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ABSTRACT 

The findings of a study that modeled the academic performance of the pupils in the Bolgatanga 

East District using panel regression analysis are presented in this abstract. The study concentrated on 

how student performance was impacted by attendance, residence, age, class size, parental occupation, 

and sex. To identify patterns and trends in the academic performance of pupils, secondary data was 

gathered from 15 junior high schools in the Bolgatanga East District.  The various elements that affect 

pupils' academic success were identified using panel regression and nested design models. The study's 

findings demonstrated the significance of attendance, age, and gender as predictors of academic 

achievement. Furthermore, it was discovered that student age played a considerable role, with younger 

pupils outperforming older ones in terms of marks. The performance of male and female students 

differed slightly, with girls outperforming males in some courses. Exam scores were higher for students 

who frequently attended classes, indicating that attendance had a beneficial effect on performance. 

Overall, the study highlights the significance of attendance, age, and sex in predicting students' outcomes 

and offers insights into the elements impacting academic achievement in the Bolgatanga East District. 

Interventions and policies targeted at raising district students' achievement can be informed by the data. 

It is crucial to educate stakeholders on the importance of these elements in relation to district students' 

academic success. 

Keywords: Performance, Attendance, Residence, Age, and Sex 

1. Introduction 

Students' performance on an exam is referred to as their academic performance. Student 

achievement is influenced by a number of things. [4]. Final exam results and average marks from 

ongoing evaluations are used to evaluate it. Academic performance serves as a gauge of the efficacy of 

the educational system by assessing students' comprehension of the material and abilities, their ability 
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to complete assignments, and their overall accomplishments. Academic achievement also has a big 

impact on people's well-being. [15]. It has an impact on both the academic achievement of present pupils 

and their prospects for future employment. [25]. Poor academic performance is associated with higher 

dropout rates, higher rates of substance misuse, and detrimental effects on social, mental, and physical 

health. [15].   

The ultimate purpose of educational research is frequently thought to be determining what factors 

influence school success. [23]. For many years, scholars and decision-makers have been examining the 

primary factors that contribute to successful educational outcomes. How well a school achieves its 

objectives in terms of student learning, development, and general well-being is what is known as school 

effectiveness [14]. Similarly, an investigation by Ismail et al. [9] highlighted how important a positive 

school climate with strong relationships between teachers and students is to raising student achievement. 

        For both teachers and students, increasing class sizes is without a doubt the best way to handle 

large enrollments. The disadvantages of double-shifting are so severe that they can affect classes of up 

to 100 students. Research has indicated that teacher effectiveness is linked to the presence of established 

classroom routines and procedures, as well as the establishment of robust classroom systems, which can 

result in better student results [18]. At the same time, greater teacher effectiveness enables teachers to 

provide more effective pedagogical support, which benefits students' learning outcomes. 

       To achieve universal access to primary education by 2015, Ghana has made tremendous progress 

toward achieving the two Millennium Development Goals. In 2006/2007, 90.80% of students were 

enrolled in elementary school, according to the Institute of Statistical, Social, and Economic Research 

[8]. In Ghanaian elementary schools, the government has also implemented a number of measures to 

help with student registration, daily attendance, and retention. One example of such innovative 

initiatives is the Ghanaian government's provision of educational resources, including school uniforms, 

school meals, and instructional materials. 

The results of the Basic Education and Certificate Examination (BECE) from 2017–18 to 2020–21 

indicate that gender In the past, guys did better in mathematics than girls, although this difference has 

narrowed over time. Exam results in Ghanaian and English are comparable for both boys and girls. In 

mathematics, boys used to do better than girls, but by 2020–21, there were no discernible differences 

between the two groups' exam results. In 2017–18, for instance, boys scored an average of 2 percentage 

points better than girls (46 vs 44); nevertheless, by 2020–21, the difference was negligible (49.4 versus 

49.2). Boys and girls have continuously performed similarly over the years in Ghanaian and English. 

Ghana's commitment to attaining gender equality in educational attainment is demonstrated by these 

favorable outcomes. 

