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Abstract

The study adopted a survey design of ex-post facto type. Two hundred and fifty secondary school students were
sampled. Five instruments were used to generate data. Seven research questions were raised and answered
using t-test and regression analysis at 0.05 level of significance while the scores obtained from mathematics
achievement test were normalized with the use of histogram and Q-Q normality plot while Kolmogorov Smirnov
and Shapiro Wilkwere used to test for normality and control chart was used to test for degree ofnormality
gained after transformation.The results showed that mathematics scores collected were skewed and were
however normalized. Student attitude towards mathematics and study habit were found out to be good
indicators of students performance in mathematics and predictors of variations in mathematics test scores of
students. Research analysts, educators, school administrators, test assessors and examination bodies should
always endeavour to transform the data collected from students’ scores.
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I.  Introduction

Students’ achievement has been an issue of concern to all stakeholders in education and more
importantly achievement in mathematics. This is not farfetched since mathematics is one of the important
subjects which act as a bridge for other professions and subjects.Over the years, poor academic performance has
always been attributed to various factors such as school climate, class size, study habit, inadequate instructional
materials etc and several attempts have been made to improve all these identified factors but to no avail
(Aremu&Sokan, 2003). Therefore it is pertinent to reconsider the perception on students’ achievement which
invariably may not be due to infrastructural, personal or family factors but with the approach to grading system
which thus brings about asymmetric scores.

Asymmetric data which is the abnormality in test scores and variation in test scores usually caused by
non-normalization of test scores and inappropriate handling of test scores among educators, test experts and
assessors and vsarious examination bodies is likely to be the unidentified and unnoticed factors hindering better
academic achievement among students. This however leads to wrong interpretation of test scores, errors in
inferences drawn from students’ scores while grading and classifying and thus increasing systematic error.Based
on this premise, this study seeks to investigate the extent to which normalizing fluctuating and directional
asymmetric scores and other psychological indices (study habit, students’ attitude towards mathematics,
achievement motivation and teacher subject mastery) would influence performance in mathematics achievement
test among secondary school students in Ogun State.

The tracking of academic achievement of any student is important in fulfilling number of purposes in
life. Their achievement and failure need to be evaluated in order to foster improvement and make full use of
learning process. Academic outcomes provide a framework for talking about how students’ fare in school and a
constant standard to which all students are held which are mostly determined by achievement test. Students’
result also allow them to be ranked and sorted on a scale that is numerically obvious, minimizing complaints by
holding teachers and schools accountable for the components of each and every grade (Owusu-Darko, 2011).
This process is made possible through achievement test.

The importance of having a solid background in mathematics is well recognized as it serves as a
gateway to future professions in a variety of fields (Akinsola, 2011; Tella 2008; Pandor 2006; De Klerk Wolters
cited by Kurt, 2002). Mathematics is very important in our daily lives since it deals with real life situation in our
daily activities (Ojose 2011). A thorough understanding of mathematics is an asset, if not essential, for
applicants interested in obtaining better employment the world over. In other words, mathematical competence
is an essential component in preparing numerate citizens for employment and it is needed to ensure the
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continued production of highly-skilled persons required by industry, science and technology (Mikulski 2001;
Steen 2001; House 2006).

Despite the recognition accorded to mathematics due to its relevance, Elekwa (2010) remarked that
students’ exhibit non- challant attitude towards mathematics, even when they know that they need it to forge
ahead in their studies and in life. Such students who have already conditioned their minds that mathematics is a
difficult subject are usually not serious in the learning of mathematics and therefore perform poorly in
mathematics tests and examination. Analysis of school certificate mathematics examination results shows that
students’ performances in mathematics are consistently poor. Uwadiae (2010) reported that less than 42% of
registered candidate in Senior Secondary Certificate Examination obtain credit pass in mathematics. Even the
SSCE results released by WAEC and NECO for 2012 indicated poor achievement of students in mathematics.
According to Olunloye (2010) this ugly trend of high failure rate in mathematics is a national disaster.

It has been observed that students who have high level of study habit and positive attitude towards
mathematics would perform better and have high scores than students who possess poor study habit and this will
brings about variation in the their test scores likewise their attitude towards mathematics. Also, in identifying
institutional factors, instructional practice related factors predisposing academic failure and asymmetric data are
opportunity to learn, classroom activities, motivation, readiness to teach, professional development, class size,
school resources, instructional limitations and teacher subject mastery.

