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Abstract

Learning Mathematics is a key fundamental in every education system that aims to prepare its citizens for
a productive life in the 21% century. As a nation, the development of a highly-skilled and well-educated
manpower is critical to support an innovation and technology-driven economy. A strong grounding in
Mathematics and a talent pool in Mathematics are essential to support the wide range of value-added
economic activities and innovations. In this vein, a study intended to assess the influence of Mathematics
in teaching and learning Physics, a case study of secondary education. A study was guided by two specific
objectives; to determine the applications of Mathematics in Physics and to investigate the relationship
between Mathematics and Physics. The qualitative and quantitative approaches were used in getting
categorical and numerical data in line with the triangulation research design employed. Students and
science teachers were targeted in the collection of data which made a total of 60 participants. The
questionnaire, observation and documentary review were key devices used in data collection processes.
The collected data were analyzed by using SPSS and the research findings revealed that there is
statistically very strong positive relationship between Mathematics and Physics. . In other words, the
influence of Mathematics in Physics subject is enormous to the extent that students are encouraged not to
drop Mathematics in their early classes. This will assist to increase number of Tanzanian engineers and
geologists in various sectors for extracting our natural resources.
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1.0 Introduction

Learning Mathematics is a key fundamental in every education system that aims to prepare its citizens for a
productive life in the 21% century. As a nation, the development of a highly-skilled and well-educated
manpower is critical to support an innovation- and technology-driven economy. A strong grounding in
Mathematics and a talent pool in Mathematics are essential to support the wide range of value-added
economic activities and innovations. Many countries are paying attention to the quality of their Mathematics
education. The growing interest in trends in international Mathematics and science study (TIMSS) and
programme for international student assessment (PISA) speaks of the global interest and importance placed
on Mathematics education.

At the individual level, Mathematics underpins many aspects of our everyday activities, from making sense
of information in the newspaper to making informed decisions about personal finances. It supports learning
in many fields of study, whether it is in the sciences or in business. A good understanding of basic
Mathematics is essential wherever calculations, measurements, graphical interpretations and statistical
analysis are necessary. The learning of Mathematics also provides an excellent vehicle to train the mind, and
to develop the capacity to think logically, abstractly, critically and creatively. These are important 21
century competencies that we must imbue in our students, so that they can lead a productive life and be life-
long learners (MoE, 2012).

1.1 Philosophical background

Malaki, S.S., IJSRM Volume 09 Issue 11 November 2021 [www.ijsrm.in] M-2021-358



This study investigated the influence of Mathematics subject in teaching and learning Physics in secondary
schools in Tanzania, case study of Mtwara municipality. This section speculates the views of various
philosophers about the influence of Mathematics in Physics subject.

Newton applied his binomial theorem to infinite series and from there developed Calculus, discovered the
Binomial Theorem, and formulated a theory of universal gravitation a revolutionary new form of
Mathematics. Newton has been regarded for almost 300 years as the founding exemplar of modern physical
science, his achievements in experimental investigation being as innovative as these in Mathematical
research. Most modern historians believe that Newton and Leibniz developed Calculus independently,
although with very different notations. Occasionally it has been suggested that Newton published almost
nothing about it until 1693, and did not give a full account until 1704. Newton had been reluctant to publish
his calculus due to fear of controversy and criticism (Newman, 1966).

St. Augustine defined Mathematics as “the study of relationships among quantities, magnitudes and
properties, and also of the logical operations by which unknown quantities, magnitudes, and properties may
be deduced” “the study of quantity, structure, space and change. Augustine argues that numbers are not
conveyed to us by the bodily senses. His argument is that whatever we contact with a bodily sense is proved
to be not one but many. “But however, I come to know unity; I have not learned it from bodily senses.
Augustine argues that we know the truth of the firm, unbroken rule that the fourth number after 4 is its
double, the fifth number after 5 is its double, the double of any number is found to be exactly as far from
that number as that number is from the beginning of the series. The Nature of Mathematical Truth there is
an argument against the very notion that mathematics is a priori knowledge at all ( James,1992).

Ivan (2002), in a very general sense, mathematics can be described as the science of numbers and space.
However, mathematics can be more properly regarded as a form of language, developed by people in order
to exchange ideas about abstract concepts pertaining to numbers and space. Mathematics is the most
economical language for formulating theories in natural sciences. The origins are, however, to a great
extent unknown because the beginnings of Mathematics are older than writings. It is usually assumed that
early Mathematics in the form of counting arose in response to practical human needs, counting the
domestic animals. In a general way, counting may be regarded as the process of matching the objects to be
counted with some familiar set of objects such as fingers, toes, pebbles, sticks. Counting as described in this
way has also found use in the modern computer-assisted enumeration schemes.

