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ABSTRACT

Physics and Mathematics are two deeply interlinked domains of Science. Mathematics is considered as
the language in which the Physics theories are built by employing mathematical symbols and operations
to make equations and representations in the world of Physics completely meaningful. In spite of being
the backbone of Physics, the use of Mathematics principles and operations in Physics is the root cause
of most of the issues and hassles aroused among students who learn Physics. This is an investigation
on the substandard performance in mathematical problem solving in Physics among higher secondary
school students by looking into the responses of teachers and students. The responses obtained from
21 higher secondary Physics teachers through questionnaire were studied using percentage analysis
and the four major categories of ‘Difficulties in Mathematical Problem Solving in Physics’ faced by
students viz., ‘Creating or Identifying the Formula’, ‘Extracting Information from Diagrams’, ‘Using
Physics Concepts to Create Schematic Diagrams’ and ‘Application of Mathematics’ to solve Physics
problems, were identified. The investigators used ‘Test on Mathematical Problem Solving in Physics’
with 40 multiple choice questions on select basic topics from ‘Motion’, which was informed by the
Physics teachers to be one of the strenuous concepts for students while solving problems. The extent
of each category of difficulty in the respective topics based on the students’ responses in the test was
studied to rank them. This study also highlights some suggestions for improving the teaching and
learning of mathematical problems in Physics at higher secondary level.

1. Introduction

In the contemporary world, there is an expeditious
growth of Science and Technology. This rapid
development has phenomenally reshaped peoples’ life
on earth. From the way of thinking to action; it is the
technology and innovation that is in demand. Science
and Technology is the working engine, not only in the
growth of man, but also at the societal and national
level. The build-up of scientific knowledge and
advanced technologies has paved the way to economic,
political and social transformations within the nation
(UNESCO, 2012).

Scientific and technological progress requires the
development of Science Education. Science Education
imparts better standards for the mass and escort to
cultural advancement, revitalizing the development
of potential scientific and technological manpower.
According to the Scientific Policy Resolution, 1958,
vigorous cultivation of Science and its implementation

to fulfil the country’s rising demand is the predominant
attribute of the 21* century world. Thus, the cultivation
of a generation who are superior utilizers of the fruits of
Science by disseminating the spirit of scientific inquiry
is impossible without Science Education (Ministry
of Science and Technology, Government of India,
1958). The World Science Forum (2013) declared
that “providing high quality education in Science,
Technology and Engineering must be understood as a
priority: in basic education, as a fundamental element
of modern culture and later as a vital component of a
country’s capacity to compete in the global economy”
(Hungarian Academy of Sciences, 2013).

In schools, being at the grass root level, intense
methods and provisions for the promotion of Science
should be ensured. School education is the formal
means which provides structured environment for
teaching-learning process to take place. Structured

environment incorporating elements such as
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curriculum, models of organization, pattern and
arrangement of physical learning spaces, interactions
between teacher and pupil, approaches of assessment
and evaluation, educational activities etc., should be
outlined and executed which would inculcate the
potential of scientific thinking and inquiry in pupils
effectively.

At this juncture, the relevance of incorporation of
Science as a school discipline with the aim of nurturing
scientific skills is evident. The Secondary Education
Commission (1952-53) has recommended that every
secondary school pupil should study General Science as a
compulsory subject, so that he gains a basic quantum of
scientific knowledge as a part of his General Education
(Ministry of Education, Government of India, 1953).
The Ministry of Education, Government of India (1966)
had also laid noteworthy relevance on Science and had
recommended the discipline to be incorporated in the
school curriculum and to be taught on a compulsory
basis as a part of General Education during the first ten
years of schooling.

According to the Twelfth Five-Year Plan (2012-
17), Education of Science and Mathematics need
notable attention of the educational administrators.
“Poor Science and Mathematics Education accounts
for 80 percent of total students who fail in Tenth
Board Examination. The transition rate from X to XI
in Science is very small as indicated by less than 12
percentage share of students in UG Science stream. This
low enrolment in Science stream at higher secondary
level and poor quality education is a constraint in
development of scientific manpower in the country”
(Planning Commission, Government of India, 2013).

Within the various domains of Science, Physics
is a significant and essential discipline which students
encounter throughout their secondary school stages. It
remains the same for those learners who are interested
to pursue higher education in any of the branches
of Science. Although its relevance-is known, there
has been a drastic fall in the performance in Physics
among students (Barmby & Defty, 2006; Oon &
Subramaniam, 2010; Awodun, Oni & Aladejana,
2014; Mekonnen, 2014; Stephen, 2016).

