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An introductory physics class in Suranaree University of Technology (SUT) has
around 200 to 300 students. Individual students have different learning styles. Ideally,
the lessons would be tailor-made for each of them. The lessons design would be
harder if an instructor has a lot of students in their responsibility. With a hope to make
the lessons design easier, the goal of this thesis is to correlate student’s pre-instruction
mathematics test results and their introductory physics exam results to find that which
particular mathematics skill would impact the student’s physics problem-solving in
specific areas of introductory physics. We collected the pre-instruction mathematics
test results and physics 1 exam results of the first-year engineering student in the first
and the second trimester of year 2020 and catecorizing the items in mathematics test
and physics exams to find the correlation. It is found that algebra has the strongest
correlation, out of 3 topics, on most physics topics followed by geometry and calculus
respectively. The correlation between students’ mathematics and physics score
appears to be more pronounced when their mathematics scores are lower, compared
to hen their math score are higher. This confirms that mathematics skill is a better
predictor of failure in physics more than a predictor of success. The gender gap is also
observed when comparing mean of score between genders using t-test. This gap is
lessened when the students have experience in university mathematics course for one

trimester.
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CHAPTER |

INTRODUCTION

The main goals of introductory physics courses are to guide students to i)
understand physics concepts and ii) learn to apply them to relevant problems.
Because individuals have different learning styles, some students will find that the
course presentation does not suit them and will struggle with the physics material.
Ideally, lessons would be tailored to each of them. But this is often a practical
impossibility because of class sizes and limited resources. The typical number of first-
year engineering students at Suranaree University of Technology (SUT) is around 2000
students. When they take Physics |, either in the first or the second group, the students
are distributed into several sections of 200 to 300 students. It is challenging to develop

effective teaching strategies that might achieve the course goals.

Many studies have shown that pre-instruction mathematical skill and student
performance in introductory physics classes have positive correlation (Hudson et al.,
1977; Hudson et al.,, 1981; Hudson et al., 1982; Meltzer 2002). It is not surprising that
aptitudes for mathematics and physics are correlated; however, a detailed picture of
how a knowledge of a particular concept in mathematics impacts the student’s ability
to learn to solve problems in specific areas of introductory physics would be helpful
in crafting physics instruction. That is, if we understood which mathematical skills are
vital for acquiring a certain physics problem-solving skill, then we could design the
physics course with such connections in mind. This may help provide some of the
benefits of an individualized education to SUT physics in spite of limited resources and
time constraints. It is reasonable to suppose that insight gained into the case of SUT

students will be of interest to the general physics education community.



For this thesis work, we are interested in investigating correlations between first
year SUT engineering students’ pre-instruction mathematics knowledge and their

physics 1 course performance. These are the research questions of our study:

1) Which pre-instruction mathematics topics do SUT students struggle with

the most?

2) For which mathematics topics if any, is the prior knowledge of students

a reliable predictor of physics course performance?

3) Is there an observable gender gap in the following: pre-instruction
mathematics knowledge, physics exam performance, or the correlation

between the two?

In 2020, just prior to the shutdown of in-person classes imposed by Covid
restrictions, SUT physics instructors administered mathematics tests to two groups of
incoming first-year engineering students before they began their university physics
courses. The first and the second group took the introductory physics course in the
first and second trimester respectively. With these test results, as well as the physics
exam results, we did the corresponding statistical analyses to address the above

questions.
1.1 Literature Review

It is not surprising that mathematics knowledge is necessary for those who want
to learn physics, as physics is a quantitative study of nature. Certainly, those who
struggle with mathematics are expected to have a hard time solving physics problems
(Redish, 2006; Sidhu, 2006). Many studies suggest that the relationship between
university students understanding of mathematics and physics is complex, since
students need more than mathematical skills to effectively learn physics (Sweller,
1998; Ince, 2018; Franestian et al., 2020). Within the body of literature, there are two
common approaches to study this connection. The first is to consider the correlation

between pre-instruction mathematics knowledge and students’ final grade in a physics



course. The second is to consider the correlation between pre-instruction mathematics

knowledge and students’ learning gain in a physics course.

In a study at the University of Houston, the researchers investigated the
relationship between pre-instruction trigonometry and algebra knowledge and physics
performance (Hudson et al., 1976). They had their 194 students took a pre-instruction
30-minute mathematics test. The exam consisted of 18 questions, all related to algebra
and trigonometry, and they found that Pearson product moment correlation between
the test scores and the final physics grades is positive but weak, meaning that the final
grade tends to be slightly higher with the mathematics test score. A few years later, a
similar result was found for 913 students, who completed the same course (Hudson
et al,, 1981). The number of mathematical questions, in this latter work, was increased
to 28. The researchers concluded that the pre-instruction mathematics knowledge
alone did not guarantee success in physics. In addition, they found that score of the
mathematics pre-test did not predict the students’ drop-out rate. Later work by the
same group investigated the combined effect of students’ mathematical skill and
operational reasoning on success in physics (Hudson et al.,, 1982). By having another
group of students take an additional test of formal operational reasoning. A stepwise
multiple regression analysis was used to determine the combined effect and it was
found that the correlation of the combined effect on students’ success in physics was

significantly stronger than mathematics alone.

As mentioned above, another approach to study the connection is to look for
correlation between students’ scores on a mathematics test taken before a physics
course and the students’ learning gain in physics over the duration of the course. The
learning gain is defined as the relative change in grades obtained in same test that
administered as pre-test and post-test. The idea is that previous knowledge in
mathematics may affect students’ ability to improve their understanding of physics. In
Meltzer’s work (Meltzer, 2002), the students took a mathematics test and a test on
the physics of electricity on the first day of class (this physics test is termed the pre-

test). The scores were compared to their final examination grades in this electricity



course. It was found that the pre-test physics score did not significantly correlate with
the normalized learning gain, the ratio between the different between pre-test score
and post-test score on the same test and the maximum different. However, the
mathematics score did correlate with the normalized learning gain. Similar results were

obtained in the research from University of New England (Buick, 2007).

Kim and Pak reported that solving 300-2,900 quantitative problems did not
help students comprehend physics concepts (Kim et al., 2002). On the other hand, the
work by Tursucu and co-workers showed that students with pre-existing algebraic skills

have an advantage in physics problem-solving (Tursucu et al., 2020).

Researchers from the University of Port Harcourt, Nigeria, studied the effect of the
instructional strategies, gender, and mathematics abilities of 200 students in senior
secondary school on the normalized learning gain (Charles-Ogan et al., 2017). They
found that there were significant correlations between instructional strategy and gain,

and between mathematical ability and the normalized learning gain.