         The educational sector still faces numerous obstacles in spite of all of its achievements. Many 

students are failing to meet the minimal requirements for learning as well as to acquire the necessary 

abilities and fundamental skills, according to ISSER [8].  According to results from the 2006 Basic 

Education Certificate Examination (BECE), 190,921 pupils out of 208,379 who took the test were able 
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to receive aggregate scores between 6 and 30, or 62.00%.  The 2008 BECE results showed that more 

than 282,202 pupils received a pass grade, or 62.20%. Between 2019 and 2021, Bolgatanga East 

District's BECE performance decreased from 46.60% in 2019 to 33.80% in 2020, then marginally 

improved to 38.10% in 2021. 

         A student's age, educational institution, involvement in class, socioeconomic status of parents or 

guardians, residential area (rural or urban), educational trends, and the medium of instruction used in 

educational institutions are just a few of the many factors that determine a learner's success. [19].  

         Learning outcomes are thought to be essential to the effectiveness of the overall educational system. 

It is believed that the success of students dictates whether a learning institution succeeds or fails [15]. 

Education and academic effect on the nation's socioeconomic activities are the foundation of any nation's 

development [21]. This is based on the academic success of the students. 

         According to Farooq et al. [5], teachers' first concern should be pupils' success. Even exam results 

and continuous student assessments are used to gauge learning objectives, they claim. Others, such as 

learning about factors that influence students' success, have attracted a lot of attention from scholars and 

educators [2, 5, 21]. These studies demonstrate that enhancing students' academic performance is 

influenced by a variety of factors. 

        Any country's ability to succeed and develop is greatly influenced by the quality of education it 

offers. All individuals should have access to high-quality, inclusive education, according to Sustainable 

Development Goal 4. The significance of the foundational level of education is linked to the growth and 

advancement of contemporary civilization. At the primary school level, pupils work to improve their 

reading, writing, and numeracy abilities. 

        The Junior High School, formerly the Junior Secondary School, was founded to provide students 

with foundational technical, career, and scientific knowledge. The Senior High School facility serves to 

reinforce knowledge and skills learned during basic education and educational attainment, while also 

providing opportunities for students to develop a variety of skills and abilities. This study therefore 

attempts to predict factors that influence junior high school students' performance in the Bolgatanga 

East district.

2. Methodology 

2.1 Source of Data 

Secondary data from the Bolgatanga East District Education Directorate's student academic records 

was used. The schools provided the students' examination results for the three years (2020–2022) based 

on terms. 

This study's target population consists of all third-year students from public junior high schools in 

the Bolgatanga East District. Purposive sampling was used to evaluate fifteen (15) public junior high 

schools. Three main subjects were taken into consideration in the study: integrated science, mathematics, 
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and English language. Each academic year's termly student scores for each of the chosen schools were 

taken into account. 

2.2 Panel Regression 

       Often called longitudinal or cross-sectional time series data, panel data represents information 

gathered from multiple entities over a range of periods. One or more variables are seen throughout 

several periods in time series data sets, while numerous variables are observed at a single moment in 

time in cross-sectional data.  

Unobserved heterogeneity does not cause bias when using panel regression. Data from multiple 

individuals is incorporated into a pooled model without taking into consideration possible individual 

variances that could produce different coefficients. 

The model for Panel Regression (PR) is expressed by; 

𝑦𝑖𝑡= 𝛽0 + 𝛽1 𝑋𝑖𝑡,2+ ...  + 𝛽𝑘 𝑋𝑖𝑡+ ℰ𝑖𝑡,                                                                                                                                 (1) 

          (𝑖 = 1, . . . , 𝑁;  𝑡 = 1, . . . , 𝑇, 𝑎𝑛 𝑘 = 1, . . . , 𝐾). 

where;  

𝑖  is the unit of observation, 

𝑡 is the period,  

𝑘 indicates the 𝑘𝑡ℎ explanatory variable,  

𝛽0 is the intercept, 

𝛽𝑘  is the coefficient of each explanatory variable,   

ℰ𝑖𝑡 is the error term 

[24]. 

The error term, ℰ𝑖𝑡, can be broken down into two components: a unit-specific error related to the 

cross-section, 𝑎𝑖, and an individual-specific error 𝑢𝑖𝑡.. The error term, ℰ𝑖𝑡 can be decomposed into two 

sections such as a cross-sectional unit-specific error, 𝑎𝑖 and an idiosyncratic error 𝑢𝑖𝑡 .  