Physics and Mathematics are two deeply
interlinked ‘arms’ of Science (Karam, Pospiech &
Pietrocola, 2011). Mathematics is considered as the
language in which the Physics theories are built by
employing Mathematical symbols and operations

to make equations and representations in the world
of Physics completely meaningful (Redish, 2005).
In short, relationship between these two streams is
identified to be noteworthy by both physicist and
Mathematicians (Al-Omari & Migdadi, 2014) due
the technical, structural and communicative roles
of Mathematics in Physics (Ataide & Greca, 2013;
Pospiech, 2015).

Many researches in the field of Physics Education
have been conducted to explore the relationship
between Mathematical skills and Physics achievement
of students. There has been mushrooming of the notion
that a student who performs well in Mathematics is
expected to showcase better performance in Physics
too (Jiar & Long, 2014). “A student’s development as a
physicist entails, in no small part, becoming increasingly
comfortable with Mathematics” (Bing & Redish, 2009).
Thus, there was no need of any hesitation to establish
the existence of positive association between the skills
and scores in these disciplines (Cohen, Hillman &
Agne, 1978; Delialioglu & Askar, 1999; Jiar & Long,
2014; Lacambra, 2016).

In spite of being the backbone of Physics, the
employment of Mathematics principles and operations
in Physics is the root cause of most of the issues and
hassles aroused among students who learn Physics
(Bing, 2008). Physics is considered to be a particularly
difficult school discipline due to the issues encountered
by the students in integrating the concepts of
Mathematics and Physics (Tuminaro, 2004; Pietrocola,
2008; Vinitsky-Pinsky & Galili, 2014; Mwangala
& Shumba, 2016). This can be observed in student
difficulty in setting up an appropriate calculation and
also in interpreting the results of the calculation in the
context of a Physics problem (Tuminaro & Redish,
2007).

This study makes an attempt to investigate into
the issue of Substandard Performance in Mathematical
Problem Solving in Physics among Higher Secondary
School Students in Kerala by analysing the responses of
teachers and students.

2. Research Questions

The research questions framed for the purpose of the
study are as follows.

1. What are the major categories of Difliculties in
Mathematical Problem Solving in Physics’ faced by
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Higher Secondary School Students as perceived by
their teachers?

2. What is the extent of each category of ‘Difficulty in
Mathematical Problem Solving in Physics’ faced by
Higher Secondary School Students?

3. What is the relative position of select basic topics
from ‘Motion’ based on the extent of each category of
‘Difficulty in Mathematical Problem Solving in Physics
faced by Higher Secondary School Students?

3. Methodology
3.1 Method and Sample

The study had adopted survey method which was
conducted on a sample of 500 higher secondary school
students (Male-250, Female-250; Rural-333, Urban-167;
Government-250; Aided-125, Unaided-125) from
Kerala drawn using stratified sampling technique.

3.2 Tools used

The tools, viz., ‘Questionnaire on Teacher Perceptions
of Student Difficulties and “Test on Mathematical
Problem Solving in Physics’ were prepared by the
investigators.

The questionnaire for teachers consists of 12
items in total. Out of these, first 2 items were framed
to pool the basic topics in Physics which the students
found tough, both to comprehend and reproduce.
The rest 10 items were structured by the investigators
in such a way to elicit the types of difficulties faced
by higher secondary school students while attending
to Mathematical problems in Physics. The reliability
of the questionnaire was ensured using test-retest
method, in which no wide variation between the
responses in both the tests was found upon cross
checking. Face validity and content validity of the
tool were also established.

Based on the major categories of ‘Difficulties
in Mathematical Problem Solving in Physics’ that
students encountered, the investigators prepared “Test
on Mathematical Problem Solving in Physics’ with 40
multiple choice questions on select basic topics from
‘Motion’, which were suggested by teachers through
questionnaire. The topics included are ‘Distance’,
‘Displacement’, ‘Speed’, “Velocity’ and ‘Acceleration’.
The test contains two items from each select topic for
measuring the extent of each category of difficulty.
The reliability of the test was ensured using test-retest

method (r = 0.79). Face validity, content validity and
criterion related validity (r = 0.74) of the test were also

established.

3.3 Statistical Technique

Percentage analysis of responses of teachers and
students obtained through questionnaire and test
respectively were used for satisfying the objectives of
the study.