To gain more insight into the correlation of students' mathematical skills with
their learning of physics, one may try to investigate the students' reasoning processes
during problem solving. Yeatts and Hundhausen (Yeatts et al,, 1992) reported that
students struggled at transferring their knowledge from calculus to physics. The
researchers from Kansas State University also investigated the students’ knowledge
transfer from calculus to physics by asking the students to solve electromagnetic
problems that require calculus operation and describe what steps they made (Cui,
2006). They found that, although students were able to solve calculus problems, they
were often unsure if they needed to apply calculus in a given problem. Later, from
the same department, another group of researchers developed a so-called conceptual
blending framework to investicate the student deficiencies when they solved
electromagnetic problems (Hu et al.,, 2013). It was discovered that students were
unable to blend their mathematics and physics knowledge to set up integrals. They
discussed several types of so-called blends and possible strategies to change poor

blends into productive blends. Additional work on students' difficulties in applying



mathematics to physics has been done elsewhere (Nguyen et al.,, 2011a; Nguyen et al,,

2011b; Wilcox et al., 2013; Bollen et al., 2015).
1.2 The Outline of Thesis

The next parts of this thesis are organized as follows. In Chapter Il and Ill, we
report the results and discussion of SUT students’ performance on pre-instruction
mathematics tests and their physics exams respectively. The results and discussion
related to the correlation between the mathematics test scores and the physics exam
scores are presented in Chapter IV. The conclusion is given in Chapter V. We provide

all the questions of the mathematics tests and physics exam in the Appendix.
1.3 Methodology

This thesis can be divided into 4 steps.

1.3.1 Estimate the Validity and Reliability of the Exams

The results from the exams will be taken seriously if and only if the exams is
valid and reliable. The validity and reliability of the mathematics tests physics exams

will be mentioned in Chapter Il and Chapter IV respectively.
1.3.2 Categorize the Exam

Mathematics tests will be categorized into 3 categories including algebra,
geometry, and calculus. This categorization for each item is judged by the experts, the
researchers. Physics exams will be categorized into 11 categories based on the lesson

in class.
1.3.3 Analyze the Students’ Performance

To analyze the students’ performance, the average score of the students in

both trimesters will be compared category wise.



1.3.4 Calculate the Pairwise Correlation between Categories

The correlation between mathematics and physics categories will be calculated
using Pearson’s product moment correlation. The correlation will be mentioned in

Chapter V.



CHAPTER Il

PRE-INSTRUCTION MATHEMATICS TEST RESULTS

In this chapter we present the overall pre-instruction test results and detailed
itemized analyses for the test questions. We give details on validity and reliability of

each item in the test as well as those for the test as a whole.

2.1 Overall Test Results

In the first trimester of academic year 2020 at SUT, 1,392 first-year engineering
students enrolled in the Physics | course. Because of the limited classroom capability,
they were separated into 7 sections of different classrooms and different instructors.
Of these, 1,280 students took the pre-instruction mathematics test, which was
administered in the first class for each section. In the second trimester, 658 students
enrolled in the course. They were separated into 6 sections, and 531 of them took a
similar test. It should be noted here that the students were distributed into many
sections, each of which contain 200 to 300 students. The students in both trimesters
were the university newcomer. They were separated by the registration department
into two trimesters only because of the limited classroom. The enrolled trimester and
the section were also randomly chosen by the registration department. With this
registration policy, the students in the first trimester did not have any university
experience while the second trimester students had experienced a university course
for one trimester including mathematics involved subjects. Their difference in
mathematical experience is, more or less, expected to have an impact on mathematics

test results.

In the subsequent parts of this thesis, the first-year students in the first trimester

and the second trimester will be referred as the first group and the second



group respectively. There are no restrictions or prior conditions as to which semester
students may choose to enroll in Physics I, so the two groups are ostensibly equivalent
upon entering SUT. The questions in both mathematics tests are displayed in the
Appendix. Originally, there were 34 multiple-choice mathematics questions in each
test. Of these, 31 questions were common to both tests (though the question order,
and item number, were not always identical). We analyzed the results only for the 31
common questions, and henceforth will not discuss the other questions. We divide

our 31 mathematics questions into 3 groups according to topic: geometry, algebra, and

calculus.
Score Distribution of the First Trimester
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Figure 1 The mathematics pre-instruction score distribution of the first group of
students. The horizontal axis is the score, and the vertical axis is the frequency. The
mean is 17.13, the standard deviation is 5.82, and the median is 17. The orange line is

the normal distribution curve of the same mean and standard deviation.



Score Distribution of the Second Trimester
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Figure 2 The mathematics pre-instruction score distribution of the second group of
students. The horizontal axis is the score, and the vertical axis is the frequency. The
mean is 21.44, the standard deviation is 6.06, and the median is 23. The orange line is

the normal distribution curve of the same mean and standard deviation.

Table 1 The number of students in each group who enrolled the Physics 1 class and

who took the pre-instruction mathematics tests.

Number of first-year Number of first-year

students in the 1 group - students in the 2™ group

The enrolled 1,392 658

Those who took the
1,280 531

mathematics test

The first group of students had an average score of 17.13 out of 31 with a
standard deviation of 5.82 and median of 17. The score distribution is shown in figure

1. It is close to a normal distribution, represented by the orange line in the figure. The
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second group of students had an average score of 21.44 with a standard deviation of
6.06, and the median of 23. The score distribution is shown in the figure 2. It is left-
skewed. Indeed, it appears that many students in the second group would have scored
more than 31 if the distribution was unbounded. By conventional criteria, this
difference of the average scores is extremely statistically significant, i.e., the second
group did better for the pre-instruction mathematics test by 4.31 points at 0.05
significant level (The average score and error is 17.13+0.2 for group 1 and 21.44+0.3

for group 2).

Table 2 The average scores, standard deviations, and medians of the two groups of

students.

1* group of students 2" group of students

Statistical quantities

All Female Male Al Female Male

Number of students 1,280 640 640 531 264 267

Average score (out of 31) 17.13 16.58 17.69 2144  21.26 21.61

Standard deviation 5.82 5.65 5.94 6.06 6.09 6.05

Median 17 16 18 23 22 23

Since entering students were randomly selected to enroll Physics 1 course in
the first or the second trimester, it is reasonable to assume that the two groups of
students would have similar average mathematical knowledge when they entered SUT.
A plausible cause of the difference in the average test scores between the two groups
may be the fact that the second group of the students took Calculus 1 in the first
trimester, before they took Physics 1 in the second trimester, whereas the first group
took both Calculus 1 and Physics 1 at the same time. This difference provides an

unplanned, but simply understood, variation between groups that we will take
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advantage of in our discussion below. This difference in a way could indicate that the
content in the pre-instruction mathematics test is valid. The reliability and the validity

of the test will be discussed in the next section.
2.2 Validity and Reliability of the Test

The results of a test should only be taken seriously if the test has both
reliability and validity. A test has reliability if it yields similar results when administered
in similar situations (for example, if we gave our test to two groups of SUT students
that had the same average knowledge and ability, average test scores should be the
same.) Validity of a test is its capability to evaluate the property of interest from the

test takers (Colton D, 2007; Dimitrov D M, 2012).

