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Abstract

This study of the relationship between Adult Literacy Rates and Annual Population Growth Rates throughout the world attempts to prove that a country’s Adult Literacy Rate is the single most determinant aspect of life that affects its Annual Population Growth Rate.  The investigation scrutinizes data obtained from the United Nations Human Development Report of 2005 in its examination of the complex factors that comprise each country’s Human Development Index rating.  The data are compared and analyzed with statistical methods such as bivariate correlation, cross-tabulation, and regression analysis techniques to determine the validity of the hypothesis that as a country’s Adult Literacy Rate climbs, its Annual Population Growth Rate declines.  The writer concludes that the hypothesis is indeed true.
Too Many People (Except for Me)
Stage 1: Problem Identification


For at least two centuries now, experts from many diverse scientific and investigative fields have been waging a continuous debate concerning the potential for human beings to overpopulate our planet.  Some authorities, such as the award-winning science correspondent for Reason Magazine, Robert Baily (2004), believe that “The world is overpopulated with theoretical fears of overpopulation” (p. 1).  Many of Baily’s colleagues, such as author and co-founder of the Oakland-based Institute for Food and Development Policy, Francis Moore Lappé, support his claim.  Lappé (1998) adds that “The population is projected to stabilize most likely below 11.5 billion.  That is within the levels that most experts estimate the earth could support” (p. 27).

On the other hand, some experts counter that, if not curbed, overpopulation will at some point in the future begin to cause a downward spiral in our standard of living—a spiral which may not end until human civilization regresses two thousand years or more.  Back in 1798, political economist Thomas Robert Malthus saw that “The power of population is indefinitely greater than the power in the earth to produce subsistence for man” (p. 13).  Former Deputy Secretary of State for Environmental and Population Affairs, Linsday Grant (2001), asserts that Malthus’s predictions are already beginning to come true:
Science and technology have always come up with innovations that increase food production so that it has kept up with our population growth….That ability is now running up against barriers that are not likely to be circumvented.  We can turn the present deteriorating system around only by ending the worldwide infatuation with growth and embracing the idea of a return to a smaller population (p. 6).
This writer agrees.  Overpopulation is one of the most important and challenging crises facing the world today.  It is at the root of many of our problems pertaining to health, pollution, hunger, deforestation, extinction, fishery depletion, and bio-diversity habitat loss.  It is also a major contributing factor to global warming.  We must slow down the world’s population growth before we run out of food and the other resources we need to support the Earth’s people.  Fortunately, the developed nations of the world are already well on their way to accomplishing this.  However, in the least developed nations of the world, the problem is still very acute.

The subject of world population growth has fascinated this writer ever since childhood.  Graphs such as the one in Figure 1 set that fascination and imagination in motion.  Growth like that just cannot go on forever, can it?  And even if we could stop it now, might it not already be too late?  
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By examining demographic, economic, and educational data from practically all of the countries of the world, we shall endeavor to discover the single most determinant socio-politico-economic aspect of life that affects population growth rates.  If we can identify that factor, then we can help the least developed nations of the world concentrate their efforts where they will do the most good.  In the short run, we can help them slow down their population growth rates, and, in the long run, we can save us all from the grim ramifications of world overpopulation.

Stage 2: Literature Review


As we attempt to deduce what this single most important factor might be, we stand on the shoulders of some very well-qualified experts who have been at this statistical game for quite some time now—the unsung field workers and report writers at the United Nations.  Almost all of the information and data used in this research comes from the latest (2005) United Nations Human Development Report.  Other references consulted during this research are annotated throughout the paper.

Stage 3: Model Building


The United Nations has come up with an ingenious system to rank the nations of the world according to what they call the Human Development Index (Figure 2).  This system categorizes each nation in the world (with a few exceptions where they just cannot compile enough data) as a nation of either high, medium, or low human development.  The Human Development Report of 2005 reflects the state of the world as it was in the year 2003, and designates 57 countries as having achieved High Human Development, 88 as having achieved Medium Human Development, and 32 as having achieved only Low Human Development.
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These terms—Low, Medium, and High Human Development—correspond directly to the terms Least Developed Countries (LDCs), Moderately Developed Countries (MDCs), and Highly Developed Countries (HDCs).


The Highly Developed Countries of the world have a Human Development Index of .8 or better; the Moderately Developed Countries of the world have a Human Development Index between .5 and .8; and the Least Developed Countries of the world have a Human Development Index below .5.
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The value of a country’s Human Development Index is actually the average of three other indexes: the Life Expectancy Index, the Education Index, and the Gross Domestic Product Index.  Figure 3 illustrates this formula.
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Figure 3


The value of each of these indexes, in turn, depends upon the values of many other factors, each of which can be broken down and subdivided again and again.  Figure 4 diagrams the basic relationships that make up the Human Development Index.

[image: image16.jpg]Human Development Index (HDI)

N\

Life Expectancy Education GDP
Index Index Index
Life Expectancy Adult Literacy ~ Gross Enrolment ~ GDP per capita
at Birth Index Ratio Index PPP US$

Adult Literacy Gross Enrolment
Rate Ratio

\

A Long and KiGWIEdEE A Decent
Healthy Life d Standard of Living




[image: image4]
Source: United Nations Human Development Report, 2005

Figure 4


Of course, there are many more variables outside these direct paths that can affect each one of these factors.  The Life Expectancy Index takes into account health factors, fertility rates, birth rates, death rates, etc.  The Education Index takes into account Literacy Rates, School Enrolment Rates, Public Expenditures on Education, etc.  The Gross Domestic Product Index takes into account per capita Purchasing Power Parity, Economic Growth Rate, Indebtedness, etc.

Is the assumption we made earlier correct that population growth rates in the Highly Developed Countries of the world are indeed slowing down?.  See Figure 5.


Annual Pop Growth Rates (1975-2003)

	Human Development Index
	Mean
	N (Cases)
	Standard Deviation

	High
	1.061
	57
	1.3184

	Medium
	1.900
	88
	1.0062

	Low
	2.769
	32
	.5503

	Total
	1.787
	177
	1.2079


Figure 5


If we compare the Human Development Index means, we see that population growth is rising at an annual rate of almost 2.8 percent in the Least Developed Countries.  It decreases to 1.9 percent in the Moderately Developed Countries, and falls to just over one percent in the Highly Developed Countries.  Our assumption is borne out: The developed nations of the world are already well on their way to slowing down their population growth rates.  We are making progress.


