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StatiSticS 3.9
Relating to page 87 of Level 3 Statistics Learning Workbook

Sample assessment
Task
Carry out a bivariate data investigation using information from the following data set which contains social data from 50 states 
of the United States of America [source: Devaux Stats Series]
This data set is available at ESA online RESOURCES .
The variables are
 Murder number of murders per 100 000 people

 HSGrad highschool graduation rate (%)

 Income median monthly income ($US)

 Illiteracy rate of illiteracy in population (%)

 Life exp average life expectancy (in years)
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Alabama 15.1 41.3 3624 21 69.05

Alaska 11.3 66.7 6315 15 69.31

Arizona 7.8 58.1 4530 18 70.55

Arkansas 10.1 39.9 3378 19 70.66

California 10.3 62.6 5114 11 71.71

Colorado 6.8 63.9 4884 7 72.06

Connecticut 3.1 56 5348 11 72.48

Delaware 6.2 54.6 4809 9 70.06

Florida 10.7 52.6 4815 13 70.66

Georgia 13.9 40.6 4091 20 68.54

Hawaii 6.2 61.9 4963 19 73.6

Idaho 5.3 59.5 4119 6 71.87

Illinois 10.3 52.6 5107 9 70.14

Indiana 7.1 52.9 4458 7 70.88

Iowa 2.3 59 4628 5 72.56

Kansas 4.5 59.9 4669 6 72.58

Kentucky 10.6 38.5 3712 16 70.1

Louisiana 13.2 42.2 3545 28 68.76

Maine 2.7 54.7 3694 7 70.39

Maryland 8.5 52.3 5299 9 70.22

Massachusetts 3.3 58.5 4755 11 71.83

Michigan 11.1 52.8 4751 9 70.63

Minnesota 2.3 57.6 4675 6 72.96

Mississippi 12.5 41 3098 24 68.09

Missouri 9.3 48.8 4254 8 70.69
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Montana 5 59.2 4347 6 70.56

Nebraska 2.9 59.3 4508 6 72.6

Nevada 11.5 65.2 5149 5 69.03

NewHampshire 3.3 57.6 4281 7 71.23

NewJersey 5.2 52.5 5237 11 70.93

NewMexico 9.7 55.2 3601 22 70.32

NewYork 10.9 52.7 4903 14 70.55

NorthCarolina 11.1 38.5 3875 18 69.21

NorthDakota 1.4 50.3 5087 8 72.78

Ohio 7.4 53.2 4561 8 70.82

Oklahoma 6.4 51.6 3983 11 71.42

Oregon 4.2 60 4660 6 72.13

Pennsylvania 6.1 50.2 4449 10 70.43

RhodeIsland 2.4 46.4 4558 13 71.9

SouthCarolina 11.6 37.8 3635 23 67.96

SouthDakota 1.7 53.3 4167 5 72.08

Tennessee 11 41.8 3821 17 70.11

Texas 12.2 47.4 4188 22 70.9

Utah 4.5 67.3 4022 6 72.9

Vermont 5.5 57.1 3907 6 71.64

Virginia 9.5 47.8 4701 14 70.08

Washington 4.3 63.5 4864 6 71.72

WestVirginia 6.7 41.6 3617 14 69.48

Wisconsin 3 54.5 4468 7 72.48

Wyoming 6.9 62.9 4566 6 70.29
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Solution
A sample report follows.

The effects of illiteracy on murder rates
Choosing the investigation

A matrix of scatter plots is drawn for the variable pairs in the 
data set.
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From the matrix I can see there appears to be a positive 
relationship between the illiteracy rates of the 50 states of the 
USA (America) and the murder rates in those states.

Problem
Illiteracy is the lack of ability to understand and use written 
information in daily life.

I am going to investigate if there is a relationship between 
the illiteracy rate (% of population) and the murder rate 
(number of murders per 100 000 people) in the states of 
America.

I will use the illiteracy rate as the explanatory variable and 
the murder rate as the response variable.