There are several ways to define validity, with corresponding methods for
establishing the validity of a given test. For instance, we could have a group of experts
who have experience in the field to rate each item in the test according to how well
it covers the content that it is supposed to assess (Rassouli, 2009). This aspect of
validity is referred to as “content validity”. It is typically measured repeatedly during
the test development process until the average validity rating reaches a desired value.
We did not do this for our mathematics test. There are two other well-known measures
test validity that can be determined after confirming that a test is reliable. One is called
“criterion-related validity”. The evidence for criterion-related validity is that the result
from a test can be used to predict performance in an independent test. In our case, if
we compare the test result of each individual student to their final grade, the trend of
the result should be the same if our test is to be regarded as valid. The second is
called “construct-related validity”. A construct is some individual characteristic that
we assume that can be used to explain the test result (Considine et al., 2005).
Mathematical experience, reading comprehension skill, honesty and anxiety are some
examples of constructs relevant to physics tests. In our case, we have two groups of
students. The second group took Calculus before taking Physics 1 and its average score

of the mathematics test is higher; so, we can claim that our test has construct validity.
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The reliability of a test is easier to establish. In the following subsections of this
section, we report the statistical indices that give insight into the reliability of our
mathematics test. We give the definition of these indices (Engelhardt, 2009) and apply
criteria according to the classical test theory to indicate if the items in the test and if
the whole test are reliable or not. The indices are Kuder-Richardson’s Reliability index
(T'test) and Ferguson’s delta (§). These two are the reliability indices calculating for
the whole test. They are affected by the reliability of each item, or each question, in
the test as well. The reliability of each item is represented by the difficulty index (P),
the discrimination index (D), and the Point Biserial Index (PBI). These indices may be
evaluated for many reasons. In this thesis, the main reason is to ensure that the whole
test can gives the reliable read for students’ mathematical knowledge. Another reason

for investigating these indices is to help improve items that show poor quality.
2.2.1 Item Difficulty Index

The first index to consider is the difficulty index (P).

Ni
P = N (2.1)

N; is the numbers of students answering the it item correctly and N is the number
of the total test takers. The difficulty index of each item is therefore the fraction of
students, who answer the item correctly. A higher value indicates an easier item. If the
difficulty index of an item is around 0.5, the item is deemed the highest reliability.
Consider a normal distribution for a given item: if P = 0.5 then the mean is located
at the middle of the range of possible scores, leaving maximum space for the wings of
the distribution and thus the best chance to reliably distinguish between two students

of different ability who lie on those wings.

The difficulty index of all 31 questions or items in the mathematics tests are

shown in figure 3 (for the first group of the students) and 2.4 (for the second group).

In our work we interpret that for the difficulty index of an item more than 0.8,
we consider it to be too easy. For the value less than 0.2, we consider it to be too

difficult. From the results shown in figure 3, most items are neither too difficult nor
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too easy. All 31 items are used in our mathematics-physics score correlation analysis,
because as will be seen in the later subsections Fergusons’ delta and Kuder-
Richardson’s reliability index indicate that the whole mathematics test is reliable. It
should be acknowledged that the higher P values for the second group reflects the

left skew of its distribution.

Difficulty Index of the Second Trimester

7 9 11 13 15 17 19 21 23 25

Item number

HEE Geometry

0.9 | ™ Algebra
#7#% Caleulus
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eoos (f 0

oo (B HH B
13

Figure 3 Difficulty index (P) of each item in the mathematics test in the first group.

There are 12 geometry items indicated by dotted bar, 15 algebra items by solid bar
and 4 calculus items by stripped bar.

The mathematics items were categorized into three topics: algebra, geometry,
and calculus. The items that need students to find the value of unknown variables in
mathematic cal expressions are categorized as algebra. The items that require the
knowledge of shapes, lines, point or the position on the graph are categorized as
geometry. The items that involve differentiation, integration and identifying graph of a
given function are categorized as calculus. Although some items may involve more
than one topic, we assigned a single category for each item based on the central point
of focus, according to our judgement. Accordingly, we have 15 algebra items, 12

geometry items and 4 calculus items in both group mathematics tests. The item
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number for the same question in different groups may not be the same, as can be

seen in figure 3 and figure 4.

Difficulty Index of the Second Trimester

7 9 11 13 15 17 19 21 23

Item number

EEEE Geometry
0.9 | mmm plgebra
08 | ## calculus
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06 i

o

0.0 i i1
1 3

Figure 4 Difficulty index (P) of each item in the mathematics test in the second group.

25 27

There are 12 geometry items indicated by dotted bar, 15 algebra items by solid bar
and 4 calculus items by stripped bar. The order of these items is not exactly the same

as those in the first group.

In table 3, we show the averages of difficulty indices for male, female and all

students for algebra, seometry, calculus, and all mathematics topics in both trimesters.

The results in table 3 indicate that on average all students in the first group
have the most difficulty with geometry with P = 0.438. The second most difficult
mathematics topic for them is calculus with P = 0.536. The least difficult topic is
algebra with P = 0.649. Even though the second group does better in all mathematics
topics, the trend for each topic is the same as the first group with P = 0.560, 0.703
and 0.774 for geometry, calculus, and algebra, respectively. At 0.05 degree of
significance, the average difficulty indices for all mathematics topics of the students in

the second group are found to be higher than those in the first group.
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As for the difference in difficulty indices of the two genders, we can see that
male students in the first sroup have higher average score than female students. If we
compare using the t-test, males did significantly better than females in geometry and
algebra. But for the students in the second group there is no significant difference. This
may indicate that Calculus 1 at SUT helps reduce the knowledge gender gap in

geometry and algebra among incoming students.

Table 3 The average difficulty of male and female students from both groups for each

mathematics category and for the whole test.

1°t group 2" group

Female  Male Overall Female Male Overall

Number of students 640 640 1280 264 267 531

Average difficulty for
0.639 0.659 0.649 0.766 0.782 0.774
algebra

Average difficulty for
0.409 0.467 0.438 0.555 0.565 0.560
geometry

Average difficulty for
0.522 0.550 0.536 0.700 0.707 0.703
calculus

Average difficulty index
0.535 0.571 0.553 0.686 0.697 0.692
for the whole test

2.2.2 Item Discrimination Index

The next index to consider is the discrimination index (D). The students are first
divided into a high-performing (HP) group, whose total test score was in the fourth
(highest) quartile, and a low-performing (LP) group with total test scores in the first
(lowest) quartile. If there are a total of N students who took the test, then the HP and
LP groups each contain N/4 students by definition. With these groups established, the

discrimination index of each item on the test is defined as
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_ Nyg—Np
T N/a

(2.2)

where Ny is the number of HP group members that correctly answered the item while
N, is the number of LP members that did. The value of D varies between a maximum
of D = +1, occurring when every HP member answers correctly while no LP member
does, and a minimum of D = —1 , when all LP and no HP members correctly answer
the item. Clearly, D measures the extent to which a given item differentiates HP and
LP members, and thus how well the results of this item are consistent with the results
of the test as a whole. A discrimination index of more than 0.3 is usually regarded as
a reliable item. Negative values for the discrimination index suggest a problem with

the item. Since its results contrast the test total, any item with a negative D value

clearly reduces the reliability of the test overall.

The discrimination index of each item in the mathematics test for both groups
of the students is shown in figure 5 and figure 6. There are no negative values to be
found among any of the items on our test. ltem number 6 has a D value that falls
below the (somewhat arbitrary) cutoff of D = 0.3, but every other item clears this

threshold.
2.2.3 Point Biserial Index

The last item reliability index that we consider is the Point Biserial Index (PBI).
It combines the previous two indices into a single measure of reliability, constructed
as a weighted average. The PBI of an item is related to its difficulty index P as shown

in the following equation.

