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ABSTRACT 

 
 This paper is concerned with deriving mathematical expressions for drop – out rates of the school students for both girls and boys in 
both the preliminary and preparatory stages in A.R.E. in 2011/2012. In deriving the explicit mathematical expressions for the drop – out 
rates of the school students, the number of dropout years from the school and the observed rates for number of the students who dropped 
out from the school are used in drawing the observed curves from which the theoretical expressions are derived. The method of least 
squares is used in estimating the parameters.  
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INTRODUCTION 
 
 The problem of the drop – out of the school 
especially in the preliminary and the preparatory 
stages is observed in many developing countries 
which affects their progress. To study this problem 
and its causes this paper is concerned with deriving 
mathematical expressions for descripting drop – out 
rates of the school for both girls and boys students in 
A.R.E. in 2011/2012. These mathematical 
expressions are used as indicators that help to assess 
the efficiency of the educational system and reflect 
the support of society for education. Also the derived 
mathematical expressions can be used to predict the 
rates of the drop – out of the school in the future. 
 Vitaro, [5] tested a prediction model of early 
drop – out of the school with a sample of 751 boys 
with an emphasis on the role of related variables. The 
model included the performance of the main factors 
that included social acceptance from peers, and asso-
ciation with deviant/drop-out friends. The model also 
included socio-familial variables. However, theeffect 
of these variables varied according to dropout age. 
 Guo, [1] used pattern-mixture models for data 
analysis with drop-outs because they do not require 
explicit specification of the drop-out mechanism. 
These models stratify the data according to time to 
drop-out and formulate a model for each stratum. 
They estimated many pattern-specific parameters and 
extend this framework to a random pattern-mixture 
model. They assumed that the outcome and the drop 
- out process are independent. This model retains the 
robustness of the traditional pattern-mixture models. 
When he defined each subject as a separate stratum, 

this model reduces to the shared parameter model. 
Maximum likelihood estimates are obtained using an 
EM Newton Raphson algorithm.  
 Kazak and Confrey [2] focused on fourth-grade 
(9-years-old) students’ informal and intuitive 
conceptions of probability and distribution revealed 
as they worked through a sequence of tasks in the 
United States. These tasks were designed to study 
students’ spontaneous reasoning about distributions 
in different settings and their understanding of 
probability of various binomial random events that 
they explored with a set of physical chance 
mechanisms.  
 The data were gathered from a pilot study with 
four students. They analysed the interplay of 
reasoning about distribution and understanding of 
probability. The findings suggest that students’ 
qualitative descriptions of distributions could be 
developed into the quantification of probabilities 
through reasoning about data in chance situations. 
 Verdugo [4] examined the achievement gap by 
noting that the National Assessment of Educational 
Progress reported math scores among 17-years-olds 
is biased when compared with the scores of the same 
cohort 4 years earlier when they were 13 years old 
because over the 4-year period between 8th and 12th 
grade - a large percentage of students leave school 
without graduating in the United States. The analysis 
indicate that there is a considerable amount of bias in 
these test scores.  
 This paper is divided into three sections. The 
first section is the introduction.  The second section 
is devoted to the derivation of explicit mathematical 
expressions for the drop – out of the school students 
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in the preliminary and the preparatory stages. The 
estimation of the parameters is derived in the third 
section.  
 
Derivation of Explicit Mathematical Expressions for 
the Drop – Out of the School Students in the 
Preliminary and the Preparatory Stages: 
 
 The present paper is concerned with the drop – 
out of the school for both girls and boys students in 
the preliminary and preparatory stages. For the 

preliminary stage the drop – out of the school is 
observed from grade one to grade two (𝑖𝑖. 𝑒𝑒., after one 
year of education), from grade two to grade three 
(𝑖𝑖. 𝑒𝑒., after two years of education), from grade three 
to grade four (𝑖𝑖. 𝑒𝑒., after three years of education), 
from grade four to grade five (𝑖𝑖. 𝑒𝑒.,  after four years 
of education) and from grade five to grade six 
(𝑖𝑖. 𝑒𝑒., after five years of education). The rate of drop – 
out of the school is calculated as follows: 