ℰ𝑖𝑡 = 𝑎𝑖 +  𝑢𝑖𝑡 .                                                                                                                (2) 

The cross-sectional unit-specific error, denoted as 𝑎𝑖 , remains constant over time, while the 

idiosyncratic error, 𝑢𝑖𝑡  changes across different cross-sectional units and over time. The rationale and 

advantages of breaking down the error terms into components are aimed at reducing certain portions  by 

utilizing panel data, which is beneficial in lessening concerns related to omitted variable bias that arises 

from unobserved unit-specific factors. By integrating equation (2) into equation (1), the following 

equation can be derived. 

𝑦𝑖𝑡= 𝛽0 + 𝛽1 𝑋𝑖𝑡,2+ ...  + 𝛽𝑘 𝑋𝑖𝑡+ ℰ𝑖𝑡+ 𝑎𝑖+ 𝑢𝑖𝑡.                                                                                                       (3) 

[24] 

2.2.1 Assumptions of panel regression 

1. Linearity: There must be a linear relationship between the dependent and independent variables. 
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2. Homoskedasticity and Non-autocorrelation: The variance of the residuals must be constant across 

the predicted values. 

3. Independent variables are not stochastic.  

4. No multicollinearity: No high correlation between the independent variables. 

2.3 Nested Design  

Nested design refers to a research design where one-factor level (such as Factor B) is hierarchically 

subsumed under another level of a factor (such as Factor A). The statistical model for the nested design 

is 

𝑦𝑖𝑗𝑘 =  𝜇 +  𝛼𝑗 +  𝛽𝑗(𝑖) +  ℰ(𝑖𝑗)𝑘,                                                                                                   (4) 

(𝑖 = 1, . . . , 𝑛;  𝑗 = 1, . . . , 𝑝, 𝑎𝑛𝑑 𝑘 = 1, . . . , 𝑞). 

Where;   

𝑦𝑖𝑗𝑘 presents the score of the 𝑖𝑡ℎ observation within the 𝑗𝑡ℎ level of Factor A and the 𝑘𝑡ℎ level of Factor 

B,   

𝜇   indicates the grand mean, serving as a constant for the population of observations,   

𝛼𝑗   signifies the effect of the 𝑗𝑡ℎ  treatment condition of Factor A; mathematically, it represents the 

deviation of the population means (𝜇𝑗) from the grand mean (𝜇).   All observations share the same 

dependent score in the 𝑗𝑡ℎ condition, subject to the requirement that the sum of all 𝛼𝑗 equals zero across 

all treatment conditions.   

𝛽𝑘(𝑗) denotes the effect of the 𝑘𝑡ℎ treatment condition of Factor B, which is nested within the 𝑗𝑡ℎ level 

of Factor A; mathematically, it reflects the deviation of the population mean (𝜇𝑗𝑘) in the combined 𝑘𝑡ℎ 

and 𝑗𝑡ℎ  level from the grand mean (μ). This effect remains constant for all dependent scores of 

observations in the 𝑘𝑡ℎ condition, nested within the 𝑗𝑡ℎ condition of Factor A. It is assumed that the 

effect follows a normal distribution in its underlying population.    

ℰ𝑖(𝑗𝑘)  represents the random error effect associated with the 𝑖𝑡ℎ  observation in the 𝑗𝑡ℎ  condition of 

Factor A and the 𝑘𝑡ℎ condition of Factor B. This term is a random variable, distributed normally in the 

underlying population and is independent of 𝛽𝑘(𝑗).   

[13] 

2.4. Assumptions of Nested Design 

1. Linearity: There must be a linear association between the dependent and independent variables. 

2. Normality: The error residuals are assumed to be distributed normally.  

3. Homoscedasticity: The residuals are assumed to have a constant variance. 

4. Independence of observations (No autocorrelation of the model’s residuals). 

3. Results 
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The means for attendance, age, and class size of the students were 57.39, 18.69, and 33.69, 

respectively as contained in Table 1 below. The standard deviations for the same variables were obtained 

as 16.52, 1.58, and 11.29, respectively. The minimum and maximum values for attendance recorded are 

14.50 and 99.50, age is 14.00 and 26.00, and class size is 18.00 and 58.00, respectively. 

