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Abstract  Comprehensive, reliable and timely data on literacy rate is important for formulating policies and improving the 
state of literacy level in a country. The purpose of this study is to estimate age specific adult literacy rates (ASALRs) for male, 
female and both sexes population of urban area in Bangladesh. And, to fit some mathematical models to these ASALRs and 
their forward cumulative distribution. For this, the secondary data on literacy number and corresponding population obtained 
from population census 2001 are used to fulfill these objectives. Quasi Newton Method is employed for the estimation of 
these models. F-test, t-test and cross validity prediction power (CVPP) are also applied to check the accuracy of these fitted 
models. It is found that all the curves are showing decreasing with increase of ages. After all, it is found that ASALRs for 
male, female and both sexes of urban area in Bangladesh follow third degree polynomial model. And their forward 
cumulative distribution follow second degree polynomial model. It is observed that the models are well fitted in accordance 
with t-test, F-test and CVPP. The stability of all these models is more than 97%. The result of this study will help to increase 
literacy rates of urban area by using effective steps or strategies.  
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1. Introduction 
The term literacy is related with prosperity of health, 

nutritional status, economic growth, population control, 
empowerment of women and improvement of weaker 
section of the society. From the independence of Bangladesh, 
many new and new policies were taken in both Government 
and private level to expand literacy and remove illiteracy. 
The common situation of Bangladesh is the uneven 
distribution of wealth, income, resources and social services 
such as health, education and housing and any other 
opportunities which are necessary to sustain a normal and 
healthy life in any rural or urban area of a country. Poverty 
and unemployment are the main problem for the poor 
majority living in the area of rural or urban area. Government 
and NGOs are trying to promote education as an important 
social indicator to enhance the level of literacy which is still 
very low among low income group in Bangladesh. There is 
no alternative way for overall development of a country 
without the improvement of literacy. And development is a 
set of achievements that include reducing poverty and 
hunger, achieving universal primary education and gender 
equality, reducing infant and child mortality and maternal  
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mortality, reversing the spread of HIV/AIDS and other 
communicable diseases (IMF, 2005). In Bangladesh, literacy 
rates available from different surveys and studies are 
significantly different. This is mainly due to the fact that the 
definition of a literate person is not uniform and standardized. 
Low level of literacy has not only been a source of poverty. 
Lack of a literate workforce of aged 15 and above is the main 
cause of house-hold poverty. The literate population of aged 
15 and above is mentioned as adult literate population. The 
estimated population of Bangladesh in 2001 was 123.85 
million. The percentages of urban and rural population are 
23.1 and 76.9 respectively. It has an area of 147,570 square 
kilometers. The adult literacy rates for male and female of 
the urban area in Bangladesh, 2001 are 70% and 57.4% 
respectively and for rural area are 48% and 36.5% 
respectively (BBS, 2012). It is observed that male-female 
differences of rural and urban area are 12.6% and 11.5% 
respectively while rural-urban difference is remarkable high. 
Difference in literacy rates between Muslims and 
non-Muslims was small in rural areas compared to the 
difference between two religious groups in the urban areas. 
The literacy rate of non-Muslim is significantly higher than 
that of Muslims in urban area. The difference was maximum 
in Barisal and Rajshahi urban areas (BBS, 2008). Moreover, 
Islam and Hossain (2013a) reported that ASALRs for male, 
female and both sexes population of rural area follow third 
degree polynomial model. And their forward cumulative 
distribution follow second degree polynomial model. 
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Therefore, the main objectives of this study are addressed 
below: 

i) to estimate ASALRs for male, female and both sexes 
population of urban area in Bangladesh in 2001, 

ii) to assess the level and pattern of ASALRs for male, 
female and both sexes population of urban area in 
Bangladesh in 2001, and 

iii) to fit some mathematical models to ASALRs and 
forward cumulative ASALRs for male, female and both 

sexes population of urban area in Bangladesh in 2001. 