PBI =

JP(1=P). (2.3)

In the prefactor on the right side, X; and x, are respectively the average total score of

X1—Xo
X

(o}

those who answer the item correctly, and the average total score of those who answer
the item incorrectly, while g, is the standard deviation of the total score. So, the PBI
is @ measure of the item’s ability to distinguish high-performers from low-performers.

The square root appearing on the right side is a weight factor that assigns
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Descrimination Index of the Second Trimester
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Figure 5 Discrimination indices (D) of each item in the first groups mathematics test.
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Figure 6 Discrimination indices (D) of each item in the second groups mathematics

test.

most weight to items with the optimal P value (the weight is maximal when P = 0.5).
ltems of excessively low or high difficulty indices are given less weight (both P = 1 and
P = 0 items have zero weight). ltems with a PBI > 0.2 are considered reliable. PBI of

the mathematics test are shown in figure 7 and figure 8.
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PBI of the Second Trimester
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Figure 7 Point Biserial Indices (PBI) of each item in the first groups mathematics test.

PBI of the Second Trimester
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Figure 8 Point Biserial Indices (PBI) of each item in the second groups mathematics

test.
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2.2.4 Reliability of the Whole Test
Finally, we assess the reliability of the test as a whole. The two reliability

indices used for this end are the Kuder-Richardson Reliability index and Ferguson’s

Delta. They are effectively averages over item reliability values.
The Kuder-Richardson Reliability Index (KR-20) is written as

_ K Z€(=1Pi(1—Pi)
Ttest = 1- 2 .
K-1 Ox

(2.4)

where K and P; are the number of the items in the test, and difficulty index of the
it" item, respectively. The factor in front of the parentheses approaches one in the
limit of a very long test. To understand the role of the expression in parentheses,
consider first the simple case where half the class gets each item correct, P; = 0.5 for
every item i. The summation above is then equal to K /4. If the test is reliable then
the same half of the class (those with more knowledge or ability) should get each item
correct, which means half the class will get a test score of K, the other half will get a
score of zero and the average will be K/2. The variance is then found to be g2 =
K?/4 and thus 73,5 = 1. In a terribly unreliable test, a student’s ability would be
uncorrelated with their probability of correctly answering each item. Effectively, each
student would flip a coin for each item, and get the right answer with 50 percent
probability. In a long test K > 1 every student would get a score that was very close
to K /2, and the variance, from the central limit theorem would be 6% = K/4 giving
Trest = 0 . In the more general case, the same reasoning holds. Here, we use the

guideline that for a value of 13,5 greater than 0.8, the test is considered reliable.

Table 4 The overall reliability of the mathematics tests.

Reliability index 1** group 2" group

mathematics test  mathematics test

KR-20 0.84 0.85

Ferguson’s delta 0.98 0.98
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The discrimination index of the whole test determined by Ferguson’s delta (8). It is
calculated by dividing the number of different answers in the test by the maximum
possible different answers. It written as

= NPT (2.5)
N2-N2/(K+1) ’

where f; is the number of students who get the score of i (where i. has a value
between 0 and K). In the extreme case that every student got the same score the
numerator will ¢o to zero. This means the test cannot distinguish the ability of the
students at all. If the distribution of students’ score is uniform (fy = f1 = f, =+ =
fk = KLH), Ferguson’s delta is equal to 1. If the value of § is more than 0.9, the test’s

discrimination power is considered acceptable.

As shown in table 4, both KR-20 and Ferguson’s delta of the mathematics tests

for both groups of students are reliable.
2.3 Conclusions

According to all the indices, the pre-instruction mathematics tests in both
groups are reliable and valid. The students from both groups struggled most with
geometry. Both did best in algebra. The students in the second group have significantly
higher average score. This result may be because the second group took Physics 1 after
taking Calculus 1 whereas the first group took both in the same trimester. This result

may also be used as evidence of the construct validity of the test.

By comparing the average score of male and female of the first group students,
we see the gender gap in geometry and algebra. However, this gap disappears for the
students in the second group. With the assumption that when entering SUT the two
groups of students on average are similar in mathematical knowledge level, this result
may suggest that studying at SUT for one trimester helps improve their mathematical

knowledge and reduce the gender gap.



CHAPTER IlI

PHYSICS EXAMINATION RESULTS

In the previous chapter we analyzed the pre-instruction mathematics tests,
here we do the same for the physics examinations. Details about the exam content,
including a breakdown of the validity and reliability of test items, and exam results,
including a comparison between test groups and genders, is provided in this chapter.
The correlations between mathematics and physics results will be studied in Chapter

V.

There were two physics exams in each trimester: the midterm and final exam.
The results in this thesis are the analyses of first-year students’ answers to multiple-
choice questions in the exams. It is a practical necessity (to avoid cheating) that the
examinations in the two semesters must be sligshtly different. In the first trimester,
there were 29 questions on the midterm and 51 questions in the final. In the second
trimester, there were 30 questions on the midterm and 50 on the final. Many of the
80 questions done by one group were similar to those done by the other, and 32 were
identified by instructors as being substantively identical (the same question with
different numerical values). These 32 questions, common to the two groups, will be a
focus of our later analysis. But, in this section, we will give results for the examinations

as a whole.

All physics questions were put into one of the following 10 categories: one-
dimensional (1D) motion, two-dimensional (2D) motion, Newton’s laws of motion, work
and energy, momentum, rotation kinematics, torque, angular momentum, oscillations,
waves, and fluid mechanics. We should note that there may be a few questions that

are put into more than one category. All the questions are included in the Appendix.
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Table 5 shows the number of the enrolled first-year students and the smaller
number of students who took both midterm and final exam for each group (students

who dropped the course after the midterm being excluded).

Table 5 Number of first-year students in each group who enrolled and who took both

midterm and final physics exams in Physics 1 class.

Number of first-year Number of first-year

students in the 1%t group  students in the 2" group

The enrolled 1,392 658

Those who took both
1,352 591
midterm and final exam

3.1 Overall Physics Exam Results

The average score of the first group of students is 38.09 out of 80 with a median
of 36 and standard deviation equal to 14.15. The score distribution of the group is
shown in figure 9. The orange curve represents the normal distribution with the same

average and the standard deviation.

The average score of the second group is 34.18 with a median of 31 and
standard deviation equal to 13.76. The score distribution of the second group is shown
in figure 10. The normal distribution with the same mean and standard deviation is
shown in the figure but, to the eye, the measured distribution appears better described

as a sum of two normal distributions with averages around 27 and 53.

Because all 80 questions in each group are not the same, the level of difficulty
of each exam is slightly different. As will be seen in the next section, when we report
the reliability indices of each exam, the overall physics exam of the second group is
more difficult. For the 32 questions common to both groups, the second group

performed slightly better. So, it was clearly a difference in exams, not in the groups
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themselves, that resulted in the second group having a higher average exam score

overall.

15t trimester Physics Score Distribution
50
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Figure 9 The physics exam score distribution of the 1,351 students in the first group.
The horizontal axis is the score, and the vertical axis is the students’ frequency. The
mean of this graph is 38.09 and the standard deviation is 14.15. The orange line is the

normal curve plotting with the mean and standard deviation.