Fluctuating asymmetry is a particular form of asymmetry, characterized by small random deviation
from perfect symmetry. The fundamental basis for the study of fluctuating asymmetry is an a priori expectation
that symmetry is the ideal state of bilaterally paired data. Fluctuating asymmetry measures deviations from the
ideal state of symmetry, and is therefore thought to reflect the level of differentiation in data. It has attracted a
great deal of attention because bilaterally symmetrical data are extremely common in nature. It consists of
random deviations from perfect symmetry in test scores. It is a measure of test, which reflects students’ average
state of knowledge. Fluctuating asymmetry have long primarily used measurements of lengths or perhaps
angles on the left and right sides of a set of scores (Graham, J.H, Raz, S.,&Nevo, E. 2010). More recently,
however, many new tools have been developed in the field of mathematics (Van Donge, 2006), including
methods for studying asymmetry of data. The measurement of fluctuating asymmetry is complicated by the fact
that its magnitude and distribution are the same as the magnitude and distribution of measurement error(Van
Donge, 2006).

Directional asymmetry on the other hand is the type of asymmetric that occurs in students’
performance when the scores are in one side of the curve- either in the left-handed or right-handed side of the
curve instead of being evenly distributed and therefore leads to asymmetrical data (Van Donge, 2006).
Directional asymmetry is characterized by a symmetry distribution that is not centered on zero but is biased
significantly, towards larger data either on the left or the right side.That is, positively skewed or negatively
skewed.

Educational researches had identified both fluctuating and directional asymmetric scores as factors that
contribute to academic failure (Schneider & Coleman 1993). The relative lack of symmetric data is unfortunate
given that related literatures strongly suggest the possibility that directional and fluctuating scores disrupt
academic functioning. Researchers have however suggested data transformation in normalizing asymmetric
scores. Various statistical analyst and testers adopt various methods of data transformation to normalize
abnormal data such as square root transformation, log transformation, inverse transformation, arcsine
transformation and box cox transformation. (Schneider & Coleman, 1993).

From the review of studies in mathematics as shown in literatures, it was observed that most existing
works in mathematics achievement test were carried out with other variables like students’ attitude, parental
socio economic status, class size, school climate, motivation, teachers’ mastery but fewer researches had been
carried out in investigating the presence, causes and influence of asymmetric scoreson students’ achievement
especially in mathematics. To fill this gap, this research work is aimed at normalizing fluctuating and
directional asymmetric data of mathematics achievement test and other psychological indices such as students’
attitude towards mathematics, achievement motivation, teacher subject mastery and students’ study habit
among secondary school students in Abeokuta metropolis of Ogun State.

Il. Method
Design
The study adopted a survey design of ex-post facto type. The design was adopted because the variables
of study are already in existence. The study normalized asymmetric data of mathematics achievement test and
some other psychological indices among secondary school students in Ogun State.
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Settings

The population of the study consists of all secondary school students in Abeokuta, Ogun State. There are 18
public senior secondary schools in Abeokuta North and 20 public secondary schools in Abeokuta South of Ogun
State.

Sample and Sampling Techniques

The sample of the study consists of two hundred and fifty (250) respondents. Multi stage procedure
was used in the study to select six (6) schools from the two (2) Local Government areas in Abeokuta Metropolis
which are Abeokuta South and Abeokuta North Local Government area of Ogun State.The senior secondary
schools in Abeokuta South and Abeokuta North were listed and three schools were randomly selected in each
Local Government Area. Senior secondary students were stratified from the sample and were selected using the
simple random sampling technique. Six senior secondary schools were sampled. Two hundred and fifty (300)
students were selected from the six schools. This technique was used so that equal opportunity would be given
to the schools in the two local governments to partake in the study in order to ensure good representativeness of
the population.

