude of the normal

force, and often called the maximum static frictional force ( f ., )-

The difference between static and kinetic frictional forces can be
expressed by the following graph (Figure 2.1). Generally, this graph is plotted from a
simple experiment, for example, we gently push (the applied force) a book rested on a
table to move. While the book still rests on the table, the static frictional force occurs
and linearly grows matching the applied force. Immediately, the book moves (showed
by the threshold point). The static frictional force is dropped and changed to the
kinetic frictional force. The kinetic friction is approximately constant. The condition
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that the static friction is greater than the kinetic friction is illustrated by the area

beneath the curve (showed by the gray area).

Frictional force

A ThrToId point

Thekinetic
frictional force

The static
frictional

force, The tatic friction is

<4— greater than thekinetic
friction.

» Applied force
Figure 2.1: Thefrictional force graph

2.2 Resear ch of Alternative Concepts of Frictional Forces

The previous researches clearly revealed that students were confused
about the frictional forces in many real-life situations. Here are some of the alternative
concepts of frictional forces.

In 1990, Salazar and colleagues reviewed the physics education
researches and presented an alternative concept about the frictional force that many
students believed. That was the frictional force is always opposed to the motion of the
object. This was strongly agreed with the report of Lee in 1999. Lee found that most
students in his research believed that a frictional force is always opposite with the
motion. He mentioned that this notion has been deeply embedded in several students
due to the way teachers taught the frictional force subject. As well, he suggested that
instructors should more concentrate on applying the free-body diagram to analysis the
frictional forces on a rigid body in many situations, such as rectangular block sliding
down a slope under its own weight, and a disk rolling without sliding on a rough
surface acted upon by a force.

Similarly, in 2005, Carvalho and Sousa used basic concept questions of
the frictional force with 15 senior students of physics education and school physics
teachers for surveying their understanding in this topic. They found that most of

participants have misunderstandings about the frictional force in many aspects such as
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(1) the frictional force is resistant to motion, (2) frictional forces are always opposite
to the direction of the motion, and (3) kinetic friction and rolling friction are the same.
In 2010, Prasitpong and colleagues have also found that students usually believed the
frictional force opposes the motion of a moving object. Their results were from high
school students in Thailand. Moreover, in 2007 Besson and others have addressed the
student alternative concepts about frictional force in their literature reviewing; for
example, most students believed that frictional force is opposed to the actual motion
and not to the relative motion between two solids in contact. Generally, students
believed that the frictional force acts only on the upper object, in the case of two
objects, one put on top of the other, and an external force applied to the upper one. For
the vertical motion, such as when an object is in contact with a vertical surface, many
students believed that there is only one frictional force acts on the object in motion.
With its nature, frictional forces are complex and depend on the contexts.
Unless students understand the keys concepts of frictional forces, they are rare to catch
up the other contexts. This was supported by the research of Trumper and Gorsky in
1997. They conducted the research about frictional force with 180 biology students
training for high school teacher in the largest college in Israel. They found the
incorrect views such as (1) friction related only to moving objects, and (2) some
students were uncertain about the status of friction as a force. Moreover, in 1991 Chia
has surveyed 42 university physics students about frictional forces by using interview
and open-ended questions. These students have passed at least the first year university
physics course. He found that more than 50 percent of these students responded the
incorrect ideas in several contexts. For example, these students believed that when a
body remains at rest, frictional force always acts on the body. They believed that when
an object remains at rest though there is external force acting on it; the frictional force
acting on the object is always equal to zero. When a man is walking forward, frictional
force acting on the man by the floor always points the backward direction. When a
man is pedaling a bicycle, the frictional force acting on the rear wheel of the bicycle is
along the backward direction. Moreover, these students believed that when the rider
turns his bicycle at the corner of the road, the frictional force acting on the front wheel
is in the outward direction. This misconception came from the incorrect idea of the

centrifugal force acting on the front and the rear wheel of the bicycle.
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Furthermore, some reports found that students usually held the alternative
concepts dealing with the static and kinetic friction. For instance, in 2008 Singh
explored almost 300 students in nine college calculus-based introductory physics
courses about frictional forces by using the open-ended questions. The result presented
that many students believed that (1) the static friction is always at the maximum value,
(2) the kinetic friction is responsible for keeping the car at rest on an incline, and (3)
the existence or nonexistence of friction must affect the work done by you even if you
apply the same force over the same distance. In 1999, Morrow and Jackson presented
that while teaching non-science majors students they found the alternative concept of
frictional force that many students believed that for a couple objects, kinetic friction
does not depend only on the normal force; it may be changed from other parameters
such as pressure.

Other basic ideas of frictional forces that students have less understanding
were such as the direction and magnitude of frictional forces. These were revealed by
the research of Self and colleagues in 2008. They reported a misconception in
frictional forces held by engineering students that some students believed the direction
of the frictional force on a rolling rigid body is irrelevant to the direction of rolling. In
the same year, Hancer and Durkan found that almost 80 percent of the students
believed that the magnitude of the frictional force depends on the apparent contact
areas. This was a result from utilizing the Force and Movement Concept Test (FMCT)
to examine the 7" and 8" graders understanding in two schools in Turkey.
Additionally, in 2007 Sharma and Sharma probed students’ understanding of frictional
force by using their own frictional force conceptual inventory (FFCI). The 177
samples in their study consisted of high school students, undergraduates, physics
graduates, and pre-service teacher education students. They found that more than 50
percent of these students have misunderstandings about frictional force involving the
coefficient, direction and application of frictional forces. For example, these students
believed that the coefficient of frictional force was dependent of area of surface in
contact. Frictional force was independent of the direction of the applied force.

Collectively, table 2.1 summarizes these alternative concepts of frictional

forces based on their key ideas.
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Table 2.1: Alternative concepts of frictional forces and thereferences

Magnitude of Frictional Force

The magnitude of the frictional force

depends on the apparent contact areas.

Hancer & Durkan, 2008

The coefficient of frictional force was
dependent of area of surface in contact.

Sharma & Sharma, 2007

Directions of Frictional Forces

The direction of the frictional force on a
rolling rigid body is irrelevant to the

direction of rolling.

Self et al., 2008

Frictional forces are always opposite to

the direction of the motion.

Carvalho & Sousa, 2005; Salazar et al.,
1990; Lee, 1999; Besson et al., 2007;
Prasitpong et al., 2010

Frictional force was independent of the

direction of the applied force.

Sharma & Sharma, 2007

Static/ Kinetic Friction

Kinetic friction and rolling friction are

the same.

Carvalho & Sousa, 2005

Kinetic friction does not depend only on
the normal force; it may be changed from

other parameters such as pressure.

Morrow & Jackson, 1999

The static friction is always at the Singh, 2008
maximum value.

The kinetic friction is responsible for Singh, 2008
keeping the car at rest on an incline.

The existence or nonexistence of friction | Singh, 2008

must affect the work done by you even if
you apply the same force over the same

distance.
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Others

The frictional force acts only on the Besson et al., 2007

upper object, in the case of two objects,
one put on top of the other, and an

external force applied to the upper one.

For the vertical motion, such as when an | Besson et al., 2007
object is in contact with a vertical
surface, there is only one frictional force

acts on the object in motion.

Friction related only to moving objects. Trumper & Gorsky, 1997

It is uncertain about the status of friction | Trumper & Gorsky, 1997

as a force.

2.3 Resear ch of Frictional Force Teaching and Learning

The effective teaching tools or processes for frictional forces have been
proposed by various educators. Here are some examples.

In 1990, Salazar and others suggested two examples of problem-solving,
which could be used to demonstrate that the frictional force acts in the same direction
as the center of mass velocity of the body accelerating it. The first example showed the
sliding motion of two blocks, one on the top of the other, on a frictionless horizontal
surface, when a horizontal force is applied to the lower one. The second example
involved a rotational motion or rolling without slipping. They reported that these
examples could solve the misconception that the frictional force was always opposed
to the motion found in physics classroom. Dealing with the problem solving, in 2001
Leonard introduced a simple way to solve the question involving frictional force
concept about finding the smallest angle for a man, who is pulling a box on the
ground. His idea focused on the free-body diagram or the normal, static friction and

tension acting on the box.
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Additionally, in 2008 Singh used the isomorphic problem pairs (IPPs),
which involved the problem solving for several contexts with the same physics
principle, with almost 300 introductory physics students in mechanics classes. He
showed that when conceptual and quantitative questions, which were set up as pairs,
were given. Students, who answered both questions in the IPPs often outperformed on
the conceptual questions more than those who answered the corresponding conceptual
questions only. However, this teaching process, IPPs, displayed low effective in the
frictional force concept. He suggested that friction was so strongly and automatically
triggered by the context, which students were hard to look for analogy with paired
problems.

Not only the problem solving, but also the experiments were suggested for
teaching and learning the frictional force concept. For instance, in 1999 Morrow and
Jackson designed the experiment to demonstrate that kinetic friction is constant and
depends only on the normal force. The experimental setup consists of the motion and
force sensor, wood block, 2 kg mass, and hanging mass/pulley system, which all are
put on the table. The motion sensor measured the position of the object, the force
sensor measured the applied force acted by the hanging mass/pulley system to the
object. The software shows velocity-time, velocity-distance, force-time, frictional
force-applied force, and frictional force-velocity. Similarly, in 2002 Takahashi
introduced a friction experiment based on the force sensor of the commercial software.
It displayed the characteristics of static and kinetic frictions. The force sensor was
attached to the plane along which the block moved. The beaker of sand was slowly
poured into the hanging bucket for pulling the block to move. A computer graphed the
force sensor reading as a function of time. Moreover, in 2005 Carvalho and Sousa set
up the non-expensive laboratory equipment for frictional forces. This apparatus was
used to find the coefficient of friction, both static and kinetic, with rolling objects. In
the experiment, they let the solid cylinder roll down freely on the flat inclined surface,
measured the distance between the marks (by ink) on the surface, and repeated this
procedure for different angles.

In 2007 Heavers suggested an inquiry-based activity for the friction force. It
demonstrated the coefficient of kinetic friction by graphing the frictional force versus

normal force for a wooden block and calculator cover, which were released to slide on
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the inclined wooden plane. This activity could also help students to reinforce the idea
that the frictional force does not depend on the area of the surface in contact, by
working with the wooden block on its wide side and then on its narrow side.

In the same year, Besson and colleagues proposed a useful way to teach
friction in high school and college levels. They designed a sequence of teaching
process based on the student misconceptions. They suggested that 5 parts of the
sequences of topics in class include (1) the introduction of the importance of friction in
everyday life, (2) vertical frictional force, (3) static and kinetic friction, (4) topography
of surface and mechanisms producing friction, and (5) frictional force from the energy
point of view. In each step they introduced both demonstrations and hands-on
activities. This method discovered the positive results after testing with groups of high
school students and teachers. Furthermore, the virtual model called rubber-band model
was proposed by Reichert in 2001 for explaining the frictional force. Instructors could
draw the model to visualize the chemical bond of the two contacted objects, which
applied the frictional force on each other.

In addition, there were many works addressing the ideas about the frictional
force in rolling motion. For examples, Pinto and Fiolhais (2001) considered rolling
with and without slipping of a cylinder on a horizontal plane, acted upon by a constant
horizontal force. They found that if a body had no rotating motion, the study of its
motion could reduce to the study of its centre-of mass motion. In contrast for the
rotation, the analysis of the frictional force requires a detailed knowledge of the
motion of the particles where the frictional forces were applied. Carnero and other
(1993) reported the fact that the frictional forces did not work when a body rolls
without slipping. Moreover, Basta and other (1999) suggested a simple desktop
apparatus online with a PC for studying the rolling motion of the sphere with and
without slipping. They used this set up in a physics laboratory for university levels and
found that this interactive experiment would promote more student understanding of

frictional force.
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2.4 Active Learning Strategies

From the constructivist learning theory studying about how students learn,
learning is active and is the interaction of the ideas and process. The new ideas of
learning come from the re-organized old ideas following the process. Learning is
enhanced by the contexts that students find familiar and meaningful. Students
(individually or socially) learn or construct own understanding and knowledge of the
world via their prior knowledge. Clearly, it means that knowledge cannot be taught,
but constructed (Bransford et al., 1999; Bybee, 2002; Kim, 2005).

The major role of instructors based on the constructivism is as the
facilitators. The suggestions for learning with the constructivist learning theory are
that the students’ prior knowledge and the interactive and social learning process are
required in classrooms. Moreover, in 1969 the National Training Laboratories (Bethel
Maine) produced the Learning Pyramid, modified from the Dale’ cone in 1954, which
illustrates that if teachers use more active instructions in classes, their students gain
more understanding of such subject matters (Lalley & Miller, 2007) (Figure 2.2). The
Learning Pyramid represents the average retention rates for different instructional
methods. Lecture was found to provide the least retention (5%), and the active
methods such as practice by doing and teaching each other were found to provide the
most retention (75-90%).

L evels of Involvement A We Tend to Remember

5% of What We face in
Lecture

Hearing
Words | 20% of What We Hear |

Passive / Looking at \ | 30% of What We See |
Pictures

| 10% of What We Read |

Watching a Movie
Looking at an Exhibit \ B50% of What We See &
. K Hear
Watching a Demonstration
/ Seeing it Done on Location \

/ Participating in a Discussion \ 5% of What We
Active / Give a Talk \ Say
/ Doing a Dramatic Presentation \ 90% of
/ Simulating the Real Experience \ Whgt Wg
2y
/ Doing the Real Thing \ Do

Figure2.2: The Learning Pyramid (Lalley & Miller, 2007)
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Active learning involves providing chances for students to
significantly talk and listen, write, read, and reflect on the ideas and concerns of an
academic subject (Meyers & Jones, 1993). It refers to the instructional techniques,
where the students do more than just listen to or watch the lecturing of the teachers in
the classrooms. Moreover, Meyers and Jones (1993) indicated that there are four basic
components of the active learning strategies. These four elements are: (1) talking and
listening, (2) Reading, (3) writing and (4) reflecting.

The active learning strategies based on the constructivist learning theory used
in this research are the Interactive Lecture Demonstrations (ILDs) and the hands-on

approaches.

2.4.1 Interactive L ecture Demonstrations (IL Ds)

The Interactive Lecture Demonstrations (ILDs) approach is one of the well-
known instructional strategies in physics education research designed to enhance
conceptual learning in large (and small) lectures through active engagement of
students in the learning process. Many real-time physics demonstrations are shown to
students following up with making predictions of students about the outcomes on a
prediction sheet, and discussing with their friends in small groups. Students then
observe the results of the real demonstration, compare these results with their
predictions, and attempt to explain the observed phenomena.

The ILDs method was proposed by Sokoloff and Thornton in 1997 with the
effort to increase more chances of discussion of students in the large lectures, in
particular. There are 8 main steps of the ILDs procedures, which are;

(1) Instructor describes the demonstration sets.

(2) Students note their names and individual prediction on a prediction sheet.

(3) Students discuss in a small group.

(4) Students note the final prediction on the prediction sheet.

(5) Instructor extracts the common student ideas and shows in the whole class.
(6) Instructor and students displays the demonstration.