Since these high, medium, and low rankings are based upon the countries’ Human Development Index levels, it might seem logical to assume that we should see relatively identical correlations between Population Growth Rates and the Human Development Index.  That is not the case, however.  See the bivariate correlation analyses for Least Developed Countries, Moderately Developed Countries, and Highly Developed Countries in Figures 6, 7, and 8, respectively.

Bivariate Correlation Analysis: APGR vs. HDI in Least Developed Countries
	Least Developed Countries (LDCs)
	Statistic
	APGR (%), 1975-2003
	HDI, 2003

	APGR (%), 1975-2003
	Pearson Correlation
	1
	.135

	 
	Sig. (2-tailed)
	 
	.461

	 
	N
	32
	32

	HDI, 2003
	Pearson Correlation
	.135
	1

	 
	Sig. (2-tailed)
	.461
	 

	 
	N
	32
	32


Figure 6

The .135 coefficient shows practically no correlation at all between Population Growth Rates and the Human Development Index in the Least Developed Countries of the world.

Bivariate Correlation Analysis: APGR vs. HDI in Moderately Developed Countries

	Moderately Developed Countries (MDCs)
	Statistic
	APGR (%), 1975-2003
	HDI, 2003

	APGR (%), 1975-2003
	Pearson Correlation
	1
	-.408(**)

	 
	Sig. (2-tailed)
	 
	.000

	 
	N
	88
	88

	HDI, 2003
	Pearson Correlation
	-.408(**)
	1

	 
	Sig. (2-tailed)
	.000
	 

	 
	N
	88
	88


   **  Correlation is significant at the 0.01 level (2-tailed).

Figure 7

The -.408 coefficient shows a fairly strong negative correlation between Population Growth Rates and the Human Development Index in the Moderately Developed Countries of the world.

Bivariate Correlation Analysis: APGR vs. HDI in Highly Developed Countries

	Highly Developed Countries (HDCs)
	Statistic
	APGR, 1975-2003
	HDI, 2003

	APGR (%), 1975-2003
	Pearson Correlation
	1
	-.230

	 
	Sig. (2-tailed)
	 
	.086

	 
	N
	57
	57

	HDI, 2003
	Pearson Correlation
	-.230
	1

	 
	Sig. (2-tailed)
	.086
	 

	 
	N
	57
	57


Figure 8


The coefficient changed from -.408 to -.230.  Instead of getting stronger as the analysis moved from the Moderately Developed Countries to the Highly Developed Countries, the correlation between Population Growth Rate and the Human Development Index got weaker.  The researcher performed further investigation in the form of inductive reasoning in his quest to find that one, single socio-politico-economic aspect of life in the Least Developed Countries of the world that has the greatest effect on their population growth rates.  See the multivariate correlation analyses of Population Growth Rates vs. the Human Development Index’s three constituent indexes (Life Expectancy, Education, and Gross Domestic Product) in the Least Developed Countries, Moderately Developed Countries, and Highly Developed Countries in Figures 9, 10, and 11, respectively.

The coefficients for the Least Developed Countries indicate that there is practically zero correlation between Population Growth Rate and two of the Human Development Index factors: Education Index (-.093) and GDP Index (-.073).  And the relatively strong correlation between Population Growth Rate and the Life Expectancy Index (.432) is positive, rather than negative.  That means that in the Least Developed Countries of the world, as Life Expectancy improves, the Population Growth Rate increases—not the effect we are looking for.


	Least Developed Countries (LDCs)
	Statistic
	Annual Pop Growth Rate (%), 1975-2003)
	Life Expectancy Index, 2004
	Education Index, 2004
	GDP Index, 2004

	Annual Pop Growth Rate (%), 1975-2003)
	Pearson Correlation
	1
	.432(*)
	-.093
	-.073

	 
	Sig. (2-tailed)
	 
	.014
	.614
	.690

	 
	N
	32
	32
	32
	32

	Life Expectancy Index, 2004
	Pearson Correlation
	.432(*)
	1
	-.286
	-.045

	 
	Sig. (2-tailed)
	.014
	 
	.113
	.805

	 
	N
	32
	32
	32
	32

	Education Index, 2004
	Pearson Correlation
	-.093
	-.286
	1
	.239

	 
	Sig. (2-tailed)
	.614
	.113
	 
	.188

	 
	N
	32
	32
	32
	32

	GDP Index, 2004
	Pearson Correlation
	-.073
	-.045
	.239
	1

	 
	Sig. (2-tailed)
	.690
	.805
	.188
	 

	 
	N
	32
	32
	32
	32


*  Correlation is significant at the 0.05 level (2-tailed).

Figure 9


When we run that same bivariate analysis on the Moderately Developed Countries’ Human Development Index, the readings start to make more sense.  We see weak correlations between Population Growth Rate and the Life Expectancy Index (-.273) and between Population Growth Rate and the GDP Index (-.161).  We see a relatively strong correlation between Population Growth Rate and the Education Index (-.459).  All three of these relationships are pointing in the direction we would expect, too—negatively.

	
Moderately Developed Countries (MDCs)
	Statistic
	Annual Pop Growth Rate (%), 1975-2003)
	Life Expectancy Index, 2004
	Education Index, 2004
	GDP Index, 2004

	Annual Pop Growth Rate (%), 1975-2003)
	Pearson Correlation
	1
	-.273(*)
	-.459(**)
	-.161

	 
	Sig. (2-tailed)
	 
	.010
	.000
	.134

	 
	N
	88
	88
	88
	88

	Life Expectancy Index, 2004
	Pearson Correlation
	-.273(*)
	1
	.330(**)
	.277(**)

	 
	Sig. (2-tailed)
	.010
	 
	.002
	.009

	 
	N
	88
	88
	88
	88

	Education Index, 2004
	Pearson Correlation
	-.459(**)
	.330(**)
	1
	.388(**)

	 
	Sig. (2-tailed)
	.000
	.002
	 
	.000

	 
	N
	88
	88
	88
	88

	GDP Index, 2004
	Pearson Correlation
	-.161
	.277(**)
	.388(**)
	1

	 
	Sig. (2-tailed)
	.134
	.009
	.000
	 

	 
	N
	88
	88
	88
	88


*  Correlation is significant at the 0.05 level (2-tailed).

