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1. Introduction

Gun control is a controversial issue that stirs much passion on the part of both liberals and conservatives.  On one side, gun control advocates such as the Brady Campaign claim that the unregulated ownership of firearms leads to an increase in violent crime.  On the other side, gun ownership advocates such as the National Rifle Association argue that since the Second Amendment guarantees the right to bear arms, most restrictions on the issuance of permits, and limitations on the right to carry a concealed weapon, are unconstitutional.  Furthermore, they claim that the presence of “Right-To-Carry” (RTC) laws regarding concealed weapons actually serves as a crime deterrent. 

One prominent figure in the debate is Dr. John R. Lott, the author of the books More Guns, Less Crime and The Bias Against Guns.  Lott is a scholar at the conservative-leaning American Enterprise Institute, and a practitioner of “econometrics,” the study of economic measurement.  Lott’s central thesis is that allowing adults to carry concealed weapons leads to significant reduction of violent crime.  To support this, Lott performed an extensive comparison of crime rates for every county in the United States, claiming that the presence of “Shall Issue” laws for concealed weapon permits correlates to lower crime rates.

Lott has received much criticism from sources such as Australian computer science professor Tim Lambert, the Skeptical Inquirer, and the Stanford Law Review.   Critics say that Lott made numerous computational errors.  Among them was the failure to distinguish between the widely different circumstances of the counties he looked at.  For example, densely populated counties (i.e., big crowded cities) tend to have more crime, and also tend to not institute “Shall Issue” laws.  Unless we assume a causal connection between these two facts, it can skew the data.  Critics also charge that John Lott habitually accepted negative numbers for statistics, such as number of arrests, at face value.  If this is true, then it is obviously a classic mistake of failing to pre-process the data correctly, since negative numbers are often used as indicators of an “unknown” value.

In order to improve on Lott’s experiment, we Once we had this information in hand, we set out to test the conclusions of John R. Lott.  Our objective was to use our awareness of the presence or absence of a RTC law in any given county, and predict its effect on the rate of violent crime.  The nature of the problem clearly indicated that we should use linear regression.

2. Purpose

In summary, this is the prediction that we are trying to make:

“Suppose we have two counties in the same year, with roughly equal size and similar initial violent crime rates. If one county passes Right-To-Carry legislation while the other does not, how that affect the future rate of violent crime?”


To make this prediction, we applied to the data mining technique of linear regression.  Linear regression is a method of predicting the expected value of the data’s class – in this case, the rate of change in crime rate – based on a variety of factors.  A weight is applied to each attribute, indicating that if all other attributes are held constant, changing the value of the attribute in question will affect the outcome by a certain amount.  By fitting a straight line to a set of data points, we are thus able to estimate what effect each dimension of the data has on the final result.

Based on the analysis presented his book, More Guns, Less Crime, John Lott claimed that the existence of various kinds of pro-gun legislation led to a decrease in the rate of violent crimes.  Lott specified that regression analysis revealed that the RTC law was the most significant factor in determining the crime rate, and he chose to focus on the specific categories of violent crime: Murder, Rape, Robbery, and Armed Assault.  While Lott did discover a negative correlation between the presence of a RTC law and the rate of violent crimes, his analysis contained serious methodological errors, which we attempted to correct.

According to the data we collected, the average population across all counties was 91,829 in 2002.  However, the average population of a county with a RTC law in place was 72,279, while the average population of a county with no RTC law was 139,050.  This skews the “More Guns, Less Crime” data in a subtle way.  Large, densely populated counties differ from small, rural counties in two essentially unrelated ways: (1) they tend to be more liberal, and have a lower NRA presence; (2) they tend to have higher crime rates.

Lott does not appear to have accounted for this effect.  While pro-gun laws are clearly correlated with lower crime rates (MGLC chapter 3), Lott jumps to the unjustified conclusion that the relationship is directly causal, when in fact they could both be the result of the higher populations.

In chapter 4, Lott presents a series of tables (MGLC pp 77-79) designed to show that the date when crime begins falling exactly coincides with the year of the passage of an RTC law.  However, these tables were created in an extremely misleading way.  For more information on the misleading presentation of Lott’s graphs, we refer to Tim Lambert’s page:

http://timlambert.org/guns/lott/node14.html#SECTION00032800000000000000
“Lott's diagrams do not show crime rates at all, but rather plot two quadratic curves that he fitted to the data. It is no surprise that there is a peak when the laws were passed--this is one of the few places where it is possible for the fitted curves to peak. Even if the crime rate started to decline before the laws passed, Lott's diagram could still show a peak coinciding with the law.”