(7) A few students explain the results, discuss each other and fill out in the result
sheet.

(8) Instructor discusses other situations in the same concept.
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ILDs have been applied to many physics classrooms worldwide. All revealed
the positive results (Loverude, 2009; Thornton & Sokoloff, 1998; Semper et al., 1982).
Furthermore, in 2004, Crouch and colleagues have supported that the prediction step
in the ILDs facilitates students learning. Learning is enhanced, however, by increasing

student engagement through the observation, prediction and discussion.

2.4.2 Hands-On Method

A hands-on method supports students to learn by doing experiments. It
requires students to become active participants instead of passive learners. Hands-on
science is defined as any science activity that allows the student to handle, manipulate
or observe a scientific process (Flick, 1993; Lumpe & Oliver, 1991; Franklin & Peat
2005). Hands-on approach consists of 3 parts: inquiry, structure and experiment.
Inquiry refers to the making discoveries for activities of students. Structure refers to
the amount of guidance given to students. Experiment refers to the doing experiment
for discovering of students. These three components are properly combined each
other. Recently, a new term has been proposed for hands-on science called Hands-
on/Minds-on science (Lumpe & Oliver, 1991). School science education first proposed
the hands-on in the eighteenth century (Craig, 1957). This approach displayed the
positive outcomes reported by many researches (Middleton, 1995; Renner et al., 1985;
Holstermann et al., 2010).

2.5 The Normalized Gain

The normalized gain is an analytical method used to assess students’
learning gain proposed by Richard Hake in 1998. The main concept of the normalized
gain concerns the comparison of the difference between pre-test and post-test scores to
maximum possible gain. This method differs from general assessment methods such as
t-test and z-test. In general, t-test (or z-test) shows only the significant difference
between pre- and post-test scores. However, the normalized gain shows the learning

gain caused from the learning method used in the classroom. An average normalized
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gain (<g>) for a course is the ratio of the actual average gain (<G>) to the maximum
possible average gain (<G>max), which can be written as
<g> = %<G>/ % <G>max
= ( %<post> — %<pre>) /(100 — %<pre>)

when <post> and <pre> are the final and initial class averages.
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Figure2.3: %<Gain> versus % <Pre-test> score on the conceptual mechanics
diagnostic test called the Force Concept Inventory (Hake, 1998)

In 1998, Hake has reported the levels of the average normalized gains, which
are the standard values for traditional courses and interactive engagement courses. He
analyzed the pre-and post-test data from 62 introductory physics courses enrolling a
total number of students N = 6,542 by using the Halloun-Hestenes Mechanics

Diagnostic test or more recent Force Concept Inventory (FCI). He found the average
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normalized gain 0.23 + 0.04 for the traditional courses, and 0.48 + 0.14 for the
interactive engagement courses (Figure 2.3). Based on the study, Hake divided the
gain values into 3 categories: (1) “High Gain” as <g> greater than 0.7, (2) “Medium
Gain” as <g> between 0.3 and 0.7, and (3) “Low Gain” as <g> lower than 0.3.

The graph in Figure 2.3 illustrates the raw data (N=6,542) which Hake used
to calculate the 3 levels of normalized gain. There were 14 traditional (T) courses (N
=2,084) which made little or no use of interactive engagement (IE) methods, and 48 IE
courses (N = 4,458) which made considerable use of IE methods. The participants
were high school (HS), college (COLL), and university (UNIV) students. Slope lines
for the average of 14t courses and 48, courseswere shown as <<g>>14r and
<<g>>48g, respectively.

However, the normalized gain was revised by Marx and Cummings in 2007
for the case that the post-test score was less than the pre-test score. It was named as
“normalized change (c)”. Moreover, Marx and Cummings explained the limitations
of the normalized gain that (1) it has a low test-score bias, (2) the normalized gain
equation generates a non-symmetric range of scores which makes interpretation
difficult in some cases, and (3) if a student achieves a perfect pre-test score (the
maximum scores), then the equation yields g = o for any post-test score. The

normalized change can be found by using the following equations.

Table2.2: The conditions and equations of the normalized change

Equations of the
Conditions nor malized change (c)
(1) post > pre ¢ = (post-pre)/(100-pre)
(2) post = pre c=0
(3) post = pre =100 or 0 Drop
(4) post < pre ¢ = (post-pre)/pre

In this research, since there is no result that the post-test score is less than the
pre-test score, the significant statistical method, normalized gain, is used to evaluate
the students conceptual understanding of frictional forces before and after the
instruction by using the learning module designed by the researchers.
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CHAPTER 111
FRICTIONAL FORCE CONCEPTUAL SURVEY

This chapter presents how to construct and evaluate the conceptual survey
concerning the frictional force concepts created by the researchers hereinafter called
“Frictional Force Conceptual Survey: FFCS”. The conceptual survey was prepared
based on two objectives: 1) to investigate the alternative concepts from participated
Thai high school students, in order to use as the key resource for designing the
frictional force learning module in this research and 2) to assess the learning module
which improves the students conceptual understanding of frictional forces. There are 3
main steps in the development of the FFCS as shown in Figure 3.1.

Step |: Extracting the core concepts of frictional forces provided for Thai high school
students from the Basic Education Core Curriculum B.E. 2551 (A.D. 2008) of
Thailand.

Step I1: Creating the open-ended questions as the FFCS, based on the curriculum, the
preliminary results and the literature.

Step I11: Modifying and evaluating the efficiency of the FFCS by using statistics; the
content validity, the item difficulty, the item discrimination and the KR-21reliability.

Development of the Frictional For ce Conceptual Survey (FFCS)

Step |: Step I1: Step 11
Extracting the core Creating the open- Modifying and
concepts of frictional ended questions as the evaluating the
forces FFCS efficiency of the FFCS

Figure 3.1: Three main stepsin the development of the FFCS
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3.1 Step |: Extracting the Core Concepts of Frictional Forces

This section shows the core concepts of frictional forces that Thai high
school students have to learn. These concepts comply with the Basic Education Core
Curriculum B.E. 2551 (A.D. 2008) of Thailand (IPST, 2008). As mentioned in the last
chapter, the nature of frictional forces is a very complex phenomenon which cannot be
represented by a simple model. On the other hand, for high school students, the basic
assumptions of frictional forces are required. Overall, in this level the curriculum
focuses on the dry frictional force in the macroscopic scale comprising its definition,
properties and types. The frictional force core concepts are displayed in the following

Figure.

Friction
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Figure 3.2: Thefrictional force core conceptsfor Thai high school students
(IPST, 2008)

These assumptions ignore the cases of a very small area digging into another
surface and the high velocity of motion influenced by the air friction. Therefore, the

frictional force is proportional to the normal force (at the same friction’s coefficient)
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and the surface roughness. It is independent of the area of contact and the velocity of

motion.

3.2 Step I1: Creating the Open-Ended Questionsasthe FFCS

To check the students’ understanding concerning the frictional force
concepts, we constructed the conceptual open-ended questions of frictional forces
called “Frictional Force Conceptual Survey: FFCS’ based on the core concepts as
shown in Figure 3.2. Moreover, the preliminary results and the outcomes of reviewing
the literature focusing on the alternative concepts were also applied in this
development. Questions of FFCS are based on everyday life contexts, for example,
holding the glass, pushing the clothespress, kicking the ball, riding the bicycle and
pushing the cart. The questions ask students to answer and give reasons for each
situation. We constructed the first version of FFCS with 25 items, and required about
40 minutes to complete the survey. The first version of FFCS was tried with a number
of students and evaluated by physics experts and the statistical methods. The details
will be clearly illustrated in the next part. We then modified the FFCS again and again
to reach the statistically acceptable version. Ultimately, the current version of the
FFCS is composed of 20 items, 7 pages and required about 30 minutes to complete (as
shown in Appendix B). The items of FFCS can be categorized into concepts as shown
in Table 3.1.

Table 3.1: The corresponding concept for each item of FFCS

items Concepts
1-13 definition of frictional forces (position and direction)
1-13 types of frictional forces (static and kinetic frictions)
14 18 magnitude of the frictional force (independent of the apparent contact area of
the objects)
15, 16, 17 magnitude of the frictional force (independent of the sliding speed of the

objects)

19, 20 magnitude of the frictional force (dependent on the texture of the object)
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3.3 Step I11: Modifying and Evaluating the Efficiency of the FFCS
The FFCS was evaluated and modified to be the statistically satisfactory
survey. The statistic techniques used to assess the FFCS in this research are (1) the
content validity test by using the Item-Objective Congruence Index (the 10C index),
(2) the item difficulty index, (3) the item discrimination index and (4) the reliability
test by using the
Kuder-Richardson formula 21 method (KR-21). Results are discussed as follows.

3.3.1 Content Validity Test (I0C index)
The FFCS was evaluated the content validity by using the Index of the
Item-Objective Congruence (IOC index) (Rovinelli & Hambleton, 1977). The I0C

index can be computed by using the following equation;

IOCk = B
N

where 10C, is the index of the Item-Objective Congruence of item Kk,

YR s the total score of item k from the content experts, and

N is the number of content experts.

In this study, we invited five experts (N=5), who are physics instructors in
Thai universities with more than ten years experiences in teaching and doing research,
to measure the content validity of FFCS via the 10C index. We constructed a table for
each expert to use during the item validation. An example of the 10C index table is
shown in the Appendix A. Each expert assessed the agreement of each item with the
stated purpose for the item, and marked: agree (+1 point), in which the item and its
purpose correlated, not sure (0 point), or disagree (-1 point), in which the item and its
purpose did not correlate. We averaged the scores from all experts for one item.

For the interpretation, based on the suggestions of the research of
Rovinelli and Hambleton in 1977, that was if there were five context experts, who
measured the 10C index of the test, the test was acceptable if at least four of five
experts marked agree (+1 point) and the other marked not sure (0 point) with the item
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and its purpose. Obviously, it has required at least 80% agreement of the content
experts for an acceptable item. Therefore, our items with Index of Item-Objective
Congruence > 0.80, equivalent to overall agreement that the item matched its stated
objective, were selected for inclusion on the FFCS. We also modified some items
based upon expert suggestions.

Moreover, these items were administered to 23 undergraduates (N=23)
who have studied frictional forces in the university level. To check students’
interpretations of items in which whether it matches the researcher intentions or not,
we analyzed these students’ responses without the considering of scientific or
alternative conceptions. We found that all participated undergraduates answered the
item that matched researcher intentions. Clearly, it is 100% of matching between
researcher and student interpretations of each item of FFCS.

3.3.2 Item Difficulty Index (P index)
Item difficulty index (P index) aims to measure the difficulty of each item
of the test. It is represented by the ratio of the number of test takers who correctly

answered the items to the total number of test takers, as shown in the following

equation;
P = NCOI’I‘GC[
Ntotal
where P is the item difficulty index,

Ncorrect 1S the number of test takers who correctly answered the item, and
N tota 15 the total number of test takers.

From the calculation, the range of P index is between 0 and 1. Zero is
represented that no one correctly answered the item of the test that means the item is
too difficult. One is represented that everyone correctly answered the item of the test
that means the item is too easy. However, the P index is accepted for one item
obtained between 0.3 and 0.8, which means of about 30%-70% of test takers can
correctly answer the item (Hernandez, 2009).

In this research, we started from calculation the P index of each item of the
first version FFCS and the items with lower than 0.3 or higher than 0.8 of P indices
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were discarded. The FFCS was modified to achieve the desired range of P indices
(0.3-0.8) from year 2008 to 2010. Results of the item difficulty index testing were
clearly reported in Table 3.2 by which we calculated the average P index as the
representative of the whole data.

Moreover, Figure 3.3 shows the P index of each item of the current
version of FFCS (20 items) administered by 160 students (N=160) in year 2010. We
found that item 5 was quite difficult for these students (P index = 0.32). For item 5, we
asked students to identify the position and direction of frictional force in the case of
holding up the glass without sliding. This situation concerns the frictional force in the
vertical direction, and the magnitude of frictional force is not equal to the product of
the friction coefficient and the normal force, which students are familiar, but is the
weight of the glass. The other two items; item 17 and 18; are a bit difficult, as well.
The P index of items 17 is 0.38. The concept of item 17 involves the magnitude of
frictional forces that is independent of the speed of a sliding object. The same concept
was also found in the item 16 illustrating 0.46 of P index. The P index of item 18 is
0.36. Item 18 is about the magnitude of frictional forces that is independent of the area
of the contact objects. In contrast, items 1, 2 and 3 seem to be easy for these students.
The P indices are almost 0.8. These relate to the position and types of frictional forces

in horizontal plane. Overall, the average P index of current version FFCS is 0.52.

Difficulty Indices

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Items

Figure 3.3: The item difficulty indices (P indices) of each item of FFCS
administered by 160 students (N=160) in year 2010
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3.3.3 Item Discrimination Index (D index)

Item discrimination index (D index) aims to measure how well the item
discriminate the test takers into high-performing and low-performing students. This is
based on the expectancy that the high-performing students would select the correct
answer for each item more often than the low-performing students. The D index can

be computed by using the following equation;

— NH 'NL
N/4

where N,, is the number of correct test takers in high-performing group,
N, is the number of correct test takers in low-performing group, and

N is the total number of test takers.

To calculate the item discrimination index (D index) of the FFCS, we
started from ranking the total scores of the FFCS takers in from minimum to
maximum scores. The first 25% of the number of FFCS takers who took low scores
was defined as the low-performing group. The first 25% of the number of FFCS takers
who took high scores was defined as the high-performing group (Abdullah, 2006).
The range of D index is between -1 and 1. Minus one is the worst that means the item
cannot discriminate the test takers into high-performing and low-performing groups.
In contrast, one is the best that means the item can completely discriminate the test
takers into high-performing and low-performing groups. In general, the item yielding
positive discrimination index of 0.30 and above are quite good discriminators
(Zurawski, 1998).

The FFCS items, which D index is lower than 0.3, were modified from
year 2008 to 2010 to achieve the desired indices (> 0.3). Results of the item
discrimination index testing were clearly shown in Table 3.2 by which we calculated
the average D index as the representative of the whole data.

Moreover, Figure 3.4 displays the D index of each item of the current
version of FFCS administered to 160 students (N=160) in year 2010. We found that
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items 1, 2 and 3 are the lowest discriminators. Almost 80% of students can correctly
answer these items. These students are from both high-performing and low-
performing groups with almost equal amount. Indeed, these three items have not
enough efficiency to discriminate the students into high-performing and low-
performing groups. For item 8, it is also low discriminator (low D index), but its
difficulty index (P index) is in the middle level. There are lower students correctly
answering this question than that of items 1, 2 and 3. Similarly, it is possible that
students, who can correctly answer this item, are from high-performing and low-
performing groups with almost equal amount. In contrast, there are more students in
the high-performing group, who can correctly answer of items 4, 5 and 9, than that of
low-performing group. Therefore, these three items show the highest D indices.
Although, there is only 32% of students can correctly answer item 5 (P index = 0.32),
most are from the high-performing group and a few are from the low-performing
group. The average D index of the FFCS is 0.51.