If we consider only the average score for the 32 common items, the average
score of the first group is 14.15 with a standard deviation of 5.90 and those of the
second group are 15.20 and 6.23. A t-test indicates that the average score of the second
group is significantly higher with a 0.05 significant level. This result may be expected.
From previous work  (Hudson et al., 1977; Hudson et al., 1981; Hudson et al., 1982) it
was shown that those who perform better at mathematics tend to perform better at
physics exams, and our second group performed better at the pre-instruction

mathematics test, as shown in the previous chapter.
3.2 Validity and Reliability of the Physics Exam

Since the exams in this work were made by several experienced physics
lecturers and were designed to evaluate the students’ performance and assign their

respective grades, the exams have content validity. The reliability of the exams is
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examined according to the classical test theory (Engelhardt, 2009), like what was done

for the mathematics pre-instruction test in the last chapter.

2nd trimester Physics Score Distribution

Number of Students
—

I
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0 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78

Score

Figure 10 The physics exam score distribution of the 591 students in the second group.
The horizontal axis is the score, and the vertical axis is the students’ frequency. The
mean of this graph is 34.18 and the standard deviation is 13.76. The orange line is the

normal curve plotting with the mean and standard deviation.
3.2.1 Difficulty Index and Its Indication

For the reader to see the whole picture of the difficulty index for each of the
80 items for both groups of the students, we present its value as a function of the
item number in fisure 11 and figure 12. It should be noted that questions with the
same item number in both figures are not the same questions. The 80 items are simply
ordered as they appeared in the course, including both midterm and final exams. It is
clear that the majority of items fall within the desirable range of 0.2 < P < 0.8, such

that they are neither too hard nor too easy to reliably assess students.

Table 6 is a detailed breakdown of all examination items for the first and
second group, labeled by item number. From this table we can see the difficulty index

and subject category of any item for either semester.
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Table 6 Average scores, standard deviations, and medians of students’ physics exam

score.

Statistics quantities

1** group of students

2" group of students

All Female Male All Female Male

Number of students 1351 665 686 591 295 296
Average score

38.08 35.67 40.42 34.18 32.71 35.64
(out of 80)
SD 14.15 12.88 14.92 13.76 13.00 14.36
Median 36 34 38 31 29 33.5
Average score

14.15 13.97 15.81 15.20 14.14 15.04
(out of 32)
SD 5.80 5.31 6.12 6.23 5.74 6.32
Median 14 13 15 14 13 15

In figure 13, we show the difficulty indices for the 32 items common to both

groups. The first group (solid bars) and the second group (patterned bars) are

juxtaposed for comparison. As noted above, the average score in these 32 questions

was higher for the second group. In more detail, there were 15 items in which group

1 scored significantly higher (i.e. higher by a margin greater than the statistical error

indicated), 5 items in which both groups performed equally, and 12 in which group 2

outperformed group 1.

Here we consider a couple of example items in which group 2 fared worse,

though performing better overall on the exam, Table 8 displays the questions

corresponding to these items and the percentage of students who answered correctly

in both groups. Additionally, it indicates the percentage of students who chose the

most popular incorrect option in the second group.
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Difficulty Index of the First Trimester Exam
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Figure 11 Difficulty index (P) of each item in the first group. The items, whose P’s is
higher than the upper line (0.8), are deemed too easy. Those lower than the lower

line (0.2) are deemed too hard.
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Figure 12 Difficulty index (P) of each item in the second group. The items, whose P’s

Item Number

is higher than the upper line (0.8), are deemed too easy. Those lower than the red

lower (0.2) are deemed too hard.
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Table 7 The item no.’s in each the physics category and difficulty level (based on the
difficulty index P) from both groups physics exams.

[tem no. # with ...

Physics topic P>0.8 (Easy) P<0.2 (Difficult) 0.2< P <0.8
Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
1D motion - - 8 7 1,2,3,4520 1,2,3,45,6
8,9,10,11,
6,7,12,13,
2D motion - - - - 12,13,31,32
14,30,31,32
33
Newton’s laws 8,9,10,15,  14,15,16,18
- 22 24 17,24
of motion 16,19,22,23 19,23,65
11,17,18,25  20,21,25,26
Work & energy - - 26 -
33,41,42,59 37,38
Momentum - - 29 - 27,28 271,28,29,30
. 34,35,36,37
Rotation 34,35,37,38
- 48 38,39,41,42
kinematics 39,47
,43
38,40,44,45  36,40,41,42
Torque 4 a7 -
46 43,44.45
Angular
- y a7 - a8 46
Momentum
49,50,51,52  49,50,51,52
Oscillations - - - 58 53,54,5556  53,54,5556
57,58,59 57
59,60,61,62
61,62,63,64
63,64,65,66
Waves 60,70 - - 72 65,66,67,68
,67,68,69,7
,69,71,72
0,71,73
73,74,75,76  74,7576,77
Fluid mechanics 80 80

J07,78,79 , 18,79
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Difficulty Index Comparison of the Similar Physics Exams' Items
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Figure 13 Difficulty index comparison of the 32 similar items in the 1% & 2" groups
exams. The first group items are indicated by the solid bar and the second group items
are indicated by the patterned bar. The error bars are calculated by taking the standard

deviation of each items score divided by the number of the students.

For the first pair of the questions 81% of students in the first group answered
correctly, while only 46% of students in the second group answered correctly. Among
those in the second group who answered incorrectly 23% were apparently confused
by a name-change of variables—i.e. merely using z instead of the more familiar x as
the position variable for a 1D wave seemed to throw them. This suggests that students
may struggle with replacing familiar quantities with unfamiliar variables (Nguyen et al.,
2011). Surprisingly, better mathematical knowledge among the second group of
students did not appear to improve their ability to do this. To address this issue,
instructors may need to provide students with more examples of this type of problem

to help them improve.
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Table 8 the questions related to the 2-paired similar items of the two groups and the
percentage of students who answered correctly. The highest percentage of students

who chose an incorrect answer in the second group is also shown.

Group 1 Group 2
#60 #60
FRumTE i oz, £) = 0.30c0s( 2o — 27t) e x Smbsodu mouae ¢ Smindu s aRunadiflsifurdumuaunts y(z,¢) = 0.2sin (0.57: - 4=t) Tasfiynuinatuaumsiimiely
A Ha sEUU S|

31, aduiemanedouitotnls

3 AuihedouitivTusemal wi: Ismdunasuysluaunsiig)
1) Ty 4y 2} T ax 3) Tan1e -y &) e —x 5) Tuvme sz 30, ruueasumldlusmals (wush; Issdunsdudsluaumsiag)

(1) 4 (2) —z (3) +y (@) —= {5) +=

A harmonic wave has a wave function y(x,t) =
) A harmonic wave has a wave function y(z,t) =
0.50 cos(mx/4 — 2mt), where x and t have the units of m
) 0.2sin(0.5mz — 4mt), where every quantity in the
and s respectively.
) o ) equation is in SI units.
31. In which direction is this wave moving?

30. In which direction is this wave moving? (Hint: notice
1) +y 2) +x 3) -y 4) x 5) +z

carefully of the variables in the equation.)