In (500B.c.), Mathematics is a very general sense; Mathematics can be described as the science of numbers
and space. However, mathematics can be more properly regarded as a form of language, developed by
people in order to exchange ideas about abstract concepts pertaining to numbers and space. Mathematics is
also the most economical language for formulating theories in natural sciences. Mathematics is not usually
categorized as a natural science; it is a product of an intelligent mind. This could also be restated as that
nature, that is, physical, chemical and biological processes, of course, there are also other opinions on the
nature of Mathematics, such as that Mathematical objects do exist and Mathematicians simply discover the
existing theories.

Furthermore, the enormous usefulness of Mathematics in the natural sciences is something bordering on
the mysterious and that there is no rational explanation for it”. This sounds like an echo from the times of
Pythagoras, who was magically fascinated by Mathematics and believed that “everything is arranged
according to number”. Moreover, Pythagoras suggested that discoveries were made in connection with their
innumerable attempts to solve the following three famous problems; to trisect an arc or an angle, to double
the cube, and to square the circle, example to find a square or some other rectilinear figure exactly equal in
area to a given circle (Maor, 2007).

In (387 BC), Plato argued that the study of arithmetic has a positive effect on individuals, compelling them
to reason about abstract numbers. Plato consistently held to this view, showing indignation at technicians’
use of physical arguments to prove results in applied settings. For Plato, Mathematics came to be identical
with philosophy for modern thinkers, though they say that it should be studied for the sake of other things.
Plato took the position that the objects of Mathematics had an existence of their own, beyond the mind, in
the external world. Plato identified clear distinctions between the ideas of the mind and their representations
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perceived in the world by the senses. This caused Plato to draw distinctions between arithmetic the theory
of numbers and logistics as the techniques of computation required by businessmen (Ludwing, 1949).

In Aristotle's view, (330 BC), the construction of a mathematical idea comes through idealizations
performed by the mathematician as a result of experience with objects. Thus, statements in applied
Mathematics are approximations of theorems in pure mathematics. Aristotle attempted to understand
mathematical relationships through the collection and classification of empirical results derived from
experiments and observations and then by deduction of a system to explain the inherent relationships in the
data. Though experimenting himself in biological matters, Descartes rejected input from experimentation
and the senses in matters mathematical since it might possibly delude the perceiver. Descartes’ consideration
of mathematics worked to separate it from the senses. Since the name "Mathematics” means exactly the
same as scientific can easily distinguish what relates to Mathematics in any question from that which
belongs to the other sciences (Ackrill, 1981).

1.2  Literature review

Paul (1939), argued that application of Mathematics in Physics is that the equations representing the laws of
motion should be of a simple form. The whole success of the scheme is due to the fact that equations of
simple form do seem to work. The physicist is thus provided with a principle of simplicity. The data
obtained from rough experiments fits roughly in certain simple equations; this inferring that if the performed
experiments are systematically and accurately executed gives data which fits precisely in the equations.

Lehman (1994), assured that the existence of various levels of curriculum integration between Mathematics
and sciences showed a fair amount of variability, ranging from correlation coefficient of 0.39 on the original
scale 0.89 from the rescaled scores. These relationship indicators can be articulated in an assessment of
education quality in Mathematics and science. Furthermore, the reasons for Mathematics and science
integration were “to increase students’ achievement in both disciplines”.

There is a general notion that these two fields are interrelated, where students’ ability in Mathematics may
positively correlate with ability in Physics (Tuminaro, 2004). In studying Physics, students are faced with
solving physical problems describing theoretical models to real world phenomena, especially when using
Mathematics. The combination of mathematical operations and conceptual reasoning about physical
phenomena in physics, afford the privilege to have a supreme meaning. Thus, an in-depth knowledge of
Mathematics is required to effectively cope with the rigour involved in solving problems in Physics (Kuo et
al ., 2013).

Mathematics and physics are central in the development of science and technology. The complex nature of
Mathematics is attributed by its categorisation into “Pure” and “Applied” Mathematics, where “pure”
mathematics does not have any practical purpose but “applied” Mathematics is employed to understand and
solve any physical occurring problem. Mathematics is the language of sciences, an abstract language which
explains natural phenomena .Traditionally Physics is presented in the form of rules, laws and principles;
mathematically elaborated by formulas and equations (Torigoe, 2008).