Discrimination Indices

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Items

Figure 3.4: The item discrimination indices (D indices) of each item of FFCS
administered by 160 students (N=160) in year 2010

3.3.4 Reliability Test (KR-21)
The FFCS was measured the internal consistency of reliability by using
the Kuder-Richardson formula 21(KR-21) method, which based on the variance of the

test. The KR-21 shows how consistent participants’ responses are among the items on
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the test. It calculates an index based on the number of items, the proportion of the
responses to an item that are correct, the proportion that are incorrect, and the variance
of both. The KR-21 can be computed by the following equation;

KR-21= (k‘flj[l- 7(:8'})}

where K is number of items on the test,

X is the mean score of the test, and

52 is the variance of the test (Variance is the standard deviation squared.).

The KR-21 index lies in the range of 0-1. The higher values indicate that
there is a strong relationship between items on the test. In common, the test is reliable
if it takes KR-21 greater than 0.7 (Grier, 1975). Results of KR-21 testing of the FFCS
from year 2008 to 2010 are shown in Table 3.2

Table 3.2: Results of the statistical test; the item difficulty index (P index), item

discrimination index (D index) and the KR-21 reliability index of the FFCS from
year 2008 to 2010.

Item
- Item difficulty S KR-21 reliability
Statistical Test _ _ discrimination _
index (Pindex) . index
index (D index)
Possible values [0, 1] [-1, 1] [0, 1]
Desired values 0.3-0.8 >0.3 >0.7
Y ear Number of
samples
2010 160 0.53" 051 0.69
2009 63 0.39" 041" 0.65
177 0.22° 0.44" 0.66
2008 . . .
241 0.31 0.33 0.19

“average of 25 questions
“average of 20 questions
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3.4 Summary

This chapter presented how to develop the “Frictional Force Conceptual
Survey: FFCS”, in order to utilize for extracting the alternative concepts and for
assessing the learning module. The FFCS was constructed based on the key concepts
of frictional forces mentioned in the Basic Education Core Curriculum B.E. 2551
(A.D. 2008) of Thailand, the preliminary results and the previous literature. Moreover,
the FFCS was evaluated in term of the content validity (I0OC index), the item difficulty
index (P index), the item discrimination index (D index) and the KR-21 reliability
index. It was modified from year 2008 to 2010 to reach the statistically acceptable
version. Ultimately, there are 20 open-ended items of FFCS. The FFCS was used to
survey the alterative concepts of Thai high school students. These alternative concepts
acted as the primary resources for designing the learning module addressed will be

discussed in the next chapter.
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CHAPTER IV
FRICTIONAL FORCE LEARNING MODULE

This chapter presents the obtaining of the frictional force learning module.
It starts from considering the core concepts of the frictional force provided for Thai
high school students. Since the learning module constructed by the researchers is
based on the alternative concepts of Thai students; the students’ prior knowledge is
investigated in the next step. Then we create the frictional force learning module by
using the Interactive Lecture Demonstrations (ILDs) and the hands-on approaches.
Our learning module consists of 3 major demonstration sets, worksheets, lesson plans
and the Frictional Force Conceptual Survey (FFCS). Each component of the module
will be clearly addressed in this chapter.

Since our frictional force learning module has been developed for Thai
high school students; what Thai students have to learn regarding the frictional force
concept based on the curriculum is the first necessary. As mentioned in the previous
chapter, the Basic Education Core Curriculum B. E. 2551(A. D. 2008) of Thailand
reported by IPST in 2008 identified that key concepts of the frictional forces for Thai
high school students are the directions, types and properties.

To design the efficient frictional force learning module, which covers the
key concepts of frictional forces, we used the alternative concepts as the primary
resources. We have investigated the alternative concepts of Thai high school students

by using the frictional force conceptual survey (FFCS).

4.1 Investigate Students Alternative Conceptsof Frictional Forces
In general, 5™, 9" and 10" Thai graders are required to learn the frictional

force concepts. To survey the alternative concepts held by students, who have already

learned the frictional force, we employed the FFCS with 241 entry-level university

students in the science major (70% female). The average age of the samples was 18
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years. The FFCS, used in this process, is the first version, which was evaluated the
content validity (10C index) by physics experts and the matching interpretation by a
group of students. The 241 participants needed of about 40 minutes for completing 20
items of the FFCS. The researchers then read and grouped the students’ responses in
each item. For the item that students wrote the unclear answers, we have invited some
of them (N=40) to individual interview. This process took of about 10-15 minutes per
students. Results of the FFCS administered by these 241 students, coupled with the
interview results, are reported in this part by concepts namely; (1) directions of
frictional forces, (2) types of frictional forces, (3) effect factors to the frictional force

magnitude.

4.1.1 Students' Alternative Conceptson Directions of Frictional
Forces

We used 13 items of FFCS (item 1-13 of the FFCS in Appendix B) to
detect students’ alternative concepts on directions of frictional forces. The items
concern situations in everyday lives. For instance, we asked students to identify the
direction of the frictional force acted by the thumb acts on the glass surface while
being lifted up (item 5), the ground on the soccer player’s foot while he is running
(item 6), and the inclined surface on the wheel while the wheel is moving down
(item 8).

Item 9 is an example of the items we used to survey students’ alternative
concepts on directions of a frictional force. The situation involves a man, who is
pushing a cart from right to left hand side (Figure 4.1). Then we asked students to
draw the frictional force direction that the ground acts on the cart wheel.

Figure4.1: A man ispushing acart from right to left hand side. In what direction
does the frictional force from that the ground acts on the cart wheel? (Item 9 of
FFCS)
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For this item, the correct answer is that the direction of the frictional force
that the ground acts on the cart wheels point to the right hand side. We found that 80%
of students selected the correct answer, but they gave the reason that since the cart
move to the left, the frictional force must point to the right. They said because the
frictional force direction is always opposite with the object movement. This is an
incorrect concept. Clearly, although these students got score from this item, they still
held the alternative concept. As well, the students used this incorrect concept to solve
other items of FFCS comfirmed by their explanation. Moreover, some students
believed that the frictional force direction is always opposite to that of the force
exerted on the object. Some believed the direction of the frictional force is opposite to
that of acceleration, as found in other items used to extract student understanding on
directions of frictional forces.

4.1.2 Students’ Alternative Conceptson Typesof Frictional Forces

Items 1-13 of FFCS also involve with the types of frictional force. We
asked students to specify the static friction, Kinetic friction or no friction between the
contact areas of each situation.

Item 5 is an example (Figure 4.2). We asked that while we are lifting up a
glass with a constant velocity and no sliding, does the frictional force exist between
the glass surface and the thumb. If yes, which type of the frictional force between the

surfaces should be?

Figure 4.2: We are lifting up a glass with a constant velocity and no diding, does
the frictional force exist between the glass surface and the thumb. If yes, which
type of thefrictional force between the surfaces should be? (Item 5 of FFCYS)
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The correct answer of this item is that the static friction exists between the
glass surface and the thumb because of no relative motion between them (no sliding).
We found that 75% of these students said that the kinetic friction existed between the
glass surface and the thumb. They believed that the glass moves, so the kinetic friction
always acts between the contact areas. This is an alternative concept. Moreover, we
found that some students believed that if an object moves with a constant velocity, the

net force is zero; so there is no frictional force.

4.1.3 Students’ Alternative Conceptson Effect Factorsto the
Frictional Force Magnitude

We used a group of FFCS items to investigate the alternative concepts on
effect factors to the magnitude of frictional forces. Examples are found in the items
14-20. An example is about a motorist, who has an accident (item 14). The situation is
that the motorist slides on his back along the road surface (Figure 4.3). The frictional
force between his back and the ground exists. The question is that does the magnitude
of the frictional force during the sliding on his back differ from that on his side along

the road surface, and why.

‘cyclenews.com -

Figure 4.3: A motorist got an accident and dlid on his back along the road
surface. The frictional force between his back and the ground exists. Does the
magnitude of the frictional force during the diding on his back differ from that
on hisside along theroad surface, and why? (Item 14 of FFCS)

The correct answer of this item is that the magnitude of the frictional force

during the sliding on his back does not differ from that on his side because of the same
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surface roughness. But we found that over 80% of students answered that the
magnitude of the frictional force during the sliding on the motorist’s back differs from
that on the motorist’s side along the road surface. Fifty seven percent of students in
this group said that sliding on his back generates greater magnitude of frictional force.
They gave the reason that the larger contact areas generate the greater frictional force
magnitude. Some gave the reason that since his weight pressed on the back is more
than that on the side, the magnitude of the friction force from sliding on his back is
greater. Twenty seven percents of students in this group said that sliding on his back
generates less magnitude of frictional force. They gave the reason that since his weight
pressed on the back is less than that on the side, the magnitude of friction forces from
sliding on his back is smaller. Clearly, most students held the alternative concepts that
the frictional force magnitude depends on the size of contact areas.

Another example, we used to investigate the alternative concept on effect
factors to the frictional force magnitude, is about an elephant pulling a log (item 15).
In this situation, we asked students to compare the frictional force magnitude between
(1) the elephant is walking to pull the log and (2) the elephant is running to pull the log

with the same ground and force (Figure 4.4).

Figure 4.4: An elephant is pulling a log. Compare the frictional force magnitude
between (1) the elephant iswalking to pull thelog and (2) the elephant isrunning
to pull thelog with the same ground and force. (Item 15 of FFCS)

The correct answer of this item is that the frictional force magnitudes for
both events are the same because of the same surface roughness. Results illustrated
that 87% of these students answered that the frictional force magnitudes, which the
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ground acts on the log for both events, are not equal. They said that there exists a
larger magnitude of frictional forces for a faster moving elephant (running). This is an
incorrect idea. For short, most students held the alternative concepts that the frictional
force magnitude depends on the speed of the moving object. These two alternative
concepts on effect factors to the frictional force magnitude are also revealed by other
FFCS items in different contexts.

Finally, we summarized students’ alternative concepts of frictional forces
found in this research in Table 4.1. These are categorized by concepts namely (1)
directions of frictional forces, (2) types of frictional forces, and (3) effect factors to the
frictional force magnitude. Some of them have been published (Prasitpong &
Chitaree, 2010).

Table4.1: Thesummary of Thai students” alter native concepts of frictional forces

found in thisresearch

Frictional Force Topics Students' Alternative Concepts
1. Directions of frictional e The direction of frictional forces is always
forces opposite to the motion of the object.

e The direction of frictional forces is always
opposite to that of the force exerted on the
object.

e The direction of frictional forces is opposite to
that of acceleration.

2. Types of frictional forces e When the object moves, the kinetic friction
always acts between the contact areas.

e When the object moves with a constant
velocity, the net force is zero, so there is no
frictional force as well.

3. Effect factors on the e The magnitudes of frictional forces depend on

frictional force magnitude the apparent contact areas.

e The magnitudes of frictional forces depend on

the sliding speed of the object.
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Since, students learn and construct the new ideas from the prior knowledge
following the constructivist learning theory; the alternative concepts found in this
process are used as key resources for designing the frictional force learning module in

the next step.

4.2 Invention of the Frictional Force Learning Module

To help Thai high school students learn frictional force concepts we
construct the learning module based on the students’ prior knowledge, coupled with
the hands-on and ILDs approaches. Our frictional force learning module consists of 4
main components (Figure 4.5). These are;
(1) three demonstration sets; set A for frictional force direction demonstration, set B
for static and Kkinetic friction demonstration, and set C for demonstration of the effect
factors on the magnitude of the frictional force,
(2) worksheets,
(3) four lesson plans, and
(4) frictional force conceptual survey (FFCS) as the evaluation tools of this learning
module shown in Chapter 3.

Details of each component will be explained in the following section.

4.2.1 Three Demonstration Sets

We aim to design the demonstration sets to encourage and help students
visualize in the characteristics such as directions, types and magnitudes of frictional
forces. This provides an opportunity to students to have prediction and discussion
about the scientific concept in the classroom (Julien, 2006). In this research, we
designed three main demonstration sets based on Thai students’ misunderstanding on
frictional forces. These concern (1) directions of frictional forces called “set A”, (2)
types of frictional forces called “set B” and (3) effect factors to the magnitude of
frictional forces called “set C”. These demonstration sets were tried and modified
following both student and expert suggestions. Some of them were published
(Prasitpong et al., 2010).
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The Frictional Force Learning Module

Three Four lesson
demonstration Worksheets plans FFCS
sets

Figure 4.5: Four components of the frictional force learning module designed by
theresearchers

4.2.1.1 Demonstration set A: frictional force directions

Set A is the demonstration, which is used to teach the concepts
of frictional force directions. Demonstration set A consists of 4 sub-sets of devices.
These involve the demonstration of frictional force directions in 4 situations namely;
set Al for horizontal plane, set A2 for vertical plane, set A3 for inclined plane, and set
A4 for the object rotation. Devices are made of brushes such as toothbrush, paintbrush,
and clothes brush as shown in Table 4.2. We demonstrate directions of frictional
forces via the bristles’ tips. Learners will observe the bristles’ tips in each situation,
discuss with their peers and instructor by using the free-body diagram, and construct
their own concept that the bristles’ tips point to the direction of frictional forces
originated by the ground acting on the object.
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Table 4.2: Devices and how to use the set A for frictional force direction

demonstration; horizontal plane (Al), vertical plane (A2), inclined plane (A3),

and the object rotation (A4)

Demonstration sets

Devices/ How to use

A1l: horizontal plane

Device: a toothbrush
How to use: Gently push a toothbrush
horizontally placed on a hand and observe the

direction of bristles’ tips.

A2: vertical plane

Devices: 1) a paintbrush, 2) a chopstick, 3) a
stand, 4) a rubber plate ( 10x15 cm?)

How to use: Suspend a paintbrush by using a
chopstick clamped by a stand. The chopstick
allows the paintbrush to rotate around the
horizontal axis. Then lightly touch the paintbrush
with the rubber plate standing upright and observe

the direction of bristles’ tips.

A3: inclined plane

Devices: 1) four paintbrushes, 2) a rubber plate (
10x15 cm?) , 3) a wooden plate (15x50 cm?)

How to use: Place the four paintbrushes on a
rubber plate placed on a wooden plate. Gently
uplift both plates and observe the direction of

bristles’ tips.

A4: object rotation

adriven whed

anon-driven wheel

(awheel is rotated by ~ (a wheel is rotated by
pushing the acrylics

handle)

a motor)

Devices: 1) two bicycle wheels (20 cm of
diameter), 2) four acrylics plate ( 10x15 cm?)
, 3) 140 bristle pieces, 4) two gears, 5) a
motor (12 volt), 6) a chain, 7) a rubber belt, 8)
a battery (12 volt DC)

How to use: Glue bristle pieces around rim of
two bicycle wheels. Place both wheels on the
rubber belts held by acrylic plates. Rotate the

wheels and observe the direction of bristles’ tips.
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Applications of demonstration set A for instructions
Set A1l: Horizontal plane
Activities:

(1) A teacher uses a toothbrush to engage students in a class.

(2) The teacher holds the toothbrush’s handle. The bristles are arranged to freely
rest vertically on the table. Then asks a question “Does the frictional force exist
between the table's surface and the bristle’ tips? If yes, In what direction does
the frictional force fromthe table act on the bristle’ tips?