Instrumentation

Following instruments were used to collect data for this study:

Students’ Attitude towards Mathematics Scale

Students’ attitude toward Mathematics developed by Ryan (2012) was used. Questions 1 to 15 were adapted and
modified by the researcher. The scale measured the extent to which the students dispose and react to studying
mathematics. The scale adopted a 4-likert response format ranging from SA=strongly agree to SD=strongly
disagree. The scale yielded Cronbach reliability coefficient of 0.77

Achievement Motivation Scale

Achievement motivation Scale consists of twenty items developed by the researcher. It measured the
extent to which the students are extrinsically or intrinsically motivated towards studying mathematics. The scale
adopted a 4-likert response format ranging from SA=strongly agree to SD=strongly disagree. The scale yielded
Cronbach reliability coefficient of 0.72 while the internal consistency analysis ranged from 0.43 to 0.89.

Teacher Subject Mastery Scale

Teachers’ subject mastery scale consists of fifteen items developed by the researcher. The scale
measured the extent to which mathematics teachers do understand the contents and topics in the mathematics
syllabus and how it has influence on the understanding, interest and attitudes of the students towards
mathematics. The students provided information based on their interaction in the class with the teachers on the
teachers’ subject mastery. The scale adopted a 4-likert response format ranging from SA=strongly agree to
SD=strongly disagree and yielded Cronbach reliability coefficient of 0.75.

Study Habit Inventory

Study habit scale was adapted and modified from Bakare study habit inventory (1977). It measured the
extent to which the student study and apply effective and useful study techniques in improving their
performance in mathematics. The scale adopted a 4-likert response format ranging from SA=strongly agree to
SD=strongly disagree. . The scale yielded Cronbach reliability coefficient of 0.81.

West Africa Senior Secondary Examination Council (WASSEC) 2018 Mathematics Objective Tests

West Africa Senior Secondary Council Examination (WASSCE) 2018 mathematics objective test was
administered to the students to test their knowledge in mathematics and the scores collected from the test was
transformed and normalized.

Data Analysis

The data collected were analyzed with the use of descriptive statistics, t. test and Regression analysis at
0.05 level of significance. Kolmogorov-smirnov and Shapiro-Wilk were used to test for normality of the scores
while Q-Q normality plot and histogram were used to transform andnormalize the mathematics test score
distribution collected to normal score distribution and control chart was used to test for the degree of normality
gained after transformation.
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I11. Results
Research question 1
What is the normality status of mathematics achievement score?
Table 1: showing the normality status of mathematics achievement score.

Descriptive Test of Normality
Statistic Kolmogorov- Shapiro-Wilk
Smirnov (K-S)
Mean 18.50 Statistics 262 Statistics .853
95% Lower 17.05 Df 299 Df 299
. Confidence Bound
Mathematics Interval for
Achievement Mean Upper 19.94 Sig .000 sig .000
Score Bound
5% Trimmed Mean 17.89
Median 13.00
Variance 134.033
Std. Deviation 11.577
Minimum 4
Maximum 47
Range 43
Interquartile Range 19
Skewness .847
Kurtosis -.650

Table 1 reveals that mathematics test score is significantly different from a normal distribution; K-S
(299) = 0.262, p<0.05. Hence the distribution is not a normal distribution. The table further reveals that the
skewness value (0.847) is greater than 0. Therefore the distribution is positively skewed. While the Kurtosis
value is less than 1; therefore distribution is largely spread and not peaked at all. This is also supported by the
large standard deviation value (11.577). However the minimum value (4) and the maximum value (47) indicates
the presence of outliers in the distribution. To further explain the state of the distribution, Q-Q normality plot
and histogram were used.

Fig 1
Normal @-Q Plot of Mathematics Achievement Score
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The Q-Q plot reveals that the score did not cleave with the diagonal towards the tail end. This implies that the
distribution deviated from normality.
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Fig 2: Histogram showing distribution of Mathematics Achievement Scores

The histogram also reveals that the distribution is not peaked and negatively skewed due large standard
deviation score.

Since the distribution is not normal, it can lead to bias, type I and Il error as well as error in interpretation of test
score. The researcher is interested in finding out variables that contributes to the large variation in the
distribution apart from systematic error. Therefore a question was raised;

Research question 2
Would there be any significant differences in the mathematics achievement test mean score of students with
varying achievement motivation level?

