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Revelation of General Knowledge and Misconceptions about
Newton’s Laws of Motion by Drawing Method
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Abstract: The aim of this study is to reveal what basic knowledge and misconceptions students have about

Newton’s Laws of Motion by use of a drawmg method. The sample consisted of 54 first grade students
attending the Candidate of Elementary School Teacher at Pamukkale University. No pattern of drawing was

suggested 1n order to allow students to state their knowledge of this topic freely and it was explained that any
kind of drawing pattern and explanation could be used. As a result, it was found that drawing method was

an effective way to source the basic knowledge and misconceptions shown by students. Whlst students
had difficulty in expressing their knowledge m writing, it was seen that they expressed their knowledge easily

by drawing.
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INTRODUCTION

There are many ways of gathering information about
students” understandings of scientific phenomena [1].
The open-ended questions Eisen and Stavy [2], two-tier
diagnostic test Haslam and Treagust [3], concept mapping
Hazel and Prosser [4], prediction-observation-explanation
Liew andTreagust [5], interviews about instances and
events Osbome and Cosgrove [6], mterviews about
concepts Abdullah and Scaife [7], drawings Martlew and
Comolly [8], Prokop et al. [9], Bowker, R. [10] and word
assoclation Bahar ef al. [11], Maskill and Cachapuz [12]
can be given as the example of these methods. Each of
these approaches has its own particular advantages and
disadvantages and a useful distinction has been made
between phenomenological and conceptually based
approaches [13].

Behrendt and Dahncke [14] reported on student’s
understandings of their own mtemal structures with
drawing method. discusses Also, Drawings have been
considered as a simple research mnstrument that enables
easy comparisons at the international level [9]. While
many children dislike answering questions, drawings can
be completed quickly, easily and m an emjoyable way.
Children's drawings provide a 'window' into their thoughts
and feelings, mamly because they reflect an image of
his/her mind [15]. As a technique for exploring ideas,

drawing taps holistic understanding and prevents

children from feeling constrained by trying to match their
knowledge with that of the researcher [1]. It is also a
useful alternative form of expression for children who
have difficulty expressing their thoughts verbally [16].
Where drawings been used to probe
understanding in science, they have been used in a

have

variety of ways. Drawing activities mn comjunction with
interviews have been successfully wsed to explore
children’s abstract concepts, e.g.
‘technology” [16] and more specific ideas, e.g.
‘evaporation’ [17]. In other studies, drawing content has
been quantified, as e.g. in research into children’s
drawings of a forest[18]. Tn another study was used the

1deas  about

children were asked to draw a person without being given
any opportunity to practice beforehand [8]. Dove et al
[19], investigated children’s drawings of a river basm, a
concept linked to the water cycle. In other previous study
McNair and Stei [20] fifth, eighth and eleventh grade
students were asked to draw a plant and mclude plants
part, functions and information about what plants need
to grow m thewr drawing. Reiss and Tunmicliffe [21],
Reiss, Tunnicliffe and Andersen et al. [22], Prokop and
Fanéovicova [9] used children’s drawings to provide a
reliable projection of what children know about the
human body. Prokop et al [23], used drawings to examine
children’s understanding about animal nternal structure
can be affected by several factors which are poorly
understood by teachers.
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Johnstone and Mughol [24] reported that there are
three main reasons for common misconceptions in
Physics. Namely, education and the use of language on
daily basis and everyday life experiences. In researches
which were done in order to reveal the misconceptions in
physics courses among secondary school students in
Nigeria and South Africa, they showed teachers and
course books (textbooks) as the main reason for
misconceptions [25, 26] Newton's Laws of motion are the
most basic topic of classical physics. The complete
learmng of these topics by students 1s important to their
understanding future physics subjects correctly.

Newton’s Laws of Motion deal with the concepts of
mass, movement and force. The first law, which 15 also
known as Inertia Law, states that objects tend to keep its
state of motion if there 13 no net force applied on them.
This law is important, in a way, in terms of constituting
the substructure of whole classical physics topics. Other
law 18 the equality of F=m.a, which 13 known as basic
This
relationship among the concepts of force, mass and

principle of dynamics. law is studying the
acceleration is better known and applied more easily than
the other laws by students [27, 28]. It 1s conspicuous as
the law which is mostly dealt with and explained correctly
even in this study. Action-reaction law which is the third
law deals with application of a reaction force which 1s
equal in size and opposite in direction to the force applied
on this mass. It is observed that students have the most
numbered misconceptions in this law among three laws.

One of the most frequently used methods used to
determine the misconceptions in physics 1 multiple
choice tests [26, 20-31]. Using these types of studies, it is
difficult to determmne how the students made ther
choice. Therefore, a drawing method was used in order to
determine the students’ present level and misconceptions.

This study reveals the present situations and
misconceptions of students who have not yet taken
General Physics course. General Physics course 1s given
at second grade at Pamuklcale University, this study was
made with the first grade students who hadn’t taken that
course.