(3) Students predict the answer, discuss with their peers and note the final
prediction into the worksheet.

(4) The teacher gives toothbrushes to students to investigate the answers by
themselves.

(5) The teacher asks more questions for the occurrence of the frictional forces and
their directions; such as when the toothbrush is gently pulled but still stop on
the ground, and when the toothbrush is gently pulled with a constant vel ocity.

(6) Students do experiments (Figure 4.6). Students and the teacher discuss the
free-body diagram and conclude that the bristles’ tips point to the direction of

friction forces.

Figure 4.6: A student istrying an experiment by gently pulling the toothbrush’s
handle, with itsbristlesvertically placing on her hand.



Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Science and Technology Education) / 39

Set A2: Vertical plane
Activities:

(1) The teacher asks a question; if a mobile phone is touched and rested on the
rubber plate standing upright (shown in Figure 4.7A), does the frictional force
exist between the rubber’s surface and the mobile? If yes, in what direction
does the frictional force from the rubber acting on the mobile?

(2) By using the same concept with the former experiments, students predict and
discuss with their peers.

(3) The teacher gives demonstration set A2 to students.

(4) Students do an experiment by replacing the mobile with the brush. The brush
(mobile) cannot move downward by their weight due to the existence of the
frictional force. The direction of the frictional force the frictional force for the

situation of the top surface of the rubber plate acting on the bristles’ tips can be

represented by bristle’ tips pointing to direction as shown in the Figure 4.7(B).

Figure4.7: (A) a mobile phoneistouched and rested on the rubber plate standing
upright shown by the teacher, (B) students are doing an experiment as a group.
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Set A3: Inclined plane
Activities:

(1) The teacher gives demonstration set A3 to students (Figure 4.8 A).

(2) The teacher asks questions; when we place the paintbrushes on the rubber plate
like Figure 4.8A; does the frictional force exist between the rubber’s surface
and the bristle’ tips? If yes, in what direction does the direction of the frictional
force from the rubber act on the bristle’ tips?

(3) Students predict, discuss with their peers, note their prediction into worksheet
and do experiment.

(4) The teacher gives more questions for the occurrence of the frictional forces and
their directions; such as when the rubber plate is slowly uplifted but a set of the
paintbrushes still rest on that plate (shown in Figure 4.8B).

(5) Students do experiments as a group (Figure 4.8C and D).

F

Figure 4.8: (A) demonstration set A2, (B) the rubber plate is uplifted but a set of
the paintbrushes still rest on that plate, (C) and (D) students are doing
experiments as a group.
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Set A4: Object rotation
Activities:
(1) A student is asked for voluntarily participate is riding to ride a bicycle in front
of the class (Figure 4.9).
(2) The teacher asks a question; what are the frictional force directions that the
ground acts on the front and the rear wheels of the bicycle?
(3) Students predict, discuss with their peers and note their prediction into
worksheet.
(4) The teacher collects the students’ prediction for the whole class and note on the
blackboard.
(5) The teacher explains the structure of the bicycle that the rear wheel is rotated
by pedaling but the front wheel is rotated by the frictional force.

Figure 4.9: A student is riding a bicycle in front of a class to engage his
classmates to predict the frictional force directions that the ground acts on the
front wheel and therear wheel of the bicycle.
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(6) The teacher shows the demonstration set A4. This consists of 2 wheels; (1) a
non-driven wheel (Figure 4.10A) as the representation of the front wheel, and
(2) driven wheel (Figure 4.10 B) as the representation of the rear wheel.

(7) A non-driven wheel is pushed by the acrylic handle at the center of mass. This
makes the wheel to slide but not rotate. The non-driven wheel is rotated by the
frictional force. The direction of frictional force is shown by the bristles’ tips
bending.

(8) The teacher turns on the motor to rotate the driven-wheel.

(9) Students observe the directions of the bristles’ tips and conclude that the
directions of frictional forces that the ground acts on the front and the rear

wheels of the bicycle are opposite.

(10)  The teacher discusses and summarizes the students’ ideas before and after
the demonstration (Figure 4.10 C and D).

Figure 4.10: (A) a non-driven wheel, (B) a driven whesl, (C) and (D) students and
the teacher discuss each other.
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4.2.1.2 Demonstration set B: types of frictional forces

Set B is the demonstration, which is used to teach the concepts
of types of frictional forces. Demonstration set B consists of 2 sub-sets of devices; B1
and B2 (Table 4.3). B1 shows the graphs between frictional forces and applied forces.
An object is gently pulled by the constantly increasing forces (the applied forces) until
the object moves. Force sensor records the magnitudes of the existing frictional forces
between the object surface and the ground (y-axis) with times (x-axis), and plots the
graphs. Learners observe the outstanding characteristics of the graphs, discuss with
their peers and instructor, and construct their own concepts about static and kinetic
frictions. B2 shows the trace of the durian movement in cases of (1) the rolling without
skidding and (2) sliding. Students observe the trace of the movement on the paper

crate and learn about the static and kinetic frictions.

Table 4.3: Devices and how to use the set B for types of frictional force
demonstration; generating graphs of frictional forces and times (B1), and trace of

the durian movement (B2)

Demonstration sets Devices/ How to use

B1: Generating graphs of frictional forces | Devices. 1) Motion sensor, 2) Force
and times sensor, 3) bearing balls placed on the plate,
4) an acrylic plate(20x150 cm?®), 5) a
wooden block (10x15x5 cm®), 6) a pulley,

7) a saline solution bag, 8) a bucket, 9)

data studio program, 10) small rope.

How to use: Set up the devices as shown
in the left Figure and connect the data
studio program to the computer. Drip the

red water (in the saline solution bag) in the

@ﬁ" bucket to increase the forces, which pull

[

i

the wooden block to move. Observe the
graph of frictional forces existing between
the wooden block surface and the acrylic

plate (y-axis) with times (x-axis) shown on

the computer screen.
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B2: Trace of the durian movement

Devices: 1) a durian, 2) a paper crate

How to use: Gently move a durian on the
paper crate by (1) rolling without skidding
and (2) sliding. Observe the trace on the

paper crate.

Applications of demonstration set B for instructions

Set B1: Generating graphs of frictional forces and times

Activities;

(1) The teacher sets up the demonstration set B1 (shown in Figure 4.11) and

explain the demonstration to students.

(2) Students predict the shape of the graph between the frictional forces existing

between the wooden block surface and the acrylic plate (y-axis) and times (x-

axis) when the red water is dripping into the bucket, discuss with their peers

and note the final prediction into worksheet.

Motion
Sensor

Force
Sensor

Acr
Q0000000000000

Buckget

Figure 4.11: Components of the demonstration set Bl regarding types of

frictional forces.
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(3) While the demonstration is being performed, the force-time and position-time
graphs are shown on the computer screen. Examples of graphs are shown in
Figure 4.12.

(4) To display the wooden block motion, we also show the position-time graph
Figure 4.12 B).

(5) While the red water is dripping into the bucket, the force for pulling the wooden
block is constantly increasing. The frictional force existing between the wooden
block surface and the acrylic plate occurs. There are both static and kinetic
frictions illustrated by the graph.

(6) Students discuss each other about the static friction, the maximum static friction

and the kinetic friction.

1.4

T T T
5 10 15 20 25 30 35 40
Time(s)

raph 2

808 ] la] o] 7] /7| @] A 3| oona o x| -

1.0

|+ smoothzy2 Run#1 |
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] 10 15 20 5 30 35 40
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()

Figure 4.12: (A) a graph between the frictional forces existing between the
wooden block surface and the acrylic plate (y-axis) and times (x-axis), (B) a graph
between positions (y-axis) and times (x-axis) of the wooden block.
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Set B2: Trace of the durian movement
Activities:

(1) The teacher uses durian to engage students in class.

(2) The teacher places durian on the crate paper and asks students to predict the tract
on the paper when he (1) rolls the durian without skidding, and (2) slides the
durian (Figure 4.13 A).

(3) Students discuss with their peers and take note.

(4) The teacher shows the experiments (Figure 4.13 B).

(5) Students and teachers discuss and conclude that the point trails on the paper
occurring form the rolling without skidding refer to the static friction. The line

trails on the paper occurring from the sliding refer to the kinetic friction.

X Y
1

[

%% 2 Ground

Situation 1

Figure 4.13: (A) A durian is moved by rolling without skidding and dliding, (B)
the teacher shows the experiments, (C) students predict the experiments on the
wor ksheet.
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4.2.1.3 Demondtration set C: effect factors on the magnitude
of frictional forces

Set C is the demonstration, which is used to teach the concepts
of the effect factors on the magnitude of frictional forces. Demonstration set C consists
of 2 sub-sets of devices; C1 and C2 (Table 4.4). C1 demonstrates that the magnitude
of frictional forces depends on the material of the object. C2 demonstrates that the
magnitude of frictional forces is independent of the size of contact area and the sliding
speed of the object.

Table 4.4: Devices and how to use the set C for the demonstrations of effect
factors on the magnitude of frictional forces; magnitude of frictional forces
depends on the material of an object (C1l), magnitude of frictional forces is

independent of the size of contact area and the sliding speed of the object (C2).

Demonstration sets Devices/How to use

C1: magnitude of frictional forces depends | Devices: 1) a Zinc plate(20x40 cm?), 2) a
on the material of an object Formica plate(20x40 cm?), 3) a wooden
plate(20x40 cm?), 4) a rubber plate(20x40
cm?), 5) a wooden plate (80x40 cm?), 6)
four alkaline batteries

How to use: Stick Zinc plate, Formica
plate, wooden plate and rubber plate on the

big wooden board. Place the alkaline

batteries on each plate and gently uplift the
plate. Observe the movement of the

batteries.

) o .| Devices: 1) Motion sensor, 2) Force sensor,
C2: magnitude of frictional forces is )
3) bearing balls placed on the plate, 4) an

independent of the size of contact area and ,
P acrylic plate (20x150 cm?), 5) a wooden
block (10x15x5 c¢m?®), 6) a motor (12 volt

DC), 7) a step motor controller, 8) data

the sliding speed of the object

studio program,9) small rope.
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How to use: Set up the devices as shown in

= ®
(4) @ the left Figure and connect the data studio
program to the computer. Use motor pull

g the wooden block to move with different
@*',, sides (different contact areas) but the same
ll‘...ﬁ‘.i speed and observe the magnitude of

frictional force recorded by the force sensor
shown on the screen. Then use motor to
pull the wooden block (same side or same
contact areas) to move with different speed
and observe the magnitude of frictional
force recorded by the force sensor shown

on the screen.

Applications of demonstration set C for instructions
Set C1: Magnitude of frictional forces depends on the material of an object
Activities:

(1) The teacher places 4 batteries (9V type and square shape) on the board covered
by Zinc plate, Formica plate, wooden plate and rubber plate.

(2) The teacher gradually uplifts the board and asks students to predict which
battery will arrive at the bottom of the inclined board first (Figure 4.14A).

(3) Students predict, discuss with their peers and take note.

(4) The teacher inclines the board of about 45 degrees with respect to the horizontal
plane and releases the four batteries with the same time. Ask students to predict
that which one will reach the bottom first (Figure 4.14B).

(5) Student and the teacher discuss and conclude that the magnitude of frictional

forces depends on the surface roughness of the object.
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Figure 4.14: (A) and (B) the teacher uplifts the board covered by Zinc plate,
Formica plate, wooden plate and rubber plate and 4 batteries are placed on.

Set C2: Magnitude of frictional forcesisindependent of the size of contact area and
the sliding speed of the object
Activities:

(1) The teacher explains the demonstration set C2. He uses the motor to pull the
wooden block with the same speed but different side called J, K and L (Figure
4.15A).

(2) Students are asked to predict the graph between the magnitude of frictional
forces existing between the wooden block surface and the acrylic plate (y-axis)
and times (x-axis) for each side (J, K and L) of the block. They discuss with their
peers and note into the prediction worksheet.

(3) While the demonstration is being active, the graph of the magnitude of frictional
forces and times is shown on the computer screen. To illustrate that the motor
pulls each side of the block with the same speed, we also show the velocity-time
graph of the movement of the wooden block (Figure 4.15B).

(4) With a given low speed of the object movement, the magnitudes of frictional
forces existing between the object and the ground from different sizes of contact
area are the same shown by the demonstration set. Clearly, Figure 4.15B shows

that F; = F, = F3, where F;, F, and F3 represent the magnitudes of frictional



Singha Prasitpong Frictional Force Learning Module / 50

forces existing between the wooden block sides J, K and L and the acrylic plate,
respectively. So, student and the teacher discuss and conclude that the magnitude

of frictional forces is independent of the size of contact area.

Motion

Force
Sensor
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Figure 4.15: (A) demonstration set C2, (B) the graphs between the magnitude of
frictional forces existing between the wooden block surface and the acrylic plate
(y-axis) and times (x-axis) for each side (J, K and L) of the block (upper), and the
velocity-time graph of the wooden block movement (lower).

(5) After that, students are asked to predict the graph between the magnitude of
frictional forces existing between the wooden block surface and the acrylic plate
(y-axis) and times (x-axis) for one side of the block but two different constant
speeds (V2 > V31). They discuss with their peers and note into the prediction
worksheet.

(6) While the demonstration is being operated, the graph of the magnitude of
frictional forces and times is shown on the computer screen. To illustrate that the

motor pulls the wooden block with two different constant speeds, we also show
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the velocity-time graph of the movement of the wooden blocks (the lower graph
of Figure 4.16).

(7) The magnitudes of the frictional forces existing between the object and the
ground, with two different constant speeds, are the same and this can be shown
by the demonstration set. Clearly, Figure 4.16 shows that F; = F,, where F; and
F, are the magnitudes of frictional forces existing between the wooden block,
moving with Vi and V, (V2 > V), and the acrylic plate, respectively. So, student
and the teacher discuss and conclude that the magnitude of frictional forces is
independent of sliding speed of the object.

(8) Students further explore a different situation by using the motor to pull the block
with a given acceleration and predict and discuss the magnitude of frictional

force with time, and compare with the former demonstration.
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Figure 4.16: The graph of magnitude of frictional forces existing between the
wooden block surface and the acrylic plate (y-axis) and times (x-axis) (upper),
and the velocity-time graph of the block movement (lower).

In brief, we have constructed 3 main demonstration sets; set A,
set B and set C for three main objectives of teaching frictional force concepts.
Moreover, all demonstration sets are used with their worksheets. There are 3 part of a
worksheet; prediction, result and conclusion parts. This will be explained in the

following section.
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4.2.2 Worksheets

We have designed worksheets corresponding to the demonstration sets in
the learning module. Each worksheet contains the main Figure of the
experiment/demonstration and some introduction. A worksheet consists of 3 parts (1)
prediction part, (2) result part, and (3) conclusion part for students to note their own
understanding. In this frictional force learning module, we have totally developed 9
worksheets. Worksheets 1-4 are used in the demonstration set A concerning the
frictional force directions. Worksheets 5-6 are used in the demonstration set B
concerning types of frictional forces. Worksheets 7-9 are used in the demonstration set
A concerning the effect factors on the magnitude of frictional forces as shown in
Appendix D. In this section, we will show an example of worksheets (Figure 4.17).
Worksheet 7 is used in the demonstration that the magnitude of frictional forces is

independent of the size of contact areas of an object.