4. Analysis and Interpretation

4.1 Categories of ‘Difficulties in Mathematical
Problem Solving in Physics’ faced by Higher
Secondary School Students as perceived by their
teachers

As the primary objective of the study was meant to
identify the teacher perception on the major categories
of ‘Difficulties in Mathematical Problem Solving in
Physics’ faced by Higher Secondary School Students,
the responses obtained through the questionnaire were
analysed and sorted.

Upon sorting of the responses, the investigators
found that majority of the teachers held the opinion
that the questions from the concept ‘Motion’ is
prone to mistakes while attempting mathematical
problems in Physics. The teachers also added that
this concept is being introduced to the students in
VIII standard and they have the same taught in IX
and XI standards in the later years of schooling. Even
then, students commit a lot of errors while answering
problems involving mathematical application from
‘Motion” especially in the topics viz., ‘Distance’,
‘Displacement’, ‘Speed’, ‘Velocity’ and ‘Acceleration’.

By analysing and sorting the responses of teachers
obtained for the items based on difficulties generally
encountered by students in Mathematical Problem
Solving in Physics, the investigators consolidated with
the four major categories of difficulties, viz.,

Creating or Identifying the Formula
Extracting Information from Diagrams

Using Physics Concepts to Create Schematic Diagrams

Ll A

Application of Mathematics

The percent of teachers who perceived the respective
category of Difficulty in Mathematical Problem
Solving in Physics is shown in Figure 1.
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Application of Mathematics

Using Physics Concepts to Create Schematic
Diagrams

Extracting Information from Diagrams

Categories of Difficulties in
Mathematical Problem Solving in Physics

Creating or Identifying the Formula

0O 10 20 30 40 50 60 70 80 90 100

Percentage of teacher perception

Figure 1: Percent of teachers who perceived the respective category
of difficulty in mathematical problem solving in physics.

Figure 1 reveals thatall teachersheld the common opinion
that the major difficulty that higher secondary students
faced was in the ‘Application of Mathematics’, which
was followed by about 91 percent of teacher perception
with the difficulty in ‘Using Physics Concepts to Create
Schematic Diagrams’. Nearly 86 percent of teachers
were with the view point that ‘Extracting Information
from Diagrams was difficult task for pupils, while 71
percent of teachers perceived with the student difficulty
in ‘Creating and Identifying the Formula’.

4.2. Extent of each category of Difficulty in
Mathematical Problem Solving faced by Higher
Secondary School Students in select basic topics
from ‘Motion’

4.2.1. Extent of Difficulty in the Category
‘Creating or Identifying the Formula’

The percent of students with difficulty in ‘Creating or
Identifying the Formula’ in the select basic topics from
‘Motion’ is shown in Figure 2.

Velocity 3.8
Distance

Displacement

Acceleration

Select basic topics from 'motion’

Speed

50 55 60 65 70 75 80 85 90 95 100

Percentage of students with difficulty in 'Creating or Identifying the Formula'

Figure 2: Percent of students with difficulty in ‘creating or
identifying the formula’ in select basic topics from ‘motion’.

Figure 2 explains that while considering the category
of difficulty in ‘Creating or Identifying the Formula,
its extent is highest in “Velocity’ (94%), which is
followed by ‘Distance’ (89%), ‘Displacement’ (88%),
‘Acceleration’ (82%) and the lowest in ‘Speed’ (76%).
This throws light upon the fact that almost all
students have the difficulty in ‘Creating or Identifying
the Formula’ in ‘Velocity'. Also, more than */ * of the
students faces the same category of difficulty in the topics
‘Distance’, ‘Displacement’, ‘Acceleration’ and ‘Speed’.

4.2.2. Extent of difficulty in the category
‘Extracting Information from Diagrams’

The percent of students with difficulty in ‘Extracting
Information from Diagrams’ in select basic topics from
‘Motion’ is shown in Figure 3.

Acceleration

Speed

Distance

Select basic topics from 'motion’

Velocity

Displacement

60 65 70 75 80 85 90 95 100

Percentage of students with difficulty in 'Extracting Information from Diagrams'

Figure 3: Percent of students with difficulty in ‘extracting
information from diagrams’ in select basic topics from ‘motion’.

Figure 3 describes, while considering the category of
difficulty in ‘Extracting Information from Diagrams’,
its extent is highest in ‘Acceleration’ (94%), which is
followed by ‘Speed’ (91%), ‘Distance’ (90%), ‘Velocity’
(87%) and the lowest in ‘Displacement’ (78%).