2. Data and Data Source 
A secondary data on adult literacy number and their 

corresponding population due to age for the estimation of 
ASALRs for male, female and both sexes population of 
urban area in Bangladesh have been taken from Population 
Census 2001 (BBS, 2003) which is shown in Table 1.  

Table 1.  Age Specific Adult Literacy Rates by Sex of Urban Area, 2001 

Age 
Group 

Male Female Both Sexes 
Total 

Population 
Number of 

Literacy 
Total 

Population 
Number of 

Literacy 
Total 

Population 
Number of 

Literacy 
15-19 1684080 1303540 1523180 1144040 3207260 2447580 
20-24 1594300 1263960 1572420 1072240 3166720 2336200 
25-29 1508240 1104020 1415080 840200 2923320 1944220 
30-34 1251000 856920 1041540 561680 2292540 1418600 
35-39 1126620 751440 853320 436380 1979940 1187820 
40-44 909060 595460 594420 274980 1503480 870440 
45-49 655480 446160 411220 187640 1066700 633800 
50-54 514340 324900 349480 128840 863820 453740 
55-59 284000 186300 186420 70680 470420 256980 
60+ 775800 408800 586360 152660 1362160 561460 

3. Methods and Methodological Issues 
3.1. Estimation of ASALRs 

To estimate ASALRs for male, female and both sexes population of urban area, the following formula is used 
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l
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+

+=     (Shryock et al., 1975) 

where al +15  is the number of literates of urban area in age group 15+a and ap +15  is the population of urban area in age 
group 15+a. These estimated ASALRs are demonstrated in Table 2. 

Table 2.  Observed and Smoothed ASALRs by sex of Urban Area, 2001 

Age 
Group 

Male Female Both Sexes 

Literacy Rate Literacy Rate Literacy Rate 
Observed Smoothed Observed Smoothed Observed Smoothed 

15-19 77.40 77.40 75.11 75.11 76.31 76.31 
20-24 79.28 75.98 68.19 67.50 73.77 72.02 
25-29 73.20 72.76 59.37 60.31 66.51 66.87 
30-34 68.50 69.12 53.93 54.56 61.88 62.36 
35-39 66.70 66.96 51.14 50.37 59.99 59.73 
40-44 65.50 66.04 46.26 47.02 57.90 58.34 
45-49 68.07 65.42 45.63 43.63 59.42 56.91 
50-54 63.17 64.08 36.87 39.50 52.53 54.34 
55-59 65.60 60.66 37.91 33.82 54.63 49.53 
60+ 52.69 55.06 26.04 26.11 41.22 42.23 

3.2. Smoothing of Age Data Related to ASALRs 

It is observed that there is some kind of unexpected distortions in the data aggregate when the data on ASALRs for male, 
female and both sexes of urban area in Bangladesh by age group is put on graph paper. Therefore, an adjustment is important 
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and needed to lessen these unpredicted distortions before going to fit the models to these data. As a consequence, a 
modification is made here using the Package Minitab Release 12.1 by the most up-to-date smoothing technique “4253H, 
twice” (Velleman, 1980). After that, the smoothed data are used to fit model for male, female and both sexes population of 
urban area in Bangladesh and these smoothed data is launched in Table 2 and their forward cumulative distribution are 
presented in Table 3. 