Nevertheless, Lott’s graphs do show that crime began declining after the passage of RTC laws.  But they do not illuminate whether there is a causal relationship between the factors.  In fact, most of the RTC laws were passed during the 1990’s, and crime declined throughout the country during the 1990’s.  Gun advocates claim that the laws caused the decrease in crime, yet the same decrease occurred in areas of the country where there was no RTC law.

We hope that with our more specific experiment, we will be able to overcome these shortcomings and find an accurate effect for the laws.

3. Data Preprocessing: Phase 1

The system in Figure 1 for preprocessing data obtained from data providers over the Internet into an .arff file for analysis using WEKA was built for the project.  The goal of the system was to combine three disparate data sources into a single analyzable file in the format required by WEKA (.arff). 
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Figure 1: Data preprocessing architecture and flow diagram.

We used county crime data from the Geostat Center website at the University of Virginia for our analysis.  Crime data available here originate from the annual Uniform Crime Reports (UCR) collected by the FBI, but are downloadable in a comma-separated (CSV) file format that makes analysis easier.  The UCR themselves began in 1930 and summarize the incidence of reported crimes in the United States.  It’s comprised of two parts: Part 1 of the report includes violent and property crimes and Part 2 covers non-violent crimes.  Table 1 shows all of the crime data available from the Geostat Center website.  Geostat Center data are available from 1990 through 2002.

Although different categories of data are available on the Geostat Center website, we focused solely on the “All Arrests” data available there, referring to the fact that recorded data are from actual arrest records as opposed to reported offenses.  Due to a change in the imputation method for bad data, the Geostat Center modified the data structure of the crime data in 1994.  This meant that additional pre-processing was needed to normalize the 1990-1993 and 1994-2002 groups into a single dataset.

	Population and Totals
	Violent Crimes
	Property Crimes

	County Population Total
	Murders
	Burglaries

	Grand Total (Total Number of Arrests)
	Rapes
	Larcenies

	Part 1 - Total (Index Crimes – Murders through Arsons)
	Robberies
	Motor Vehicle Thefts

	Part 1 - Violent Crimes (Murders through Aggravated Assaults)
	Aggravated Assaults
	Arsons

	Part 1 - Property Crimes (Burglaries through Arsons)
	
	


Table 1: Arrest data categories.

	Nonviolent Crimes
	Nonviolent Crimes (cont.) 
	Nonviolent Crimes (cont.) 

	Nonviolent Crimes
	Opium/Cocaine - Sale/Manufacture
	Gambling - All Other

	Other Assaults
	Marijuana - Sale/Manufacture
	Offenses Against Family and Child

	Forgery and Counterfeiting
	Synthetic Drug - Sale/Manufacture
	Driving Under Influence

	Fraud
	Other: Dangerous Non-narcotics
	Liquor Law Violations

	Embezzlement
	Drug Possession Subtotal
	Drunkenness

	Have Stolen Property (Buying, Receiving, Possessing)
	Opium/Cocaine - Possession
	Disorderly Conduct

	Vandalism
	Marijuana - Possession
	Vagrancy

	Weapons Violations (Carrying, Possessing, etc.)
	Synthetic Narcotics - Possession
	All Other Offenses Except Traffic

	Prostitution and Commercial Vice
	Other Drug - Possession
	Suspicion

	Sex Offenses (Not Including Forcible Rape and Prostitution)
	Gambling - Total
	Curfew, Loitering Violations: Juveniles Only

	Drug Abuse Violations - Total
	Bookmaking, Horse and Sport
	Runaways: Juveniles

	Drug Abuse – Sale/Manufacture
	Numbers and Lottery
	 


Table 2: Arrest data categories (continued).

To accomplish data normalization, a MySQL database was created with the common schema in Figure 1.  Two Java command line programs – one program for the raw 1990-1993 data (InsertAllArrestsForOldData.java) and the other for the raw 1994-2002 data (InsertAllArrestsForNewData.java) -- were written to parse the downloaded CSV files and insert rows into the Arrests MySQL database table using SQL and JDBC.
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Figure 2: Project database schema.

Our analysis also required knowledge of when gun laws were passed on a per-state basis.  In order to obtain this information, we called the National Rifle Association’s lobbying group, the Institute for Legislative Action (NRA-ILA).  They sent us a Microsoft Word Document that contained a table of enactment dates.