Table 1. Descriptive Statistics 

Variables Mean Std. Deviation Minimum Maximum 

Attendance 57.39 16.52 14.50 99.50 

Age 18.69 1.58 14.00 26.00 

Class-size 33.69 11.29 18.00 58.00 

 3.1 Correlation Coefficients  

The Pearson product-moment correlation coefficient (r) assesses how strongly two quantitative 

variables are linearly associated with a sample. Each individual or case needs to have measurements for 

both quantitative variables. The significance test for r determines if there is a linear connection between 

the two variables in the overall population. Pearson Correlation analysis was conducted to evaluate the 

relationship between the variables. The findings are shown in Table 2. 

Table 2. Pearson Correlation Coefficients for the Variables 

Variables Attendance Class-size Age Scores 

Attendance 1.0000 0.0120 0.0600 -0.0200 

Class-size  1.0000 -0.0310 0.0000 

Age   1.0000 0.0000 

Scores       1.0000 

In general, there exists a weak relationship between the variables, which satisfies the criteria for 

conducting panel regression analysis. 

3.2 Boxplot 

The boxplot shows the skewness of the distribution of the dataset collected for the study.  

Figure 1 presents a boxplot for the gender of students where boxplot boys were negatively skewed 

(skewed left) with an outlier. Boxplot of girls also shows the distribution of the data was approximately 

symmetric with outliers. 
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Figure 1. Boxplot for Gender of Students 

Figure 2 also displays the place of residence for students in the Bolgatanga East District. Both 

boxplots show the data distribution was negatively skewed with outliers for the rural residents.   

 

Figure 2. Boxplot for Place of Residence of Students 

Figure 3 also presents the occupational status of the parents of students who were considered in 

this study. The study indicates that the data for both categories were negatively skewed with outliers 

for the informal sector of the study.  
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Figure 3 Boxplot for Parental Occupation of Students 

Figure 4 presents a boxplot for the age of students who were considered in the study. The boxplots 

show that the data for all boxplots were negatively skewed with outliers in the majority of them except 

the last boxplot which was approximately symmetric.  

 

Figure 4. Boxplot for Ages of Students 

3.3 Panel Regression Model  

Table 3 shows that the coefficients of occupation, site of residence, and attendance are all negative 

and significantly correlated with students' academic performance. Gender, on the other hand, has a high 

and positive correlation with academic success. Furthermore, all but age and class size had positive 

coefficients that are substantially correlated with academic achievement.  

From Table 3, it can be observed that attendance and gender are significant with p-values less than 

0.05. The coefficient of attendance is negative While that of gender is positive.  

Table 3. Pooled OLS Regression Estimated Coefficients 

Variable Coefficient Std. Error t-value Pr(>|t|) 

Intercept 48.5130 2.6066 18.6116 0.0000 

Attendance -0.0229 0.0090 -2.5436 0.0110 

Age 0.0113 0.0939 0.1204 0.9042 

Class Size 0.0082 0.0131 0.6218 0.5341 

Residence     

Urban 2.5767 1.7771 1.4500 0.1471 

Gender     

Female 1.9604 0.3175 6.1747 0.0000 

Occupation     

Informal Sector -0.1177 0.5616 -0.2095 0.8341 
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3.4 Nested Design Analysis 

3.4.1 Academic term nested within a year 

The nested design was used to predict the academic achievement of learners in the Bolgatanga East 

District. The findings from the nested design model are shown below. 

Table 4. Estimated Coefficients of Academic Term Nested Within a Year 

Variable Coefficient Std. Error t-value Pr(>|t|) 

Attendance -0.0474 0.0122 -3.8900 0.0001 

Age -0.3779 0.1091 -3.4630 0.0005 

Class Size 0.0070 0.0131 0.5310 0.5954 

Term      
Term 2 1124.0000 730.4000 1.5390 0.1239 

Year     

2021 -48130000.0000 1456000000.0000 -0.0330 0.9736 

2022 -96260000.0000 2912000000.0000 -0.0330 0.9736 

Gender     

Female 1.9640 0.3165 6.2040 0.0000 

Residence     

Urban 2.5320 1.7720 1.4290 0.1531 

Occupation     

Informal Sector -0.1002 0.5598 -0.1790 0.8579 

Year: Term -0.5572 0.3614 -1.5420 0.1232 

    The model has an adjusted 𝑅2 = 0.8985  indicating that about 90% of the variation in academic 

achievement of students is explained by the explanatory variables. The model is significant with a P-

value of 0.00 and a residual standard error of 17.23 with 13622 degrees of freedom with an F- statistic 

of 12060.00. 