**  Correlation is significant at the 0.01 level (2-tailed).

Figure 10


	Highly Developed Countries (HDCs)
	Statistic
	Annual Pop Growth Rate (%), 1975-2003)
	Life Expectancy Index, 2004
	Education Index, 2004
	GDP Index, 2004

	Annual Pop Growth Rate (%), 1975-2003)
	Pearson Correlation
	1
	.040
	-.729(**)
	.010

	 
	Sig. (2-tailed)
	 
	.770
	.000
	.942

	 
	N
	57
	57
	57
	57

	Life Expectancy Index, 2004
	Pearson Correlation
	.040
	1
	.236
	.669(**)

	 
	Sig. (2-tailed)
	.770
	 
	.078
	.000

	 
	N
	57
	57
	57
	57

	Education Index, 2004
	Pearson Correlation
	-.729(**)
	.236
	1
	.383(**)

	 
	Sig. (2-tailed)
	.000
	.078
	 
	.003

	 
	N
	57
	57
	57
	57

	GDP Index, 2004
	Pearson Correlation
	.010
	.669(**)
	.383(**)
	1

	 
	Sig. (2-tailed)
	.942
	.000
	.003
	 

	 
	N
	57
	57
	57
	57


**  Correlation is significant at the 0.01 level (2-tailed).

Figure 11


When we take a look at the Highly Developed Countries’ coefficeints, we see that the correlation between Population Growth Rate and the Education Index grew even stronger—from -.459 to -.729.  The correlations between both Population Growth and the Life Expectancy Index (-.040), and Population Growth and the GDP Index (-.010), however, shrank to just about zero.


The three indications brought to light so far have revealed: 1), the annual Population Growth Rate is lowest among the Highly Developed Countries of the world; 2), the strongest correlation between Population Growth Rate and the Human Development Index occurs in the Moderately Developed Countries; and 3), the strongest correlation between Population Growth Rate and any of the three constituents of the Human Development Index occurs between Population Growth Rate and the Education Index—but only in the Highly and Moderately Developed Countries of the world.


That correlation between Population Growth Rate and Education Index is strongest in the Highly Developed Countries at -.729.  It tapers off somewhat to -.459 in the Moderately Developed Countries and then plunges to -.093 in the Least Developed Countries.  That pattern should not be surprising, though.  If a strong correlation is a significant characteristic of Highly and Moderately Developed Countries, than we might expect to find a weak correlation in the Least Developed Countries.
 
Our next step is to figure out which of the two main constituents of the Education Index—Adult Literacy Rate or Combined Gross Enrolment Ratio—influences this downward spiral the most.  See the bivariate correlation analyses for Highly Developed Countries, Moderately Developed Countries, and Least Developed Countries in Figures 12, 13, and 14, respectively.


	Highly Developed Countries (HDCs)
	 
	Annual Pop Growth Rate (%), 1975-2003)
	Adult Literacy Rate, (% of >14), 2003
	Combined Gross Enrolment Ratio for Pri, Sec, & Ter Schools (%), 2002/03

	Annual Pop Growth Rate (%), 1975-2003)
	Pearson Correlation
	1
	-.814(**)
	-.382(**)

	 
	Sig. (2-tailed)
	 
	.000
	.003

	 
	N
	57
	57
	57

	Adult Literacy Rate, (% of >14), 2003
	Pearson Correlation
	-.814(**)
	1
	.480(**)

	 
	Sig. (2-tailed)
	.000
	 
	.000

	 
	N
	57
	57
	57

	Combined Gross Enrolment Ratio for Pri, Sec, & Ter Schools (%), 2002/03
	Pearson Correlation
	-.382(**)
	.480(**)
	1

	 
	Sig. (2-tailed)
	.003
	.000
	 

	 
	N
	57
	57
	57


**  Correlation is significant at the 0.01 level (2-tailed).

Figure 12


	Moderately Developed Countries (MDCs)
	Statistic
	Annual Pop Growth Rate (%), 1975-2003)
	Adult Literacy Rate, (% of >14), 2003
	Combined Gross Enrolment Ratio for Pri, Sec, & Ter Schools (%), 2002-2003

	Annual Pop Growth Rate (%), 1975-2003)
	Pearson Correlation
	1
	-.450(**)
	-.347(**)

	 
	Sig. (2-tailed)
	 
	.000
	.001

	 
	N
	88
	88
	88

	Adult Literacy Rate, (% of >14), 2003
	Pearson Correlation
	-.450(**)
	1
	.597(**)

	 
	Sig. (2-tailed)
	.000
	 
	.000

	 
	N
	88
	88
	88

	Combined Gross Enrolment Ratio for Pri, Sec, & Ter Schools (%), 2002/03
	Pearson Correlation
	-.347(**)
	.597(**)
	1

	 
	Sig. (2-tailed)
	.001
	.000
	 

	 
	N
	88
	88
	88


**  Correlation is significant at the 0.01 level (2-tailed).

Figure 13




	Least Developed Countries (LDCs)
	 
	Annual Pop Growth Rate (%), 1975-2003)
	Adult Literacy Rate, (% of >14), 2003
	Combined Gross Enrolment Ratio for Pri, Sec, & Ter Schools (%), 2002/03

	APGR (%), 1975-2003
	Pearson Correlation
	1
	-.056
	-.185

	 
	Sig. (2-tailed)
	 
	.759
	.311

	 
	N
	32
	32
	32

	ALR, (% of >14), 2003
	Pearson Correlation
	-.056
	1
	.509(**)

	 
	Sig. (2-tailed)
	.759
	 
	.003

	 
	N
	32
	32
	32

	CGER (%), 2002/03
	Pearson Correlation
	-.185
	.509(**)
	1

	 
	Sig. (2-tailed)
	.311
	.003
	 

	 
	N
	32
	32
	32


**  Correlation is significant at the 0.01 level (2-tailed).

Figure 14


When we previously ran bivariate correlations between Population Growth Rate and the three constituents of the Human Development Index, one factor, the Education Index, displayed a much stronger correlation with Population Growth Rate in the Highly and Moderately Developed Countries than the other factors did.  We see the same type of result with this set of correlations.