Both demonstration sets and worksheets, as mentioned, are utilized in
classrooms following the lesson plans. We designed 4 lesson plans for the learning
module based on the hands-on and Interactive Lecture Demonstrations (ILDs)

approaches. These will be discussed in the next section.
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Figure 4.17: Worksheet 7, an example of worksheets used in this learning

module.

4.2.3 Lesson Plans

The lesson plans are created by the researchers to guide the learning
operating. These lesson plans are based on the hands-on and Interactive Lecture
Demonstrations approaches. It comprises 4 lesson plans covering 200 minutes of

instruction ( 50 minutes for one lesson plan) corresponding to the standard curriculum
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for Thai high school students (IPST, 2008) on the concept of frictional forces.
Obijectives of each lesson plan are shown as follows;
Lesson plan 1: Free-body diagram and directions of frictional forces
Objectives: students are able to explain the free-body diagram and write arrows to
indicate the directions of frictional forces in various different situations.
Lesson plan 2: Directions of frictional forces (Cont.)
Objectives: students are able to identify the positions and directions of frictional forces
in various different situations.
Lesson plan 3: Types of frictional forces
Objectives: students are able to explain definitions of static friction, the maximum
static friction and kinetic friction, and distinguish the types of frictional forces in
various different situations.
Lesson plan 4: Effect factors on the magnitude of frictional forces
Objectives: students are able to explain that magnitude of frictional forces depends on
the surface roughness, but not depends on the size of contact areas and the sliding
speed of the object.

In this section, we introduce the lesson plan 3 as an example while the

others are shown in the Appendix C.
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L esson Plan 3: Type of Frictional Forces

Time 50 minutes

Objectives: students are able to explain definitions of static friction, the maximum

static friction and kinetic friction, and distinguish the types of frictional forces in

various different situations.

Teaching Tools:

(5) a computer

L earning Process:

(1) demonstration set B (B1 and B2)
(2) worksheet 5 and 6
(4) an LCD projector

(6) lecture power point

Time . . _—
_ L earning steps Learning Activities
(minutes)
5 Class Students watch the VDO clip about various situations
engagement of frictional forces and are asked to predict the types
of friction forces.
30 1%stepof ILD | A teacher describes the demonstration set B1 and

gives students worksheet 5.

2" step of ILD

The teacher encourages students to predict the graph
line between the times (x-axis) (This is used as the
representation of the applied force) and the
magnitudes of frictional forces (y-axis), measured by
the force sensor, in the situation that the red water is
slowly filled in the bucket until the weight of the
bucket pulls the wooden block to move on the acrylic

plate.

3" step of ILD

Students discuss their predictions with their peers in a
small group. The teacher invites some students to
explain their predictions to the class.
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4™ step of ILD

Students note the final predictions on the prediction

part of the worksheet 5.

5 step of ILD

The teacher extracts the common student ideas and

shows to the whole class.

6™ step of ILD

The demonstration set B1 is shown to the class. The
red water is slowly added to the bucket. In the real-
time, the screen displays the graph of times (x-axis)

and frictional forces (y-axis).

7™ step of ILD

Teacher allows some students to explain the results,
discuss each other and fill out in the result part of
worksheet 5. In this demonstration, students are able
to identify the types of frictional forces while the
wooden block is slowly pulled by the bucket, but still
rest at the same position shown by the position-time
graph. The frictional force magnitude is slowly
increased. This explains the characteristics of static
friction. Suddenly, the more water is poured into the
bucket, the faster the wooden block moves. Students
observe that frictional force magnitude is quickly
decreased and then constant with a given value. This
presents the maximum static friction and the

characteristics of kinetic friction.

8" step of ILD

Students discuss and summarize to each other. This
discussion also includes other situations in the same

concept.

15 ILD steps
worksheet 6

of

With similar ILDs steps, teacher uses demonstration
set B2 and worksheet 6 to teach students on the

concept of types of frictional forces.

In brief, lesson plan 3 was based on the ILDs approach. For the others, the

designs of lesson plans 1 and 2 were based on the hands-on approach, which focus on

doing experiments and discuss each other for the learning. Lesson plan 4 was based on
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the ILDs approach. When we completely constructed the frictional force learning
module comprising (1) demonstration sets, (2) worksheets, (3) lesson plans, and (4)
FFCS (as mentioned in the last chapter); this learning module was tried out with Thai
high school students and modified to increase the quality.

We have formally used this frictional force learning module with 63
students (70% female) from two classes in Mathayomsuksa 4 in the southern part of
Thailand. Two weeks before the beginning of the class, participated students were
asked to answer the FFCS as the pre-test. To complete the test, this took of about 30
minutes. After that we asked for permission from the teacher to teach the students on
the frictional force topic based on our approach. This process totally took 200 minutes
(four periods for a physics class). Then the students were asked to fill out the
satisfaction questionnaire to share their comments and suggestion for our frictional
force learning module. An example of the questionnaire is shown in Appendix E.
Again, two weeks after the end of the class, the students were asked to complete the
FFCS as the post-test. The summary of using the learning module in the class is
exhibited in Table 4.5.

Table4.5: Applying thefrictional forcelearning moduleto the class
Periods Activities Time (minutes)

Extra time | Pretest 30

1 Lesson Plan 1: Free-body diagram and directions of -
frictional forces

2 L esson Plan 2: Directions of frictional forces (Cont.) 50

3 L esson Plan 3: Types of frictional forces 50

A Lesson Plan 4: Effect factors on the magnitude of -
frictional forces

Extra time | Post-test 30

Later, we adjusted the learning module following the students’
suggestions. Some demonstration sets were modified to more conveniently use.
Worksheets and lesson plans were also corrected in order to fit with Thai high school

students and surroundings.
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4.3 Summary

This chapter presents how to construct the frictional force learning module
based on the hands-on and the Interactive Lecture Demonstrations (ILDs) approaches.
This was started form the survey of Thai student prior knowledge on that topic by
using the FFCS, and then used the results found as the key resources for designing the
module. Our frictional force learning module consists of 4 main components namely
(1) 3 demonstration sets (set A, set B, and set C), (2) worksheets, (3) 4 lesson plans,
and (4) FFCS. The module was successfully applied to classrooms and modified to
reach the proper standard for Thai context. In the next chapter, the last version of the

learning module and its effectiveness will be discussed.
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CHAPTER YV
RESULTS

This chapter reports an effectiveness of the frictional force learning
module designed by the researchers. It starts from the presentation of the contexts of
participated students. Secondly, we account for the students’ responses on the FFCS
as the pre- and post-tests. These are explained by the following concepts: directions,
types and effect factors on the magnitude of frictional forces. The main statistic values
used to describe the results are the t-test and the normalized gain. Lastly, we present

the students’ satisfaction on the frictional force learning module via the questionnaire.

5.1 Students' Background

Participants (n =293) in this study were selected from two high schools in
Bangkok in which the school A (n=160) is a union school and the school B (n=133) is
a unisex school for girls. These are 80% female. All of them are about sixteen years
old. All are science program students, currently enrolled in the 10™ grade (called
Mathayomsuksa 4). They have already learned the frictional force concept when they
were in the 5™ and 9" grades. In the 10™ grade, these students are required to learn the
frictional force concepts comprising definition of frictional forces, magnitude and
direction of frictional forces, types of frictional forces (static and kinetic frictions) by
which all focus on the sliding friction in macroscopic scales.

These participants were taught on the topic of the frictional forces via the
frictional force learning module by the researcher instead of regular teaching style by
their teacher. Total time for studying in this module took 200 minutes. Before the
starting, and after the ending of the class for two weeks, the participants were asked to
complete the frictional force conceptual survey (FFCS) as the pre- and post-test,

respectively. We analyzed the FFCS and reported the results in the following section.
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5.2 Resultsfrom the Frictonal Force Conceptual Survey: FFCS

FFCS designed by the researchers was used as the assessment tool for
evaluation the frictional force learning module. It consists of 20 open-ended items.
FFCS has involved three main concepts: 1) directions of frictional forces, 2) types of
frictional forces, and 3) effect factors to the magnitude of frictional forces, as shown in
Table 5.1. The students’ responses to FFCS as the pre- and post-tests are presented by

a concept.

Table5.1: The concept of each item of FFCS

Items Concepts

1-13 definition of frictional forces (position and direction)
1-13 types of frictional forces (static and kinetic frictions)
14 18 magnitude of frictional forces (independent of the apparent
contact area of the objects)
15, 16, 17 magnitude of frictional forces (independent of the sliding speed
of the objects)
19, 20 magnitude of the frictional force (depends on the texture of the

object)

5.2.1 The Students Responses on Concepts of Directions of Frictional
Forces

We used items 1-13 of FFCS to find out the students understanding of
directions of frictional forces. The percentage of students with correct answer in pre-
and post-tests for each item is displayed in Figure 5.1. We have surveyed students
understanding of directions of frictional forces as the ground is acting on the object by
using Q1-Q3 and Q6 for the horizontal situations, Q4 and Q5 for the vertical
situations, Q7 and Q8 for the inclined plane, and Q9-Q13 for the object rotation
situations. In Figure 5.1, the pre-test is shown by the white bar and the post-test is
shown by the black bar. We found that for all questions the percentages of students

with the correct answer in post-test are higher than that in pre-test.
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Figure 5.1: The percentages of students with correct answer of the pre- and post-

testsfor each item regarding the concept of thefrictional force direction

In the next section, we will report students’ responses in each item that
relates to the direction of the frictional force in various situations.

5.2.1.1 Students' responses on the direction of the frictional
forcein the horizontal situations.

Q1, Q2, Q3 and Q6 of FFCS asked students to draw the arrows
representing the frictional force direction that the ground acts on the object in various
horizontal situations. Table 5.2 shows the percentages of students, who answered Q1,
Q2, Q3, and Q6 in the pre-and post-tests, with different directions such as Left
Direction (Left Dirt.), Right Direction (Right Dirt.), Upward Direction (Up Dirt.),
Downward Direction (Down Dirt.), and No Direction (No Dirt.). The shaded cell in

the table shows the correct answer of each situation.
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Table 5.2 Students responses on Q1, Q2, Q3, and Q6 concerning the concept of

thefrictional forcedirection in the horizontal situations

Theltems of Horizontal Situations

% Students Responses on the Direction

of the Frictional Force

Left Right Up Down No
Dirt. Dirt. Dirt. Dirt.
Ql Stationary Pre-test
' - 9% 2% 4% | 85%
(n=211)
Post-test
1% | 1% | 1% - | 97w
(n=293)
Q2 Pre-test
i 5% | 95% - - -
Str_:\tlonary (n=226)
-~ Post-test
2% | 97% - - 1%
(n=293)
Q3 Pre-test . .
The constant speed (n=246) 7% | 93% - - -
Post-test
2% | 98% - - -
(n=293)
Q6 Pre-test
2% | 2% | - | 3% | 3%
(n=211)
Post-test
41% | 54% | 2% - 3%
(n=293)

For Q1, the situation is that a kettle rests on the rough surface.

The students were asked to determine the direction of the frictional force by which the

ground acts on the kettle. Since there is no external force parallel to the surface, the

frictional force does not exist.

answer (No Dirt.) in the pre-and post-tests, respectively.

Result shows 85% and 97% of students with correct

For Q2, the situation is that the kettle is pushed but still

stationary. The students were asked to determine the direction of the frictional force by
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which the ground acts on the kettle. The correct answer is that the direction of the
frictional force acting by the ground on the kettle points to the right hand side.

Result shows 95% and 97% of students with correct answer (Right Dirt.) in the pre-
and post-tests, respectively.

For Q3, the situation is that the kettle is pushed and then
moved from right to left hand side with the constant speed. The students were asked to
determine the direction of the frictional force by which the ground acts on the kettle.
The correct answer is that the direction of the frictional force acting by the ground on
the kettle points to the right hand side. Result shows 93% and 98% of students with
correct answer (Right Dirt.) in the pre-and post-tests, respectively.

For Q6, the situation is that a soccer player is running without
skidding to a ball from left to right hand side. The students were asked to determine
the direction of the frictional force acting by the ground on the foot of the player. The
correct answer is that the direction of the frictional force by which the ground acts on
the foot of the player points to the right hand side. We found only 22% of the
participants with correct answer (Right Dirt.) in the pre-test. But most students (72%)
believed that it points to the left hand side. After the ending of our frictional force
learning module, results showed 54% of students with the correct answer. This is
much possible that the higher percentage of students with correct answer in the post-
test was come from the students, who held the alternative concept in the pre-test.

Clearly, the students have changed their ideas after the learning by using this module.

5.2.1.2 Students' responses on the direction of the frictional
forcein the vertical situations.

Q4 and Q5 of FFCS asked students to draw the arrows
representing the frictional force direction that the thumb acts on the glass surface in
various vertical situations. Table 5.3 shows the percentages of students, who answered
Q4 and Q5 in the pre-and post-tests, with different directions such as Left Direction
(Left Dirt.), Right Direction (Right Dirt.), Upward Direction (Up Dirt.), Downward
Direction (Down Dirt.), and No Direction (No Dirt.). The shaded cell in the table

shows the correct answer of each situation.
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Table 5.3 Students' responses on Q4 and Q5 concerning the concept of the
frictional forcedirection in the vertical situations

% Students' Responses on the Direction

of the Frictional Force
Left Right Up Down \[o]
Dirt. Dirt. Dirt. Dirt.

Theltemsof Vertical Situations

Q4 Pre-test
- 4% 23% | 26% | 47%
(n=282)

g Post-test
la - - 55% | 12% | 33%
‘ (n=293)

Q5 Pre-test
- 1% 7% 85% 7%
(n=217)

The
constant A Post-test
velocity ‘g - - 39% | 55% 6%
ks (n=293)

For Q4, the situation is that a woman still holds a glass in the

air. The students were asked to determine the direction of the frictional force by which
the thumb acts on the glass surface. The frictional force exists between the thumb and
the glass surface to resist the weight of that glass. Therefore, the direction of the
frictional force acting by the thumb on the glass surface points to upward direction.
Results showed only 23% of the participants with correct answer (Up Dirt.) in the pre-
test. But most (47%) believed that there is no frictional force, no direction as well.
After the teaching and learning, it displayed 55% of students with correct answer as
the post-test.

For Q5, the situation is that the woman is lifting up the glass
with the constant velocity and no sliding. The students were asked to determine the
direction of the frictional force by which the thumb acts on the glass surface. The
correct answer is that the direction of the frictional force acting by the thumb on the
glass surface points to upward direction. We found only 7% of the students with
correct answer (Up Dirt.) in the pre-test. These changed to 39% in the post-test.
However, most still believed that since the glass is moving up; the direction of the
frictional force points downward.
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5.2.1.3 Students’ responses on the direction of the frictional
forcein theinclined situations.

