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Abstract:

Academic achievement is a result of the interplay of demographic, socioeconomic, and educational variables, and may
differ from domain to domain. Publicly available examination records of 1000 students were used to perform a
quantitative cross-sectional analysis to examine relationships between student characteristics and examination
performance in mathematics, reading, and writing. The following statistical methods were used: frequencies, percentages,
means, standard deviations, independent-samples t-tests, one-way analysis of variance, Pearson correlation and multiple
linear regression. Mean scores were 66.09 = 15.16 for mathematics, 69.17 + 14.60 for reading, and 68.05 + 15.20 for
writing. The females had a higher overall mean score than the males (69.57 vs 65.84) while the males scored more on
mathematics. The overall score for students who received the standard lunch meal and students who finished test
preparation was significantly higher than for comparison groups. There were also substantial differences in academic
achievement by race/ethnicity and parental education level. Positive correlations of all the three subjects were found with
the highest correlation between reading and writing (r=0.955, p<0.001). Male gender, completion of the test preparation
and membership in groups D and E were positively associated with mathematics scores and the categories of free/reduced
lunch and high school and some high school parental-education were negatively associated under the adjusted
mathematics model. Model accounted for 26.3% of the variation in score. In general, multiple student-related factors
were correlated with academic achievement and the high inter-correlations of subject scores indicated a strongly inter-
related nature of the learning outcomes. The results reinforce the value of using learning patterns through a multi-variate
statistical analysis to guide targeted academic intervention.
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1. Introduction:

Academic performance is generally accepted as a measure of students' learning growth and educational progress,
especially in terms of subject marks achieved in standardized tests. However, examination results are influenced by more
than this. Student performance in various subjects can be affected by the school context, family context or access to
educational support. There is evidence that the quality of teacher—student relationships and the socioeconomic
environment of the school can make significant contributions to academic achievement differences [1]. This is also
supported by wider international studies which have shown that socioeconomic status works on multiple dimensions and
is a significant predictor of educational achievement in various societies [2].

Socio-economic influences can be seen at the student, school and national level. The levels have been shown to be
interrelated, through comparative evidence derived from reading and mathematics achievement, to influence outcomes of
learning [3]. It was also found that a socioeconomic status is a consistent predictor of learning in an umbrella review of
the literature conducted [4]. Gender has also been associated with reading and numeracy achievement differences within
each school year besides the socioeconomic variables [5]. However, this does not mean that the gender gap in achievement
is consistent: broader socioeconomic and cultural contexts may lead to a different picture of the relationship between
gender and achievement [6].

The mathematics, reading, and writing scores offer complementary perspectives on students' academic performance.
These skills are connected, but each also has a small component of different aspects of learning. Studies have revealed
that cognitive processes which underlie reading abilities are also related to mathematical abilities [7]. Other mechanisms
that have been associated with the relationship between reading comprehension and mathematics include inferencing and
attentional control [8]. Early education has also revealed that reading and mathematical abilities occur as a result of within
domain and across domain relationships [9]. Findings indicate that the scores obtained by the subjects should not be
measured individually without taking into account their overall performance.

Additionally, student background characteristics can also affect performance in ways that are not measured in exam scores.
International assessment research has indicated that part of the link between socioeconomic status and academic
achievement is due to cognitive ability [10]. Another key variable that might matter could be educational preparation.
There have been found performance differences in high-stakes examinations that have been linked to test-preparation
activities, although the relationship can be different depending on context and nature of test preparation [11]. State test
results have also revealed that preparation efforts can impact achievement on tests and should be taken into account when
evaluating test results [12].

Although many studies have focused on the effects of single factors on achievement, relatively few simple statistical
studies have looked at the interrelationships among achievement in mathematics, reading, and writing, as well as the
interrelationships among demographic, socioeconomic, and preparation-related factors. The statistical approach can
differentiate simple group differences from association that are not explained by other student characteristics. The
objectives of the present study were to: describe mathematics, reading, and writing scores, examine differences between
mathematics, reading, and writing scores by gender, race/ethnicity, parental education, lunch category, and test preparation
status, assess correlation between mathematics, reading, and writing scores, and determine the independent association
between student characteristics and mathematics scores with multiple linear regression.

2. Materials and Methods

2.1 Study Design and Source

The study employed quantitative cross-sectional method to investigate the factors associated with academic achievement.
The analysis was based on a publicly available collection of students observations, with 1000 observations from students.
Every record contained details of one student, including reading, maths and writing scores and educational and
demographic details. There were no direct personal identifiers, and there was no interaction with students or collection of
new data during the study.