One of the factors of the Education Index, namely Adult Literacy Rate, shows a much stronger correlation with Population Growth Rate in the Highly and Moderately Developed Countries than Combined Gross Enrolment Ration does.   The correlation between Population Growth Rate and Adult Literacy Rate is -.814 (as compared to the Population Growth Rate—Combined Gross Enrolment Ratio’s correlation coefficient of -.382) in the Highly Developed Countries.  It tapers off somewhat to -.450 (as compared to Combined Gross Enrolment Ratio’s coefficient of -.347) in the Moderately Developed Countries and then plunges to -.056 (as compared to -.185) in the Least Developed Countries.

It appears now that Adult Literacy Rate is the single most determining socio-politico-economic aspect of life that affects a country’s Population Growth Rate.  We have seen the strong correlation between Population Growth Rate and the Human Development Index, then between Population Growth Rate and the Education Index (one of the factors of Human Development Index), and finally between Population Growth Rate and Adult Literacy Rate (one of the constituents of the Education Index).  Will these correlations survive the rigors of testing?

We cannot break down Adult Literacy Rate any further, so we will use this variable as the predictor in our model.  We will construct a path from Adult Literacy Rate to Population Growth Rate, our criterion, while controlling for Human Development Index.  See Figure 15.
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Figure 15

Stage 4: Hypothesis Generation


From this path model, we will generate our hypothesis: “As a country’s Adult Literacy Rate increases, its Population Growth Rate decreases.”  Adult Literacy Rate is our Independent Variable—the cause of our situation; and Population Growth Rate is our Dependent Variable—the effect that ensues from changes in our Independent Variable.  In other words, the rate of a Moderately Developed Nation’s Population Growth is dependent upon its Adult Literacy Rate.


Is our hypothesis statement a valid one?  Let us see.  It is  specific because it points unilaterally in the negative direction.  We are saying that as one variable goes up, the other goes down.  The hypothesis statement is clear because we have defined it in terms of conceptual and operational definitions.  We conceptualized the hypothesis statement by transforming the concepts of knowledge, demographics, and socio-politico-economic conditions into variables that we can measure: Adult Literacy Rate, Population Growth Rate, and the Human Development Index, respectively.

Our hypothesis statement is value-free.  All of our data comes from the United Nations’ Human Development Report of 2005.  Our hypothesis, therefore, is free of any of my values, biases, subjective judgments, preferences, etc.  It does not include any subjective judgment terms such as “should,” “better,” “worse,” etc.  Our hypothesis is not limited to any one variable or any one country, either—it relies on figures from all 177 nations in the report.

And, last but not least, our hypothesis statement is testable.  We will be able to prove our hypothesis, using available statistical methods.  Our variables exhibit concrete and empirical properties and are capable of taking on two or more values.  Our indicators represent specific and observable elements (percentages and rating levels) of those variables.

Stage 5: Research Design


Now we will test the “pure” effect of the Independent Variable in our hypothesis, Adult Literacy Rate, on our Dependent Variable, Population Growth Rate.  We will control for the effect of our Control Variable, Human Development Index, and see how it affects either our Dependent Variable, Adult Literacy Rate, or both our Dependent Variable and our Independent Variable, Population Growth Rate.

In order to test our hypothesis, first we need to compute the simple correlation (r) between Adult Literacy Rate (Independent Variable, X1) and Population Growth Rate (Dependent Variable, X2).  See Figure 16.
	 
	 
	Adult Literacy Rate, (% of >14), 2003
	Annual Pop Growth Rate (%), 1975-2003)

	Adult Literacy Rate, (% of >14), 2003
	Pearson Correlation
	1
	-.564(**)

	 
	Sig. (2-tailed)
	 
	.000

	 
	N
	177
	177

	Annual Pop Growth Rate (%), 1975-2003)
	Pearson Correlation
	-.564(**)
	1

	 
	Sig. (2-tailed)
	.000
	 

	 
	N
	177
	177


                        **  Correlation is significant at the 0.01 level (2-tailed).

Figure 16
Our simple correlation coefficient of -.564 between Adult Literacy Rate and Population Growth Rate is negative and relatively strong.  It indicates that the higher the Adult Literacy Rate, the lower the Population Growth Rate.  This seems to be an acceptable conclusion, but it is based on the premise that only one variable, Adult Literacy Rate, is responsible for affecting Population Growth Rate.  We cannot accept that premise.

We must test to see what happens when we eliminate the effect of our Control Variable, the Human Development Index.  See the partial correlation test results in Figure 17.


	Control Variables
	 
	 
	Adult Literacy Rate, (% of >14), 2003
	Annual Pop Growth Rate (%), 1975-2003)

	Human Development Index (HDI), 2003
	Adult Literacy Rate, (% of >14), 2003
	Correlation
	1.000
	-.218

	 
	 
	Significance (2-tailed)
	.
	.004

	 
	 
	Df
	0
	174

	 
	Annual Pop Growth Rate (%), 1975-2003)
	Correlation
	-.218
	1.000

	 
	 
	Significance (2-tailed)
	.004
	.

