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Abstract: The focus of the study is to use multinomial logistic regression model to analyze the determinants of students’ 

academic performance in mathematics. A simple random sample of 393 students was selected from a cohort of first year 

students of Zamse Senior High/Technical in the Bolgatanga Municipality. The students were admitted in the 2015/2016 

academic year to pursue various programmes in the school. A questionnaire was used to gather data from the students. The 

results indicate that the occurrence of good performance in mathematics is largely dependent on sex of students with male 

students showing significantly good performance than female students. Another significant predictor of good academic 

performance in mathematics was the age of students; with younger students exhibiting good academic performance than older 

students. Mother’s employment also contributes significantly to good performance in mathematics with students whose 

mothers are employed showing good academic performance than their counterparts whose mothers are not employed. 
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1. Introduction 

Mathematics is an integral part of the Ghana’s school 

curricula because of its wide application in commerce, 

agriculture, health and industry. It is one of the major 

requirements for gaining admission into educational 

institutions of higher learning. As a result, some studies have 

been done on factors that affects students’ performance in 

mathematics [7] [12] [10]. However, the effect of each factor 

to students’ academic performance is rarely measured in 

Ghana. As such, this study used multinomial logistic 

regression which is capable of finding the effect of each 

factor to students’ performance in mathematics [11] [6] [2] to 

predict the determinants of students’ academic performance 

in mathematics at Basic Education Certificate Examination. 

2. Related Literature 

[1] determined the academic performance of undergraduate 

students using multinomial logistics regression and their 

findings showed that sex of students and mode of admission 

significantly affect the level of academic performance and that 

male students are likely to have high performance than female 

students. Residential status of students was also found to have 

a significant effect on academic performance of undergraduate 

students with residential students exhibiting a higher 

performance compared to non-residential students. [5] 

Identified factors that affect undergraduate students’ academic 

performance as gender, college of study, high school grade, 

class attendance, time spent in study, father’s education, and 

parental support and involvement.  

[13] identified students’ seriousness to study, time spent 

studying and difficulty students’ face in understanding 

courses as significant determinants of academic success. 

Students’ seriousness about study was found to be the most 

significant predictor of academic performance. [8] used 

multinomial logit to determine students’ grade in an 

undergraduate money and banking course. Their results 
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indicate that student’s previous cumulative GPA and their 

percentile rank in a college entrance examination were major 

determinants of academic performance. Less significant 

predictors were student’s class attendance and the value 

students place on the course. 

3. Methods and Materials 

In this study multinomial logistic regression (MLR) was 

used to predict the academic performance of students in 

mathematics at Basic Education Certificate Examination. 

Multinomial logistic regression model is an extension of 

binary logistic regression [3] [4] and it is effective where we 

have polychotomous categorical dependent variable. In an 

MLR model, the estimates of parameters can be identified 

and compared to a baseline-category of the dependent 

variable [6]. The baseline-category logit model with a 

predictor � is 

��� �����	 = �� + ���, � = 1, 2, … . , � − 1.                (1) 

The model has � − 1  logit equations, with separate 

parameters for each. The effects differ according to the 

category paired with the baseline [2]. It predicts the effect of 

the individual independent variables on the dependent 

variable. When there are �  categories of the dependent 

variable, the model will consists of � − 1  logit equations 

which are fit simultaneously. 

In this study, dependent variable (academic performance) 

is categorized into good performance, average performance, 

and low performance with low performance serving as a 

reference category.  

Let � denote the level of student’s academic performance. 

