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The aims of this study are “to reveal potential physics teachers’ characterization of the relationship
between mathematics and physics” and “to analyze their abilities to model physical phenomena”. For
these purposes, an achievement test consisting of two parts has been administered to 24 student
teachers of physics. The first part aims to reveal their opinions about the relationship between
mathematics and physics and the second part aims to determine their abilities about the construction
of a model. The analysis shows that the candidate physics teachers state the role of mathematics in
physics in three different ways and that although they generate their own methods for modeling
physical phenomena they have serious difficulties in forming a model. As a recommendation of this
study, it can be said that model and modeling process should be tackled as an object and model

teaching should not content with model as a tool.
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INTRODUCTION

Mathematics and physics play an imminent role for each
other. Indeed there is a reciprocal relationship between
mathematics and physics which goes back to centuries
ago and this “relationship has been especially strong
since Galileo established the modern conception of the
scientific method, wherein mathematics plays a crucial
role, in the first decades of the 17th century” (Helfgott,
2004). In line with this, Helfgott (2004) notes that there
are many notable mathematicians who have contributed
to physics: Descartes, Fermat, Leibniz, the Bernoulli
brothers, Euler, D’Alembert, Lagrange, Laplace, Cauchy,
Gauss Riemann, Poincaré and so on.

Roughly speaking, mathematics allow describing
physical phenomena and physics constitute an applica-
tion field for mathematics. Therefore, this relationship can
be characterized in two ways: on the one hand mathema-
ticians use physical concepts and arguments and on the
other hand physicians use mathematical concepts and
methods. However, the relationship between these two
disciplines cannot be reduced to “physics are a domain of
application of mathematics” and “mathematics is the
language of physics” (Tzanakis, 2002). Therefore, to
characterize the relationship between these disciplines,
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we need a term more large than “language and domain of
application” (Chaachoua and Saglam, 2006). Blum (2002)
proposes the term ‘applications and modeling’ to describe
any relation between real word and mathematics. These
terms perfectly stand for the relation between
mathematics and physics science. Principally, when
solving real word’s problems the physicists try to obtain a
mathematical model that describes or represents some
aspect of the real situation (Berry and Houston, 1995). In
line with this information, it can be said that the model
concept is crucial for physical sciences.

Model: Tool or object?

Douady (1986) indicates two different status (tool and
object) of a concept or knowledge and she mentions tool-
object dialect for concepts. A mathematical concept is
called tool when it is used in order to solve a problem. On
the other hand, a concept is considered as an object
when somebody focuses on its definition, properties and
so on. When we apply this dialect for the model concept,
we can say that models are sometimes tool and
sometimes object (Rodriguez, 2007) . Thus, analysis of
the current literature on model and modeling with this
point of view shows that there have been two main axes
in the literature: while some studies focus on model



instruction itself others studies focus on forming models
(Rodriguez, 2007; Garcia et al., 2006). There have been
many studies related to the former axis sampling
students’ skills of using models (Gobert and Buckley,
2000; Cullin and Crawford, 2002; Mevarech and
Kramarski, 2004). Considering the importance of forming
models for physics problems, we adopted the latter axis;
object status of the model for the present study.

Purpose of the study

Based on the information given above, the relationship
between mathematics and physics, and model
construction process will be investigated in the present
study. In line with this, we worked out our research
purposes as following:

(i) To reveal the student teachers’ characterization of the
relationship between mathematics and physics,

(i) To analyze the student teachers’ abilities to model
physical phenomena by using mathematics.

METHODS
Subject

Our subjects were 24 student teachers of physics department from
the Faculty of Education of a Turkish University. For the selection,
two criteria were sought: having taken the courses presenting
mathematical issues used in physics - Differential Equations,
Mathematical methods in Physics — and succeeding in them
academically. The contents of these courses are introduced below.

The lecture entitled “Differential Equations” aims to introduce the
relationships between real-life situations and differential equations.
A sourcebook (Edwards and Penny, 2005) is mainly used in this
lecture which concerns generally the following subjects: First-order
differential equations with applications, Linear Differential equations
of second and higher order, and systems of differential equations.
The book makes use of Maple or Mathematical software for
symbolic computation and MATLAB for numeric computation.