	 
	 
	Df
	174
	0


Figure 17
By controlling for Human Development Index, we have shown that the partial correlation between Adult Literacy Rate and Population Growth Rate is negative and relatively weaker (-.218) than the original simple correlation coefficient of (-564).  The relationship between Adult Literacy Rate and Population Growth Rate is partly due to the Human Development Index., which is simultaneously affecting Adult Literacy Rate and Population Growth Rate.  The correlation between these two variables is therefore spurious and justifies our selection of the “Spurious Relationship” model earlier in our research.
Stage 6: Variable Measurement

The United Nations operationalized our hypothesis statement by precisely defining all of our variables as indicators for us in their Human Development Report of 2005.  The level of measurement for our Independent Variable, Adult Literacy Rate, is “interval” (percentage).  The level of measurement for our Dependent Variable, Population Growth Rate, is also “interval” (percentage).  The level of measurement for our Control Variable, Human Development Index is “ratio.”
Stage 7: Data Collection

Our complete set of data consists totally of secondary information which has already been collected for us by the United Nations.  Since our unit of analysis is “country,” we will be using aggregate data—every record or row pertains to a whole country.  Normally, when we deal with aggregate data, we have to watch out for the ecological fallacy—the drawing of inferences about individuals from evidence gathered about groups, societies, or nations.  We have to keep in mind that even in countries with very low population growth rates we are still going to find families with ten or twelve children.
Stage 8: Data Analysis

Now we are ready to statistically analyze our data.  We will pull and tug and tear at our hypothesis statement until we find the truth.  We will explore the relationships between our three variables to discern the effect that the Human Development Index has on Adult Literacy Rate and Population Growth Rate.  That will lead us, in turn, to discover whether or not there is a true correlation between Adult Literacy Rate and Population Growth Rate.

Our first step will be to run a cross-tabulation analysis on our data.  To do that, we must recode all of our variables to ordinal (high, medium, and low) levels of measurement.
Fortunately, the United Nations has already recoded our control variable, Human Development Index, for us.  The full range of Human Development Index readings potentially extends from zero to one.  They allocated the 57 nations with Human Development Index readings of .8 and above to the High group.  They assigned the 88 nations that are .5 and above, but below .8, to the Medium group.   They relegated the 32 nations with readings below .5 to the Low group.
We have to recode our independent (Adult Literacy Rate) and dependent (Population Growth Rate) variables ourselves, and then, just as the United Nations did with the Human Development Index, divide them up into high, medium, and low groups.  We will try to assign equal quantities (59) of countries to each group, but that may not always be convenient because some countries have identical readings.

We allocated the 61 nations with Adult Literacy Rate percentages of 96 and above to the High Adult Literacy group.  We assigned the 59 nations with percentages between 79 and 96 to the Medium Adult Literacy group.  We relegated the 57 nations with percentages below 79 to the Low Adult Literacy group.
We allocated the 58 nations with Population Growth Rate percentages of 2.5 and above to the High Population Growth Rate group.  We assigned the 59 nations with percentages from 1.1 to 2.4 to the Medium Population Growth Rate group.  We relegated the 57 nations with percentages below 1.1 to the Low Population Growth Rate group.

Our cross-tabulation analysis of Adult Literacy Rate vs. Population Growth Rate bears out our assumption that a strong negative correlation exists between Adult Literacy Rate and Population Growth Rate.  See Figures 18 through 22. 

APGR Nom * ALR Nom Crosstabulation

	 
	 
	ALR Nom
	Total

	 
	 
	high
	low
	med
	 

	APGR Nom
	high
	Count
	1
	39
	18
	58

	 
	 
	% within ALR Nom
	1.6%
	66.1%
	31.6%
	32.8%

	 
	med
	Count
	11
	19
	28
	58

	 
	 
	% within ALR Nom
	18.0%
	32.2%
	49.1%
	32.8%

	 
	low
	Count
	49
	1
	11
	61

	 
	 
	% within ALR Nom
	80.3%
	1.7%
	19.3%
	34.5%

	Total
	Count
	61
	59
	57
	177

	 
	% within ALR Nom
	100.0%
	100.0%
	100.0%
	100.0%


Figure 18


Chi-Square Tests

	 
	Value
	df
	Asymp. Sig. (2-sided)

	Pearson Chi-Square
	106.189(a)
	4
	.000

	Likelihood Ratio
	120.433
	4
	.000

	N of Valid Cases
	177
	 
	 


                                     a  0 cells (.0%) have expected count less than 5.
                                         The minimum expected count is 18.68.

Figure 19


Directional Measures

	 
	 
	Value
	Asymp. Std. Error(a)
	Approx. T(b)
	Approx. Sig.

	Nominal by Nominal
	Lambda
	Symmetric
	.474
	.054
	7.356
	.000

	 
	 
	APGR Nom Dependent
	.474
	.056
	6.990
	.000

	 
	 
	ALR Nom Dependent
	.474
	.056
	6.990
	.000

	 
	Goodman and Kruskal tau
	APGR Nom Dependent
	.304
	.043
	 
	.000(c)

	 
	 
	ALR Nom Dependent
	.305
	.043
	 
	.000(c)


a  Not assuming the null hypothesis.

b  Using the asymptotic standard error assuming the null hypothesis.

c  Based on chi-square approximation

Figure 20


Symmetric Measures

	 
	Value
	Asymp. Std. Error(a)
	Approx. T(b)
	Approx. Sig.

	Ordinal by Ordinal
	Gamma
	-.026
	.082
	-.321
	.748

	N of Valid Cases
	177
	 
	 
	 


a  Not assuming the null hypothesis.

b  Using the asymptotic standard error assuming the null hypothesis.

Figure 21
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Figure 22


Our next step is to elaborate upon this analysis by introducing our control variable (Human Development Index) into the equation.  See Figures 23-29.


APGR Nom * ALR Nom * Dev (High, Medium, Low) Cross-tabulation

	HDI
	 
	 
	ALR Nom
	Total

	 
	 
	 
	high
	low
	med
	 

	High
	APGR Nom
	high
	Count
	0
	1
	5
	6

	 
	 
	 
	% within ALR Nom
	.0%
	100.0%
	33.3%
	10.5%

	 
	 
	low
	Count
	36
	0
	4
	40

	 
	 
	 
	% within ALR Nom
	87.8%
	.0%
	26.7%
	70.2%

	 
	 
	med
	Count
	5
	0
	6
	11

	 
	 
	 
	% within ALR Nom
	12.2%
	.0%
	40.0%
	19.3%

	 
	Total
	Count
	41
	1
	15
	57

	 
	 
	% within ALR Nom
	100.0%
	100.0%
	100.0%
	100.0%

	Medium
	APGR Nom
	high
	Count
	1
	14
	13
	28

	 
	 
