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Abstract— Chhattisgarh state ranks 16th position in terms of population in India but it ranks 27th in terms of literacy rate. This 
backwardness is due to more tribal areas in this state. Since literacy is the basis for human development which in turn affects 
country’s economic growth, it becomes important to improve the proportion of literates. Forecasting of literacy rate will help 
government & policy makers to make plans for improving the literacy rate. Number of literates in an area depends on various 
features like population of the area, density, type of area-rural or urban, age composition etc. In this research paper, total 
Population, male and female population is projected using a statistical method - logistic curve method. Using these projected 
populations, literacy rate is forecasted using a data mining method - multiple regressions. Using this combinational method, 
we forecast that the total population of Chhattisgarh in 2021 will be around 3 crores and the literacy rate will reach 89%. The 
accuracy of our combinational method is 92.69% which is much better than the results obtained from one of the proposed 
method - Global Age-specific Literacy Projections Model (GALP) for forecasting of literate and illiterate population. 
 
Index Terms— Forecasting, Literacy Rate, Logistic Cuurve Method, Multiple Regression, Population Projection  
 
I. INTRODUCTION 
 
Forecasting means expected outcome in the near 
future. Literacy is the ability to read and write with the 
understanding of short and simple statements 
encountered in one’s everyday life. Based on this 
definition of literacy, population can be categorized in 
two groups – Literate and Illiterate. Literate and 
illiterate population is characterized mainly by age 
(youth and adult), sex (male and female) and location 
(rural and urban). Since literacy plays a vital role for 
education and development, early formulation of 
literacy goals are required. Large number of policies is 
formed in almost every country which focuses on 
increasing literacy rate by encouraging school 
enrollment among children’s. These policies may 
make progress but it will take decades to get significant 
results from such policies. Education for all(EFA) [14] 
had targeted to halve the adult illiteracy rate by 2015 
but recent education system which is struggling to 
accommodate the growing population, 
marginalization of women and girls, maturing 
illiterate youth are hinders in achievement of the goals. 
Thus it becomes important to develop projection model 
that will help to understand the future scenario. 
Projection gives a picture of what future will look like, 
based on the past and assumptions about the future. 
Projection acts as the indicator of change over time, 
helps in evaluating impact of any policy or program by 
comparing the feature before and after the occurrence 
of an event. The demographic projections are based on 
the basis of projected population for particular area 
and for particular period. Population projection can be 
considered as an exercise consisting of calculation of 
population size in future. The past and present  

 
population record for any area required for projections 
can be obtained from census data. In India census are 
carried out after every 10 years.  Census forms the 
basis for monitoring the past decade, understanding 
the current government policies and based on these 
plan the future. Census data play vital role for 
government planners and policymakers to predict the 
future requirement for food, water, energy, services. 
These predictions are useful to researchers, 
governments and various organizations for planning 
purpose, social and health research, for monitoring 
development goals and also for forecasting of various 
demographic characteristics. Thus population 
projections are not only useful for demographers but 
also for economist.  Almost every country carries out 
census to collect different features of each geographic 
region and to have count on population in each region. 
Literacy statistics is collected using household surveys 
including Demographic and Health survey(DHS) and 
multiple indicator cluster survey(MICS).These 
surveys are not accurate way of collection and may lead 
to overestimation of literacy rate since the ability to 
read and write is self reported by respondents of 
survey. 
A. Census of India 
India’s census data is the one of the most important 
resource of information related to demography, 
literacy, housing, economic activity, urbanization, 
fertility and mortality rate and many more features. 
Since 1871 census of India has been conducted every 
10 years. Till 2011 decennial census has been 
conducted 15 times. Around 300BC India’s population 
was around 100 – 140 million and then this statistics 
reached 225 million according to the 1881 census.[6] 
This was due to fall in mortality rate caused by factors 
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like immunization, better living conditions, improved 
nutrition, health care etc. According to 2011 census, 
this statistics has reached to 121 crores comprising of 
62.31 crores males and 58.74 crores females. Literacy 
rate of India is 74% in 2011 census which has 
increased from previous census literacy rate of 64.83 
percent. Literacy rate of male population being 
82.14% is higher than that of female population which 
is 65.46%. 
B. Census of Chhattisgarh 
Chhattisgarh is situated at the centre of India and was 
separated out from Madhya Pradesh on 1st November; 
2000.It is 10th in India in terms of area which is 
135,190 sq-km [7]. According to 2011 census, 
Chhattisgarh population is 25,545,198 out of which 
12,832,895 are male and 12,712,303 female which 
positions it as 16th populated state of India. Total 
population of Chhattisgarh in 2001 was 20,833,803 in 
which total males were 10,474,218 and total females 
were 10,359,585. Thus decadal population growth 
from 2001 to 2011 was recorded as 22%. In terms of 
literacy Chhattisgarh ranks 27th in India which is a bad 
situation .This backwardness is due to the more tribal 
areas which are less educated. Literacy rate increased 
from 64.66% in 2001 to 71.04% in 2011. 