The lecture, “Mathematical methods in Physics”, focuses on
mathematical concepts most often used in physics and shows their
applications. This lecture contains the following subjects: Functions
of complex variables, Analytic functions, Complex integrations and
Cauchy theorem, Taylor and Laurent series, Residues, Conform
transformations, Schwartdz-Cristoffel transformation. Two books
were recommended as sourcebook for the course: Mathematical
Methods for Physicists (Arfken, 1985) and Mathematical methods in
Physics and Engineering (Karao lu, 1994). Examining the first book,
it was determined that the units associated with the content of the
course were covered in three phases; the relevance of the issue
with physics, basic information and explanations related to the
issue, and sample applications. It was determined that this book
mainly aims to demonstrate students to use mathematics, generally
as a model, in physics by particularly including physics problems.
When the second sourcebook investigated, it can be seen that
basic and advanced mathematical knowledge in this book was
handled entirely in a practical point of view. Besides, this book also
aims to teach how to apply mathematical results in daily life handily.

The analysis above states that mathematics issues are instructed
in basic and advanced level and their applications in physics are
presented in “Differential Equations” and “Mathematical methods in

Physics” courses. Briefly, these courses focus on mathematics that
is used in physics. In the books, it was well examined which physics
units related to mathematics units and these subjects were used in
sample physics problems, however; modeling process was not
considered properly. Indeed modeling has a few steps: transition
from real situation to real world model, transition from real world
model to mathematical model, obtaining mathematical results by
using mathematical model, and returning to the real situation
(Kaiser, 2005; Rodriguez, 2007), and actually the contents of the
sourcebooks did not comply with these steps.

Data collection

It is well known that modeling is performed by means of various
mathematical concepts. Considering the richness and the
complexity of the modeling process, this study focuses on modeling
by differential equations. In this study, an achievement test,
developed by the researchers, was used as data collection tool.
The test consists of two parts. The first part consists of three
guestions. Each question aims to reveal different aspects of the
students’ opinions about the relation between mathematics and
physics. Questions of this group are as follows: What is the place of
mathematics in physics? What is the role of mathematics in
physics? And how do you define a mathematical model?

The second part of the test aims to reveal the abilities of the
student teachers about the construction of a model. Based on the
literature, Saglam (2004) noted that, there were two approaches to
construct a mathematical model: “experimental approach and
theoretical approach”. While the experimental approach is based on
data of an experiment —frequently on an experimental curve-,
theoretical approach is based on a law obtained by a physical
model (Guillon, 1995). Considering this fact, we proposed in this
study three open-ended questions. While Question 1 and Question
3 are about theoretical approach, the second one which based on
“inverse tangent” problem asked by DeBeaune in 1638 is related to
experimental approach. We introduce these questions and their
solutions below:

Question 1 and its solution

Consider an object thrown up at a vertical velocity Vo. Establish the
differential equation representing the movement of the object at a
moment t. Find the expressions for height and speed.

To solve this question, student teachers must use the theoretical
approach which makes reference inevitably to the second law of
Newton. The soltz}ion is as follows:

1%

m.—— dt=-m.gety"(t) = —g(t)
y(0) =0, v(0) =vo

t

V'(t).dt =— g.dt

0
By completing this stage, they can find the following expressions:

F=m.a

2
Heights’ expression: y(f)=—  1.g.t" + Vo .t and speeds’

expression: V(f) = vy — g.t

Question 2 and its solution

The Figure below shows the curve AB, which describes the
evolution of tension “ur” according to time “t’, observed on the
screen of an oscilloscope branched at the points (input/output



terminal) of a resistance.
(a) Establish the differential equation describing the curve AB in
which “a@” is constant on every point. (Note that an equation of the
) 0. 4 0 N
tangent line to a curve at one point x_is: Y'(x" )= )
X — X0
(a) Find the nature of the solution to this differential equation?

|
b

4

This problem draws one’s inspiration from the problem named
“inverse tangent” —proposed by De Beaune (Saglam, 2004) — leads
the student teachers to use the experimental approach for
constructing the mathematical model. In fact, this problem requires
working on the equation of the tangent line initially drawn on the
curve proposed to reach the model. The solution of this problem is:
(a) By replacing the values observed on the graph in the

equation of tangent line, the following relation is reached: )'(xg )+

ayo= 0.
As a is constant and on the graph y(x) shows u(t), the following

relation can be deduced: u'(f) + 4 .u(f)=0.