Thus: 

� = 1:���ℎ	��� ��!"#$� 

� = 2: %&��"��	��� ��!"#$� 

� = 3: (�)	��� ��!"#$� 

(�*	+,� = *ℎ�	���-"-���*�	*ℎ"*	"	.*/0�#*	�	)���	ℎ"&�	"	�12��� ��!"#$� 

Where � = 1,2, …… . ,393	"#0	� = 1,2,3. Then, the two multinomial logit equations are as follows: 

��� 45(789:|<8=>?@⋯@<8=BC
5(789D|<8=>?@⋯@<8=BCE = �F + �:�,GHI +⋯+ �J�,GKL                                                  (2) 

��� 45(789M|<8=>?@⋯@<8=BC
5(789D|<8=>?@⋯@<8=BCE = �:F + �:M�,GHI +⋯+ �:J�,GKL                                                (3) 

The equations (2) and (3) give the odds ratios of a 

student obtaining good and average academic performance 

in mathematics relative to low academic performance and 

their corresponding probabilities equations (4), (5) and (6) 

are: 

+,,���0	"$"0�!�$	��� ��!"#$� = NOPQ8
:@∑ NO�Q8S�TP

	     (4) 

+,,"&��"��	"$"0�!�$	��� ��!"#$� = NOUQ8
:@∑ NO�Q8S�TP

	   (5) 

+,,��)	"$"0�!�$	��� ��!"#$� = NOSQ8
:@∑ NO�Q8S�TP

         (6) 

The explanatory variables include: age of student, sex of 

student, mother’s education, mother’s employment, 

parent/guardian religion, parent/guardian residential status 

and supply of textbooks. A simple random sample of 393 

students was selected from a cohort of first year students of 

Zamse Senior High/Technical School in Bolgatanga 

Municipality in the Upper East Region. These were students 

admitted in 2015/2016 academic year. 

A questionnaire was used to obtain the data. The 

questionnaire was structured to avoid students’ bias in 

answering the response variable by specifying the interval 

within which student’s actual performance falls. The data was 

analyzed using SPSS version 16.0 to calculate the estimated 

multinomial logit model parameter coefficients.  

4. Analysis and Discussion  

The study used a multinomial logit model to predict the 

determinants of students’ academic performance in 

mathematics. The maximum likelihood method was used to 

calculate the parameter coefficients of the model.  

4.1. Model Fitting Information 

The overall effectiveness of the model was assessed using 

the Chi-square statistic. The Chi-square value of 45.954 and 

its respective p-value of 0.002 is less than 0.05 (see Table 1). 

This indicates a significant relationship between the 

dependent variable and the set of independent variables in the 

final model. 

Table 1. Model Fitting Information. 

 -2log likelihood Chi-square df p-value 

Intercept only 502.857  

Final 456.903 45.954 22 0.002 

The Chi-square statistic value could not show the strength 

of the association between the response variable and 

predictor variables hence, the Pseudo R-Square measures 

were employed as shown in Table 2.  
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Table 2. Pseudo R-Square. 

Cox and Snell 0.123 

Nagelkerte 0.149 

McFadden 0.075 

It is indicated in Table 2 that all the three measures (Cox 

and Snell, Nagelkerte and McFadden) values indicate weak 

correlations between the dependent variables and the set of 

independent variables. 

The classification accuracy of the model was assessed and 

presented in Table 3.  

Table 3. Classification. 

Observed 
Predicted 

Good performance Average performance Low performance Percent Correct 

Good performance 3 65 0 4.4% 

Average performance 1 229 2 98.7% 

Low performance 1 46 4 7.8% 

Overall Percentage 1.4% 96.9% 1.7% 67.2% 

 

The model in general predicted 67.2% of the cases 

correctly in to their respective memberships. In terms of 

groups wise, 4.4% of cases were correctly predicted into 

good academic performance, 98.7% and 7.8% of the cases 

were correctly predicted into average and low academic 

performance respectively. 

4.2. The Multinomial Logit Models 

The study presents two multinomial logit equations with 

student’s low academic performance in mathematics serving 

as reference category/baseline category. The first multinomial 

logit model compares student’s good academic performance 

to low academic performance in mathematics regarding some 

predictor variables (age of student, sex of student, mother’s 

education, mother’s employment, parent/guardian religion, 

parent/guardian residential status, number of children in the 

family and supply of textbooks). The second multinomial 

logit model also compares student’s average academic 

performance to low academic performance in mathematics 

with the same predictor variables. The first multinomial logit 

model was presented in Table 4. It presents parameter values 

obtained from maximum likelihood estimates. 