Table 3.  Forward Cumulative Distribution of Smoothed ASALRs by Sex of Urban Area, 2001 

Age Group FCD of Male FCD of Female FCD of Both Sexes 
15-19 77.4 75.11 76.31 
20-24 153.38 142.61 148.33 
25-29 226.14 202.92 215.2 
30-34 295.26 257.48 277.56 
35-39 362.22 307.85 337.29 
40-44 428.26 354.87 395.63 
45-49 493.68 398.5 452.54 
50-54 557.76 438 506.88 
55-59 618.42 471.82 556.41 
60+ 673.48 497.93 598.64 

Note: FCD: Forward Cumulative Distribution 

3.3. Model Fitting to ASALRs 

a) Using the scattered plot (Fig.1-Fig.3) of smoothed ASALRs by age group in years for male, female and both sexes 
population of urban area in Bangladesh, it seems that smoothed ASALRs for male, female and both sexes of urban area in 
Bangladesh can be fitted by polynomial model with respect to different ages. Therefore, an nth degree polynomial model is 
considered and the form of the model is 

0
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n
i

i
i

y a a x u
=

= + +∑ ; 

where, x is the mean value of the age group; y is smoothed ASALRs of urban area; 0a is the constant; ia  is the coefficient of 
ix  (i =1, 2, 3, ..., n) and u is the disturbance term of the model. Here a suitable n is found out for which the error sum of 

square is minimum. 

 
Figure 1.  Smoothed and Fitted ASALRs for Male of Urban Area in 2001. X: Age in Years and Y: Smoothed ASALRs for Male 
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Figure 2.  Smoothed and Fitted ASALRs for Female of Urban Area in 2001. X: Age in Years and Y: Smoothed ASALRs for Female 

 
Figure 3.  Smoothed and Fitted ASALRs for Both Sexes of Urban Area in 2001. X: Age in Years and Y: Smoothed ASALRs for Both Sexes 

b) Using the dotted plot (Fig.4 – Fig.6) of forward cumulative distribution of smoothed ASALRs for male, female and both 
sexes population of urban area in Bangladesh by age groups, it is observed that these follow nth degree polynomial model 
with respect to ages. Therefore, the structure of the model is 

uxaay i
n

1i
i0 ++= ∑
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where, x is the average value of the age group; y is forward cumulative distribution of smoothed ASALRs; 0a  is the constant; 

ia  is the coefficient of ix  (i =1, 2, 3, ..., n) and u is the disturbance term of the model. A suitable n is selected such that the 
error sum of square is lowest. 

 
Figure 4.  Smoothed and Fitted ASALRs for Male of Urban Area in 2001. X: Age in Years and Y: FCD of Smoothed ASALRs for Male 

 
Figure 5.  Smoothed and Fitted ASALRs for Female of Urban Area in 2001. X: Age in Years and Y: FCD of Smoothed ASALRs for Female 
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Figure 6.  Smoothed and Fitted ASALRs for Both Sexes of Urban Area in 2001. X: Age in Years and Y: FCD of Smoothed ASALRs for Both Sexes 

The software STATISTICA was used to fit these 
mathematical models.  

3.4. Model Validation Technique 
To check how much these models are stable over the 

population, the cross validity prediction power (CVPP), 
2
cvρ , is applied. Here, 
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where, n is the number of cases, k is the number of predictors 
in the model and the cross validated R is the correlation 
between observed and predicted values of the dependent 
variable (Stevens, 1996). The shrinkage coefficient of the 
model is the positive value of ( 2

cvρ -R2); where 2
cvρ  is 

CVPP and R2 is the coefficient of determination of the model. 
λ =1-shrinkage is the stability of R2 of the model. The 
information on model fittings and estimated CVPP has been 
demonstrated in Table 4. Note that CVPP was also employed 
as model validation or accuracy test (Islam, 2005a; 2007a; 
2008; 2011; 2012a; 2013; Islam and Hossain, 2013b; and 
Islam et al., 2004 and 2013). 

3.5. F-test 

To verify the measure of the overall significance of the 
model as well as the significance of R2, the F-test is 
employed here. The formula for F-test is given below: 
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where k = the number of parameters is to be estimated, n = 
the number of cases and R2

 is the coefficient of determination 

in the model (Gujarati, 1998). The information of F-test is 
shown in Table 5. Islam (2005b; 2007b and 2012b) and 
Hossain and Islam (2013) used F-test as overall significance 
of a model. 