(b) The solution to the differential equation y'(x) + ay(x) =0 is:

—ax
x Ce ™ (CeNR) fromwhich the solution to the differential

1
equation (¢'(f)+ 1 .u(f)=0)ist Ce @
a

Question 3 and its solution

Consider the circuit below, including a resistance R, a coil inductor
L and its resistance intern r. Initially, the current of the coil is equal
to io.
(a) On the basis of the electrokinetic’s laws, establish the differential
equation representing the following circuit RL at any time t?
(b) Find the evolution of the current passing through the coil?
This question, considered as a usual task for students, requires establishing
the differential equation of the electrical circuit RL and finding a family of
solutions to this differential equation. This could be done in the following way:

(a) By using the Kirchhoff's voltage law ( AV =0), which

Closed
loop

means that the sum of the voltage (potential) in any loop must

equal zero, we can describe the relationship: ug + 1y =0 .

as UR =i(f).Rand up =] di(t) + r.i(f), the differential
dt

ainl) .
equation representing this loop is: L. + (R + r').l(t) =0.

dt

(b) By referring to the algebraic methods

—ax
(xCe — (C e N)), the general solutionis  found as the
R+r
Le - .
following form: € R)
R+r

Asit=0)=io,C=ioandi()=i ¢ 1

0

Data analysis

In this study, different analysis methods have been applied with
regard to the attributions of different data types:

(i) To uncover students’ characterization of the relationship between
mathematics and physics the qualitative data obtained were
analyzed via phenomenographic analysis. This method employs
definition of qualitative data sets to determine how the same
phenomenon is perceived by different individuals (Marton and Yang
Pong, 2005). Accordingly, firstly; preliminary data categories were
formed by detecting the similarities among the answers given for
the questions in the first part of the data gathering tool and then the
main categories were formed after the data reviewed twice.

(i) To analyze the students’ ability to construct a model based upon
students’ solutions to the questions administered, the praxeological
method, introduced by Chevallard (1998), was used. This analysis
method helps to determine the techniques an individual uses to
complete a task. By using this analysis method, the students’
different thinking styles —techniques- they use during the
construction of models, were determined as a result of the
examination of the answers given for the questions administered.

RESULTS

The data are presented in terms of the purposes of this
study.

Students’ characterization of the relationship
between mathematics and physics

Figure 1 maps students’ descriptions of the relationship
between mathematics and physics. 10 description
categories were defined under 3 main titles. Table 1
shows the expressions the students used to define the
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Figure 1. Students’ descriptions of relationship between Mathematics and Physics.

relation between mathematics and physics that were
given with the repetition frequencies. The students
preferred to wuse the expressions; ‘“indispensable,
necessary and useful” to state the significance of
mathematics in physics (Table 1). When we check the
frequencies, it was observed that considerable number of
the students said that mathematics is indispensable and
necessary for physics (42% and 29%, respectively). The
importance of mathematics in physics, the ratio of using
mathematics in physics’ curriculum and time-span saved
for mathematical calculations in physics courses may
have oriented them to answer in that way. The rest of
them, on the other hand, argued that mathematics is
useful for physics (25%). A belief stating that physics
courses should be carried out in experimental
environments, may have made these students grow the
idea of physics and can do without mathematics.

The analysis of the answers for the question asking for

the definition of the role of mathematics in physics shows
that there are three different roles in the students’ mind:
tool, language and model (Table 1). The role most often
cited (53%) by student teachers is “tool”. This first role is
followed by language (17%), and model (11%). The
students’ referring mathematics as a tool, instead of using
mathematics scientifically in physics as a language or
model that may be attributed to those applications in the
curriculum.