Q7 and Q8 of FFCS asked students to draw the arrows
representing the frictional force direction that the inclined plane acts on the box in
various inclined situations. Table 5.4 shows the percentages of students, who answered
Q7 and Q8 in the pre-and post-tests, with different directions such as Rear Direction
(Rear Dirt.), Front Direction (Front Dirt.), Upward Direction (Up Dirt.), Downward
Direction (Down Dirt.), and No Direction (No Dirt.). The shaded cell in the table

shows the correct answer of each situation.

Table 5.4 Students responses on Q7 and Q8 concerning the concept of the
frictional forcedirection in theinclined situations

% Students' Responses on the Direction

i ; : f theFrictional F
Theltems of Inclined Situations G 12 = IGTarE] ~aiEe

Front Up Down
Dirt. Dirt. Dirt.

Q7 Pretest
39% 4% - - 57%
(n=243)
~~h
\Q\ Post-test
The slippery 24% 1% - - 75%
pane | (n=293)
Q8 Pre-test
97% 3% - - -
(n=249)
T
Post-test
&herwgh 99%, 1% - - -
pane | (n=293)

For Q7, the situation is that a box is sliding downward on the
slippery inclined plane. The students were asked to determine the direction of the
frictional force by which the inclined plane acts on the box. Because it is the slippery
inclined plane, which refers to the frictionless, there is no friction between the inclined
plane and the box. Results showed 57% and 75% of students with correct answer (No
Dirt.) in the pre-and post-tests, respectively. Some believed there was the frictional
force acting by the inclined plane on the box in the rear direction.
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For Q8, the situation is that the box is sliding downward on the
rough inclined plane. The students were asked to determine the direction of the
frictional force by which the inclined plane acts on the box. In this situation, the
weight of the box in the direction of the inclined plane makes the box slides so the
frictional force exists between the surfaces of the inclined plane and the box. The
frictional force direction acting by the plane on the box points rearward.

We found 97% and 99% of students with correct answer (Rear Dirt.) in the pre-and
post-tests, respectively. However, most gave the major reason that the box is moving
downward so the frictional force points to the rear direction. They believed that the

frictional force is always opposite to the direction of the object movement.

5.2.1.4 Students' responses on the direction of the frictional
forcein the situations of the object rotation

Q9-Q13 of FFCS asked students to draw the arrows
representing the frictional force direction that the ground acts on the object in various
situations of the object rotation. Table 5.5 shows the percentages of students, who
answered Q9-Q13 in the pre-and post-tests, with different directions such as Rear
Direction (Rear Dirt.), Front Direction (Front Dirt.), Upward Direction (Up Dirt.),
Downward Direction (Down Dirt.), and No Direction (No Dirt.). The shaded cell in
the table shows the correct answer of each situation.
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Table 5.5 Students responses on Q9, Q10, Q11, Q12, and Q13 concerning the
concept of thefrictional force direction in case of the object rotation

% Students' Responses on the Direction

Theltemsof the Obj ect Rotation of the Frictional Force
Situations Rear  Front Up  Down No
Dirt. Dirt. Dirt. Dirt.
Q9 Pre-test
60% | 37% - - 3%
(n=235)
Post-test
67% | 33% - - -
(n=293)
Q10 Pre-test
G 66% | 34% - - -
round acts on (n:214)
the front wheel
Post-test
75% | 24% - - 1%
(n=293)
5 Q11 Pre-test
64% | 34% - 2% -

§ Ground acts on | (n=214)
the rear wheel

Post-test
(n=293)

Q12 Pre-test
Ground acts on | (n=217)

23% | 71% - - -

66% | 34% - - -

the front wheel

Post-test
28% | 72% - - -

(n=293)

Q13 Pretest
0% | 28% | - - | 2%

Ground acts on | (n=211)

the rear wheel Post-test
%% | 23% | - - 1%

(n=293)

For Q9, the situation is that a man pushing a cart from right to
left hand side without skidding between the ground and the cart’ s wheels. The
students were asked to determine the direction of the frictional force by which the
ground acts on the cart’s wheels. In this situation, the cart’s wheels are
counterclockwise rotated by the frictional force pointing to the rear direction. Results
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showed 60% and 67% of students with correct answer (Rear Dirt.) in the pre-and post-
tests, respectively. However, most gave the major reason that the cart is moving
forward so the frictional force points to the rear direction. They believed that the
frictional force is always opposite to the object movement.

For Q10 and Q11, the situation is that a man is riding the
bicycle, driven by the rear wheel, uphill with increasing velocity. The students were
asked to determine the direction of the frictional force by which the ground acts on the
front wheel for Q10 and the ground acts on the rear wheel for Q11. In this situation,
the front wheel of the bicycle is clockwise rotated by the frictional force pointing to
the rear direction. In contrast, the rear wheel is pedaled by the rider’s feet to rotate.
This makes the body of the bicycle move forward. Therefore, the frictional force
direction acting by the ground on the rear wheel of the bicycle points to the front
direction. We found 66% and 75% of students with correct answer (Rear Dirt.) in the
pre-and post-tests of Q10, respectively. For Q11, we found 34% and 77% of students
with correct answer (Front Dirt.) in the pre-and post-tests, respectively.

For Q12 and Q13, the situation is that a boy is riding a tricycle,
driven by the front wheel, from left to right hand side. The students were asked to
determine the direction of the frictional force by which the ground acts on the front
wheels for Q12 and the ground acts on the rear wheel for Q13. The correct answer of
Q12 is that the frictional force direction acting by the ground on the front wheels
points forward. The correct answer of Q13 is that the frictional force direction acting
by the ground on the rear wheel points rearward. Results showed 34% and 72% of
students with correct answer (Front Dirt.) in the pre-and post-tests of Q12,
respectively. For Q13, we found 70% and 76% of students with correct answer (Rear
Dirt.) in the pre-and post-tests, respectively.

5.2.2 The Students Responses on Concepts of Types of Frictional
Forces

We also used items 1-13 of FFCS to survey the students understanding of
types of frictional forces. The percentage of students with correct answer in pre- and
post-tests for each item is displayed in Figure 5.2. Similarly to the former section, we

reported the students’ responses by grouping into the horizontal situations (Q1-Q3 and
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Q6), the vertical situations (Q4-Q5), the inclined plane situations (Q7-Q8), and the
object rotation situations (Q9 and Q10-Q13). In Figure 5.2, the pre-test is shown by
the white bar and the post-test is shown by the black bar. We found that for all
questions the percentages of students with the correct answers in post-test are higher

than that in pre-test.
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OPre-test  MPost-test

Percentage of studentswith correct answers

Figure 5.2: The percentages of studentswith correct answers of the pre- and post-

testsfor each item regarding the concept of thefrictional force types

In the next section, we will report students’ responses in each item that

relates to the types of the frictional force in various situations.

5.2.2.1 Students’ responses on the types of frictional forcesin
the horizontal situations

Q1, Q2, Q3 and Q6 of FFCS asked students to mark the type
of frictional forces in terms of Static Friction (Static Frict.), Kinetic Friction (Kinetic
Frict.), or No Friction (No Frict.) in various horizontal situations. Table 5.6 shows the
percentages of students, who answered Q1, Q2, Q3, and Q6 in the pre-and post-tests.
The shaded cell in the table shows the correct answer of each situation.
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Table 5.6 Students' responses on Q1, Q2, Q3, and Q6 regarding the concept of
thefrictional forcetypesin the horizontal situation

% Students' Responses on

the Type of the Frictional
The ltems of Horizontal Situations Force

Static Kinetic

Frict. Frict.
Q1 Stationary Pre-test
13% 2% 85%
(n=273)
Post-test
4% - 96%
(n=293)
Q2 Stationary Pre-test
84% 13% 3%
(n=273)
Post-test
98% 1% 1%
(n=293)
Q3 The constant speed Pre-test
‘ 12% 87% 1%
(n=293)
Post-test
1% 99% -
(n=293)
Q6 Pre-test
53% 43% 4%
(n=287)
Post-test
78% 20% 2%
(n=293)

For Q1—the kettle rests on the horizontal surface; since there
is no parallel force to the surface, there is no the frictional force. We found that most
students can correctly answer this question in pre-test (85%) and post-test (96%).

For Q2—the kettle is pushed but still stationary; the static
friction exists between the ground and its bottom. Results showed 84% and 98% of

students with correct answer in the pre-and post-tests, respectively.
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For Q3— the kettle is moved on the rough surface; the kinetic
friction exists between the ground and its bottom. We found that 87% and 99% of
students can correctly answer this item in the pre-and post-tests, respectively.

For Q6—the soccer player is running without skidding; the
static friction exists between the player’s feet and the ground. Results showed 53%

and 78% of students with correct answer in the pre-and post-tests, respectively

5.2.2.2 Students' responses on the types of frictional forcesin
the vertical situations

Q4 and Q5 of FFCS asked students to mark the type of
frictional forces in terms of Static Friction (Static Frict.), Kinetic Friction (Kinetic
Frict.), or No Friction (No Frict.) in various vertical situations. Table 5.7 shows the
percentages of students, who answered Q4 and Q5 in the pre-and post-tests. The

shaded cell in the table shows the correct answer of each situation.

Table 5.7 Students responses on Q4, and Q5 regarding the concept of the
frictional forcetypesin the vertical situations

% Students' Responses on

the Type of the Frictional

Theltemsof Vertical Situations Force
Static Kinetic (\[o]
Frict. Frict. Frict.
Q4 Pre-test
50% 3% 47%
(n=293)

A Post-test
g 65% 2% 33%
: (n=293)

Q5 Pre-test

- (n=293)
The .
constantT 4
velocity

18% 70% 12%

Post-test
(n=293)

39% 57% 4%
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For Q4—a woman holds a stationary glass in the air; the static
friction exists between the woman’s thumb and the glass’s surface. We found that 50%
and 65% of students can correctly answer this item in the pre-and post-tests,
respectively.

For Q5—the woman is lifting up the glass with the constant
velocity and no sliding; the static friction exists between the woman’s thumb and the
glass’s surface. Results showed 18% and 39% of students with correct answer in the
pre-and post-tests, respectively. Most believed that the kinetic friction involved in this

situation because the glass is moving.

5.2.2.4 Students’ responses on the types of frictional forcesin
theinclined situations

Q7 and Q8 of FFCS asked students to mark the type of
frictional forces in terms of Static Friction (Static Frict.), Kinetic Friction (Kinetic
Frict.), or No Friction (No Frict.) in various inclined situations. Table 5.8 shows the
percentages of students, who answered Q7 and Q8 in the pre-and post-tests. The

shaded cell in the table shows the correct answer of each situation.

Table 5.8 Students' responses on Q7 and Q8 regarding the concept of the

frictional forcetypesin theinclined situations

% Students Responses on
the Type of the Frictional

Theltemsof Inclined Situations Force
Static Kinetic No
Frict. Frict. Frict.
Q7 Pre-test

6% 35% | 59%
(n=293)

T
Q Post-test
1% 22% 77%

___________-rhepﬂggefy (n :293)

Q8 Pre-test
(n=293)

e
Post-test
&Tm@ % | 92% | 1%
(n=293)

plane

22% 7% 1%
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For Q7— a box is sliding downward along the slippery inclined
plane; there is no frictional force between the box and the plane. We found that 59%
and 67% of students can correctly answer this item in the pre-and post-tests,
respectively.

For Q8—a box is sliding downward along the rough inclined
plane; the kinetic friction exists between the box and the plane. We found that 77%
and 92% of students can correctly answer this item in the pre- and post-tests,

respectively.

5.2.2.5 Students’ responses on the types of frictional forces in
the situations of the object rotation

Q9-Q13 of FFCS asked students to mark the type of frictional
forces in the term of Static Friction (Static Frict.), Kinetic Friction (Kinetic Frict.), or
No Friction (No Frict.) in various situations of the object rotation. Table 5.9 shows the
percentages of students, who answered Q9-Q13 in the pre-and post-tests. The shaded
cell in the table shows the correct answer of each situation.
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Table 5.9 Students responses on Q9-Q13 regarding the concept of the frictional
forcetypesin situations of the object rotation

% Students' Responses on

the Type of the Frictional
The Situations of the Object Rotation Force

Static Kinetic No
Frict. Frict. Frict.

Q9 Pre-test
16% 82% 2%
(n=293)
Post-test
67% 33% -
(n=293)
Q10 Pre-test

14% 82% 4%
Ground acts (n=287)

on the front

Post-test
wheel 66% 33% -
(n=293)
Q11 Pretest
G 18% 79% 3%
round acts (n:287)
on the rear
Post-test
wheel 68% 32% -
(n=293)
Q12 Pretest

G 10% 87% 3%
round acts (n=287)

on the front

3 Post-test
oy wheel 67% 33% -

(n=293)

Q13 Pre-test

Ground acts (n=287)

16% 80% 4%

on the rear Post-test o i »
0 0 0
wheel (n=293)

Q9-Q13 involves the rotation of the wheel without skidding on
the ground. Students were asked to mark the type of frictional force existing between
the wheel and the ground. Clearly, the object is rotated without skidding; the static

friction exists. We found 10%-18% of students with correct answer in the pre-test. But
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in the post-test after the learning by using our leaning module, these have increased to
64%-68%.

5.2.3 The Students' Responses on the Concept of the Effect Factors on
the Magnitude of the Frictional Force

We used items 14-20 of FFCS to examine the students understanding of
effect factors on the magnitude of the frictional force. The percentage of students with
correct answer in pre- and post-tests for each item is displayed in Figure 5.3. These
were divided into 3 groups: (1) Q14 and Q18 for the concept that the magnitude of the
frictional force is independent of apparent contact area of the object; (2) Q15-Q17 for
the concept that the magnitude of the frictional force is independent of the sliding
speed of the object; and (3) Q19 and Q20 for the concept that the magnitude of the
frictional force depends on the material of the object. In Figure 5.3, the pre-test is
shown by the white bar and the post-test is shown by the black bar. We found that for
all questions the percentages of students with the correct answer in post-test are higher
than that in pre-test.
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OPre-test mPost-test

Percentage of studentswith correct answers

14 18 15 16 17 19 20
Items

Figure 5.3: The percentages of students (n=293) with correct answer for eight

items about the effect factorsto the magnitude of thefrictional force
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In the next section, we will report students’ responses in each item that
relates to the magnitude of the frictional force, as grouped by 3 main concepts.

5.2.3.1 The magnitude of the frictional force is independent
of apparent contact area of the object

Q14 and Q18 of FFCS asked students to write their answers
and give reasons for a given situation regarding the independent of magnitude of
frictional force on the size of contact area. We read the students explanations for each
item and categorized into 4 groups by the idea as shown in table 5.10. These consist
of: (a) the correct idea as displayed by the shaded cell; (b) the major misconception
with some examples of students’ explanations; (c) other irrelevant ideas; and (d) no
idea or without the explanations. The percentage of students with each group in the
pre-and post-tests is disclosed in the last two columns of the table.

Table5.10 Students’ responses on Q14 and Q18

Students

Responses

Students’ Ideas
Pretest Post-test

(n=293)  (n=293)
a) NO. The magnitude of frictional forcesis | 12% 74%

|| independent of the size of the contact area. /
.| The back and side of the motorist’s wear were
made of the same material; so the frictional

force magnitudes are equal for both

situations.