Thus, this reveals that almost all students
face difficulty in ‘Extracting Information from
Diagrams’ in the topic ‘Acceleration’. When it comes
to the topics like ‘Speed’, ‘Distance’, ‘Velocity” and
‘Displacement’, more than */™* of the students
possess the same category of difhiculty.

4.2.3. Extent of difficulty in the category ‘Using
Physics Concepts to Create Schematic Diagrams’
The percent of students with difficulty in ‘Using
Physics Concepts to Create Schematic Diagrams’ in
select basic topics from ‘Motion’ is shown in Figure 4.
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Figure 4: Percent of students with difficulty in ‘using Physics concepts
to create schematic diagrams’ in select basic topics from ‘motion’.

Figure 4 shows that while considering the category
of difficulty in ‘Using Physics Concepts to Create
Schematic Diagrams’, its extent is highest in “Velocity’
(86%), which is followed by ‘Acceleration’ (80%),
‘Distance’ (79%), ‘Displacement’ (69%) and the
lowest in ‘Speed’ (62%).

This makes clear of the fact that more than ?/*
of the students possess Difficulty in ‘Using Physics
Concepts to Create Schematic Diagrams’ within the
topics ‘Velocity’, Acceleration’ and ‘Distance’. About
2/ 4 of the students have the same category of difficulty
in ‘Displacement’ and ‘Speed’.

4.2.4. Extent of difficulty in the category
‘Application of Mathematics’

The percent of students with difficulty in ‘Application
of Mathematics’ in select basic topics from ‘Motion’ is
shown in Figure 5.

Speed
Acceleration
Velocity

Displacement

Select basic topics from 'motion’

Distance

60 65 70 75 80 85 90 95 100
Percentage of stud. with di in' ication of ics'

Figure 5: Percent of students with difficulty in ‘application of
mathematics’ in select basic topics from ‘motion’.

Figure 5 shows that while considering the category of
difficulty in ‘Application of Mathematics’, its extent
is highest in ‘Speed’ (95%), which is followed by
‘Acceleration’ (91%), ‘Velocity’ (89%), ‘Displacement’
(80%) and the lowest in ‘Distance’ (77%).

So, it is evident that most of the students have
difficulty in ‘Application of Mathematics’ in ‘Speed’
and ‘Acceleration’ and more than #/,* of the students
have the same difficulty in the topics “Velocity,

‘Displacement and ‘Distance’.

Conclusion

The results of the study helps the investigators to
reach the conclusion that the higher secondary school
students in Kerala who have opted science as their
main stream, generally have a high extent of Difficulty
in Mathematical Problem Solving in Physics. The four
major categories of this difficulty identified based on
teacher perceptions can be listed as

Creating or Identifying the Formula

Extracting Information from Diagrams

Using Physics Concepts to Create Schematic Diagrams
Application of Mathematics

RN =

The higher secondary students are meant to be very
much familiarised with the basic concepts in ‘Motion’
so as to possess a remarkable level of conceptual
knowledge in it. They have been coming across the
various basic topics like ‘Distance’, ‘Displacement,
‘Speed’, “Velocity’ and ‘Acceleration’ from their high
school classes itself, specifically, VIII and IX standard.
In XI standard they even learn higher order and
advanced concepts regarding ‘Motion’. But still
they have high level of difficulty in ‘Creating or
Identifying the Formula’, ‘Extraction of Information
from Diagrams’, ‘Using Physics Concepts to Create
Schematic Diagrams’ and ‘Application of Mathematics’,
while solving mathematical problems in the very grass
root level topics in ‘Motion’ using their conceptual
knowledge.

Also, the extent of difficulty faced by higher
secondary students for each topic varies from category
to category. For example, it can be observed that
difficulty in ‘Application of Mathematics’ is highest
in the topic ‘Speed’, while it is the topic with least
difficulty in ‘Creating or Identifying the Formula
and ‘Using Physics Concepts to Create Schematic
Diagrams’. For getting the summary of similar results
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at a glance, the ranking of select basic topics from
‘Motion’ based on the extent of each category of

‘Difficulty in Mathematical Problem Solving’ is given
as Table 1.

Table 1: Ranking of Select Basic Topics from Motion’ based on the Extent of Difficulty in each Category.