It was discovered that student gender, age, and attendance in class were statistically significant. 

The academic term and year, however, showed a negligible effect on the academic performance of 

children in the Bolgatanga East District.  

3.4.2 Subjects nested within a term 

The variables in the model that have topics nested within significant terms include the student's age, 

gender, and class attendance, as well as subjects like Integrated Science and mathematics. The remaining 

factors were deemed inconsequential at the 5% level of significance, along with the academic period 

and subjects nested inside a term.  

Table 5. Estimated Coefficients of Subjects Nested Within a Term 

Variabless Coefficient Std. Error t-value Pr(>|t|) 

Attendance -0.0477 0.0117 -4.0750 0.0000 

Age -0.3777 0.1091 -3.4620 0.0005 

Class Size 0.0069 0.0131 0.5290 0.5971 

Term     

Term 2 -0.6776 0.7807 -0.8680 0.3854 

Subject     
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Core Mathematics 3.4275 0.7192 4.7650 0.0000 

Core Int. Science 4.7046 1.1643 4.0410 0.0001 

Gender      

Female 1.9637 0.3165 6.2050 0.0000 

Residence     
Urban 2.5321 1.7722 1.3680 0.1531 

Occupation     
Informal Sector -0.1004 0.5598 -0.1790 0.8576  
Term: Subject -0.5573 0.3614 -1.5420 0.1231 

The model has an adjusted 𝑅2 = 0.8986   showing that about 90% of the variation in the 

performance of students is explained by the explanatory variables. The model is significant with a p-value 

of 0.0000.

It is observed that the points in the normal Q-Q plots follow quite a linear relationship, especially 

for the majority of the points. It is observed that the points predominantly align with the straight diagonal 

line, exhibiting slight variations at both ends. According to this graph, the data is normally distributed. 

 

 

Figure 5. Nested Design Fitted 

3.5 Discussion of Results 
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Attendance in class has been shown to be a strong indicator of academic success. According to the 

study, kids' academic performance in the Bolgatanga East District decreases when their attendance at 

class increases. The results of other studies are in conflict with this [12, 1, 3]. This may be primarily 

because the majority of students in the Bolgatanga East District work in farming and gold mining, also 

known as "galamsey." As a result, they perform poorly academically because they are unable to focus 

in class and do not find time to revise after school. The Upper East Region is one of the poorest regions 

in Ghana, and thus the students could have been pushed to “Galamsey” by the effects of poverty [25]. 

Generally, females are seldom involved in the “Galamsey” due to its manual nature and it is not 

surprising that the female students are performing better than the male students.  

The gender of students also plays an important role in the academic performance of students in the 

study area. The study revealed that male and female students perform differently academically. 

Compared to male students, female students achieve nearly twice as well academically. Empirical 

evidence suggests that gender has an impact on students' academic performance. This is consistent with 

the findings of [16] and [18], whose researchers discovered that factors like students' gender are linked 

to academic achievement. This could be because of the gender roles they play at their respective 

destinations.  

Students' academic performance was impacted by both gender and age, which were statistically 

significant. According to a study by [11] and [10], this is consistent. Some students may have enrolled 

late, which could explain the findings. Older pupils, on the other hand, might be busy with home chores, 

which would limit their time for review and result in poor results. 

The Bolgatanga East District's academic performance is not significantly influenced by class size. 

A study by [6] found no statistically significant improvement in students' performance in either smaller 

or bigger courses, which contradicts the study's findings.  

Additionally, the study found that adolescents' academic performance and well-being were not 

significantly impacted by their parents' careers or where they lived. This supported the findings of other 

researchers that domicile has little bearing on academic achievement [22].

4. Conclusions  

According to the study, the academic performance of kids in the Bolgatanga East District is 

significantly influenced by their age, gender, and attendance in class. The district's students' academic 

performance was also significantly influenced by gender and class attendance, according to both models. 

According to the layered design, one factor affecting pupils' academic performance is their age. 

Stakeholders should increase stakeholder education, particularly in rural areas, to deter student absences 

and raise the academic achievement of students from underprivileged areas. 
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