The analysis of the answers for the last question in the
first part of the data collecting tool related to the role of
mathematics in physics shows that mathematical models
are defined differently by students as: a simple repre-
sentation of physical phenomena, a maquette (scale
model) representing the real system, a material allowing
to simplify the physical phenomena (29, 29 and 21%,
respectively.) Even though all the three definitions agree
with the idea that a real system is represented by a



Table 1. Expressions used to define the relation between mathematics and physics.

The place of Mathematics in Physical sciences Frequency Percent
Indispensable 10 42
Necessary 7 29
Useful 6 25
No response 1 4
The role of Mathematics in the Physical sciences

Tool 13 54
Language 4 17
Model 3 12
No response 4 17
A model is

A simple representation of physical phenomena 7 29
A magquette (scale model) representing the real system 7 29
A material allowing to simplify the physical phenomena 5 21
No response 5 21

model, only the first one is acceptable. Actually, these
definitions imply that mathematics exhibits no modeling
property in students’ minds as it was noted earlier. In
other words, it is considered that this situation is closely
associated with students’ perceiving mathematics as a
tool in physics rather than a model.

The student teachers’ abilities to model physical
phenomena by using differential equations

The analysis of the answers for the second part of the
data collecting tool revealed that students developed
different techniques to obtain a mathematical model:

Correct techniques (CT)

Referring to a physical law in order to deduce the
mathematical model representing the physical system
proposed. In this technique students, in line with the
theoretical approach to construct a model, first determine
a physics law which is valid for the given system and
construct a mathematical model representing this system
based upon the properties of the given system.

Makeshift technique (MT)

Focusing on some familiar formulas of physics to deduce
the mathematical model, students try to form a model
based on certain relations associated with the given
system. Considering modeling process, this technique
can be defined as a student's own way to obtain a
relation more than a model constructing technique.

Indeed, it consists of student’s alteration between certain
relations associated to the given system that he/she
previously memorized. Generally, this technique employs
the knowledge obtained in the secondary school.

Heart technique (HT)

Describing the necessary formula without modeling the
proposed system. With this technique, a student contents
with writing a previously memorized relation that is;
he/she does not form a model. This technique is not
based necessarily on the modeling of the physical system
but on good memory. The answers provided according to
this technique contain neither justification nor
explanation. Examining the techniques used by the
students, they are all associated with a mainstream
physics relation or law. These techniques rely on
theoretical approach and are related to a physics law or
relation, however, only “Correct Technique” has the
correct attributions. In Table 2 the techniques used by
students to obtain a mathematical model were given with
the related frequencies.

Table 2 tells that majority of the students did not
answer the second question related to the experimental
approach, unlike the rest of the questions related to
theoretical approach, which were answered by the
majority of the students. Additionally, Table 2 shows that
the second technique requiring some physical formulae is
the most often used technique by the student teachers
and the third technique required remembering the neces-
sary formulae that come in the second place. This Table
also shows the limited utilization of the first technique,
which is the only technique to achieve the correct
answers. The techniques used by the student teachers



Table 2. The techniques used by students to obtain a
mathematical model.

CT MT HT No response
Problem 1 2 14 8 -
Problem 2 - 2 2 20
Problem 3 4 4 8 8

Total (%) 6(8) 20(28) 18(25) 28(39)

are presented below and illustrated with some answers:

Correct technique (CT): The analysis of the responses
favoring this technique shows that the student teachers
manage to correctly identify the physical law required to
arrive at the correct answer. A representative response is
cited below:

Ur +UL=O

di
IR+ir+L. g4t =0

(The answer given to Problem 3 by Student Teacher 2).

From this answer, one can identify an absolute success
concerning the choice of physical law necessary to
establish the mathematical model and the realization of
the necessary steps to achieve it. However none of the
students finding the differential equation representing the
given system was able to complete the answer by finding
the solution functions of the differential equation.