2.2 Study Variables and Outcome Measures

Mathematics, reading, and writing exam scores were used to measure academic achievement on a scale of 0—100. For
each student an overall score was made by averaging the scores from the three subjects. Explanatory characteristics
consisted of gender, race/ethnicity group, parental level of education, lunch category, and test preparation course
completion. The variables were chosen in order to investigate the available demographic, socioeconomic, and educational
variables that were reasonably thought to examine the link with examination performance.

2.3 Data Preparation and Descriptive Analysis

Prior to analyzing all records were checked for missing, incorrect, and inconsistent scores. Categorical data were
summarized by frequencies and percentages, and examination scores were summarized by means and standard deviations,
medians, minimum and maximum scores, and interquartile ranges. All necessary values were present, and then the three
subject scores were added together to obtain the overall academic performance score. Simple graphical summaries were
also used to explore the shape, spread, and extreme observations in score distributions.

2.4 Inferential Statistical Analysis

Standard inferential procedures were used to examine differences in academic performance by student characteristic.
Characteristics that had two categories such as gender, lunch category, and test-preparation completion were analyzed
using independent-samples t-tests. The factor of race/ethnicity had more than two groups, thus one-way analysis of
variance was used for this factor, as were parental education. Strength and direction of relationship between Mathematics,
Reading and Writing scores were measured using Pearson correlation coefficients. All statistical tests were performed in
a two-tailed way and p<0.05 was regarded as statistically significant.
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2.5 Multiple Linear Regression Analysis

Multiple linear regression was used to examine the independent associations between student characteristics and
mathematics achievement. Gender, race/ethnicity, parental education, lunch category and test-preparation completion
were all included together as explanatory variables. The tests of linearity and residual patterns were done and variance
consistency was checked using residual plots and the Breusch-Pagan test. Multicollinearity was checked using the adjusted
generalized variance inflation factors (GVIF). Unusual or influential observations were examined using standardized
residuals and Cook's distance. The standardized residuals from seven observations were found to be below the value of -
2.5 and were omitted prior to fitting the final model. The regression coefficients, standard errors, significance values, R?,
and adjusted R? were reported.

3. Results
3.1 Characteristics of the Student Sample
All 1000 student records were analysed, there were no missing data for the eight variables. Females accounted for 518
students (51.8%) and males for 482 (48.2%). Race/ethnicity comprised group A, 89 (8.9%); B, 190 (19.0%); C, 319
(31.9%); D, 262 (26.2%); and E, 140 (14.0%). Some college (22.6%) and an associate's degree (22.2%) were the most
common levels of parental education. Sixty-four and a half percent (645) of students reported receiving standard lunch,
and 35.5 percent (355) of students reported receiving free/reduced lunch. There were 358 students (35.8%) who finished
test preparation (Table 1).

Table 1. Demographic, Socioeconomic, and Educational Characteristics of the Student Sample

Characteristic Category n %
Gender Female 518 51.8
Male 482 48.2
Race/ethnicity Group A 89 8.9
Group B 190 19.0
Group C 319 31.9
Group D 262 26.2
Group E 140 14.0
Parental education Some college 226 22.6
Associate’s degree 222 222
High school 196 19.6
Some high school 179 17.9
Bachelor’s degree 118 11.8
Master’s degree 59 5.9
Lunch category Standard 645 64.5
Free/reduced 355 35.5
Test preparation Completed 358 35.8
None 642 64.2
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Note: n=1,000; no missing values were identified across the eight variables.

3.2 Distribution of Examination Performance

Mean examination scores were 66.09 = 15.16 for mathematics, 69.17 + 14.60 for reading, and 68.05 + 15.20 for writing.
The three achievement domains were similar across the medians, which were 66, 70 and 69. The mathematics score was
0-100, reading 17-100 and writing 10-100. The overall academic performance was 67.77 + 14.26, median 68.33 and
interquartile range 58.33-77.67. The average performance for Reading was the highest, followed by Writing and
Mathematics (Table 2, Figure 1).

Table 2. Descriptive Statistics of Mathematics, Reading, Writing, and Overall Academic Performance Scores

Measure Mean + SD Median IQR Mlm.m um-
Maximum
Mathematics 66.09 + 15.16 66.00 57.00-77.00 0-100
Reading 69.17 + 14.60 70.00 59.00-79.00 17-100
Writing 68.05 £ 15.20 69.00 57.75-79.00 10-100
Overall academic performance | 67.77 + 14.26 68.33 58.33-77.67 9-100
100
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Figure 1. Mean Examination Scores with Standard Deviations.