 
C. Forecasting Methods  
Forecasting means to predict some events in future 
based on the study and analysis of available related 
data. Forecasting requires availability of accurate and 
timely data and one needs to understand the factors 
that affects the growth or decline of any feature in past. 
Plotting graph of variables against time helps to 
visualize changes over time. Extrapolation is the 
simplistic method for forecasting using historical data 
[9]. Extrapolated forecasting assumes constant 
increment, constant percentage change, average 
compounded growth or linear/nonlinear time trends. 
Simplistic models defined for population projection 
are arithmetic increase method, geometric progression 
method, incremental increase method and logistics 
method, graphical and comparative graphical method 
[10]. Any one of these methods can be used for 
population projection based on the growth pattern of 
the area in which projections are to be done. 
Apart from these statistical methods, data mining 
methods are also available for predictions. Data 
mining offers possibilities for extracting hidden 
knowledge from even huge size of database. A variety 
of analyzing tools has been specified to discover 
patterns and relationship among data which helps in 
making predictions. Two commonly used models for 
data analysis are classification and prediction [13]. 
Classification model uses predefined set of classes for 
classifying the unknown objects. These classifications 
are based on the patterns observed in the training 
dataset. On other hand prediction models continuous 
valued function. The unknown or missing values are 

predicted using the prediction model being 
constructed. Regression is the major technique used 
for prediction. Regression technique is used to find 
relationship among variables. There are many 
different types of regression model available for 
prediction such as linear regression, non-linear 
regression, multivariate etc. 
 
D. Objective of the study 
The main purpose of this study is to forecast literacy 
rate of Chhattisgarh, one of the state in India. Literacy 
being the basis for both human and country’s 
development requires plans to encourage children and 
youths for gaining education. Because of its much 
importance in country’s progress it becomes crucial to 
develop projection model that forecast the literacy 
among people. The forecast of literacy rate directly 
depends on population projection. Thus, we will 
develop a model for forecasting of literacy rate which 
will be helping government to make educational plans. 
Population projection is done using logistic curve 
method. Based on this projection of population, 
literacy rate is forecasted using multiple regression 
method.  