Table 2: t-test summary showing differences in the mathematics scores of students with varying
achievement motivation level

Achievement N Mean Std. Df t Sig P
motivation level Dev
Mathematics Low 135 17.60 11.745
Achievement High 114 19.56 11.335 297 -1.334 .183 >0.05
test score

Table 2 shows that there is no significant difference in the mathematics achievement test mean score of students
with varying achievement motivation level ;t(297)= -1.334, p>0.05. Therefore students’ achievement motivation
scores did not contribute to variation in mathematics test scores.

Research question 3
Would there be any significant differences in the mathematics achievement test mean score of students based on
teacher subject mastery?

Table 3: t-test showing differences in the mathematics scores of students based on teacher subject

mastery.
Teacher subject | N Mean Std. Df T Sig P
mastery Dev
Mathematics Low 247 18.58 11.585
Achievement . 297 1.289 | .199 >0.05
test score High 2 8.00 000

Table 3 shows that there is no significant difference in the mathematics test score of students based on
teacher subject mastery; t (297)= 1.289, p>0.05. Therefore teacher subject mastery score does not contribute to
variation in mathematics test score. Although the difference in the standard deviation of mathematics test scores
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of students who believe that their teachers subject mastery is low (mean= 18.58 and standard deviation =
11.585) and those that belief is high is (mean= 8 and standard deviation = .000) extremely vary. This however
can justify the presence of outliers in the distribution.

Research Question 4:
Would there be any significant difference in the mathematics achievement test mean score of students based on
study habit level?

Table 4: t-test showing differences in the mathematics scores of students based on study habit level.

Study habit N Mean Std. Df t Sig P
Dev
Mathematics Low 244 18.09 11.326
Achievement 297 -4.042 .000 <0.01
test score 5 38.60 1.342
High

Table 4 shows that there is a significant difference in the mathematics test scores of students based on
study habit; t(297)= -4.042, p<0.01. The result further shows that students with high (mean= 38.60 and std.dev=
1.342) study habit display higher mathematics test score than those with low study habit (mean= 18.09 and
std.dev=11.326). Size of effect (n’= 0.062) reveals that study habit accounts for 6.2% variance in students
mathematics test score. That is, study habit had moderate effect on the rate of change in students mathematics
test score. However, the table further shows that the smaller the standard deviation the closer the distribution to
normality but the larger the standard deviation the farther to normality and the higher the skewness. This implies
that low study habit contributes to non-normal distribution of mathematics test scores.

Research question 5
Would there be any significant differences in the mathematics achievement test mean score of students based on
attitude towards learning mathematics?

Table 5: t-test showing differences in the mathematics score of students based on attitude towards leaning
mathematics.

Attitude N Mean Std. Std. Df t Sig P
towards math Dev Error
Mathematics 8 9.75 1.165 412
Achievement Negative 297 | -2.18 .030 | <0.05
test score
Positive 241 18.79 11.654 751

Table 5 shows that there is a significant difference in the mathematics test score of students based on
their attitude towards learning mathematics; t(297)= -2.189, p<0.05. The result further shows that students with
positive attitude towards learning mathematics (mean= 18.79 and std.dev=11.654) display higher mathematics
test score tendency than those with negative attitude (mean= 9.75 and std.dev=1.165). Size of effect (132= 0.019)
shows that attitude towards learning mathematics accounts for 1.9% variance in students mathematics test score.
That is, attitude towards learning mathematics had small effect on the rate of change in students mathematics
test score. However, the table further shows that the smaller the standard deviation the closer the distribution to
normality but the larger the standard deviation the farther to normality and the higher the skewness. From the
standard error of students with positive attitude (std.dev=.751) shows that among the mathematics test score of
students with positive attitude there are large numbers of outliers. This implies that students who claimed to
have positive attitude towards mathematics learning contributes to non-normal distribution of mathematics test
scores.
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Research question 6
Would there be any difference in the distribution of a transformed data and a non-transformed data.

Table 6: showing Normality difference between transformed and non-transformed test score

Non transformed mathematics test score Transformed mathematics test score
Mean 18.50 Mean 1.2171
St.Dev 11.577 St.Dev 0.25130
Skewness .847 Skewness 192
Kurtosis .650 Kurtosis 910
Minimum 4 Minimum .70
Maximum 47 Maximum 1.68

Table 6 shows that after transformation the mathematics test score distribution became relatively
normal compared to when it was non-normal. Kurtosis value increased to -.910 which is closer to 1 than .650.
Skewness value reduced to .192 instead of .847. The rate of deviation from normality reduced as standard
deviation fell from 11.577 to 0.251. The degree of the presence of outliers also reduced from (minimum= 4 and
maximum = 47) to (minimum = 0.70 and maximum = 1.68). To further reveal the differences in the transformed
and non-transformed mathematics test score the histogram and Q-Q plot of normality was employed.