3.3 Differences in Academic Achievement Across Student Characteristics

There were substantial variations between the student characteristics in overall achievement. Females had a higher
composite mean than males (69.57 vs 65.84; t(998)=4.17, p<0.001), although males scored higher in mathematics (68.73
vs 63.63). Standard-lunch students outperformed free/reduced-lunch students (70.84 vs 62.20; t(998)=9.58, p<0.001),
while test-preparation completers outperformed non-completers (72.67 vs 65.04; t(998)=8.39, p<0.001). Composite
performance also differed by race/ethnicity, F(4,995)=9.10, p<0.001, and parental education, F(5,994)=10.75, p<0.001.
Table 3 shows that the higher means were found in group E and master's degree households (Figure 2).

Table 3. Comparison of Overall Academic Performance Across Student Characteristics
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Factor Group means (overall score) Test statistic p-value

Gender Female 69.57; Male 65.84 t(998)=4.17 <0.001
Lunch category Standard 70.84; Free/reduced 62.20 t(998)=9.58 <0.001
Test preparation Completed 72.67; None 65.04 t(998)=8.39 <0.001
Race/ethnicity A 62.99; B 65.47,C67.13; D 69.18; E 72.75 F(4,995)=9.10 <0.001

Some college 68.48; Associate’s 69.57; High school
Parental education | 63.10; Some high school 65.11; Bachelor’s 71.92; | F(5,994)=10.75 | <0.001
Master’s 73.60

Note: Overall academic performance was calculated as the arithmetic mean of mathematics, reading, and writing scores.

(A) (B) ()
Female A Some college 4
Male Associate’s
B
Standard lunch High school 4
cA
Freefreduced lunch - Some high school
D
Completed prep Bachelor's
No prep - E Master's -
T T T T T T T T T T
55 60 65 70 75 60 70 55 60 65 70 75
Mean overall score Mean overall score Mean overall score

Figure 2. Mean Overall Academic Performance Across Student Characteristics.

3.4 Relationships Among Mathematics, Reading, and Writing Performance

The Pearson analysis revealed high positive relationships between all three examination domains. Mathematics correlated
strongly with reading (r=0.818, 95% CI1 0.796—0.837, p<0.001) and writing (r=0.803, 95% CI 0.779-0.824, p<0.001). The
highest correlation was between reading and writing (r=0.955, 95% CI 0.949-0.960, p<0.001) with 91.1% of the variance
shared. Generally, higher scores on one examination domain were related to higher scores on the other examination
domains, although mathematics had slightly weaker relationships with literacy-based domains of scores than literacy had
with the writing domain (Figure 3).
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Figure 2. Pearson Correlations Among Mathematics, Reading, and Writing Scores.
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3.5 Multivariable Statistical Modeling of Academic Achievement

Diagnostic screening indicated 7 observations were standardized residuals below -2.5 and were excluded, and the
mathematics model refitted with 993 students. The model was significant, F(12,980)=29.13, p<0.001, explaining 26.3%
of score variance (adjusted R?=0.254). There was no heteroscedasticity as suggested by the Breusch-Pagan test (p=0.297)
and the adjusted GVIF values were around 1.00. Math scores were positively related to male gender (B=4.75); groups D
(B=5.50) and E (B=10.84); and completion of the test-preparations (B=5.13). The parent education in high school was
negatively associated with free/reduced lunch (B=-10.89) and some high school parental education (B=-3.09) (Table 4).

Table 4. Multiple Linear Regression Model for Mathematics Performance

Predictor B SE t p-value
Intercept 62.55 1.69 37.04 <0.001
Male (vs female) 4.75 0.81 5.84 <0.001
Group B (vs A) 2.71 1.65 1.64 0.100
Group C (vs A) 2.68 1.54 1.74 0.082
Group D (vs A) 5.50 1.57 3.50 <0.001
Group E (vs A) 10.84 1.75 6.20 <0.001
Associate’s degree (vs some college) 0.51 1.21 0.42 0.673
High school (vs some college) -4.24 1.25 -3.38 <0.001
Some high school (vs some college) -3.09 1.29 -2.39 0.017
Bachelor’s degree (vs some college) 2.69 1.45 1.85 0.065
Master’s degree (vs some college) 3.28 1.87 1.76 0.079
Free/reduced Iunch (vs standard) -10.89 0.85 -12.87 <0.001
Completed test preparation (vs none) 5.13 0.85 6.05 <0.001

Note: B=unstandardized coefficient; SE=standard error. Reference categories were female, group A, some college,
standard lunch, and no test-preparation course. Model n=993; R?=0.263; adjusted R>=0.254; F(12,980)=29.13; p<0.001.