Situation: A motorist had an

accident. He slid on his back b) The magnitude of frictional forces depends | 55% 12%

along the road surface. The | on the size of contact area. Examples of
frictional force between his | students explanations;

back and the ground existed. | -YES, The contact area between his back and

Question: If the motorist slides | ha ground islarger than that between his side

on his side, does the magnitude .

and the ground, so it generates more
of the frictional force during the . L
o ) ] magnitude of the frictional force.
sliding on his back differ from

that on his side along the road -YES The larger area of his back occupied

surface? Why? more weight than that of the lesser area of his

side, so it generates more magnitude of the

frictional force.
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C) Other ideas (eg. NO. Both are equal 6% 4%
because they are the same type of frictional
forces)
d) Noidea 17% -
Q18 a) YES The magnitude of frictional forcesis | 12% 60%
independent of the size of the contact area. /
The gloves were made of the same rubber (the
glass was made of the same material); so the
frictional force magnitudes are equal for both
cases.
b) The magnitude of frictional forces depends | 62% 34%
on the size of contact area. An examples of
Situation: A man taken the | students explanation;
rubber gloves holds a water | - NO. The contact area between five fingers
glass in two different styles; (1) | and the glassis larger than that between three
holding by using three fingers; | fnaers and the glass, so it generates more
and (2) holding by using five magnitude of the frictional force.
fingers.
Question: Do the magnitudes C) Other ideas (e.g. YES. There no frictional 3% 6%
of frictional forces between the | force; YES. They used the same speed of glass
fingers and the glass surface | moving so the same magnitude of frictional
equally exist for both styles? | force exists.
Why? d) No ideas 23% -

For Q14 and Q18, we found very similar responses. There are
many students having alternative concepts in the pre-test, but these are reduced after
learning by using our learning module shown in the post-test. There are 74% (Q14)
and 60% (Q18) of students with correct explanation that the magnitude of frictional
forces is independent of the size of the contact area. Moreover, we also found a group
of students who did not responses any reason in the pre-test (17% for Q14 and 23% for
Q18). But all shared their idea in the post-test. Although we did not clearly know what
they thought in the pre-test, it is much possible that they hold the correct idea in the
post-test of the Table 5.10.
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5.2.3.2 The magnitude of the frictional force is independent
of the dliding speed of the object
Q15-Q17 of FFCS asked students to write their answer and
give reason for a given situation regarding the independent of magnitude of frictional

force on the sliding speed of the object. We grouped students’ responses and showed

in Table 5.11. The shaded cell in the table shows the correct answer of each situation.

Table5.11 Students’ responses on Q15, Q16, and Q17

Situation: An elephant is

pulling a lumber placed on
solid ground. The frictional
force between the ground
and the lumber exists.

Question:
pulls the lumber to slide

If the elephant

with two different constant
speeds, do the frictional
force magnitudes between
the ground and the lumber

equally exist? Why?

Students’ Ideas

a) YES The magnitude of frictional forces is
independent of the sliding speed of the lumber.
| These are the same lumber (same mass and
same material) and same ground; so the
magnitudes of frictional force are the same for
both situations.

Students

Responses

Pre-test
(n=293)

12%

Post-test
(n=293)

73%

b) The magnitude of frictional forces depends

on the diding speed of the lumber. Examples
of students' explanations;

- NO. The faster moving lumber generates a
lower magnitude of frictional force between
the ground and the lumber. The lumber is
pulled faster because of having lesser
frictional force existing to resist its movement.
-NO. The faster moving lumber generates the
higher magnitude of frictional force existing
between the ground and the lumber. Because
the lumber is pulled faster by a higher force.

This makes higher frictional force, aswell.

73%

23%

C) Other ideas (e.g. NO. They are different

movement, so different magnitudes of

frictional forces exist)

8%

3%

d) Noidea

7%

1%
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Q16

Situation: a worker is pushing
a cabinet to slide on the ground
with a constant speed.

Question:

cabinet to slide on the ground

If he pushes the

with twice constant speed of the
former. Do the frictional force
magnitudes between the ground
and the cabinet of the both

situations equally exist? Why?

a) YES. The magnitude of frictional forces is
independent of the dliding speed of the
cabinet. / These are the same cabinet (same
mass and same material) and same ground; so
the magnitudes of frictional force are the same
for both.

9%

74%

b) The magnitude of frictional forces depends
on the dliding speed of the cabinet. Examples
of students' explanations;

-NO. The cabinet has different speeds due to
the different magnitudes of frictional force
existing to resist the push force.

-NO. The faster cabinet requires a more push
force, so it generates more magnitude of

frictional force.

59%

23%

C) Other ideas (e.g. YES. Both generate the

same type of frictional forces.)

5%

3%

d) Noidea

7%

Q17

Situation: A child is sliding
down on aslide.
Question: While he is sliding

through position A (the upper
position of the slide) and
position B (the lower position
of the slide), do the frictional
force magnitudes between the
child and the slide at position A
and B equally exist? Why?

a) YES The magnitude of frictional forces is
independent of the dliding speed of the child. /
These are the same child (same mass) and
same material of the dide; so the magnitudes
of frictional force are the same for both cases.

11%

66%

b) The magnitude of frictional forces depends
on the dliding speed of the child. An example
of students' explanations;

-NO. Since there is more slope at B position
that makes more speed of the child, the
magnitude of frictional forces at this position

ismore than at A position.

65%

25%

C) Other ideas (eg. NO. they generate

different types of frictional forces.)

8%

7%

d) Noidea

16%

2%
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For Q15-Q17, we found 59%-73% of students, who believed that the
magnitude of frictional forces depends on the sliding speed of the object. It is an
incorrect idea for these three situations. These are changed to 23%-25% in the post-
test.

5.2.3.3 The magnitude of the frictional force depends on the
material of the object

Q19-Q20 of FFCS asked students to write their answer and
give reason for a given situation regarding the dependent of magnitude of frictional
force on material of the object. The students’ responses were grouped into 3 main
clusters: (a) correct idea, (b) incorrect idea, and (c) no idea or no explanation. The
percentage of students for each situation in the pre-and post-tests are shown in the last
two columns in Table 5.12. The shaded cell in the table shows the correct answer of
each situation.

Table5.12 Students’ responses on Q19 and Q20

Students

Responses

Students’ Ideas
Pretest Post-test

(n=293)  (n=293)
Q19 a) YES. The magnitude of the frictional force | 13% 70%

depends on the surface roughness of the
floor./ They are the same wardrobe, floor, and
mass, so the frictional force magnitudes are
equal.

b) NO. The wardrobe is pushed to move with |  65% 27%

Situation: A wardrobe is | the different forces, so the different frictional
pushed to move on the concrete | forces exist.

floor by a woman. Question: C) No idea 2204 3%
Instead of the woman, if this

wardrobe is pushed by a man
with the same movement, do
the frictional force magnitudes
between the wardrobe and the
concrete floor for both equally
exist? Why?
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Q20 a) NO. The magnitude of the frictional force | 44% 89%

depends on the surface roughness of the

floor./ They are different materials, so the

frictional force magnitudes differ.

ie 114

 — b) YES They have same weight, size of | 40% 10%
Hﬂﬁ | contact area, and speed, so the frictional force

Situation: An acrylic and a magnitudes are the same val ues.

glass plates with the same | C) Noidea 16% 3%
weight and size, are placed and
pulled by the constant speed on
the table.

Question: Do the frictional
force magnitudes of the acrylic
plate and the table, and the glass
and the table equally exist?
Why?

For Q19, we found 65% of students in the pre-test, who believed that the
frictional force magnitude in this situation depends on the push force. In fact, we
consider the situation while the wardrobe is moving. This exclusively involves the
kinetic friction. The magnitude of kinetic friction doesn’t involve with the push force.
For Q20, results showed 44% of students with the correct explanation that the
frictional force magnitude depends on the material of the object in the pre-test. These
increase to 89% in the post-test.

In addition, we calculated the statistical values of the FFCS such as the
pre-test mean score (Mpre), post-test mean score (Myog), the standard deviations of the
pre-and post-tests (SDpre, Dpost), the t-test (t-value, Sg.(one-tailed)), and the average
of the normalized gain (<g>) of each concept of the frictional force, as shown in Table
5.13.

The Table 5.13 shows the statistical values related to the concept of the
frictional force direction (Q1-Q13); the types of frictional forces (Q1-Q13); and the
effect factors on the frictional force magnitude namely the size of the apparent contact
area (Q14 and Q18) as labeled “E;”, the sliding speed of the object (Q15-Q17) as
labeled “E,” and the roughness surface of the object (Q19 and Q20) as labeled “E3”.
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All the results revealed that the post-test mean score (Mpos) Was greater than the pre-
test mean score (Mpre), proved by the paired t-test at 0.01 significant level. Moreover,
we calculated the students’ overall improvement for each concept via the average of
the normalized gain (<g>) as shown in the last column. We found the medium learning
gain (0.3 < <g> < 0.7) of these students for all concepts after the learning by using

our frictional force learning module.

Table 5.13: The statistical values of the FFCS separated by concept: directions of
frictional forces, types of frictional forces, and effect factors on the frictional
force magnitude for participants from schools A and B with the t-test and the
normalized gain

Statistics

Concepts
® *Sig.

(one-tailed)

Mpos  SDpes  t-value

Directions of frictional
forces (n=211)

556 249 |918 |105 |2145 |<0.01 |0.49

Types of frictional forces
(n=273)

Effect factors on E; |035 |064 |135 |0.76 |20.16 |<0.01 |0.61
the frictional force |E, (043 |0.79 |214 |117 |23.72 |<0.01 |0.66
magnitude (n=293) | E3 | 057 |0.64 |159 |060 |21.45 |<0.01 |0.72

456 | 173 960 |224 |33.16 |<0.01 |0.59

We considered at the 99% confidence interval of the difference.

5.3 The Results from the Satisfaction Questionnaire

We evaluated students’ satisfaction on these learning modules by using the
satisfaction questionnaire. The questionnaire was composed of 5 items with 5 levels of
the Likert scales. The Likert scales were divided as 1 (strongly disagree), 2 (disagree),
3 (fair), 4 (agree) and 5 (strongly agree). Students were free to select a scale for an
item. The satisfaction questionnaire was provided in Appendix E. Students took

around 5-10 minutes to fill out this document after the finishing of the class. The items
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of this satisfaction questionnaire were analyzed to find what students thought about
our learning module, as shown in Figure 5.4.

In Figure 5.4, we plotted the 5 items of the satisfaction questionnaire
(y-axis) and the percent totals of students, who selected 4 (agree) and 5 (strongly
agree) for each item (x-axis). Results (n=293) exposed that more than 90% of these
students agreed/ strongly agreed that this learning module help them to learn the
concepts of the frictional force. In general, most students preferred the demonstrations
in this module, shown in item 1, to the others. Most thought this module strongly
related to everyday life situations (item 5), provided the useful prediction sheets in the
demonstration sets (item 2), enhanced to predict events before the actual

demonstration (item 4), and gave opportunities to share ideas with peers (item3).

| Agree i Strongly Agree
I I

0 20 40 60 80 100
Percentages of Students

Figure 5.4: The percentage of students (n=293), who selected agree (4) and
strongly agree (5) for the5 Likert scaleitems of the satisfaction questionnaire.
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5.4 Summary

In this study, after our frictional force learning module based on the hands-
on and ILDs approaches was developed to succeed the statistically reliable learning
tools, it was used with Thai students (n=293) in Mathayomsuksa 4. After the
instruction, we evaluated students’ learning gain by using the Frictional Force
Conceptual Survey (FFCS), including students’ satisfaction by using the satisfaction
questionnaire. Findings revealed that the instruction by using our learning module, in
particular, for concepts of the frictional force direction, the frictional force type, and
the effect factors on the sliding frictional force, facilitated students’ learning into the
average medium gain, justified by the normalized gain. Moreover, most students
agreed that this learning module help them to learn about the concepts of the frictional

force.
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CHAPTER VI
DISCUSSION

In the discussion part, we will consider the learning gain (<g>) of students
after using the frictional force learning module. The students’ learning gain is
identified by the pre- and post-tests from the FFCS in the concepts of the frictional
force comprising the direction and the type of frictional forces and the effect factors on

the frictional force magnitude in various situations.

6.1 Students' L earning Regarding the Direction of the Frictional
Force

The learning gain has been classified in three levels— high gain when the
value is more than 0.7, medium gain when the value is between 0.7 and 0.3, as well as
low gain when the value is less than 0.3 (Hake,1998). In this section, we report the
students’ learning gain and discuss the students’ responses on the FFCS about the
direction of the frictional force in the horizontal, vertical, and inclined situations as
well as the situation of the object rotation.

The frictional force learning module for the direction of the frictional force
is administered by the learning process of the hands-on approach. Overall, the result in
Table 6.1 shows that this learning module can help students to improve the
understanding in the medium gain. The results correspond to results presented by
many researchers (Meyers & Jones, 1993; Sokoloff & Thornton, 1997; Hack, 1998;
Lalley & Miller, 2007). This mainly reveals that whenever the students are instructed
by the active learning process the learning gain obtained will be higher than 0.3.
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Table6.1: The percentage of studentswith correct answer of pre- and post-tests
and students' learning gain regarding thefrictional forcedirectionsin various

situations

% Studentswith  Learning Gain

Theltems
Correct Answer (<g>)

The horizontal situation
Q1 Stationary
Pretest (n=211) 85%
- 0.80
i’ Post-test (n=293) 97%
Q2 Sationary Pretest (n=226) 95%
0.40
- Post-test (n=293) 97%
Q3 Theconsiant speed Pre-test (n=246) 93%
0.71
- Post-test (n=293) 98%
Q6
Pre-test (n=211) 22%
0.41
Post-test (n=293) 54%
The vertical situation
Q4
Pre-test (n=282) 23%
0.42
lg\ Post-test (n=293) 55%
Q5 Pre-test (n=217) 7%
The 0.34
constant
velocity La Post-test (n=293) 39%
Theinclined situation
Q7 Pre-test (n=243) 57%
- 0.42
\% Post-test (n=293) 75%
Qs Pre-test (n=282) 97%
- 0.67
& Post-test (n=293) 99%
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The situations of the object rotation
Q9
Pre-test (n=235) 60%
0.18
Post-test (n=293) 67%
Q10 Pre-test (n=214) 66%
Ground acts on 0.26
the front wheel | PoSt-test (n=293) 5%
Q11 Pretest (n=214) 34%
Ground acts on 0.65
the rear wheel Post-test(n=293) 7%
Q12 Pre-test (n=217) 34%
Ground acts on 0.58
the front wheel | Post-test (n=293) 2%
IWJ
ey VY Q13 Pretest (n=211) 70%
@ © Ground acts on 0.20
the rear wheel Post-test (n=293) 76%

For Q1, Q2 and Q3, when we consider the percentage of students with
correct answer, we found that most students got high scores in both the pre- and post-
tests (more than 85 percent). These three questions involve the concept of frictional
force in the horizontal direction. In contrast, with the same concept but different
context of Q6, the result revealed that the students’ percentage with correct answer
increased from 22% to 54%. This indicates that the students have difficulty to
determine the direction of the frictional force in this context. Most students with
incorrect answers (shown in the Table 5.2), believed that the direction of the frictional
force from the ground acting on the foot of the soccer player points to the left hand
side while the soccer player is running and no skidding to a ball from left to right hand
side. This refers to the alternative concept that the frictional force is always opposite to
the direction of the object motion. Moreover, it is possible that some students with
correct answer in the contexts of Q2 and Q3 held this alternative concept. We also
found that in general Thai textbooks (e.g. the IPST textbook) and education websites
usually show the horizontal context of frictional forces such as pushing a book placed
on a Table. Students may be familiar to this context and can correct the Q2 and Q3.