Table 4. Coefficients of multinomial logistic regression-good versus low performance. 

Predictor variables 

Multinomial Logit model 

Good performance versus low performance 

B SE Wald df p-value Odds ratio 
95% C. I. for odds ratio 

Lower Bound Upper Bound 

Sex 

Male 1.401 0.427 10.746 1 0.001* 4.059 1.756 9.379 

FemaleRC 0b   0     

Age 

1-18 years 1.274 0.505 6.352 1 0.012* 3.574 1.327 9.623 

19+ yearsRC 0b   0     

Parents/guardians religion 

Christianity -2.024 0.851 5.657 1 0.017* 0.132 0.025 0.700 

Islamic -1.711 0.933 3.363 1 0.067 0.181 0.029 1.125 

TraditionalistsRC 0b   0     

Mother’s education 

Educated -0.737 0.428 2.967 1 0.085 0.479 0.207 1.107 

Not educatedRC 0b   0     

Employment of mother 

Employed 0.858 0.415 4.280 1 0.039* 2.260 1.046 5.321 

Not employedRC 0b   0     

Parents/guardians Residential status 

Self-contained apartment -0.605 0.410 2.180 1 0.140 0.546 0.244 1.219 

Compound houseRC 0b   0     

Number of Children in household 

1-3 children 0.237 0.603 0.154 1 0.695 1.267 0.388 4.132 

4-6 children 0.124 0.444 0.078 1 0.779 1.133 0.474 2.705 

7+ childrenRC 0b   0     

Supply of mathematics textbooks 

Adequate 1.004 0.577 3.034 1 0.082 2.730 0.882 8.451 

Inadequate 0.598 0.468 1.631 1 0.202 1.819 0.726 4.554 

Not allRC 0b   0     

RC=Reference category, sig. categories at 0.05 probability level 

The results showed that male students are more likely to 

have good academic performance relative to low academic 

performance in mathematics than female students with a 

significant odd ratio of 4.059. In order words, a male student 
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is approximately 4 times more likely to have a good 

performance than a female student. It is also observed that, 

students who are less than or equal to 18years are more likely 

to have good academic performance relative to low academic 

performance in mathematics than those who are older than 

18years with a significant odd ratio of 3.574.  

Also, students whose parents/guardians are Christians are 

less likely to have good academic performance relative to 

low academic performance in mathematics than students 

whose parents/guardians are traditionalists with a significant 

odd ratio of 0.132. In order words, students whose 

parents/guardians are traditionalists are more likely to have 

good academic performance relative to low academic 

performance in mathematics with a significant odd ratio of 

7.569 than their counterparts whose parents/guardians are 

Christians.  

Interestingly, the study indicates that students whose 

parents/guardians are traditionalists are more likely to have 

good academic performance relative to low academic 

performance in mathematics than their counterparts whose 

parents are Muslims with an odd ratio of 5.534, though this is 

not significant. In order words students with Muslims 

parents/guardians are less likely to have good academic 

performance relative to low academic performance than their 

counterparts whose parents/guardians are traditionalists with 

an insignificant an odd ratio 0.181.  

The study further indicates that students whose mothers 

are educated are less likely to have good academic 

performance relative to low academic performance than their 

counterparts whose mothers are not educated with an 

insignificant odd ratio of 0.479. Similarly, students whose 

mothers were employed are more likely to have good 

academic performance relative to low academic performance 

than their counterparts whose mothers are not employed with 

a significant odd ratio of 2.260 as illustrated in Table 4. 

The findings indicate that students who were adequately 

supplied with textbooks have approximately 3 times good 

academic performance relative to low academic performance 

than their peers who do not have textbooks at all. Lastly, 

students with inadequate supply of textbooks were also 

approximately two times more likely to have good academic 

performance relative to low academic performance than their 

counterparts who never had a text book. Both were, however 

not significant contributors to the model. 