4. Discussion

The results indicated significant differences in academic achievement for a variety of demographic, socioeconomic and
preparation factors. Students' scores in the standard lunch category were higher than those in the free and reduced lunch
category, indicating that available socioeconomic indicators (lunch category) influenced students' educational
performance. This trend is in line with the evidence that socioeconomic differences may affect academic performance
because of differences in learning opportunities, expectations and educational resources [13]. Overall performance was
also related to parental education, with students whose parents were more highly educated generally having higher scores.
Educational expectations of parents have been found to influence outcomes in lifelong learning and instil academic
involvement [14]. But parental education benefits are not necessarily the same in all social and geographical settings [15].
Racial differences can also influence the educational benefits of parental attainment, as shown in similar evidence, so
family background cannot be understood without a consideration of the larger structural context [16].

Gender differences were also evident. Male students had better mathematics scores, while female students had better
overall academic scores. This variation lends itself to the theory that gender differences might occur within a specific
academic area, but not across all areas of academic achievement. Sex-related differences have been found in cognitive
processes that underlie mathematical performance, such as visual-spatial and verbal working memory [17]. There can also
be social influences as mathematics-related gender stereotypes can affect students' confidence, engagement, and
achievement [18]. However, writing performance has been shown to vary somewhat in standardized tests, which suggests
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the same could happen within a writing task [19]. Gender differences are also sensitive to how achievement is measured,
as evidenced by more general comparisons of grades and standardized tests [20].

Lunch category had a significant impact on the multivariable mathematics model, and free or reduced lunch was negatively
associated with the mathematics scores after the other characteristics were controlled. This finding corroborates the
interpretation that there is a socioeconomic disadvantage independent of the demographic and educational factors
measured in this study and that socioeconomic disadvantage may continue to be associated with achievement even when
these factors are accounted for concurrently. Evidence from large student samples has also revealed that socioeconomic
conditions act through multiple pathways in interactions with cognitive characteristics and school performance [21].
There were generally high positive correlations between all three measures, the highest being between reading and writing.
This is a pattern suggesting that skills in academic areas are interrelated, especially in the literacy area. There is previous
research that demonstrates the reinforcement that reading and writing can provide to each other through language,
understanding, and ways of learning [22]. The somewhat weaker, but still significant, links with the literacy scores indicate
that mathematics might share some common elements of the curriculum, but with more specific mathematics demands.
The mathematics model was further adjusted for male gender and group membership (D and E), with positive associations
found for these factors, but noting that this is a statistical relationship and not a group characteristic. Evidence shows that
mathematical gender gaps can be narrowed or widened under certain individual and social factors [23]. After adjustment,
high school, and some high school parental education negatively correlated with mathematics scores compared to some
college. Maths performance and structured preparation was also positively correlated with test-preparation completion,
further supporting the importance of structured preparation. It has been found that students' motivation and expectations
affect their attitude towards the test preparation process [24]. Evidence of the effects of test preparation on performance
on large-scale educational assessments is also found in recent meta-analytic studies, with intervention effects varying
depending on both the type of intervention and the context of the assessment [25]. Overall, the findings indicate that the
observed differences in academic achievement are generated from a combination of socio-economic background,
demographic, preparation, and the interrelated subject skills.

5. Conclusion

There were significant differences in academic achievement by demographic, socioeconomic, and educational-preparation
factors; and mathematics and reading/writing were closely related. There were higher scores for students getting lunch in
the standard lunch group and for those who had done academic preparation, suggesting that there was a relationship
between examination outcomes and lunch category and academic preparation. Gender differences reported were of a
subject specific nature: males were better in maths, and females had higher overall academic performance. There were
also relationships between achievement and parental education and race/ethnicity, but these were to be viewed as
association and not cause and effect. The high correlations among the three domains of the examination showed that
reading and writing skills are not completely independent and that competencies are closely related. The results of the
multiple linear regression also showed that male gender, group D and group E, free/reduced lunch, and the selected
categories of parental education were significant predictors of mathematics performance after controlling for one another.
The authors conclude that it is important to use descriptive, comparative, correlational, and multivariable statistical
methods together when studying academic outcomes. Implementing strategies to improve outcomes for disadvantaged
students must take into account both academic readiness and socioeconomic disadvantage. Further studies may reinforce
these results by adding more data on previous levels of achievement, attendance, school atmosphere, learning motivation,
and instructional quality to offer a fuller account of student performance.
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