Bello and Ariyo (2014), conducted a study on Mathematics as determinant of academic performance in
Physics at ordinary and higher levels. The study determined the relationship between performance in
secondary schools and undergraduate students’. The study employed ex-post-facto and survey research
design methods to sample198 students randomly from 6 departments in the Faculty of Science, University of
Ibadan. The data collected were analyzed using correlation coefficient, linear regression and percentage. The
result revealed that, there is no significant relationship between performance in secondary school and
undergraduate students ‘but there is a significant relationship between their performance in Mathematics
and their attitude to Physics at higher levels.

Large number of education stakeholders believes that teaching through problem-solving plays a central role
in the process of effective teaching of Mathematics and Physics. Van (2001) argued that teaching through
problem solving requires a teacher to make the atmosphere and the lesson to be more practical oriented.
Problem solving is a task or activity that has the potential to provide intellectual challenges for enhancing
students understanding, and defining a problem as any task or activity that has no one correct solution,
engages students and helps them to make sense of the Mathematics involved, and requires the students to
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justify and explain their methods applied in getting solutions (Cai and Lester, 2010).In terms of the content
structure, the relationship seems to be asymmetric between Mathematics and science. “Mathematics teachers
can choose to avoid science subjects, except science teachers whom borrow a lot from Mathematics
(Frykholm and Meyer, 2002).

Mathematics has been a major influence to pure science subject and has become an integral part of the
society in the current world. Science subjects at the ordinary level in Tanzania are among the high-profile
subjects. Science subjects are not compulsory for all ordinary level students except Biology. Students in
Secondary schools especially in form three classes are allowed to drop some subjects depending on their
ability, either to continue with  chemistry or chemistry and physics classes where as those non-Science
students are allowed to drop Science subjects. The student’s decision regarding choice of Science subjects at
secondary schools are often made with tiny information and awareness. Students make choice of optional
Science subjects with considerable ambiguity, uncertainty and stress (Ndalichako and Komba, 2014).
Therefore, this study intended to assess the influence of Mathematics in Physics subject. A case study of
secondary schools in Tanzania.

2.0 Materials and Methods

The study employed both qualitative and quantitative research approaches. The method allows direct
interaction between the researcher and the participants. Patton (1990) points out that a qualitative method
permits the study to speculate issues in depth and in detail. The method can produce a wealth of detailed
information from a small number of research sites and its cases while quantitative research approach was
applied for gathering numerical data. The combination of the two approaches was made purposely in order
to offset weaknesses of each other. The research design used is the concurrent triangulation design, which is
used when the focus is on confirming, cross-validating, or corroborating findings from a single study.
Qualitative and quantitative data are collected concurrently, such that weaknesses of one kind of data are
ideally offset by strengths of the other kind. Typically, equal weight is given to the two kinds of data in
mixing the findings, analyzed separately, and mixing takes place when the findings are interpreted.

A total of 60 participants were selected through the use of simple random and purposive sampling
techniques during gathering of data in the field. The techniques were employed in order to lower the degree
of biasness during data collection processes. The science and Mathematics teachers and students in
secondary schools were fully participated in data collection. The documentary analysis, questionnaire, and
observation were the key devices in collecting data from the field. The collected data were analyzed
through the use of Statistical Package for social sciences (SPSS). This enabled a clear interpretation of the
numerical values obtained and accelerated a convincing conclusion to be reached.

3.0 Results and Discussion

3.1 Applications of Mathematics subject in physics

The surveyed participants identified the following 6 main applications of Mathematics in Physics and their
detailed explanations.

3.1.1 Mathematics is a key tool in deriving various formulae

Understanding formula in physics is not just about learning the mathematical operations. It is about making
many connections to stores of knowledge about the physical system; not just at the level of variable
definitions but at level of the bases of the mathematical operations and how those operations connect to
physical meaning. Expectations that the Mathematics describing a physical system should connect to our
intuitive sense about the physical system that can also provide a valuable safety net against possible errors in
the calculations and help us make sense of new or unfamiliar equations. This perspective, enhanced by the
tools developed recently by cognitive semanticists, should help give us new and deeper insights into the use
of Mathematics in Physics and the other sciences including derivation of formulae 40(66.7%) of the
participants mentioned the concept. The application can be demonstrated through considering the equations
of motion and its usage in deriving formulae in projectile motion. Illustration, when kicking a ball vertically,
one can determine the maximum height through which a ball can reach and the time of flighting. In deriving

V,* sin(26) 2V, sin(6)
g

the formulae one gets h = and t= where, h is the maximum height reached by the

Malaki, S.S., IJSRM Volume 09 Issue 11 November 2021 [www.ijsrm.in] M-2021-361



ball, V, is the initial velocity, @ is the angle made between the resultant and the horizontal line, g is the
acceleration due to gravity (g =10m/s’or g= 9.8m/sz) and t is the time of flighting.