The Q-Q normality plot reveals that the transformed mathematics test score is relatively normal
compared to the untransformed test score. To further understand the test score that best fit the normality curve.
The histogram graph was drawn.
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Fig 3: Untransformed and Transformed Math Test Score

The histograms show that transformed mathematics test score displayed relative normality with mean score=
1.22 and Std.dev= 0.251 than the untransformed mathematics test score with mean score = 18.5 and Std.dev =
11.577.

IV. Discussion of the Findings
The result in table 3 showedthat mathematics test score is significantly different from a normal
distribution. Hence the distribution is not a normal distribution. The table further reveals that the skewness value
(0.847) is greater than 0. Therefore the distribution is positively skewed. To further explain the state of the
distribution normal g-q plot and histogram were used. The Q-Q plot reveals that the score did not cleave with
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the diagonal towards the tail end. This implied that the distribution deviated from normality and also the
histogram revealed that the distribution is not peaked and negatively skewed due large standard deviation score.

The finding of this study is in line with other research studies e.g. Lord (1955) reviewed the skewness
and kurtosis of 48 aptitude, admissions, and certification tests. He found that test score distributions were
generally negatively skewed and platykurtic. Cook (1959) replicated Lord’s analysis with 50 classroom tests.
Micceri (1989) gathered 440 distributions, 176 of these from large-scale educational tests, and he described 29%
of the 440 as moderately asymmetric and 31% of the 440 as extremely asymmetric. He also observed that all
440 of his distributions were non-normal as indicated by repeated application of the Kolmogorov-Smirnov test
(p<.01).

The result in table 4 showed that there was no significant difference in the mathematics achievement
test mean scores of students with varying achievement motivation level. Therefore students’ achievement
motivation scores do not contribute to variation in mathematics test scores.The result of this study collaborated
with Deci et al. (1999) meta-analyzed 128 studies that documented the effects of extrinsic rewards on intrinsic
motivation represented by free-choice behavior and self-reported interest in the activity or task. The authors
found that the use of extrinsic rewards significantly affected free-choice behavior, with an effect size of -0.24.
There was no significant effect on students’ self-reported interest. Thus, when students received extrinsic
rewards in exchange for task participation, they were less likely to persist in the task once the reward conditions
were removed, although their levels of self-reported interest did not decline.

However, the finding of this study opposed some studies which have found that academic motivation
could be significant in influencing academic achievement of students. Boggiano, Shields, Barrett, Kellam,
Thompson, Simons, & Katz, (1992) revealed that achievement motivation positively influenced academic
performance. It was found that motivational orientation predicted children’s standardized achievement scores
that children with an intrinsic motivation orientation had higher reading and math scores and higher overall
achievement scores compared to their extrinsic counterparts. (Sikwari 2014) also discovered a significant
correlation between academic achievement and motivation and that motivation has impact on academic
achievement of secondary school students in mathematics with respect to gender. Tella (2007) also found out
that highly motivated students performed better academically than lowly motivated students and females are
highly motivated compared to their male counterparts (Sikhwari 2014).

The result in table 5 showed that there was no significant difference in the mathematics test scores of
students based on teacher subject mastery. Therefore teacher subject mastery score does not contribute to
variation in mathematics test score. Although the difference in the standard deviation of mathematics test scores
of students who believe that their teachers subject mastery is low (mean= 18.58 and standard deviation =
11.585) and those that belief is high is (mean= 8 and standard deviation = .000) extremely vary. This however
can justify the presence of outliers in the distribution.