Makeshift technique (MT): Analysis of the responses
using this technique shows that the student teachers did
not attempt to model the system proposed but they wrote
a known formula and deduced the formula required. The
answer below is a representative example of this kind of
answer:

VWOO
h

»

(The answer given to Problem 1 by Student Teacher 10).

2

2.g.h 2 =Vy 2.g.h

For the first question, the student teachers made use of
the fundamental law of dynamics (F = ma) to deduce the
differential equation of the system. But the answer cited
above shows that the student teachers did not try to find
the differential equation but they obtained the expression
of the velocity of the object.

By heart technique (HT): As mentioned previously,
according to this technique, the student predicts the
formula which would be found after the modeling process.
What is given below is an example of this type of
answers:

1
h=Vot+ 2.g.t

vi=vy 2.g.h

2

(The answer given to Problem 1 by Student Teacher 12)

CONCLUSION AND DISCUSSION

The relationship between mathematics and physical
science goes back to over four centuries. With this in
mind, this study investigated the student teachers’
perception of the characteristics of the relationship
between mathematics and physics and their abilities to
model physical phenomena by using differential
equations.

The results of this study reveal that candidate physics
teachers state the role of mathematics in physics in three
different ways as: indispensable, necessary, and useful.
This shows that they are informed about the strong
relationship between mathematics and physical sciences.

Foundation and development of theories in physics is
based on associating the reality and mathematical
theories (Rumelhard, 1997). For this reason a forma-
lization process is needed for modeling and therefore,
mathematics plays an important role for physicists. The
findings of the present study prove that two basic ideas,
language and tool, are valid for candidate physics
teachers. This result is line with the result of Rumelhard
(1997) who revealed the same roles of mathematics in
biology, another science branch related to mathematics.
However according to Lange (2000), if mathematics helps
to analyze, define and represent a phenomenon, it also
let's anticipating, deciding, and making explanations
about the same phenomenon. For this reason there have
been a complex relation between mathematics and the
other sciences and characterizing this relation as a tool is
quite a reductive categorization (Lange, 2000). Backed
with the data, it can be said that the candidate physics
teachers behaved pretty reductive in characterizing the
relationship between physics and mathematics and they
exploit mathematics as a simple tool to use in problems
they face. This result was also supported by the data of
the present study about the modeling skills of the
candidate teachers (that is, data obtained from the
second part of the data collection tool). Because, the
available data showed that the candidate teachers had
difficulties in obtaining a mathematical model repre-
senting a given system. This result supports the result of Buty
(2000) saying that, the principal problem of students in
modeling process is related to associating the relation between
the situation to be modeled and the model.



According to many researchers including Chevallard
(1989); Henry (2001); Borremeo (2006), relating the
situation to be modeled and the model (that is, forming a
model) is one of the fundamental steps of the modeling
process. However, the results of this study revealed that
the prospective physics teachers had serious difficulties
in forming a model. In addition, this study showed that,
while forming a model, the students favored both
“Makeshift Technique” which consisted of focusing on
some familiar formulas and “By Heart Technique” which
consisted of remembering the necessary formula without
modeling the proposed system.

Another result of this study could be announced by
considering textbooks analysis. While the theoretical
approach, assumed as related to the model forming step,
were rarely included, no traces of the experimental
approach was founded in the curriculum. This was
thought to have some adverse effects on student
achievement because the findings of this study stated
that while majority of the students attempted to reply the
questions related to theoretical approach, they left
unanswered the question about the experimental
approach.

Although, students fail in applying the experimental

approach, one can notice that it does not imply extremely
sophisticated knowledge and it requires working on the
experimental curve. In other words, it is based on
laboratory works which have an important part in physics.
To conclude, physics has to utilize mathematics, the
fruitful language of the nature, to explain the natural
phenomena. Considering the necessity of two essential
components (that is, mathematics and laboratory works)
for physics, it can be said that the experimental approach
has an essential role to form the effective links between
these components. This clearly states the necessity of
including the modeling, which takes a tiny emphasis in
the curriculum, and the experimental approach of forming
a model, completely ignored in the present curricula.
As a recommendation of this study, it can be said that
model and modeling process should be tackled as an
object and model teaching should not content with model
as a tool.
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