3.1.2 Mathematics plays a vital role in taking measurements

The application of Mathematics in Physics is wide, almost in each field of Physics, Mathematics is applied.
38 (63.3%) of the participants stated that the measurement of temperature, sound, frequency and motions is
observed. Now, let us consider the case of Newton’s law of cooling, a student can determine the temperature

of any cooling body through the use of Newtonian formula expressed as 8, =6, + (6, — 6, )e™ , where @, is

the final cooling temperature, 6, is the temperature of the surrounding environment, 6, is the initial cooling

temperature , e =2.718, k is the constant of cooling and t is the time taken by an object in cooling. An
individual might be given numerical values of other parameters except time t . In order to get time ¢ “a
student is forced to recall formulae transposition lesson which is covered in form two class .

3.1. 3 Mathematics is applied in calculating distance of moving objects

A student can determine how fast a rocket must be moving as it escapes the atmosphere for it to escape
entirely from the Earth’s gravitational field. This is known as escape velocity, and, neglecting the depth of
the atmosphere, it clearly needs sufficient initial kinetic energy to climb all the way up the hill. In using this
concept, one can compare the potential and kinetic energies eventually the radius of moving object is

. 2GM . . : . . . o
attained. Thus, , :V—Z, where 1, is the radius of the moving object, G is the universal gravitational
0

constant (G =6.67x10""Nm?/ kgz), M is the mass of the moving body and V, is the escape velocity. The

aspect of calculating the distance of moving objects was started by 53 (93.3%) of the participants in a
convincingly manner.

3.1.4 Mathematics is applied in Experiment

Naturally, most of the things vibrate in a periodic fashion; a simple pendulum is a good demonstration of the
idea. About 60(100%) of the participants showed the necessity of Mathematics on Physical experiments
.The demonstration can be done through suspending a mass at the end of a piece of string and allow it to
oscillate. The to and fro motion represents a periodic motion called simple harmonic motion. Galileo
demonstrated that the time a pendulum takes to swing through small distance depends on the length of the
pendulum but not on the mass of the pendulum or size of the arc through which it swings. The other factor
which is considered in the periodic motion is, the acceleration due to gravity

(g =10m/s’or g= 9.8m/sz), on the earth. During experiment, one should not that a long pendulum has
a greater period than a shorter pendulum .The guiding formula in doing periodic motion experiments is

expressed as T :27r\/I , in determining the acceleration due to gravity , the concept of formulae

2
transposition is applied and eventually g =4TLZI, where 7 =3.1428 and T is the period during

oscillations.

3.1.5 Mathematics is applied in engineering

With reference to 58(96.7%) of the participants supposed that Mathematics is an important part of most
branches of engineering. Engineers are required to possess skills of solving Mathematical models and
interpreting the practical inferences. This is done through the help of software installed in computers. The
correct balance between logical solutions and intuition, practice and theory should be maintained in giving
out reliable and valid results, which attributes to a convincing conclusion. One among the typical examples
in engineering is modelling vibrations of a string in 2 dimensions which is illustrated with a wave equation

2 2

aat_g =c? 272 , Where t is the time, u may be the pressure in liquid / gas or displacement along some
specific direction of the vibrating solid away from their resting positions, c is the speed of propagation and
X is the spatial variable. The wave equation might be linear or non linear, linear equations are easily solved
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through the use of analytical methods but non linear equations are difficult to be solved analytically and
hence numerical methods are needed.