 
II. RELATED WORK 
 
In this section, we discuss on a few important works 
that are closely related to our work as discussed. Dr. 
Wolfgang Lutz et.al [11] proposed GALP model for 
forecasting of literacy rate. He used cohort component 
method for population projection and uses these values 
to project literate and illiterate population. This model 
is data intensive as cohort component method itself 
requires data about fertility, mortality and migration. 
Literacy rate forecast using GALP model also requires 
age and sex specific proportion literates and the 
absolute numbers of literate men and women as input. 
It’s difficult to get all these information for every area. 
Dr R. Ravichandran [1] projects total population of 
India and one of its state Tamil Nadu using logistic 
curve method. He concluded that the population 
projection using logistic curve method gives reliable 
and accurate results. 
Sitaram Asur et al. [2] used the chatterbox of a social 
site Twitter to forecast the box office revenues for 
different movies. A linear regression model was used 
for the prediction 
Harshavardhan Achrekar et al. [8] used auto 
regression method on twitter data to track and predict 
the influence and spread of influenza epidemic in 
population. The result of this model was tested with 
Centers for Disease Control and Prevention (CDC) 
data and it was found to be accurate in predicting 
influenza-like illness (ILI) cases.  
Adrian E. Raftery et al.[3] found that the most popular 
method, cohort component method, for population 
projection does not yield an estimation of uncertainty 
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about future population quantiles. To overcome this 
problem he proposed Bayesian probabilistic 
population projection model. In this model the input to 
cohort component method, total fertility rate and life 
expectancy, are predicted using Bayesian method. 
F.Martinez Alvarez et al. [5] proposed a model for 
prediction of earthquakes. The techniques used for 
prediction were Quantitative association rule (QAR) 
and regression. Predictions are made based on the 
b-value, which reflects the tectonics and geospatial 
properties of rock and also the fluid pressure variation 
on the surface, as given by Gutenberg-Richter law. 
N.Rajasekhar et al.[4] propose hybrid support vector 
machine technique for weather prediction. .K-means 
clustering algorithm was applied initially to form 
clusters and then SVM technique was applied on 
previously clustered dataset. Clustering is done using 
Euclidean distance on monthly mean of each year 
average temperature. 
 
III. METHODOLOGY 
 
This section explains the work done. The work 
analyzes the census data collected online from website 
censusindia.gov.in. Methodology used in our study is 
discussed in detail as well as summarized in the fig. 1, 
as shown below. 
 

 
Fig 1: Methodology 

E. Data Collection 
Data was collected from India census website and also 
from indiabudget.co.in. This site contains census data 
for different states of India. We collected data for 
Chhattisgarh only. The data being collected contains 
the population of Chhattisgarh for last 12 census i.e. 
1901-2011 and literacy rate is available for only 7 
census i.e. 1951 - 2011. The censual data contains 
information about various demographic features like 
total population, population density, sex ratio, decadal 
growth rate, population by caste, working population, 
literacy rate etc.  
 
F. Data Preprocessing  
We are concerned with the forecasting of literacy rate 
which is mainly based on the number of persons of the 
area. Thus we select required attributes from the 
collected dataset for our research work. Selected 
attributes in our work are total population, sex ratio 
and literacy rate.  
We have total population value from year 1951 to 2011 
but we do not have separate male and female 
population for all these years. So male and female 
population are calculated using values of total 
population and sex ratio using (1) and (2). Sex ratio is 
the number of females per thousand male. 

 
Similarly we also need to find number of literates 
during each census which will help us to forecast 
literacy rate. Literacy rate is calculated as the 
percentage of total number of literates divided by total 
population .Thus, total number of literates can be 
calculated using (3) where Litpop represents number 
of literates, Litrate is the literacy rate and Totalpop 
represents total population. 

 
 
G. Population forecasting using logistic curve 
method 
Many mathematical or statistical methods are 
available for population projection but we choose 
logistic curve method because this method considers 
that the population grows under normal circumstances 
and is not affected by extraordinary changes like war, 
earthquakes. The plot of population of an area with 
respect to time using this method gives S-shaped 
curve. This shape shows that initially population 
grows at an geometric growth rate and once it reaches 
a saturation point it follows declining growth rate. The 
saturation point is due to the limited resources and 
economic opportunity. 
Population at some time in future pt is calculated using 
(4). 
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Where, 

Pt = Population to be forecasted 
Psat = Population at saturation level 

 P0 = Base population  
 P1, P2 = Population at two time periods 
 n = time interval between successive census 
 dt = number of years after base years 
  
H. Forecasting Literacy rate using multiple 
regression 
Regression model estimates the independent variable 
as a function of one or more independent variables. It 
uses a mathematical equation of straight line to predict 
the value of independent variable based on the 
dependent variable. In our work, literacy rate is the 
independent variable that is to be forecasted and the 
dependent variables on which literacy rate depends are 
total male population and total female population. 