1) +x 2) x 3) +y 4) -z 5) +z
81% of students answered 2)

46% of students answered 5)

23% of students answered 1)

#71 #69

wlddayadoluneudniuta 42, - a3 94l aqaﬁa’l‘dﬁwwn"tmw"a 39. - 40.

salavien A Dadossunurraiiuiteoud 660 Hz uashadinmmavieanads 20 s auine 0 Bullad  solyyun 4 Wadussunmirrtiuiiarad s00 He wastdd dumeingsruds stm /s A

auu mwhumitavaliee A sonszus 8 Twasclaean A fwanada 20 mvs whituiy A uagin € miGam W, — 2 .

e e P o . #1379 O Tuaglivinouunnsinumdvasoliuan A sonseur 8 Tamwsaluuon A Fummnia

v BaudaTE 10 mes fuabidan S aduduenady 350 més e . v e . R "
Slhan /s Y UAZTOASELUE C MATHATUNMMIATEEATIGT L0 m/s Armalidnsidmanioly

c aImAVITL 350 m /s

33 el fluifsnmdgsiign

(1) Audiusn A
(2) Audiusa B o & A <
T (3) Audusa C = =
az. Tesselaiudvanfinuiiian o) D' &a e

@) AeuF139 0

1) uffuzn A [ -
- (5) oAUl AgwAR A
2) muiuin B N X .
2 e € Use the following info to answer question 39. - 40.

4) AuATTINO

An advertisement car A is annoyingly giving out sound of

5) wnaulddudommdeiiua

Use the following info to answer question 42. — 43. frequency 800 Hz and,moving with speed 50 m/s to the

An advertisement car A is annoyingly giving out sound of right. A police officer O is standing still. Following behind

frequency 660 Hz and moving with speed 20 m/s to the car Awith speed”50 m/s is pick-up truck B. Car Cis

right. A police officer O is standing still. Following behind car moving towards car A in the opposite direction with

A with speed 20 m/s is pick-up truck B. Car C is moving speed 10 m/s. Given speed of sound to be 350 m/s.

towards car A in the opposite direction with speed 10 m/s. 42. Who hears sound with the highest frequency?
1) Car A driver
2) Car B driver

3) Car C driver

Given speed of sound to be 350 m/s.

42. Who hears sound with the lowest frequency?
1) Car A driver

2) Car B driver

3) Car C driver 5) Everyone
4) Police officer O

4) Police officer O

5) Everyone 39% of students answered 3)

70% of students answered 4) 29% of students answered 2)
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For the second pair of the questions which were about Doppler's effect (see
table 8), 70% of students in the first group answered correctly, while only 39% of
students in the second group answered correctly. The setup of the two questions was
essentially the same but in the second group the question asked for the highest, rather
than lowest, apparent frequency. A considerable 29% of students chose a wrong
answer, that of an observer with no relative motion to the source, that did not distract

many students in the first semester. This result puzzles us.

In table 9, we present the average difficulty index, which we calculated based
both on all 80 items and of the common subset of 32 items. The table also includes
average difficulty indices for the students in group 1 and 2, including: 1) as a whole
and divided by gender, 2) divided by physics topic category, and 3) separated into

conceptual and numerical items.

From the results we can see that the three topics the students struggled with
most in the first group are angular momentum (P = 0.219), torque (P = 0.336) and
rotation kinematics (P = 0.373), while for those in the second group are rotation

kinematics (P = 0.309), fluid mechanics (P = 0.359) and oscillation (P = 0.360).
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Table 9 Average difficulty index of each physics topic. The average difficulty of female
and male are also shown in the table. The highlichted cells indicate the average

difficult indices are not significantly different.

1% group 2" group
Female Male All Female Male All
Number of students 665 686 1,351 295 296 591

Average difficulty index for all 80 items 0.446 0.505 0.476 0.409 0.446 0.427

Average difficulty index for 32 similar

0.437 0.494 0.466 0.462 0.488 0.475

items

Average difficulty index for 1D Motion
0.450 0.504 0.478 0.494 0.553 0.523

items

Average difficulty index for 2D Motion
0.436 0.490 0.463 0.431 0.519 0.475

items

Average difficulty index for Newton’s

0.430 0.515 0.473 0.358 0.419 0.389

laws of motion items

Average difficulty index for work &
0.409 0.470 0.440 0.459 0.485 0.472

energy items

Average difficulty index for
0.376 0.428 0.402 0.481 0.520 0.501

momentum items

Average difficulty index for rotation

0.373 0.459 0.417 0.292 0.325 0.309

kinematics items

Average difficulty index for torque

0.336 0.431 0.384 0.475 0.506 0.491

items

Average difficulty index for angular
0.219 0.260 0.140 0.371 0.400 0.385

momentum items

Average difficulty index for oscillation

0.448 0.516 0.482 0.346 0.374 0.360

items

Average difficulty index for wave items 0.590 0.621 0.606 0.427 0.436 0.431

Average difficulty index for fluid
0.394 0.444 0.420 0.359 0.359 0.359

mechanics

Average difficulty index for all
0.419 0.483 0.451 0.404 0.439 0.421

numerical items

Average difficulty index for all
0.482 0.526 0.504 0.425 0.470 0.448

conceptual items

Average difficulty index for similar

0.453 0.517 0.486 0.466 0.489 0.477

numerical items

Average difficulty index for similar
0.518 0.576 0.547 0.501 0.516 0.508

conceptual items
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Discrimination Index of the First Trimester Exam
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Figure 14 Discrimination indices (D) of each item in the first groups (upper) and the

second group (lower) physics exams.

When we consider gender gap, in the first group, at 0.05 degree of significance
male students did better than female students in their overall score. As for the physics

topics, males did better than females at all topics. In the second group, the gender
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gap was reduced significantly. The orange-highlighted cells indicate those categories

for which there were no significant differences in the average difficulty index.

Table 10 Two physics exam questions in the second group that have negative

discrimination indices.

Group 1 Group 2

29. saBusIIa 1,500 kg Saresnsuss 20 m/s .Frqf‘m‘LMa\i-:tﬁ“ﬁu‘.ni’n‘.s,1uami17.namag‘ﬁ1uﬁ"1a 17, wwmuidusguuiminnyuziluwsdunaumussuunuisugaguinaiasaz iR IniuszuIL

W Tuamusauvesnouiuas sodnsseusivdutulinurhla
1) 15,000 ke mvs

2) 30,000 kg m/s

2
3) 35,000 kg mi's
4) 40,000 kg mis
5

) deyaliifiname

29. A car of mass 1500 kg moves at speed 20
m/s and hits a motorcycle that was parking still.
After the collision, both moves together with
the same velocity. What is the magnitude of the
total momentum of both vehicles after the
collision?