 
no. of students who are droped –  out of the school in a specific grade in a given year

estimated no. of students who are enrolled in the same grade in the same year
 

 
 For both the preliminary and the preparatory 
stages the data obtained from the statistical yearly 
book of the year 2011/2012 for A.R.E.[3] represents 
the number of the enrolled students in the first grade 
and the number of students who are dropped – out of 
the school in the different years. To calculate the 
rates of drop – out of the school we need the number 
of the enrolled students in the different years in 
addition to the number of the students who are 
dropped – out of the school in the same years. Since 
the number of the enrolled students in the different 
years are not available, we need to estimate them to 
calculate the rates of the drop – out of the school. It 
is assumed that, the number of students who are 
dropped-out of the school in the first grade is 

subtracted from the number of students who are 
enrolled in the same year to obtain the number of 
students who are enrolled in the second grade and so 
on. The estimated number of the enrolled students 
are shown in table (1) for girls students and in table 
(2) for boys students in the Appendix. 
 For the preparatory stage the drop – out of the 
school is observed from grade one to grade two (𝑖𝑖. 𝑒𝑒., 
after six years of education) and from grade two to 
grade three (𝑖𝑖. 𝑒𝑒., after seven years of education). 
 The graphical presentation for the observed rates 
of drop – out of the school for girls students is shown 
in figure (1) as follows: 

 

 
 
Fig. 1: The observed rates of drop – out of the school for girls students in A.R.E. in 2011/2012. 
 
 Since the variable 𝑋𝑋 represents the observed 
rates for number of dropout years from the school 
and the variable 𝑌𝑌 represents the number of the 
students who dropped out from the school. 
 From figure 1 it is observed that the rates of the 
drop - out of the school in the interval from 1 year to 
5 years is parallel to the horizontal axis and has a 
small value close to zero. The rates rise up until six 
years and then begin to decline until the end of this 

grade of study. Mathematical expression for drop-out 
rates for girls can be derived using an approximation 
to the observed rates.  The graphical presentation for 
the approximated drop – out rates for girls is shown 
in figure (2) as follows: 
 One can derive the following mathematical 
linear expressions for the rates of drop – out of the 
school girls students from the preliminary and the 
preparatory stages as follows: 

 

ℎ(𝐹𝐹) = �
𝛼𝛼1 + (𝛽𝛽1 − 𝛼𝛼1)(𝑋𝑋 − 5)     5 ≤ 𝑋𝑋 ≤ 6
𝛽𝛽1 + (γ1 − 𝛽𝛽1)(𝑋𝑋 − 6)    6 ≤ 𝑋𝑋 ≤ 7

�                                              (1) 

 
 The graphical presentation for the observed rates of drop – out of the school for boys students is shown in 
figure (3) as follows: 
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Fig. 2: Approximation for drop – out rates for girls. 
 

 
 
Fig. 3: The rates of drop – out of the school boys students. 
 
 From figure (3) it is observed that the rates of 
the boys in the interval from 1 year to 5 years is 
parallel to the horizontal axis and has a small value 
close to zero. The rates rise up until six years and 
then begin to decline until the end of this grade of 

study. Mathematical expression for drop-out rates for 
boys can be derived using an approximation to the 
observed rates. The graphical presentation for the 
approximated drop – out rates for boys is shown in 
figure (4) as follows:         

 

 
 
Fig. 4: Approximation for drop – out rates for boys. 
 