3.1 .6 Mathematics is applied in understanding the natural disasters

The study of the natural disasters including earthquake, Tsunami and floods, its occurrence needs estimation
from various Mathematical fields proclaimed by 37(61.7%) participants’ .The idea can be demonstrated
through considering the magnitude of an earthquake which is a number that relates to the amplitude of the
earthquake. The magnitudes of the Earthquake are scaled in logarithmic, implying that 1 unit increase in
magnitude corresponds to a 10 fold increase in amplitude. Geologists can estimate the true magnitude of
an earthquake by means of measuring its effects, this leads to earthquakes appearing to have different
magnitudes depending on the method used for estimating the magnitude and the datasets used to make the
estimate. At the beginning, the magnitudes of the earthquake were measured by a standard seismograph
based on the amplitude of ground motion displacement (Richter Magnitude) defined as a local magnitude,
mathematically expressed as

ML =log A+2.56log D—-1.67, where A is the amplitude measured in a ground motion (in micrometers)
and D is the distance from the event (in km). This is still used for measuring the magnitude of shallow
events at distances less than 600 km (today called the Local Magnitude). The events with magnitude 8, this
scale saturates and gives magnitude estimates that are too small. The earthquakes measured at distances
greater than 600 km, the body wave magnitude is used to estimated by using the formula

Mb = Iog($j+§(D,h), where A is the maximum amplitude (in micrometers)of the P waves measured at

period T (generally about 1second) and & is a calibration term (in the range 6-8) that depends on distance
from the event D and depth of the event h (tables of & are used).

3.2 The influence of Mathematics in Physics subject

The perfect measure of linear relationship is correlation which is a bivariate analysis that measures the
strength of association between two variables and the direction of the relationship. In terms of the strength of
relationship, the value of the correlation coefficient lies between +1 and —1. A value of +1 indicates a
perfect degree of association between the two variables. As the value of the correlation coefficient goes
towards 0, the relationship between the two variables becomes weaker. In the field of research, Pearson
correlation, Kendall rank correlation, Spearman correlation and the Point- Biserial correlation are commonly
used in measuring degree of association between the two variables. Indeed, Pearson’s product moment
correlation coefficient is used when both variables being studied are normally distributed while the
Spearman’s and Kendall’s rank correlation coefficients are used when one or both variables are skewed or
ordinal and it is robust when extreme values are present. Table 1 below shows the annual examination
scores of students in Mathematics and Physics.

Table 1: The annual examination scores of students

Continuous assessment tests

Subjects
Mathematics Physics
74.00 58.00
66.00 79.00
75.00 65.00
58.00 56.00
66.00 61.00
71.00 62.00
85.00 78.00
80.00 71.00
55.00 50.00
60.00 56.00

Malaki, S.S., IJSRM Volume 09 Issue 11 November 2021 [www.ijsrm.in] M-2021-363



73.00 62.00
52.00 59.00
70.00 59.00
60.00 58.00
82.00 64.00
55.00 49.00
52.00 56.00
71.00 65.00
48.00 56.00
67.00 52.00
52.00 69.00

Source: Field data (2018)

The analysis of the scores in Table 1, on the influence of Mathematics in Physics gives the results depicted
on Table 2.

Table 2: Statistical results generated by SPSS (IBM VERSION 25).

Maths Physics

Maths Pearson Correlation
Sig. (2-tailed)

n

Physics | Pearson Correlation
Sig. (2-tailed)

n

Correlation is significant at the 0.01 level (2-tailed), since the calculated Pearson correlation coefficient is
0.549 , implying that there is statistically very strong positive relationship between Mathematics and
Physics. In other words, the influence of Mathematics in Physics subject is huge to the extent that students
are encouraged not to drop Mathematics in their earlier classes. A good mastery of Mathematical skills will
accelerate the increase of engineers and geologists in various fields. If the number of engineers increases, the
government of Tanzania will benefit positively in getting professional personnel for monitoring and
supervising various developmental projects.

4.0 Conclusion and recommendations

The study assessed the influence of Mathematics in Physics subject by speculating its major applications as
discussed in section 4. 1. The identified applications reveal the reality of Mathematics in learning and
teaching Physics subject. The education stakeholders are requested to bear their learners systematically in
bringing good number of graduates skilled in engineering and other courses. Furthermore, the tested
correlation is significant at the 0.01 level (2-tailed), since the calculated Pearson correlation coefficient is
0.549, justifying that there is statistically very strong positive relationship between Mathematics and
Physics. In other words, the influence of Mathematics in Physics subject is enormous to the extent that
students are encouraged not to drop Mathematics in their earlier classes. This will assist to increase number
of Tanzanian engineers and geologists in various sectors for extracting our natural resources. The study
recommended that teaching and learning of Mathematics and Physics should be given more weight by
instructors in getting competency Tanzanian engineers and geologists for extracting our vast natural
resources .Moreover, there is a need for students to be encouraged in learning Mathematics and Physics
from lower to higher levels. Indeed, applications of these subjects should be realized during lessons, this will
accompany in achieving national goals.
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