	 
	% within ALR Nom
	5.0%
	50.0%
	32.5%
	31.8%

	 
	 
	low
	Count
	13
	1
	7
	21

	 
	 
	 
	% within ALR Nom
	65.0%
	3.6%
	17.5%
	23.9%

	 
	 
	med
	Count
	6
	13
	20
	39

	 
	 
	 
	% within ALR Nom
	30.0%
	46.4%
	50.0%
	44.3%

	 
	Total
	Count
	20
	28
	40
	88

	 
	 
	% within ALR Nom
	100.0%
	100.0%
	100.0%
	100.0%

	Low
	APGR Nom
	high
	Count
	 
	24
	0
	24

	 
	 
	 
	% within ALR Nom
	 
	80.0%
	.0%
	75.0%

	 
	 
	med
	Count
	 
	6
	2
	8

	 
	 
	 
	% within ALR Nom
	 
	20.0%
	100.0%
	25.0%

	 
	Total
	Count
	 
	30
	2
	32

	 
	 
	% within ALR Nom
	 
	100.0%
	100.0%
	100.0%


Figure 23

Chi-Square Tests


	HDI
	 
	Value
	df
	Asymp. Sig. (2-sided)
	Exact Sig. (2-sided)
	Exact Sig. (1-sided)

	High
	Pearson Chi-Square
	30.493(b)
	4
	.000
	 
	 

	 
	Likelihood Ratio
	28.582
	4
	.000
	 
	 

	 
	N of Valid Cases
	57
	 
	 
	 
	 

	medium
	Pearson Chi-Square
	28.373(d)
	4
	.000
	 
	 

	 
	Likelihood Ratio
	28.770
	4
	.000
	 
	 

	 
	N of Valid Cases
	88
	 
	 
	 
	 

	Low
	Pearson Chi-Square
	6.400(c)
	1
	.011
	 
	 

	 
	Continuity Correction(a)
	2.844
	1
	.092
	 
	 

	 
	Likelihood Ratio
	5.965
	1
	.015
	 
	 

	 
	Fisher's Exact Test
	 
	 
	 
	.056
	.056

	 
	N of Valid Cases
	32
	 
	 
	 
	 


a  Computed only for a 2x2 table

b  6 cells (66.7%) have expected count less than 5. The minimum expected count is .11.

c  2 cells (50.0%) have expected count less than 5. The minimum expected count is .50.

d  1 cells (11.1%) have expected count less than 5. The minimum expected count is 4.77.

Figure 24


Directional Measures

	HDI
	 
	 
	Value
	Asymp. Std. Error(a)
	Approx. T(b)
	Approx. Sig.

	High
	Nom by Nom
	Lambda
	Symmetric
	.273
	.162
	1.468
	.142

	 
	 
	 
	APGR Nom Dep
	.176
	.177
	.911
	.362

	 
	 
	 
	ALR Nom Dep
	.375
	.198
	1.531
	.126

	 
	 
	Goodman and Kruskal tau
	APGR Nom Dep
	.288
	.090
	 
	.000(c)

	 
	 
	 
	ALR Nom Dep
	.392
	.107
	 
	.000(c)

	Medium
	Nom by Nom
	Lambda
	Symmetric
	.155
	.117
	1.248
	.212

	 
	 
	 
	APGR Nom Dep
	.163
	.127
	1.189
	.234

	 
	 
	 
	ALR Nom Dep
	.146
	.132
	1.027
	.304

	 
	 
	Goodman and Kruskal tau
	APGR Nom Dep
	.134
	.046
	 
	.000(c)

	 
	 
	 
	ALR Nom Dep
	.131
	.046
	 
	.000(c)

	Low
	Nom by Nom
	Lambda
	Symmetric
	.200
	.098
	1.461
	.144

	 
	 
	 
	APGR Nom Dep
	.250
	.153
	1.461
	.144

	 
	 
	 
	ALR Nom Dep
	.000
	.000
	.(d)
	.(d)

	 
	 
	Goodman and Kruskal tau
	APGR Nom Dep
	.200
	.073
	 
	.013(c)

	 
	 
	 
	ALR Nom Dep
	.200
	.131
	 
	.013(c)


a  Not assuming the null hypothesis.

b  Using the asymptotic standard error assuming the null hypothesis.

c  Based on chi-square approximation

d  Cannot be computed because the asymptotic standard error equals zero.

Figure 25


Symmetric Measures

	HDI
	 
	Value
	Asymp. Std. Error(a)
	Approx. T(b)
	Approx. Sig.

	high
	Ordinal by Ordinal
	Gamma
	-.081
	.272
	-.298
	.766

	 
	N of Valid Cases
	57
	 
	 
	 

	medium
	Ordinal by Ordinal
	Gamma
	.020
	.120
	.166
	.868

	 
	N of Valid Cases
	88
	 
	 
	 

	Low
	Ordinal by Ordinal
	Gamma
	1.000
	.000
	1.549
	.121

	 
	N of Valid Cases
	32
	 
	 
	 


a  Not assuming the null hypothesis.

b  Using the asymptotic standard error assuming the null hypothesis.

Figure 26
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Figure 27
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Figure 28
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Figure 29

We will now determine how well the data in our independent and control variables can predict changes in our dependent variable through the use of first simple and then multiple regression analysis.  By employing regression analysis, we are assuming that the relationship between our dependent variable, Adult Literacy Rate, and independent variable, Population Growth Rate, is linear.  We are also assuming that no multicoliinearity exists between our independent variable, Adult Literacy Rate, and our control variable, Human Development Index.  In regression analysis, we must measure our variables at either the interval or ratio level.  We will measure Adult Literacy Rate and Population Growth Rate at the interval level and measure Human Development Index at the ratio level.

During simple regression analysis, we will refer to both our independent variable, Adult Literacy Rate, and our control variable, Human Development Index, as independent variables.  The output of our simple regression analysis will be a linear function of our independent variables and an error factor which will take into account all other factors.
In Figures 30 through 33, we compare Adult Literacy Rate with Population Growth Rate.