4. Results and Discussion 
The ASALRs for male, female and both sexes population 

of urban area in Bangladesh in 2001 have been estimated and 
presented in the Table 2 and their smoothed data are also 
shown in Table 2. To see the level and pattern of smoothed 
ASALRs for male, female and both sexes population of 
urban area in Bangladesh, the data have been plotted in graph 
paper which is shown in Fig. 7. It is found that the ASALRs 
for male, female and both sexes are showing gradually 
decreasing curve with increase of age as the tradition of 
Bangladesh. The adult literacy rates for male population of 
urban area in 1974, 1981 and 1991 were 62.5%, 58% and 
62.5%; for female population 33.1%, 34.1% and 44% 
respectively. And the adult literacy rates for male population 
of rural area in 1974, 1981 and 1991 were 34.6%, 35.4% and 
38.7%; for female population 12.1%, 15.3% and 21.5% 
respectively (BBS, 2003). As usual, urban population is 
more literate than rural population. But, the urban-rural 
variation of adult literacy rates for male population in 1974, 
1981, 1991 and 2001 were 27.9, 22.6, 23.8 and 22; and for 
female population were 21, 18.8, 22.5 and 20.9 respectively. 
In literature, it is seen that adult literacy rate of urban area is 
always more than that of rural area. The urban-rural variation 
of adult literacy rates for male population is almost declining 
from census 1974 to census 2001. Table 3 is prepared for 
forward cumulative distribution of smoothed ASALRs for 
male, female and both sexes population of urban area in 
Bangladesh and which help to take clear concept about the 
total ASALRs of urban area at every age group.



72 Md. Rafiqul Islam et al.:  Some Models Associated with Age Specific Adult   
Literacy Rates of Urban Area in Bangladesh 

 

 
Figure 7.  Smoothed ASALRs for Male, Female and Both Sexes Population of Urban Area in 2001 

The polynomial model is constructed for smoothed 
ASALRs of urban area for male population of Bangladesh in 
2001 and the fitted equation is  

y = 106.616 – 2.4148x + 0.054204x2 - 0.00046x3  (1) 
t-stat   (11.6106)   (-3.0435)   (2.5720)   (-2.6170) 

P-value  (0.0000)   (0.0226)    (0.0422)   (0.0397) 

Again, another polynomial model is fitted for smoothed 
ASALRs of urban area for female population of Bangladesh 
in 2001 and the model is as follows: 

y = 131.64 – 4.6067x + 0.093285x2 - 0.00074x3   (2) 
t-stat   (35.2291)  (-14.2685)  (10.8779)  (-10.4710) 

P-value  (0.0000)   (0.0000)    (0.0000)   (0.0000)  

The equation for smoothed ASALRs of urban area for 
both sexes population of Bangladesh in 2001 is  

y = 124.664 – 4.089x + 0.092269x2 - 0.00077x3    (3) 

t-stat   (16.4691)   (-6.2520)   (5.3113)    (-5.3115) 
P-value  (0.0000)    (0.0007)    (0.0018)    (0.0018)  

Furthermore, the fitted equation for FCD of smoothed 
ASALRs of urban area for male population of Bangladesh in 
2001 is as follows: 

y = -197.49  +  16.457x  -  0.03996x2        (4) 

t-stat    (-53.2500)   (81.8399)    (-16.0965)  
P-value   (0.0000)     (0.0000)     (0.0000)  

Again, another polynomial model is fitted for FCD of 
smoothed ASALRs of urban area for female population of 

Bangladesh in 2001 and the equation is given by 
y = -186.46 + 16.5839x - 0.08979x2        (5) 

t-stat      (-50.2430)    (82.4203)     (-36.1448) 
P-value     (0.0000)      (0.0000)      (0.0000) 
Finally, the fitted equation for FCD of smoothed ASALRs 

of urban area for both sexes population of Bangladesh in 
2001 is 

y = -190.21 + 16.3006x - 0.05832x2         6) 
t-stat     (-40.1736)    (63.4969)    (-18.3985)   

P-value    (0.0000)      (0.0000)     (0.0000)  

The estimated CVPP, 2
cvρ  corresponding to their 2R  

are shown in Table 4. The observed and fitted values are 
depicted in Figure 1 to Figure 6. In this table, all the fitted 
models are highly cross validated and their shrinkage’s are 
very small. Moreover, it is observed that all the parameters of 
all these fitted models are highly statistically significant with 
large proportion of variation explained.  