The data is sourced from Devaux Stats Series and contains 
data pertaining to 50 states of the United States of America.

Background information
I think it would be useful to investigate the relationship 
between the illiteracy rate and the murder rate in American 
states. My research has shown me that the higher the 
illiteracy rate, the higher the crime rate tends to be, and 
I am curious to know if higher illiteracy rates are also 
associated with higher murder rates This would be interesting 
information for the people of America, and possibly for 
people in other countries, as it would provide some evidence 
that increasing literacy rates may help to decrease the murder 
rate.

If increasing literacy does appear to have a relationship 
with decreasing murder rates then it would be a worthwhile 
experiment, both financially and socially, to have a drive 

to improve literacy rates in the United States. Financially 
it would make sense as increasing literacy rates would 
undoubtedly be cheaper in the long term than the cost of 
housing a prisoner in a maximum security prison, which is 
quoted as being an average cost of $US 33 0001 per prisoner 
per year. By comparison, the average salary of a teacher in 
the United States is $US 55 0002 per year.

In 2014 there were estimated to be 2.4 million prisoners3 
incarcerated in the United States, approximately 3% of whom 
were murderers. The costs of accommodating these prisoners 
would equate to the cost of employing approximately 43 000 
teachers.

I have been unable to find any direct reference to the 
relationship between literacy rates and murder rates, but a 
Canadian Police fact sheet4 gave the following information on 
the relationship between literacy rates and crime rates: 

‘The inability to read and write well may not be a direct cause 
of criminal behaviour, but low literacy and crime are related. 
Daily life is harder for people with low literacy, so they are 
more likely to feel frustrated and dissatisfied. People with 
low literacy skills usually have equally inadequate problem-
solving skills. 

People who have low literacy skills tend to be less active 
citizens than other people. They are less likely to get involved 
in community activities like sports, school groups, church 
groups, and so on. As a result, they often feel isolated and 
vulnerable, and many of them feel like outcasts.

This may partly explain why people who have low literacy 
are statistically more likely to be involved in crime – either 
as the offender or as the victim. It may also help to explain 
why crime rates are higher in neighbourhoods where a high 
percentage of people have low literacy.’

The fact sheet goes on to inform the reader that in Canadian 
jails, offenders are three times as likely as the rest of the 
population to have literacy problems and at least 75% of 
adults in prison were persistent offenders in their youth.

A United States study5 states that 85% of all juveniles who 
interface with the juvenile court system are functionally 
illiterate and that more than 60% of all prison inmates 
are functionally illiterate. It also makes the connection 
that illiteracy and crime are closely related and quotes the 
Department of Justice as stating, ‘The link between academic 
failure and delinquency, violence, and crime is welded to 
reading failure.’ Over 70% of inmates in America’s prisons 
cannot read above a fourth-grade level.

A United Kingdom study published by the Basic Skills Agency6 
was the first to investigate the backgrounds of career 
criminals over a period of time. It discovered that poor literacy 
and numeracy were strongly linked to the criminal behaviour 
of 30-year-old people. 
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The statistical analysis in this report showed that poor literacy 
skills were a good indicator of a 30-year-old person’s chance 
of being arrested and that illiteracy and related education 
factors contributed 33% of the chance of a 30-year-old person 
being arrested.

A further study by Dennis Hogenson7 found that: 
‘… only reading failure was found to correlate with 
aggression in delinquent boys’ and ‘it is possible that 
reading failure is the single most significant factor in those 
forms of delinquency which can be described as anti-socially 
aggressive. I am speaking of assault, arson, sadistic acts 
directed against peers and siblings, major vandalism, etc.’.

So improving the literacy rates of young people could have a 
significant impact on rates of adult crime. 

Analysis
A scatter plot is drawn for murder rates versus illiteracy rates.
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From this graph I can see there appears to be a slight positive 
linear tendency, so that as the illiteracy rate increases, the 
murder rate tends to increase.