MATERIALS AND METHODS

This study was administrated to with 54 freshman
students of Candidate of Elementary School Teacher at
Pamukkale Umversity. Knowledge levels of the students
participated in the research was supposed to equals be
equal because they registered in the faculty according
to University Entrance Exam results. General Physics
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Table 1: A six level Evaluation Table which was formed to evaluate
theoretical knowledge about Newton’s Laws of Motion

Level 1 no theoretical knowledge

Level 2 wrong theoretical knowledge

Level 3 partly wrong or inadequate knowledge

Level 4 theoretical knowledge with misconception

Level 5 accurate but missing theoretical knowledge

Level 6 completely accurate and perfect theoretical knowledge

Table2: A six level Evaluation Table which was formed to evaluate
drawings about Newton’s Laws of Motion

Level 1 no drawing

Level 2 irrelevant wrong drawing (Figure 2)

Level 3 partly wrong or inadequate drawing (Figure 3)

Level 4 drawing with misconception (Figure 4-5-6)

Level 5 accurate but missing drawing (figure 7-8)

Level 6 completely accurate and perfect drawing (figure 9)

research group consisted of 31 girl and 23 boy students.
They were asked to express Newton’s Laws of Motion
theoretically by drawing. In order to allow students to
express their knowledge about the topic freely, no pattern
of drawing was suggested and it was stated that any
every kind of drawing pattern and explanation could be
used. 30 minutes was given to each student to complete
this study. A six level evaluation table was formed in
order to evaluate theoretical knowledge and drawing
with regard to Newton’s Laws of Motion (Table 1). In this
table which was applied to each law separately, theoretical
knowledge and drawings were dealt with separately.
Students’ theoretical knowledge for each law and their
drawings which were expressing that law were scaled
from level 1 to level 6. For these levels, a points scale of
1 to 6 were given. Each law was evaluated separately
according to this scale frame.

In scaling, it was grouped as Level 1 for no
theoretical information and drawing; Level 2 for wrong
information and irrelevant drawing; Level 3 for partially
wrong and madequate mformation and drawimng; Level 4
for information and drawing including misconception;
Level 5 for right but inadequate information and drawing;
Level 6 for completely accurate information and drawing.
Sum of level 5 and level 6 were taken as an acceptable
information and drawing level.

RESULTS AND DISCUSSION

Misconceptions about Newton’s Laws of Motion
resulted from this study were given in Table 3.
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Table 3: Misconceptions regarding Newton’s Laws of Motion observed in drawings

Misconceptions Frequency Ratio (%6}
Tnertia is a situation having no force 15 28.80
Inertia is related to the movement 20 38.40
The object will stop slowly If you remove the influencing force 18 34.60
Two stopping objects have the same inertia 13 25.00
The normal force affecting the object is every time equal to the objects weight 35 67.30
Friction Force is always opposite to the force applied to object 9 17.30
Friction force depends on the interaction surface 12 23.07
Action force applied to a small object by a big object is bigger than reaction force applied to big object by a small one 15 28.80
There may not be reaction force in responce to action force 14 26.92
Table 4: Evaluation Results of Theoretical Knowledge regarding Newton’s Laws of Motion

1LLAW 2.LAW 3. LAW

N % N % N %
Level 1 no theoretical knowledge 8 14.81 4 7.40 9 16.66
Level 2 wrong theoretical knowledge 12 22.22 12 22.22 8 14.81
Level 3 partly wrong and inadequate theoretical knowledge 1 20.37 10 18.51 7 12.96
Level 4 theoretical knowledge with misconceptions 15 2777 9 16.66 21 38.88
Level 5 accurate but incomplete theoretical knowledge 11.11 15 27.77 5 9.25
Level 6 completly accurate and perfect theoretical knowledge 370 4 7.40 4 740
Table 5: Evaluation Results of drawings regarding Newton’s Laws of Motion

1.LAW 2LAW 3. LAW

N % N % N %
Level 1 no drawing 3 5.55 3 5.55 4 740
Level 2 irrelevant wrong drawing 11 20.37 9 16.66 10 18.51
Level 3 partly wrong and inadequate drawing 18 33.33 12 2222 8 14.81
Level 4 drawing with misconceptions 10 18.51 9 16.66 22 40.74
Level 5 accurate but inadequate drawing 8 14.81 17 31.48 8 14.81
Level 6 completely accurate and perfect drawing 4 7.40 4 7.40 2 3.70

Only 14,80% of the theoretical knowledge given
about first law is in acceptable level. It shows that
they didn’t have enough information about this topic
(Table 4). Inertia law which was perceived only to “If
object is stopping, it tends to stop” by students is a
difficult topic to explain A common misconception of
students about this law is that inertia is valid only for
stopping systems.