Model Summary(b)

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.564(a)
	.318
	.314
	1.0003


a  Predictors: (Constant), Adult Literacy Rate, (% of >14), 2003

b  Dependent Variable: Annual Pop Growth Rate (%), 1975-2003)

Figure 30

ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	81.687
	1
	81.687
	81.644
	.000(a)

	 
	Residual
	175.093
	175
	1.001
	 
	 

	 
	Total
	256.780
	176
	 
	 
	 


a  Predictors: (Constant), Adult Literacy Rate, (% of >14), 2003

b  Dependent Variable: Annual Pop Growth Rate (%), 1975-2003)

Figure 31


Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	 
	 
	B
	Std. Error
	Beta
	 
	 

	1
	(Constant)
	4.498
	.309
	 
	14.542
	.000

	 
	Adult Literacy Rate, (% of >14), 2003
	-.033
	.004
	-.564
	-9.036
	.000


a  Dependent Variable: Annual Pop Growth Rate (%), 1975-2003)

Figure 32
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Figure 33
In Figures 34 through 37, we compare Human Development Index with Population Growth Rate.


Model Summary(b)

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.548(a)
	.300
	.296
	1.0133


a  Predictors: (Constant), Human Development Index (HDI), 2003

b  Dependent Variable: Annual Pop Growth Rate (%), 1975-2003)

Figure 34


ANOVA(b)

	Model
	 
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	1
	Regression
	77.091
	1
	77.091
	75.080
	.000(a)

	 
	Residual
	179.689
	175
	1.027
	 
	 

	 
	Total
	256.780
	176
	 
	 
	 


a  Predictors: (Constant), Human Development Index (HDI), 2003

b  Dependent Variable: Annual Pop Growth Rate (%), 1975-2003)

Figure 35


Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	 
	 
	B
	Std. Error
	Beta
	 
	 

	1
	(Constant)
	4.416
	.313
	 
	14.117
	.000

	 
	Human Development Index (HDI), 2003
	-3.723
	.430
	-.548
	-8.665
	.000


a  Dependent Variable: Annual Pop Growth Rate (%), 1975-2003)

Figure 36
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Figure 37

In Figures 38 through 41, we compare Adult Literacy Rate with Human Development Index.


Model Summary(b)

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.859(a)
	.737
	.736
	.091408


a  Predictors: (Constant), Adult Literacy Rate, (% of >14), 2003

b  Dependent Variable: Human Development Index (HDI), 2003

Figure 38


ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	4.100
	1
	4.100
	490.745
	.000(a)

	 
	Residual
	1.462
	175
	.008
	 
	 

	 
	Total
	5.563
	176
	 
	 
	 


a  Predictors: (Constant), Adult Literacy Rate, (% of >14), 2003

b  Dependent Variable: Human Development Index (HDI), 2003

Figure 39


Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	 
	 
	B
	Std. Error
	Beta
	 
	 

	1
	(Constant)
	.099
	.028
	 
	3.494
	.001

	 
	Adult Literacy Rate, (% of >14), 2003
	.007
	.000
	.859
	22.153
	.000


a  Dependent Variable: Human Development Index (HDI), 2003

Figure 40
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Figure 41

In all three of our above analyses, the number of cases (177) is relatively small, so we have adjusted our “R Square” readings to compensate and provide us with more accurate readings in total variation percentage.  The R Square readings indicate the proportion or percentage of total variation in the dependent variable that can be attributed to its linear relationship with its independent variable.  In the analyses above, only 31% (.314) of the variation in Population Growth Rate can be explained by the direct effect of Adult Literacy Rate.  Only 30% (.296) of the variation in Population Growth Rate can be explained by the direct effect of the Human Development Index.  A robust 74% (.736) of the variation in Human Development Index can be explained by the effect of Adult Literacy Rate.
The relatively weak R Square readings that pertain to Population Growth Rate may or may not indicate a problem with our hypothesis statement.  The Standard Error of the Estimate (SEE) readings will tell us more.
The average error in predicting Population Growth Rates from Adult Literacy Rates is +/- 1, so we can expect Population Growth Rates of approximately 31 percent of the 177 countries (55 countries) to fall between 3.627 and 5.627 (Y +/- SEE) 100 percent of the time (Significance = .000).  In actuality,  only 4 percent (7 countries) do.  There must be more going on here than what meets the eye.
Y = a + (b1X1)

Y = a + (b1 * X1)

DV = Constant + (B IndVar1 * IndVar1)

APGR = Constant + (B ALR * ALR)

APGR = 4.498 + (-0.033 * 1)

APGR = 4.660 + (-0.033)

APGR = 4.660 – 0.033

APGR = 4.627

The average error in predicting Population Growth Rates from Human Development Index levels is also +/- 1, so we can expect Population Growth Rates of approximately 30 percent of the 177 countries (53 countries) to fall between -.063 and 1.937 (Y +/- SEE) 100 percent of the time (Significance = .000).  In actuality,  44 percent (78 countries) do.  Again, there must be more going on here than what meets the eye. 

Y = a + (b1X1)

DV = Constant + (B IndVar1 * IndVar1)

APGR = Constant + (B HDI * HDI)

APGR = 4.416 + (-3.723 * 1)

APGR = 4.660 – 3.723

APGR = 0.937
The average error in predicting Human Development Index levels from Adult Literacy Rates is only +/- .09, so we can expect Human Development Index levels of approximately 74 percent of the 177 countries (131 countries) to fall between 0.006 and 2.006 (Y +/- SEE) 100 percent of the time (Significance = .000).  In actuality,  all 177 countries fall within the narrow range of from .281 to .963.  Once again, we do not see the predicted results.
Y = a + (b1X1)

DV = Constant + (B IndVar1 * IndVar1)

HDI = Constant + (B ALR * ALR)

HDI = .099 + (.007 * 1)

HDI = .099 + .007
HDI = 1.006
The next step in our path analysis is to put all of our direct path coefficients together.  Figure 42 displays the results.  We have a very strong positive correlation (.859) between Adult Literacy Rate and the Human Development Index.  And we have relatively strong negative correlations between Adult Literacy Rate and Population Growth Rate and between the Human Development Index and Population Growth Rate.  All of these findings support our hypothesis.
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Figure 42

We are now ready to complete our path analysis.  We determine the indirect path coefficient from Adult Literacy Rate through the Human Development Index to Population Growth Rate by multiplying the direct path coefficients involved in that route.  When we multiply the direct path coefficient between Adult Literacy Rate and the Human Development Index (.859) by the direct path coefficient between the Human Development Index and Population Growth Rate (-.548), we arrive at an indirect path coefficient of -.471.  Figure 43 displays our path model with all (direct and indirect) path coefficients.
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Figure 43

Having completed our simple regression analysis, we will now perform multiple regression analysis on our three variables.  We will examine the simultaneous effect of both our independent variables, Adult Literacy Rate and Human Development Index (which is actually our control variable), on our dependent variable, Population Growth Rate.  Each of our two independent variables will be controlled by the other independent variable in the equation.  Each of the independent variables will be assessed its relative importance (Beta) in explaining the dependent variable.  See Figures 44 through 47.