 
Where,  
a:– Y-intercept, is the expected value of Y when X=0                   
b :– Regression coefficients for X  
 
I. Comparison with the G ALP model 
GALP model projects number of literate and illiterate 
population based on the national population projection 
using cohort component method. Based on the size of 
projected population GALP model uses logistic 
regression to forecast the literacy rate.  
Actual literacy rate, our predicted literacy rate and 
literacy rate calculated using GALP model is shown in 
fig 2. It is evident from the graph shown in fig 2 that 
literacy rate predicted using our method is very close to 
actual method. 
 
J. Accuracy Measure 
Accuracy can be defined as the degree of correctness of 
variable or the closeness of the predicted value with its 
actual value. Accuracy measure is important as it helps 
to understand the appropriateness of the model. 
The accuracy is measured using mean absolute 
percentage error (MAPE). MAPE expresses the error 
as percentage of actual values of the data. It is 
calculated using (9). 

 

Where, 
  At is the actual value 
  Ft is the measured or predicted value 
  n represents total number of observations 

 
MAPE calculate for values obtained from our 
combinational method is 7.3059, which indicates its 
accuracy is 92.8% whereas MAPE for Values using 
GALP model is 42.792 and thus the accuracy of GALP 
model is only 57.208%.  
 
IV. RESULTS AND DISCUSSION 
 
Using the actual population values for six censuses i.e. 
from 1901 to 1951 in the logistic curve method we 
calculate the population from census year 1961 to 
2001. The actual and predicted populations for these 
years are shown below in Table I. 
Similarly, male and female population is predicted 
using logistic curve method which takes male and 
female population for census 1901 to 1951 and forecast 
for census years 1961 to 2001. The actual and 
predicted male and female populations are shown 
below in Table II. 
 
Table: I. Actual and forecasted values of population 

using logistic curve method 

    
 
Table: II. Actual and predicted values of male and 

female population using logistic curve method 

 
 
These results show that the predicted values of total 
population, male population and female population are 
very close to their actual values. Using multiple 
regression equation and the values of male and female 
population predicted as the independent variables of 
regression equation literacy rate is forecasted from 
census 1961 to 2011.The actual and predicted literacy 
rate are shown below in Table III. 
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Table: III. Actual and predicted literacy rate using 
multiple regressions 

 
 
These results show that the predicted values of total 
population, male population and female population are 
very close to their actual values. Using multiple 
regression equation and the values of male and female 
population predicted as the independent variables of 
regression equation literacy rate is forecasted from 
census 1961 to 2011.The actual and predicted literacy 
rate are shown below in Table III. 
 

 
Fig.2: Actual and predicted total population and literate 

population 
 

 
Fig.3: Actual, predicted and compared literacy rate 

 
Figure 2 is the graph showing plot of actual values and 
predicted values for total population and literate 
population. The actual and predicted growth of literacy 
rate is presented graphically in figure 3. It also 

compares the literacy rate forecasted using GALP 
model. 
From figure 2 and 3, we can see that predicted data 
points are very close to actual data points which 
indicate that error is very small. The graph shows the 
exponential growth of the attributes which means they 
are at the initial stage of logistic curve.   
 
CONCLUSION 
 
We conclude that the literacy rate mainly depends on 
the population size of the area. The population growth 
of Chhattisgarh well fits to the logistic curve method 
and is currently at its initial stage i.e. growing stage. 
Literacy rate calculated using multiple regressions also 
gives results very close to the actual literacy rate given 
by the census of India. Moreover, this combinational 
method for literacy rate forecasting would be useful to 
researchers who work with the demographic features 
and work related to it. 
 
SCOPE FOR FUTURE WORK 
 
Effective literacy rate can be calculated taking in to 
account the age composition. Effective literacy rate 
excludes population with age group 0-7 and hence it 
gives more accurate figures.  Even it can be separated 
based on the rural and urban areas. Moreover, if more 
independent variables affecting literacy rate like 
income status, number of schools are included in 
multiple regression model it may be beneficial. 
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