The calculated values of F-statistic of the models (1) to (6) 
are 7765.266 with (3, 6) degrees of freedom (d.f.), 27507.89 
with (3, 6) d.f., 9179.148 with (3, 6) d.f., 306971.8 with (2, 7) 
d.f., 192364.3 with (2, 7) d.f., 155959.3 with (2, 7) d.f. 
respectively where as the corresponding tabulated values are 
only 9.78, 9.78, 9.78, 9.55, 9.55 and 9.55 at 1% level of 
significance, respectively. Therefore, from these statistics it 
is concluded that overall significance of all these models are 
highly statistically significant. Hence, the fits of all these 
models are well. 

  

ASALRs for Both Sexes 
 

ASALRs for Female 
 

ASALRs for Male 
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Table 4.  Information on Model Fitting and Estimated CVPP of the Predicted Equations of Smoothed ASALRs and its Forward Cumulative Distribution of 
Bangladesh in 2001 

Models n k 
2R  2

cvρ  Shrinkage (λ ) Variance explained (%) 

Equation 1 10 3 0.97895 0.944428 0.03452200 97.895% 

Equation 2 10 3 0.99929 0.998126 0.00116440 99.929% 

Equation 3 10 3 0.99356 0.982998 0.01056160 99.356% 

Equation 4 10 2 0.99996 0.999925 0.00003543 99.996% 

Equation 5 10 2 0.99992 0.999849 0.00007086 99.992% 

Equation 6 10 2 0.99992 0.999849 0.00007086 99.992% 
 

Table 5.  The Information of Calculated and Tabulated F of the Predicted 
Equations of Smoothed ASALRs and its Forward Cumulative Distribution 
of Bangladesh in 2001 

Models n k Cal. F Tab.F (at 1% 
level) 

Equation 1 10 4 7765.266 9.78 with (3,6) d.f. 
Equation 2 10 4 27507.89 9.78 with (3,6) d.f. 
Equation 3 10 4 9179.148 9.78 with (3,6) d.f. 
Equation 4 10 3 306971.8 9.55 with (2,7) d.f. 
Equation 5 10 3 192364.3 9.55 with (2,7) d.f. 
Equation 6 10 3 155959.3 9.55 with (2,7) d.f. 

5. Conclusions 
In this study, literacy rates at the age 15-19 for male, 

female and both sexes population of urban area in 
Bangladesh are 77.4%, 75.11% and 76.31% respectively. As 
usual it is observed that ASALRs for male population of 
urban area is higher than that of female population at all ages. 
But, male-female variation of ASALRs is very high at the 
age 55 years and above whereas it is negligible at the age 
15-19. In addition, the ASALRs of urban area for male, 
female and both sexes population follow cubic polynomial 
models containing four parameters but FCD of ASALRs of 
urban area for male, female and both sexes population follow 
quadratic polynomial models with three parameters. 
Government, different NGOs and development agencies 
should expand and accelerate their efforts to develop 
education to increase the literacy rates especially female 
literacy rates which are linked to poverty reduction and 
overall development of the country. It is not necessary that a 
person should receive any formal education or pass any 
minimum education standard. Number of literacy can also be 
increased through adult literacy training or any non-formal 
education system. This research will keep contribution to 
researchers and educators to observe continuous tradition 
and investigate literacy challenges in Bangladesh. 
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