Acceptable level of theoretical knowledge about
second law is 35.17%. For the second law, becoming
known better or becoming more lasting can be bound to
basic mathematical equality expressing this law. The
equality of F=m.a shows the relationship among the
related concepts clearly. But still partially or completely
wrong answers’ ratio (40.73%) is quite high. The least
misconception ratio (16.66%) 1s also found for this law.
Misconception is an expression of “friction force is
always opposite to the force mfluencing the object”,
whereas a force in the direction of friction force can
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be applicable. For example, on a horizontal and frictional
ground, the force influencing oppositely the movement
is in the same direction with the friction force of a
slowmg object.

isconception level of third law is 38.88% for
theoretical knowledge and 40.74% for drawings. That
gives a clue as to how big the present misconceptions are.
The clearest misconceptions for this law are: a)There may
not be a reaction foree for each action force, b) Action
and reaction forces may not be the same every time.

According to the applications, although there aren’t
any mathematical equations or explanative expressions,
drawings were encountered even if they are very siumple.
For example, in spite of 38.87% ratio for theoretical
knowledge for level 1, we see a 18.5% drawing ratio.
So, 1t can be said that they don't like theoretical
knowledge only by writing, but in the contrary they
can express themselves more freely by drawings. So
quality of knowledge can be determined more clearly.
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Table 6 Drawings used 1in expressing Newton's Laws of Motion and
their numbers

Topic Type ofthe object used Frequency

1. Law Stopping Object 25
Faling of an apple from atree 12
Force applied ball 9
Object set free from a building 2
Passengers in a vehicle 1

2. Law Object on aninclined plane 3
Falling of an apple from atree 24
Moving car 3
Force applied car 11
A pendulum in a mowving vehicle 2
Objects hanging on fized bobbin 1

3. Law 4 ball lacked by a foothaller 11
A stationary object on the table 19
Falling of an apple from atree i
Colliding cars i
Man applying force on the wall 7

Ashon- Fescton
Fig. 1: Two drawings mostly used for expressing

Newton’s Laws by students

Ag it is seen on Table 4 and Table 5, the ratio of
theoretical answering is higher than drawing one at
level 1. That is, students can express their knowledge by
drawing more easzily. It iz clear that students gave up
expressing by writing when they had difficulty in writing.
Beside, try to express by drawing. High drawing ratio level
at level 5 is a result of this. While they had difficulties
with expressing what they knew true by writing, they
expressed it more easily by writing. In the same way, itis
seen at the comparisons at level 2 and level 3 that they
express their knowledge more clearly and easily by
drawing method.

Generally for each law, while there iz a definite image
ghaped in students’ mind, we see a few number of
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Fig. 2: Wrong drawings which are examples of level 2

g

Fig 3: An example of partly wrong and inadequate
drawings

students  choosing the way of expressing their
knowledge by peculiar drawings. Eg, when Newion’s
laws of motion is menfioned, the ratio of drawings of
man with a apple falling from a tree onto his head
cannot be ignored. 42% of all the students used that
figure in order to explain any of the laws of motion
(Figure 1). That image which is rather popular in daily
life became the symbol of gravitational force. The same
way the image of a stopping vehicle with passengers
on a horizontal surface iz used to explain the inertia
law. Also, the image of a mofionless book on the table and
colliding cars for action and reaction are used quite
frequently.

At level 2, there are irrelevant or wrong drawings.
20.37% of drawing about Newton’s First Law, 16.66%0 of
drawings about second law and 18.51%o of drawings about
third law are included in that way. We zee that students
who have insufficient knowledge about topic is reflected
in their drawings.
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Fig 5: A drawing having determined a misconception about Newton’s First Law
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Fig. 6: Another drawing having determined a misconception about Newton’s Third Law

There are misconceptions at level 4. At this level,
excessive generalization can be stated as the most
important reason of encountered misconceptions.
Students reached a general judgment by emphasizing
a unique set of criteria as applicable for every
situation. Students stated physical concepts wrongly
by misinterpreting a mass of every day events and
generalizing their interpretations.
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Drawings for level 5 are generally true drawings
but they have some deficiencies. An image of an
object at balance on a horizontal surface is not enough
to express third law of motion. Explanation of the
properties of action-reaction force pair is more important
for less frequent situations. Especially it must be
considered that students having a misconception
of “normal force affecting the object always equals
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Fig. 7: Two cdrawings (a, b) of level 5 expressing First and Third laws of motion
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Fig. 9: Examples of completely accurate and complete drawings category (a, b)

the weight
drawing.

Drawings of level 6 show complete and true
drawings. Drawings supported by necessary equalities
express integrity and gives the idea that students have
enough knowledge about the topic.

of the object” can also have the same

RESULT

Drawing method is used in order to reveal the
present level and misconceptions of students who
didn’t take General Physics course. When we look at
the results, we see that using writing alone, students
have difficulty expressing theoretical knowledge.
Using the same criteria it was seen that they express
themselves more freely by drawings. Therefore, drawing

method as used iz capable of showing the quality
and quantity of knowledge understood by students
more clearly.
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