This study supported the findings of Glazerman, Mayer, and Decker (2006) that found out that having
no preparation to teach (i.e., not having a college degree in math education, math teaching certification, or math
teaching experience) did not prevent teachers from contributing positively to mathematics achievement of their
students. In fact, it was observed that TFA teachers tended to produce significantly higher student test scores
than the other teachers in the same schools — not just certified novice teachers but also certified veteran teachers
and concluded that the salient factors of teachers’ success in teaching are high academic records in any field of
study, motivation, and enthusiasm to teach. Bankov, Mikova, and Smith (2006) in their investigation in Bulgaria
using HLM to analyze TIMSS 2003 data for eighth grade math and science, this research suggested that having
a teacher who had a major or main area of study in the subject taught was not associated with greater math or
science achievement. Unexpectedly, students who had a life-science teacher with a degree in biology tend to
have lower scores on the life-science assessment than students whose teachers did not have a degree in biology.

However, the finding of this study is inconsistent with some studies which have found that teacher
subject mastery could be significant in influencing academic achievement of students. Darling- Hammond
(2000) examined a study conducted in 1999 by Los Angeles County Office of Education on elementary student
reading achievement and found that across all income levels, students’ reading achievement was strongly related
to the proportions of fully trained and certified teachers, much more so than to the proportion of new teachers in
the school. The study concluded that differences in students’ test scores was a teacher training issue and not due
to new teachers’ lack of classroom experience. Also using the data from NAEP 2000 for eighth-grade math,
Greenberg, Rhodes, Ye, and Stancavage (2004) investigated the relationship between teacher qualifications (i.e.,
certification,academicmajor or minor, highest degree, total teaching experience and experience teaching
mathematics) and student achievement and conclude that that teaching certification was positively associated
with higher math achievement.

The result in table 6 showed that there was a significant difference in the mathematics test score of
students based on study habit. The result further shows that students with high (mean= 38.60 and std.dev=
1.342) study habit display higher mathematics test score than those with low study habit (mean= 18.09 and
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std.dev= 11.326). Size of effect (n2= 0.062) reveals that study habit accounted for 6.2% variance in students
mathematics test scores.

This study corroborated with the findings of Osa-Edoh and Alutu (2012) which examined the
usefulness of inculcating in the students study habit as a means of enhancing their academic performance
showed a high correlation between study habit and students’ academic performance in secondary schools.
Similarly, Nuthana and Yenagi (2009) found significant correlation between study habit and academic
achievement. It further revealed that reading and note taking habits, habits of concentration, and preparation for
examination had significant correlation with academic performance. Nonis and Hudson (2010) also conducted a
study on performance of college students-impact of study time and study habit in which they found that some
study habit had a positive direct relationship on student performance but others had a negative direct
relationship.

V. Recommendations
Based on the findings of this study, it can be recommended that:
Counseling centers should be put in place in all secondary schools to help the students build and develop a
strong study habit and positive attitude an interest towards mathematics.

Academic counselors should organize time to time guidance programmes such as workshops, symposia
and public lectures for secondary school students to equipped them with the needed study skills and techniques
to enhance their study skills and performance.

Teachers and educators should help the students develop positive attitude and interest towards school
subjects especially in mathematics by studying the students in knowing the teaching method that improves their
performance and impacting the knowledge to the students with the best teaching method.

Research analysts and test assessors should always endeavour to transform the data collected before
analyzing it to avoid asymmetric data and make data transformation a routine data cleaning process.

Students should know the effect of their negative attitude and poor study habit towards mathematics
and its advance effect on their academic performance and the importance of the improving their study habit and
show a great interest in mathematics in order to performance in mathematics.

Various examination bodies should know the causes of students’ academic failure and how they can
carefully handle students’ scores and also endeavor to transform the scores obtained from student test and know
ways of normalizing asymmetric scores in having normally distributed scores to avoid asymmetric data and
mostly important reduce failure rate.

The society at large should create awareness and provide enlightening programmes on the importance
of mathematics in developing the society at large and how efforts can be made by the society to provide the
need to improve mathematics achievement among secondary students in order to meet the needs for
mathematics and science of the world in this twenty-first century.

VI. Conclusion
The study investigates the normalization of directional and fluctuating asymmetric data of mathematics
achievement test and other psychological indices. It was found out and concluded that students’ attitude towards
mathematics and study habit are significant predicators of students’ mathematics achievement scores while
students’ achievement motivation and perceived teachers subject mastery are not significant predictors of
students’ mathematics test scores. It was also concluded that transformation of mathematics test score
distribution became relatively normal compared to when it was non-normal and not transformed.
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