 One can derive the following mathematical 
linear expressions for the rates of drop – out of the 

school boys students from the preliminary and the 
preparatory stages as follows: 

 
 

ℎ(𝑀𝑀) = �
𝛼𝛼2 + (𝛽𝛽2 − 𝛼𝛼2)(𝑋𝑋 − 5)     5 ≤ 𝑋𝑋 ≤ 6
𝛽𝛽2 + �γ2 − 𝛽𝛽2�(𝑋𝑋 − 6)    6 ≤ 𝑋𝑋 ≤ 7

�                                    (2) 

 
The Estimation of the Parameters: 
 
 The method of least squares is used in estimating 
the parameters of the derived expressions. According 

to the method of least squares the estimates of the 
parameters which minimize the sum of squares of 
deviations between the real values and the estimated 
ones are obtained using the following equation:  

 
𝜑𝜑 = ∑(𝑦𝑦 − 𝑦𝑦�)2                                                                                                   (3) 
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where 
𝑦𝑦:is the real value for the observed rates under study 
𝑦𝑦�:is the estimated value which is derived using the 
mathematical linear expressions 
𝜑𝜑:is the residual sum of squares to be minimized 

 Differentiating equation (3) with respect to the 
parameters we get a set of normal equations in the 
parameters under study. Solving these equations we 
obtain least squares estimators for the parameters. 
 The estimated mathematical expressions of the 
drop – out of the school girls students in both the 
preliminary and the preparatory stages are as follows:  

 

ℎ�(𝐹𝐹) = �9.893 × 10−3 + 3.107 × 10−3(𝑋𝑋 − 5)     5 ≤ 𝑋𝑋 ≤ 6
0.013 + 3 × 10−3(𝑋𝑋 − 6)                             6 ≤ 𝑋𝑋 ≤ 7

�              (4) 

 
 Chi – square test is used to test the goodness of 
fit between the observed rates of the drop – out of the 
school and the expected ones.  The calculated value 
for the chi-square test is equal to 0.079. It is 
compared with the tabulated value of 𝜒𝜒2(0.05,1) =
3.84 at the level of significance 𝛼𝛼 = 0.05. The null 

hypothesis that there is no difference between the 
observed rates of the drop – out of the school and the 
expected ones is accepted. 
 The estimated mathematical expressions of the 
drop – out of the school boys students in the 
preliminary and the preparatory stages are as follows:  

 

ℎ�(𝑀𝑀) = �0.012 + 4 × 10−3(𝑋𝑋 − 5)     5 ≤ 𝑋𝑋 ≤ 6
0.016 + 4 × 10−3(𝑋𝑋 − 6)    6 ≤ 𝑋𝑋 ≤ 7

�                                    (5) 

 
 Chi – square test is used to test the goodness of fit 
between the observed rates of the drop - out of the 
school and the expected ones.  The calculated value 
for the chi-square test is equal to 0.089. It is 
compared with the tabulated value of 𝜒𝜒2(0.05,1) =
3.84 at the level of significance𝛼𝛼 = 0.05. The null 

hypothesis that there is no difference between the 
observed rates of the drop – out of the school and the 
expected ones is accepted. 
 
Appendix:

 
Table 1: The rates of drop – out of the school girls students in preliminary and preparatory stages. 

Years of drop – out of 
education 

Estimated no. of enrolled 
girls students 

No. of drop – out of the school 
girls students * 

Rates of drop – out of the 
school 

1 4409240 * 2065 0.000468 
2 4407175 6365 0.001444 
3 4400810 2073 0.000471 
4 4398737 4143 0.000942 
5 4394594 9785 0.002227 
6 1855076 53970 0.02909 
7 1801106 19949 0.01107 

*Source: The statistical yearly book of the year 2011/2012 for A.R.E 
 
Table 2: The rates of drop – out of the school boys students in preliminary and preparatory stages. 

Years of drop – out of 
education 

Estimated no. of enrolled boys 
students 

No. of drop – out of the school 
boys students * 

Rates of drop – out of the 
school 

1 4660602 * 147 0.0000315 
2 4660455 6427 0.001379 
3 4654028 1404 0.000302 
4 4652624 923 0.000198 
5 4651701 6517 0.001401 
6 1833590 65725 0.03584 
7 1767865 21551 0.01219 

*Source: The statistical yearly book of the year 2011/2012 for A.R.E 
 
Table 3: The chi-square values. 

𝛼𝛼 
𝑑𝑑𝑑𝑑 

0.99 0.975 0.95 0.9 0.5 0.1 0.05 0.025 0.01 

1 0.0002 0.001 0.004 0.02 0.45 2.71 3.84 5.02 6.63 
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