Creating or Identifying the

Formula

Extraction of Information
from Diagrams

Using Physics Concepts to
Create Schematic Diagrams

Application of Mathematics

1. Velocity 1. Acceleration 1. Velocity 1. Speed

2. Distance 2. Speed 2. Acceleration 2. Acceleration
3. Displacement 3. Distance 3. Distance 3. Velocity

4. Acceleration 4. Velocity 4. Displacement 4. Displacement

5. Speed

5. Displacement

5. Speed

5. Distance

The average percentage difhiculty in ‘Mathematical
Problem Solving in Physics’ is highest in “Velocity’
(89%), which is followed by ‘Acceleration’ (87%),
‘Distance’ (84%), ‘Speed’ (81%) and the lowest in
‘Displacement’ (79%). From this, it is evident that
80-90% of the higher secondary school students who
have opted science as their main stream face ‘Difficulty
in Mathematical Problem Solving in Physics’, which
is one of the important reasons for their overall
substandard performance in learning Physics.

6. Educational Implications

Since the findings of the study show that the higher
secondary school students in Kerala have difhiculty in
‘Creating or Identifying the Formula’, ‘Extraction of
Information from Diagrams’, ‘Using Physics Concepts
to create Schematic Diagrams’ and “Application
of Mathematics’ in the context of Physics problem
solving, the investigators put forward the following
suggestions to improve teaching-learning process of
mathematical problems in Physics.

e Well-designed instructional approach incorporating
technologies have to be adopted while teaching
mathematical problems in Physics. This would
render in easy comprehension of the technical
role of Mathematics in the discipline especially in
deriving formulas, transforming Physics concepts
to diagrammatic representations and vice versa,
rearranging and solving equations etc.

*  Mathematics and Physics are two disciplines which
should never be taught in isolation from one another.

Teachers handling both the disciplines have to take
enough measures to work and plan blended instructional
approach to transact them. Specialization based team
teaching can be adopted to utilize the interdisciplinary
nature of both the school subjects to a maximum extent.
This would indeed enhance the procedural skills needed
for solving mathematical problems in Physics, such as
reading Physics information from graphs, constructing
diagrams using Physics concepts and simplification of
equations.

*  Linking of Physics and Mathematics concepts with real
life situations is necessary for students to provide the
confidence to apply what they have learnt to various
situations

*  beyond the school and classroom. Teachers should
focus mainly on bridging concepts with the familiar
situations for the students since their ‘ability for
application’ implies the ‘real learning’.

*  Teachers should never be reluctant in measuring the
prerequisites of the students before introducing new
concepts. Ignoring their level of previous knowledge
might turn to be one of the reasons for the multiplication
of difficulty in learning the discipline and this would
in turn hinder the vertical transfer of knowledge, as in
the case of substandard mathematical skills depicted by
students in Physics problem solving.

* The potholes in students calibre in application of
mathematical principles and concepts to solve Physics
problems have to be diagnosed and filled up with
proper remedial assistance and tutorial sessions in both
Physics and Mathematics.

*  Equal attention and weightage should be laid down by
the teachers while teaching Physics theories as well as
mathematical problems related to it. Then only students
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would take keen effort for building their mathematical
skills by becoming aware of the fact that mathematical
exercises are not something to be ignored.

*  Regular practicing of problem based exercises in
connection to every learnt concept is very important.
Formative assessments must be strengthened with
more problem-based drills, worksheets and assignments
guaranteeing ample practice and exposure to
mathematical exercises and tasks.

*  Systematic monitoring in each and every step in
problem solving task is very important. Students should
be supervised and taught how to start with the problem
and to advance step wise into the correct solution.

e Students should be encouraged to take part in school
based programmes and activities connecting Mathematics
and Physics such as science-math quiz competitions,

*  seminars, open forums, discussions etc., so that such
ventures from the part of the school exposes students
to the technical and communicative roles played by
Mathematics in Physics, like, derivation of formulas,
translation of math-representations into Physics,
identifying Physics interpretations out of graphs and
diagrams and application of mathematical operations
to rearrange and solve equations to reach the solution.

® Physics teachers in Kerala are burdened with the
exhaustive subject to be taught to a large group of
students within a small span of time. This inconvenience
can be tackled by employing MOODLE platforms in
which the mathematical exercises and worksheets can
be circulated and student evaluation can be performed
efficiently. This would also provide enough scope for
building the practice of self-learning among the pupils.

By the incorporation of above suggestions through
synergetic involvement and integrative efforts of school
administrators and teachers, we can expect a mass
of students with better Physics expertise in various
dimensions of mathematical applications in Physics,
leading to better Physics education as a whole.
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