A trend line is drawn for the data, and its equation found.
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Linear trend:

Murder = 2.397 + 0.4257 * Illiteracy

Linear correlation: 0.7

Overall the scatter about the trend line appears to be fairly 
consistent although somewhat fan-shaped, with greater 
scatter for lower illiteracy rates and less scatter for higher 
illiteracy rates. This is perhaps to be expected, as other socio-
economic factors, such as the wealth of the state, may have 
a greater impact in states with low illiteracy rates (i.e. higher 
literacy), creating a larger range of murder rates in those 
states.

There are two points that seem unusually far from the trend 
line: one point (Nevada) with a very low illiteracy rate (5%) 
but a high murder rate (11.5 per 100 000 people); the other 
point (Rhode Island) with a moderately high illiteracy rate 
(13%) but a low murder rate (2.4%).

Trendline
The scatter plot for murder rates versus illiteracy rates 
indicates a linear trend. The association is positive (as the 
illiteracy rate increases the murder rates tend to increase) and 
appears to be a moderate relationship as a lot of the points 
are close to the trend line (this is confirmed by the correlation 
coefficient of 0.7). 

This moderately strong relationship means that any 
predictions made using the trend line will only give an 
indication of the murder rate, but will not be very reliable. 
This is as I expected. I did not expect there to be a very strong 
relationship as there are factors other than illiteracy involved 
in people committing murder, such as domestic disputes, 
psychological conditions, poverty, drugs, and alcohol.

iNZight gives the equation of the trendline as 

Murder rate = 0.4257 × Illiteracy rate + 2.397

This means that we can estimate the murder rate of a state (in 
murders per 100 000 people) by multiplying the illiteracy rate 
(given as a percentage) by 0.4257 and adding 2.397.

The gradient of the regression line is 0.4257 which means that, 
on average, for every 1% rise in the illiteracy rate the murder 
rate in a state rises by 0.4257 murders per 100 000 people.

Predictions
Using the regression equation, a prediction of the murder rate 
of a state that has an illiteracy rate of 5% is 4.5 murders per 
100 000 people.

Murder rate = 0.4257 × 5 + 2.397 = 4.5255

A prediction of the murder rate of a state that has an illiteracy 
rate of 20% is about 11 murders per 100 000 people.

Murder rate = 0.4257 × 20 + 2.397 = 10.911
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I chose these two illiteracy rates to use for predictions 
because 5% illiteracy is a realistic percentage to aim for, and 
the overall illiteracy rate of USA tends to fluctuate around 
20%.

Using these predictions it would seem that if the illiteracy rate 
in USA decreased from 20% to 5%, the murder rate would 
decrease by around 6.5 murders per 100 000 people.

Because the correlation coefficient is only 0.7, and also 
because of the scatter of data points around the line, we 
cannot be very confident in our predictions but we can be 
confident that an increase in the number of murders per 100 
000 people is associated with an increase in the illiteracy rate.

Correlation and causality
As has already been discussed, illiteracy is not the only 
factor that will affect the murder rate of a state. Author John 
Lescroat8 identifies 14 motives for murder: to keep a secret, 
revenge, frustration/hate, money/greed, sex/jealousy, property 
dispute, personal vendetta, political/class conflict, narcotics, 
other felonies, urge to protect. Any of these could occur as 
random events that would mask a relationship between the 
illiteracy rates of the states of America and their murder rate.

However, we can state there is correlation between the 
illiteracy rates of the states of America and their murder rate 
but that the illiteracy rate does not cause the murder rate, 
even although it will be a factor that affects the murder rate.

Other models
Looking at the points, it is hard to know if a linear model is 
the best model for the trend in the data, so I will fit other 
models using iNZight.

Quadratic model
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Murder =  1.663 + 0.5564 * Illiteracy + 
–0.004586 * Illiteracy^2

A quadratic model does appear to fit as well as the linear 
model, but possibly makes slightly more sense as the murder 
rate tends to flatten out once it reaches a certain point.