The estimates of the second multinomial logit model were 

presented in Table 5. The parameter coefficients of model 

were equally obtained from maximum likelihood estimates.  

Table 5. Coefficients of multinomial logistic regression-average versus low performance. 

Predictor variables 

Multinomial Logit model 

Average performance versus low performance 

B SE Wald df p-value Odds ratio 
95% C. I. for odds ratio 

Lower Bound Upper Bound 

Sex 

Male 1.117 0.348 10.312 1 0.001* 3.054 1.545 6.038 

FemaleRC 0b   0     

Age 

1-18 years 1.046 0.390 7.198 1 0.007* 2.846 1.326 6.109 

19+ yearsRC 0b   0     

Parents/guardians religion 

Christianity -1.164 0.797 2.135 1 0.144 0.312 0.065 1.488 

Islamic -1.117 0.865 1.667 1 0.197 0.327 0.060 1.784 

TraditionalistsRC 0b   0     

Mother’s education 

Educated -0.485 0.351 1.914 1 0.167 0.615 0.309 1.224 

Not educatedRC 0b   0     

Employment of mother 

Employed 0.192 0.339 0.319 1 0.572 1.211 0.623 2.356 

Not employedRC 0b   0     

Parents/guardians Residential status 

Self-contained apartment -0.341 0.336 1.029 1 0.310 0.711 0.368 1.374 

Compound houseRC 0b   0     

Number of Children in household 

1-3 children 0.726 0.502 2.094 1 0.148 2.067 0.773 5.524 

4-6 children 0.567 0.364 2.428 1 0.119 1.763 0.864 3.597 

7+ childrenRC 0b   0     

Supply of mathematics textbooks 

Adequate 0.185 0.479 0.149 1 0.700 1.203 0.471 3.075 

Inadequate 0.141 0.370 0.144 1 0.704 1.151 0.558 2.376 

Not at llRC 0b   0     

RC=Reference category, sig. categories at 0.05 probability level 

The logit model indicates that male students are more 

likely to have average academic performance relative to low 

academic performance than female students with a 

significant odd ratio of 3.054. This means that male students 

are approximately three times more likely to show average 

academic performance relative to low academic performance 
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in mathematics than female students.  

The analysis furthers indicates that students who were 

18years old or younger are more likely to obtain average 

academic performance relative to low academic 

performance in mathematics than students above 18years 

old with a significant odd ratio of 2.846. Interestingly, 

students whose parents/guardians are traditionalists are 

more likely to obtain average academic performance 

relative to low academic performance than students whose 

parents were Muslims and Christians with insignificant odd 

ratios of 3.056 and 3.203 respectively. The model also 

predicts that students whose mothers were employed are 

more likely to obtain average academic performance 

relative to low academic performance in mathematics than 

students whose mothers were not employed with an 

insignificant odd ratio of 1.211. This implies that student’s 

mother employment status slightly predicts students’ 

average academic performance.  

Students who were supplied with adequate textbooks and 

inadequate textbooks were more likely to exhibit average 

academic performance relative to low academic performance 

in mathematics than students who did not have textbooks at 

all with insignificant odd ratios of 1.203 and 1.151 

respectively.  

5. Conclusion 

Multinomial logit equations were used to predict the 

determinants of students’ academic performance in 

mathematics. The results showed that male students have 

higher chance of exhibiting good academic performance in 

mathematics than female students. Also, students below 19 

years old appeared to be more likely to achieve good and 

average academic performance in mathematics than 

students with 19 and above years old. By extension, the 

younger you are the better your performance in 

mathematics at the BECE level. Pupils who are able to 

write their BECE before age 19 have a higher chance of 

performing well in mathematics than those who do at age 

19 or later according to the findings of this paper. In 

addition, students whose mothers were employed also 

exhibited good performance in mathematics. As intimated 

by [5] parental support especially financially has an 

influence in the performance of the student.  
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