Although, context in Q6 involves the everyday life situation, students might have
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never noticed, and have less chance to meet in the classes and Thai textbooks.
Therefore, to correct the students’ alternative concepts the instructor should offer
several contexts of learning in each concept. The discussion in various complex
situations for a concept is necessary for enhancing students understanding
(Mohammad et al., 2008).

For Q4 and Q5, the students’ responses were shown in the Table 5.3 in the
previous chapter. Again Thai students are not familiar to both contexts in their classes.
There are 55% and 39% of students with correct answer in the post-test in Q4 and Q5
respectively. After learning, for Q4 most students still believed that there is no
frictional force between the thumb and the glass because the glass is stationary. For
Q5 most believed that while the glass is lifting up with a constant velocity, the
direction of the frictional force by which the thumb acts on the glass point to
downward direction. Both questions reveal the alternative concept that the frictional
force opposes the object movement; no motion, no frictional force. In this research we
tried to help students to understand this concept by using the bristle demonstration and
the discussion of the free-body diagram, added up with other vertical situations. In
frictional force classrooms, teachers should more emphasize on the vertical directions
of frictional force (Ugo et al., 2007).

Q7 and Q8 involve the inclined directions of frictional forces. We found
that the percentage of students with correct answer in post-test in Q7 (75%) is less
than that in Q8 (99%), and similar to the pre-test. Both contexts in Q7 and Q8 are a
few different but significant. The object is sliding down on the slippery inclined plane
for Q7, and on the rough inclined plane for Q8. The interview results showed some
students believed that the frictional force always exists while the object is moving. So
these students believed the answers of both questions were the same.

For the situation of the object rotation, the results of Q9-Q13 were shown
in the Table 5.5. We found that for all situations most students believed the direction
of frictional force, by which the ground acts on the wheel, is opposite with the wheel
movement. It refers to the alternative concept that the frictional force is always
opposite to the motion of the object. By using this misconception, students got score
from Q9, Q10 and Q13 as shown by the high percentage of students with correct
answer in pre-test. With the same misconception, they did not get score form Q11 and
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Q12, as shown by almost a half of lower of percentage of students with correct answer
in pre-test. Students consistently used this alternative concept for many questions in
different contexts. If students strongly hold an alternative concept, they tend to use it
for solving every related item (Clough & Driver, 1983; Licht & Thifs, 1990; Palmer,
1993; Thongchai et al., 2011).

We have designed the frictional force learning module to help students to
understand the concepts. The module is based on the constructivist learning theory,
which aims to facilitate students to construct the scientifically accepted conceptions by
their own. The active learning approach used in this step is the hands-on, which focus
on practice by doing and teaching each other. Students do experiments by using the
bristle tools constructed by the researchers, take note in the sheet, and discuss with
their peers and instructor. When we evaluated the efficiency of this module regarding
the directions of frictional force by using the normalized gain via the pre-and post-
tests, we found that the average gain was higher than 0.3. It has indicated that
students’ learning gain was enriched into the middle level after the instruction by
using our learning module. In contrast, if students learned with the traditional
methods, the learning gain was in the low level (or lower than 0.3) (Hake, 1998; Bao,
2006; Coletta & Phillips, 2005; Marx & Cummings, 2007).

For some items with low gain (Q9, Q10 and Q13) more attentions have to
be paid. As aforementioned, it was not clear whether students got score from these
questions (in the pre-test) with the correct idea or not. However, around 70% of these
students can correctly answer each item in the set of FFCS involving the object
rotation (Q9-Q13) in the post-test. The consistency responses vigorously indicate the
quality of the module.

6.2 Students' L earning Regarding the Type of the Frictional Force
The frictional learning module for this concept is administered by the
learning process of the ILDs approach. The results in Table 6.2 show that this learning
module can improve students’ learning gain into the middle level. The benefit of ILDs
approach has been agreeably reported by many physics education researchers
(Thornton & Sokoloff, 1997; Redish et al., 1997; Trumber & Gelbman, 2000).
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Table 6.2: The percentage of studentswith correct answer of pre- and post-tests
and students' learning gain regarding thetypes of thefrictional forcein various
situations

% Studentswith  Learning Gain
Theltems

Correct Answer (<g>)

The horizontal situation
Q1 Stationary
Pre-test (n=273) 85%
_ 0.70
i Post-test (n=293) 96%
Q2 Siationary Pre-test (n=273) 84%
0.87
- Post-test (n=293) 98%
Q3 Theconsant speed Pre-test (n=293) 87%
0.93
- Post-test (n=293) 99%
Q6
Pre-test (n=287) 53%
0.32
Post-test (n=293) 78%
The vertical situation
Q4
Pre-test (n=293) 50%
0.27
lg\ Post-test (n=293) 65%
Q5 Pre-test (n=293) 18%
The 0.26
constant
velocity La Post-test (n=293) 39%
Theinclined situation
Q7 Pre-test (n=293) 50%
- 0.44
\% Post-test (n=293) 1%
Qs Pre-test (n=287) 77%
- 0.65
& Post-test (n=293) 92%
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The situations of the object rotation
@ Pre-test (n=293) 16%
0.61
Post-test (n=293) 67%
Q10 Pre-test (n=287) 14%
Ground acts on 0.60
the front wheel | POSt-test (n=293) 66%
Q11 Pre-test (n=287) 18%
Ground acts on 0.61
the rear wheel Post-test (n=293) 68%
Q12 Pre-test (n=287) 10%
Ground acts on 0.63
the front wheel | Post-test (n=293) 67%
Q13 Pre-test (n=287) 16%
Ground acts on 0.57
the rear wheel Post-test (n=293) 64%

However, Q4 and Q5, which relate to the vertical situation, showed the
low gain (or lower than 0.3). When we considered the students’ responses in Table 5.7
of the previous chapter, we found that some students believed that the frictional force
did not exist while the glass is just being held in the air. The interview results show
that these students thought that there is no external force acting on the glass, so there is
no frictional force. They believed that if there was external force acting on the object,
like Q2, the frictional force existed. But in Q4, they totally forgot the weight of the
glass. For Q5, most students believed that while the glass is lifting up, the kinetic
friction exists. They did not consider the interaction between the thumb and the glass
that there is no sliding. To help students absolutely understand the types of frictional
force, the situations, similar to Q4 and Q5, should be more discussed in the frictional
force topic.

For Q7, some students believed that there is a Kinetic friction while the
object is sliding down on the slippery inclined plane (as shown in Table 5.8). In fact,
there is no frictional force on the slippery ground. It indicated the less understanding
on the operational definitions and limiting conditions of the frictional force concept.

Similarly, in fact, Q9-Q13 involves the static friction, but most students believed it
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was the kinetic friction since the wheel was moving. Therefore, to help students
understand this concept the instructor should clearly state and emphasize the
operational definitions of static and kinetic frictions in the first class (Hake, 2010).
Moreover, teachers should offer several everyday life contexts to help students
understand that the kinetic friction involves the sliding movement of the object
(Efthimiou & Llewellyn, 2007).

6.3 Students' L earning on the Effect Factorsto the Magnitude of the
Frictional Force

In this study, there are three factors we checked the students’
understanding regarding the magnitude of the frictional force; (1) the apparent contact
area of the objects, (2) the sliding speed of the object, and (3) the surface roughness of
the materials. The frictional learning module for this concept is administered by the
ILDs approach. The results in Table 6.3 show that this learning module can improve
students’ learning gain into the middle level. Most students, who believed that the
magnitude of frictional forces depends on the size of contact area, and the sliding
speed of the object (as shown in the percentage of the pre-test), have changed their
ideas into the scientifically accepted conception that it only depends on the surface
roughness of the materials after the instruction by using our module (as shown in the
percentage of the post-test). As aforementioned, it is the assumption of the frictional
force concepts for high school students.
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Table 6.3: The percentage of studentswith correct answer of pre- and post-tests
and students' learning gain regarding the effect factorsto the magnitude of the
frictional force.

% Studentswith  Learning Gain

Correct Answer (<g>)

The magnitude of thefrictional force doesn’t depend on the apparent contact area
Q14

Pre-test (n=293) 12%

0.68
Post-test (n=293) 74%
Pre-test (n=293) 12%

0.54
Post-test (n=293) 60%

The magnitude of thefrictional force doesn’t depend on the diding speed of the object
Q15

Pre-test (n=273) 12%
0.69
Post-test (n=293) 73%
Q16
Pre-test (n=273) 9%
0.71
Post-test (n=293) 74%
Q17
Pre-test (n=293) 11%
0.62
Post-test (n=293) 66%

The magnitude of thefrictional force depends on the roughness of both surfacesin contact
Q19

Pre-test(n=293) 13%

0.66
Post-test(n=293) 70%
Pre-test(n=293) 44%

0.80

Post-test(n=293) 89%
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6.4 Summary

This frictional force learning module has been constructed following the
key processes of the conceptual change strategy, namely the ILDs and hands-on
approaches. It can be much more effective than lecture-based teaching method in
enhancing conceptual understanding of frictional forces as examined by the
normalized gain. The teaching processes in the module were constructed following the
alternative concepts of students. It also focused on the learning by doing experiments
and working as a group. Instructor and students always discussed to exchange ideas in
various everyday life contexts. These are the ways to promote the conceptual change
(DiSessa, 1993; Goldberg & Bendall, 1995; Hewson & Hewson, 1983; Posner et al.,
1982).
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CHAPTER VII
CONCLUSIONS

This chapter presents the summary of this research comprising the answers
of the research questions, the limitation of the study, and the recommendation for the

future work.

7.1 Summary of this Research

This research was organized to enhance Thai high school students
understanding of the frictional force. The researchers have developed the frictional
force learning module based on the hands-on and ILDs approaches. The module
consisted of 3 main subtopics of the frictional force; (1) directions of frictional forces,
(2) types of frictional forces, and (3) the effect factors on the magnitude of frictional
forces. In each subtopic, we have provided both the lesson plan and its learning tools
such as the demonstration sets and the work sheets. We have created the assessment
instrument called the Frictional Force Conceptual Survey (FFCS). The 20 open-ended
questions of the current version of the FFCS are composed of the concepts of
directions and types of frictional forces (Q1-Q13) as well as effect factors on the
frictional force magnitude (Q14-Q20). The FFCS were vigorously evaluated by the
Item-Objective Congruence Index (IOC index), the KR-21 reliability test, the Item
difficulty index (P index), and the Item discrimination index (D index). We have
tested the module with students, and modified it from the students’ suggestions and
experts’ advice. Ultimately, we applied the frictional force learning module with 293
Thai high school students in Mathayomsuksa 4. The outcomes revealed that the
students learning gain, from the instruction by using the frictional force learning
module constructed by the researchers, was in the medium level. Moreover, the
satisfaction questionnaire results exhibited that more than 90% of these students

agreed that they have learned the frictional force from our learning module.
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7.2 Answering Resear ch Questions

The answers of two research questions in this study are shown here.

Resear ch Question 1: What are the alternative concepts of frictional
forces held by Thai high school students?

Answer:
We have explored 241 Thai high school students via the FFCS for finding

out their alternative concepts on the frictional force. Moreover, we found the
alternative concepts of Thai students when we did other steps in this research. The
whole alternative concepts on frictional forces found in this research were shown in
Table 7.1. These are categorized by concepts namely (1) directions of frictional forces,

(2) types of frictional forces, and (3) effect factors to the frictional force magnitude.

Table 7.1: Thai high school students' alter native concepts of frictional forces

Frictional Force Topics Students' Alternative Concepts
1. Directions of frictional 1. The direction of frictional forces is always
forces opposite to the motion of the object.

2. The direction of frictional forces is always
opposite to that of the force exerted on the
object.

3. The direction of frictional forces is opposite to

that of acceleration.

2. Types of frictional forces 4. When the object moves, the kinetic friction
always acts between the contact areas.

5. When the object moves with a constant
velocity, the net force is zero, so there is no

frictional force as well.

3. Effect factors on the 6. The magnitudes of friction forces depend on
frictional force magnitude the apparent contact areas.

7. The magnitudes of friction forces depend on

the sliding speed of the object.
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Research Question 2: Does the learning module based on the hands-on
and the Interactive Lecture Demonstrations (ILDs) approaches designed by the
researchers increase high school students’ conceptual understanding of frictional
forces?

Answer :

Yes, the learning module has increased student conceptual understanding
of the frictional force. This was proved by the normalized gain. It indicated that the
instruction by using our learning module enhanced students’ learning to the middle
gain area. Each student’s alternative concept of frictional forces found in this research
(as shown in the Table 7.1) is corrected by the instructional tools in the learning

module as shown in the Table 7.2.

Table7.2: Theinstructional toolsin our frictional force learning module that use
to correct the corresponding alter native concepts

Topicsof Students' Alternative Instructional Toolsin the

Concepts Frictional Force L earning Module

Directions of frictional forces Lesson Plans: 1, and 2

Demonstration set: Al, A2, A3, and A4
(presented in the Table 4.2 in the chapter V)
Work sheetss W1, W1, W3, and W4
(presented in the Appendix D)

Types of frictional forces Lesson Plans: 3

Demonstration set: B1 and B2 (presented in
the Table 4.3 in the chapter IV)

Work sheets: W5 and W6

Effect factors on the frictional force | Lesson Plans: 4

magnitude Demonstration set: C1 and C2 (presented in
the Table 4.4 in the chapter IV)

Work sheets: W7, W8, and W9
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7.3 Limitations of this Research

Although this research is forcefully conducted and revised to achieve the
statistically reliable study, here are some limitations.

(1) We only focus on the concepts but not cover the problem solving of the
frictional force.

(2) The whole process of our module may take longer time than we
propose. It depends on the background knowledge of learners.

7.4 Recommendations for Further Research

The recommendations for further works are;

(1) the development of the FFCS to be the multiple-choice test,

(2) the development of the bristle tools to be both demonstration sets for
directions of frictional force and experimental instruments for calculating the
magnitude of frictional forces, and

(3) the development of the demonstration regarding the effect factors on

the magnitude of the frictional force to be a lower cost instrument.
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APPENDIX B
FRICTIONAL FORCE CONCEPTUAL SURVEY
(THE LAST VERSION)
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APPENDIX C
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APPENDIX E
THE SATISFACTION QUESTIONNAIRE ON THE FRICTIONAL
FORCE LEARNING MODULE
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