Model Summary(b)

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.578(a)
	.334
	.326
	.9917


a  Predictors: (Constant), HDI, 2003 & ALR, (% of >14), 2003

b  Dependent Variable: Annual Pop Growth Rate (%), 1975-2003)

Figure 44

ANOVA(b)

	Model
	 
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	1
	Regression
	85.648
	2
	42.824
	43.542
	.000(a)

	 
	Residual
	171.132
	174
	.984
	 
	 

	 
	Total
	256.780
	176
	 
	 
	 


a  Predictors: (Constant), HDI, 2003, Adult Literacy Rate, (% of >14), 2003

b  Dependent Variable: Annual Pop Growth Rate (%), 1975-2003)

Figure 45

Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	T
	Sig.

	 
	 
	B
	Std. Error
	Beta
	 
	 

	1
	(Constant)
	4.660
	.317
	 
	14.694
	.000

	 
	ALR, (% of >14), 2003
	-.021
	.007
	-.356
	-2.950
	.004

	 
	HDI, 2003
	-1.646
	.820
	-.242
	-2.007
	.046


a  Dependent Variable: Annual Pop Growth Rate (%), 1975-2003)

Figure 46
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Figure 47

As in our simple regression analysis, in our multiple regression analysis, we measure a relatively small number of cases (177), so we have adjusted our “R Square” readings to compensate and provide us with more accurate readings in total variation percentage.  The R Square readings indicate the proportion or percentage of total variation in the dependent variable that can be attributed to its linear relationships with both independent variables.  In the analyses above, only 33% (.326) of the variation in Population Growth Rate can be explained by the direct effects of Adult Literacy Rate and the Human Development Index.

The average error in predicting Population Growth Rates from Adult Literacy Rates is +/- .9917, so we can expect Population Growth Rates of approximately 33 percent of the 177 countries (55 countries) to fall between 1.993 and 3.993 (Y +/- SEE).  In actuality,  only 49.7 percent (88 countries) do.

Based upon the data above, our basic multiple regression equation looks like this:

Y = a + (b1X1) + (b2X2)

Y = a + (b1 * X1) + (b2 * X2)

DV = Constant + (B IndVar1 * IndVar1) + (B IndVar2 * IndVar2)

APGR = Constant + (B ALR * ALR) + (B HDI * HDI)

APGR = 4.660 + (-0.021 * 1) + (-1.646 * 1)

APGR = 4.660 + (-0.021) + (-1.646)
APGR = 4.660 + (-1.667)
APGR = 4.660 – 1.667

APGR = 2.993

Let us see what happens to Population Growth Rate (APGR) if we double the Adult Literacy Rate while controlling for Human Development Index:
Y = a + (b1X1) + (b2X2)

Y = a + (b1 * X1) + (b2 * X2)

DV = Constant + (B IndVar1 * IndVar1) + (B IndVar2 * IndVar2)

APGR = Constant + (B ALR * ALR) + (B HDI * HDI)

APGR = 4.660 + (-0.021 * 2) + (-1.646 * 1)

APGR = 4.660 + (-0.042) + (-1.646)

APGR = 4.660 + (-1.688)

APGR = 4.660 – 1.688
APGR = 2.972
Our Population Growth Rate decreased (from 2.993 to 2.972), verifying our assumption that a negative correlation exists between Population Growth Rate and Adult Literacy Rate.  Let us now see what happens to our original equation if we double the value of the Human Development Index while controlling for Adult Literacy Rate:
Y = a + (b1X1) + (b2X2)

Y = a + (b1 * X1) + (b2 * X2)

DV = Constant + (B IndVar1 * IndVar1) + (B IndVar2 * IndVar2)

APGR = Constant + (B ALR * ALR) + (B HDI * HDI)

APGR = 4.660 + (-0.021 * 1) + (-1.646 * 2)

APGR = 4.660 + (-0.021) + (-3.292)

APGR = 4.660 + (-3.313)

APGR = 4.660 – 1.688

APGR = 1.347


Once again, our Population Growth Rate has decreased (from 2.993 to 1.347), verifying our assumption that a negative correlation exists between Population Growth Rate and the Human Development Index.

Stage 9 : Conclusion

As we interpret our bivariate correlation and cross-tabulation analysis findings, we come to the conclusion that we can accept our research’s hypothesis statement: As a country’s Adult Literacy Rate climbs, its Population Growth Rate dips.
We also seem to have identified that singular socio-politico-economic aspect of life that affects a country’s population growth rate the most, Adult Literacy Rate, but there are still problems to resolve before we can write that statement in stone.  We saw that the Human Development Index exerts a strong influence on Adult Literacy Rate.  We expected that because Adult Literacy Rate is one of the main components of the Human Development Index.  We did not, however, expect some of the puzzling predictions we observed during regression analysis.  Perhaps we need to perform as exhaustive an analysis on the other components of the Human Development Index as we performed on Adult Literacy Rate.  We leave that for further research efforts.

In the meantime, armed with the evidence we have garnered from this particular research, we can focus our efforts more clearly on raising the Adult Literacy Rates in the Least Developed Countries of the world.  We can be confident that if we devote enough attention to this problem, we can help reverse the tide of rampant population growth that currently exists in many of those countries, and thereby save all of our not-too-distant descendants from the grim ramifications of world overpopulation.
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