If I substitute 5% as the illiteracy rate into the quadratic 
equation, my prediction is that the murder rate would be 
about 4.3 murders per 100 000 people which is a very similar 
prediction to the linear model.

If I substitute 20% as the illiteracy rate into the quadratic 
equation, my prediction is that the murder rate would be 
about 11 murders per 100 000 people which is the same 
prediction as the linear model.

Cubic model
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Murder =  2.726 + 0.2823 * Illiteracy + 0.01543 * 
Illiteracy^2 + –0.0004324 * Illiteracy^3

A cubic model also appears to fit as well as the linear and 
quadratic models, but wouldn’t make as much sense as the 
quadratic model at the higher rates of illiteracy – as illiteracy 
rates climb above 31%, the murder rate starts to fall, which 
doesn’t seem realistic. In fact, using this model, very high 
rates of illiteracy would give a negative murder rate, which 
is not possible. For example, substituting an illiteracy rate of 
60% into the equation gives a murder rate of about –18 per 
100 000.

If I substitute 5% as the illiteracy rate into the cubic equation, 
my prediction is that the murder rate would be about 4.5 
murders per 100 000 people which is a very similar prediction 
to the linear and quadratic models.

If I substitute 20% as the illiteracy rate into the cubic 
equation, my prediction is that the murder rate would be 
about 11 murders per 100 000 people which is the same 
prediction as the linear model.

Best model
I think that the quadratic model would be the best model to 
use for the trend in the data, as it would make sense that 
the murder rate would flatten off as illiteracy rates increased 
because of strong law and order standards in the United 
States. For example, at an illiteracy rate of 30%, the linear 
model predicts 15.2 murders per 100 000 people, whereas 
the quadratic model predicts 14.2 murders per 100 000 
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people, and at an illiteracy rate of 35% the linear model 
predicts 17.3 murders per 100 000 people, whereas the 
quadratic model predicts 15.5 murders per 100 000 people.

Since the models have been created to model data with 
illiteracy rates from 5% to 28%, any extrapolation beyond 
30% would need to be treated with caution.

Assumptions
The analysis is based on data from the Devaux Stats Series 
and is possibly out of date, as there was no date given for 
when the data was collected. I have to assume that the 
trends that were apparent in this data are still relevant at the 
time of writing.

I am also assuming that the data was accurately recorded. 
Literacy rates and murder rates are public information and 
recorded by government departments so it is likely the 
original source of data was a true representation of the rates.

Relevance and usefulness of the investigation
This report should be of interest to anyone with an interest in 
how to decrease murder rates, particularly the US government 
that has a responsibility to ensure a safe environment for 
its citizens. Other countries should also be interested in the 
correlation and could initiate a concerted literacy drive to 
ensure all avenues are being explored in lowering murder rates.

How widely the findings could be applied
As this report pertains only to the states of the USA the 
findings can be applied only to the USA although it should be 
worthy of note for other countries.

Conclusion
Based on my investigation it seems likely that higher illiteracy 
rates are a factor in increasing the murder rates in the states 
of America. Other factors such as greed, hate, psychological 
illness and drugs can also contribute to the murder rates, but 
there does appear to be a moderate relationship between 
the illiteracy rate (as a percentage of the population) and the 
murder rate (number of murders per 100 000 people) in the 
states of America.

Illiteracy can cause frustration, dissatisfaction, isolation and 
vulnerability and all these can increase drug and alcohol 
abuse and psychological illness and thereby increase 
disharmony. It would be a worthwhile exercise to promote 
literacy, even if only to increase the well-being of more 
people in the states of America, which would come with less 
frustration, more job opportunities and a greater sense of 
connectedness within the community.

It would be interesting to research further, but data is elusive. 
Investigations I would see would add to this study are: a 
comparison between the illiteracy rate of murderers and that 
of other prisoners; the effect of illiteracy on employment; the 
effect of employment rates on murder rates; and the illiteracy 
rates of serial murderers.
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