1) 15000 kg m/s (3.6%)

2) 30000 kg m/s (54.7%) N,= 81, N, = 83

3) 35000 kg m/s (6.8%)

4) 40000 kg m/s (1.6%)

5) Not enough info (33.2%)

voyiy Tnousiuiiiing 100 ke wasiisani 2 m ﬁmauﬁ'aiumunu\'}ﬁuag o umisgagunans

wsdluuuniriioonludiiudmuen smdnsdapmoudusuees

21 v

sruudlennuihdnsdiBsaniiowegiveuusnvesiuanasiian 2 rad /s wonwiiing 50 kg
a
1=

(1) 1rad/s

2m

al,
(4) drad/s

17. A man of mass 50 kg is standing on a
spinning disc of mass 100 ke and of radius 2 m.
Its axis of rotation is perpendicular to the disc
and passes through the center of the disc.
Initially, the man was at the center of the disc.
Then, he walks towards the edge of the disc. If
his angular speed at the edge is 2 rad/s, what is

the initial angular speed of the system?
1) 1 rad/s (19.3%)

2) 2 rad/s (28.2%)

3) 3 rad/s (12.7%)

4) 4 rad/s (28.9%) Ny= 42, N_ = 45

5) 5 rad/s (9.6%)

3.2.2 Item Discrimination Index

The discrimination indices of each item are shown in figure 14. There are 18

items in the first and 18 items in the second group that have discrimination index lower
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than 0.3. The items #29 and #47 in the second group have negative discrimination

index.

PBI of thte First Trimester Exam
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Figure 15 Point Biserial Indices (PBI) of each item in the first groups (upper) and the

second group (lower) physics exams.
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Table 10 displays the two questions corresponding to these items, #29 on the
left and #47 on the right. The number in each bracket is the percentage of students
who chose the multiple choice. The values of Ny and N, are also shown for the correct

choice.
3.2.3 Point Biserial Index

The PBI of each item are shown in figure 15. There are 5 items in the first and

12 items in the second group that have lower than 0.2 PBI.
3.2.4 Reliability of the Whole Exam

The reliability of an exam is measured using Kuder-Richardson’s reliability index
and Ferguson’s delta. Both indices of both exams are shown in table 11. Both exams

have high reliability.

Table 11 The overall reliability of the physics exams.

Reliability index 1°! group 2" eroup
KR-20 0.92 0.92
Ferguson’s delta 0.99 0.99

3.3 Conclusion

The multiple-choice physics exam questions in both groups are valid and
reliable. The average score out of similar 32 items of the students in the second group
is higher than that of those in the first group, suggesting that better mathematics
knowledge could lead to better physics exam scores. The gender gap is smaller in the
second group of the students. The previous literature highlighted that the gender gap
is occur due to high school physics education and affective experience (Hazari, 2007).
Another work from university of Minnesota also found gender gap between female
and male students in pre-test Force Inventory Concept (FCI) but not on the post-test

(Docktor, 2008).



CHAPTER IV

CORRELATION OF MATHEMATICS TEST AND PHYSICS EXAM SCORE

In this chapter, we present several measures of correlation between the math
test scores and the physics exam scores of the two distinct groups of first-year
engineering students at SUT. Specifically, we investigate the overall correlation
between the two subjects, as well as correlations between scores on particular

mathematics and physics topics.

The statistical correlation coefficient used here, called Pearson’s correlation
coefficient (r), measures the strength and direction of the linear relationship between
two quantitative variables. The value of the coefficient ranges from -1 to 1. A
correlation coefficient of -1 indicates a perfectly negative correlation, meaning that as
one variable increases, the other variable decreases. A correlation coefficient of 0
indicates no correlation between the two variables, so the variables are linearly
independent. A correlation coefficient of 1 indicates a perfectly positive correlation,
meaning that as one variable increases, the other variable also increases. The
coefficient is calculated using the formula (Schober et al., 2018):

N i V(v
.= Li=1(Xi—X)(Vi=Y) (a.1)

(P02 Y, 092

N is the number of data points. x; and y; are the values of the first and the second
variables, with the integer index i labeling individual data points , X and ¥ are the mean
values of variable x and y. Note that perfect correlation, with r = 1, would occur if
x =Y. Thatis, a variable is perfectly correlated with itself. On the other hand, if the
two variables are independent, then variations from their respective means fluctuate

independently and r averages to zero. A maximally negative value 0
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r = —1 would occur if x = —y. The strength of the correlation coefficient can be

characterized as follows.
1) Weak correlation: 1 between 0 and 0.3 (or between 0 and -0.3).
2) Moderate correlation: 1" between 0.3 and 0.7 (or between -0.3 and -0.7).
3) Strong correlation: T greater than 0.7 (or less than -0.7)

Apart from the Pearson correlation coefficient, the level of significance (p-value) is
another important statistic that must be reported. The p-value indicates the likelihood
that the result of an experiment occurred by chance (Thiese et al., 2016). If the level
of significance is lower than a certain value, we can conclude that the observed
correlation is statistically significant (i.e. that it unlikely to be due to chance).
Correlations that are far from zero usually have a p-value lower than 0.05. Generally,
a p-value of 0.05 is the most commonly used threshold in statistical experiments. It
indicates that there is only a 5% chance that the result could have occurred by chance.
This number is automatically calculated along with the Pearson correlation coefficient

in SPSS.
4.1 Results and Discussion

To determine the correlation between scores, we only included students who
had taken both the mathematics test and the physics exam in each group. There were
1,243 such students in the first trimester and 507 in the second trimester. We
calculated several pairwise correlations between the mathematics test items and
physics exam items and present the results in table 12, for those in the first group and

table 13 for the second group.

The correlation between pre-instruction mathematics test scores and physics
exam scores for both groups of students falls within the moderate range (0.3 < r < 0.7).
However, the correlation is twice as strong for the first group of students, who had a
lower average mathematics test score. To investigate this observation further, we
examined the correlation between math and physics scores within subsets of students

in the same trimester.
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Table 12 Pearson’s correlation coefficients between the categorized physics and

mathematics items of the students in the first trimester. All correlated pairs are

significant with degree of significancy less than 0.05.

Physics topic items

Pearson's correlation coefficients that were computed

between the scores of the items in the first column and

those in the rows below (number of items in brackets)

(number of items in brackets) Al
Algebra Geometry Calculus
mathematics
items (15) items (12) items (4)
items (31)

AUl physics items (80) 0.662 0.614 0.515 0.459
1D motion items (7) 0.557 0.516 0.425 0.409
2D motion items (8) 0.497 0.463 0.391 0.332
Newton’s laws of motion

0.440 0.379 0.375 0.320
items (9)
Work & energy items (9) 0.476 0.435 0.385 0.317
Momentum items (3) 0.364 0.320 0.299 0.269
Rotation kinematics items (9) 0.489 0.423 0.432 0.314
Torque items (6) 0.424 0.356 0.378 0.295
Angular momentum items (2) 0.316 0.278 0.265 0.219
Oscillation items (11) 0.525 0.505 0.391 0.348
Waves items (13) 0.534 0.536 0.357 0.381
Fluid mechanics items (8) 0.510 0.471 0.392 0.369
Numerical items (61) 0.662 0.618 0.510 0.461
Conceptual items (19) 0.511 0.461 0.418 0.347
Similar physics items (32) 0.619 0.571 0.483 0.437
Similar numerical items (24) 0.609 0.558 0.480 0.428
Similar conceptual items (8) 0.424 0.392 0.327 0.308




39

Table 13 Correlation between physics topics listed in the first column and

mathematics topics of the students in the second trimester. Almost all the correlated

pairs are significant with degree of significancy less than 0.05.

Physics topic items

rows below (number of items in brackets)

the scores of the items in the first column and those in the

Pearson's correlation coefficients that were computed between

(number of items in brackets ) All
Algebra Geometry Calculus
mathematics
items (15) items (12) items (4)
items (31)

All physics items (80) 0.338 0.368 0.266 0.266
1D motion items (7) 0.225 0.246 0.182 0.179
2D motion items (9) 0.242 0.271 0.178 0.202
Newton’s laws of motion

0.275 0.272 0.262 0.161
items (10)
Work & energy items (6) 0.240 0.277 0.175 0.228
Momentum items (4) 0.185 0.186 0.153 0.131
Rotation kinematics items (7) 0.172 0.215 0.087 0.138
Torque items (7) 0.193 0.219 0.157 0.152
Angular momentum items (1) 0.177 0.164 0.153 0.168
Oscillation items (10) 0.261 0.284 0.197 0.226
Waves items (15) 0.330 0.361 0.255 0.264
Fluid mechanics items (7) 0.279 0.294 0.233 0.190
Numerical items (62) 0.356 0.385 0.279 0.275
Conceptual items (18) 0.190 0.217 0.153 0.167
Similar physics items (32) 0.309 0.344 0.246 0.245
Similar numerical items (24) 0.314 0.350 0.245 0.250
Similar conceptual items (8) 0.123 0.126 0.086 0.132

In Figure 16, there are two scatter plots that illustrate the relationship between

mathematics and physics scores for weak and strong mathematics students based on

their mathematics test scores and the common 32 physics exam question scores. The
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scatter plots are divided by orange lines at the mathematics score of 15 (out of 31),
separating the weaker mathematics students on the left from the stronger
mathematics students on the right. With a visual inspection, it appears that the average
physics score is increasing linearly with mathematics score for weaker students, but
this curve flattens so that average physics scores depend less strongly on mathematics
scores for the strong students. Moreover, the variance of the data among students
with the same mathematics score is clearly larger for the strong students. This implies
that mathematics scores are a better predictor of physics scores for students who are
weak at mathematics. We can confirm this observation by examining the correlation
coefficient values. In the first trimester group of students, the correlation coefficient
for weaker mathematics students is 0.504, while the stronger mathematics students
have a coefficient of 0.246. Similarly, in the second trimester group, the correlation
coefficient for weaker mathematics students is 0.386, and the stronger mathematics
students have a coefficient of 0.127. It's worth noting that these values do not take
into account students who scored exactly 15 on the mathematics test (73 students

from group 1 and 26 students from group 2 scored exactly 15).

It is not difficult to understand why students who are weak in mathematics
would show a stronger correlation between their mathematics test scores and physics
scores than others. There are presumably many factors, one of which is mathematical
knowledge, that determine success in a physics course. But mathematics is likely a
crucial factor for those students who are weakest in it, just as the slowest step in a
chemical reaction determines the overall rate reaction. That is, for students who are
weak in mathematics, their understanding of mathematics likely limits their ability to
understand physics. An increase in mathematical knowledge thus results predictably
in an increased physics score, i.e. mathematics test scores and physics test scores are
strongly correlated. On the other hand, for mathematically strong students it is some
other factor, not mathematical knowledge, that limits their physics understanding. So,
the correlation between mathematics and physics test scores is understandably

weaker.
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This argument is consistent with previous research by Hudson et al. (Hudson et
al., 1977; Hudson et al., 1981), which found that the correlation between mathematics
pre-test score and the final grade in introductory physics predicts failure rather than
success. Indeed, students who are weakest in mathematics are likely to fail in physics
(the correlation is strong for this group) whereas students who are good in mathematics

may or may not succeed in physics (the weaker correlation is less predictive).

Additional findings can be derived from the correlation coefficient values
presented in tables 12 and tables 13. Firstly, the mathematics topic that exhibits the
strongest correlation coefficient with physics exam scores is algebra. Secondly, the
correlation coefficient between numerical physics items and mathematics is higher

than that between conceptual items and mathematics.
4.2 Conclusion

In conclusion, we have presented the correlation coefficients between the
mathematics test scores and physics exam scores for two groups of students in this
chapter. All correlations are positive and moderate in strength. Upon closer inspection,
we found that the correlation coefficient for weaker mathematics students is higher

than that for stronger mathematics students.
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Scatter plot between mathematics score and smilar physics score on the 1st group
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Figure 16 The scatter plots show the relationship between mathematics test scores
and common physics exam question scores for two groups of students: the first group
of the students in the upper and the second group in the lower panel. Each point on
the plot represents at least one student, with the opacity of the point indicating the
number of students at that score. The orange line is half of the mathematics score. It
is evident that the correlation trend is more pronounced on the left side of the line in

both groups.



CHAPTER V

CONCLUSION

In this thesis, we analyzed the pre-instruction mathematics test scores and
physics exam scores of first-year engineering students who took Physics | at SUT during
the academic year 2020. The students were randomly assigned to two groups: those
who took Physics | in the first trimester and those who took it in the second trimester.
Both groups took the same pre-instruction mathematics test, consisting of 31 identical
questions, in the first class of Physics I. In each trimester, there were two physics exams
(midterm and final), and we collected the results of 80 multiple-choice physics
questions from each exam and treated them as one physics exam score for that
trimester. While none of the physics questions were identical, 32 of them in each

trimester were deemed nominally similar.

Our findings indicate that the second group of students was stronger in
mathematics, based on their average mathematics test score. This difference may be
due to the fact that the second group took the pre-instruction mathematics test after
completing SUT Calculus | in the previous trimester, whereas the first group took the
mathematics test before completing the course. Additionally, male students in the first
group performed significantly better than female students on the mathematics test,

while both male and female students in the second group performed equally well.

Regarding the physics exam results, the average score (out of all 80 physics
questions) of the first group was higher than that of the second group. This could be
due to the higher overall difficulty level of the exam for the second group. However,

when considering the similar 32 physics questions, the average score of the second
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group was higher. Male students in both groups performed better than female

students on the physics exam.

We also observed positive and moderately strong correlations between the
mathematics test scores and the physics exam scores. However, we found that this

correlation was weaker for students who performed better on the mathematics test.

As a suggestion to the lecturers, if the students are not well-groomed in
mathematics, the lecturer should give them the mathematical help. It should be also
kept in mind that the failure in physics is not necessary be the result of low
mathematical skill. So, before the students take physics exams they should pass a
necessary mathematical skill test. The failed students should take an extra
mathematics course and pass the test before they can enroll physics course. If the
students still fail in physics course, the other parameter that affect physics learning

should be examine.
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APPENDIX

MATHEMATICS TEST AND PHYSICS EXAM IN THIS THESIS

Mathematics test used in the 15" and the 2™ trimester are shown in Figure
A-1 to Figure A-8 in this order

1) 1°' trimester mathematics test (Figure A-1 to Figure A-4)

2) 2" trimester mathematics test (Figure A-5 to Figure A-8)

Three items in each test do not exist in the other trimester test. The 1%
trimester test does not contain item 21, 30 and 31 that exist in the second trimester
test. The 2™ trimester test does not contain item 21, 30 and 32 that exist in the first

trimester test. Therefore, the total number of mathematics test in each term are 31
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