For this project, we are interested most in the Right-to-Carry law.  The document we received also included information on several other gun laws: Preemption, Lawsuit Preemption, Range Protection, and Right to Hunt laws.  However, we did not factor them into the study.  A third Java command line program was written to manipulate the NRA data and insert the rows into the Laws table in MySQL.

The existence of a relational staging database allowed for SQL queries to be executed in order to create an Attribute-Relation File Format (.arff) file suitable for analysis with WEKA.  SQL queries were used to aggregate, order, and remove duplicate values in the dataset.  Figure 3 shows an example of an SQL query used.
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Figure 3: SQL query used in .arff generation.
4. Analysis Method 

Remember that our objective is to answer this question:

“Suppose we have two counties in the same year, with roughly equal size and similar initial violent crime rates. If one county passes Right-To-Carry legislation while the other does not, how that affect the future rate of violent crime?”


The first thing to note is that we wished to focus ONLY on those counties where either the law had just been passed recently, or the law would not be passed at all during the specified time period.  Thus, we wanted to reduce the data to only counties in states that had an “interesting” year.  We focused on time windows of 3 and 5 years, temporarily throwing out all states that were not “interesting.”  For a three year window, a state is defined to “interesting if it initially has no RTC law, and one of the following conditions also holds:

(1) The law was not passed over the whole of the next three years.

(2) The law was passed immediately on the following year.

So for instance, consider the year 1995.  Before 1995, 22 states had RTC laws and 28 did not.  But in 1995, seven states enacted new RTC laws: Arkansas, Nevada, North Carolina, Oklahoma, Texas, Utah, and Virginia.  So 1995 is considered to be an “interesting” year for those seven states.  It is also considered “interesting” for states which did not enact a RTC law between 1995 and 1998.  This includes states which have never had a RTC law (such as California, New York, etc.) as well as states which currently have RTC laws, but did not enact them until 1999 or later (such as Michigan, which enacted its law in 2001).

“Uninteresting” states are either those states that enacted a RTC between one year and three years later, or those states which have already had RTC laws for a longer period of time.  We eliminated those state/year combinations because our hypothesis requires us to isolate the effect on change in crime rate immediately after the law was passed.

5. Data Preprocessing, Phase 2

1. Select a crime C (murder, rape, assault, robbery) and a number of years N (3 or 5)

2. Remove all fields except: year, state, county, law status, population, number of crimes (for only crime C)

3. Set law equal to a binary value (1 if law is in effect, 0 otherwise)

4. Add L1 (law status after 1 year), LN (law status after N years)

5. Find the interesting cases:

L0 = 1 if law is in effect, 0 if it is not

L1 = status of law the year after the current row

LN = status of law N years later (3 or 5)

Interesting = not L0 and (L1 or not LN)

6. Add crime index field:
Number of crimes * 100,000 / population

7. Add crime index field after N years

8. Delete all rows where year>N (i.e., if N=3, last year=2002-3=1999)

9. Delete all row where Interesting=0

10. Delete all rows where county population < 5,000

11. In preparation for linear regression, remove all fields except: year, population, L1, crime index, crime index after N years

12. Execute linear regression, using “crime index after N years” as the class field.

6. Results

Let’s consider a representative result from linear regression.  We will consider the case where the crime under consideration is “Murder” and the number of years is 3.  The results from linear regression are:

Murder in year 3 =

     -0.3147 * Year +

      0      * County Population Total +

      0.63   * Copy of Right to Carry+1 +

      0.3236 * Murder Index +

    629.5137
What does this mean?  We’ll look at each weight in turn.

-0.3147 * Year

The weight of the year is negative.  This means that the greater the year, the lower the crime.  This makes sense because, as has been noted earlier, crime was continually going down throughout the nineties.

0 * County Population Total
The weight of county population is zero.  This means that county population has no effect on the change in crime rate.  Note that this does not mean that population size is irrelevant to the overall crime rate; it only means that once the initial crime rate is factored in, the population does not effect how much crime increased or decreased over the specified time period.

0.63 * Copy of Right to Carry+1

This is the number that is of interest to our study.  What this means is that, when a county initially passes a Right-To-Carry law, three years later the murder index becomes HIGHER by 0.63 murders per 100,000, as compared to other counties of similar size in the same year.

0.3236 * Murder Index

This is the effect that the initial murder rate has on the murder rate three years later.  Obviously counties with a higher initial murder rate also have a higher final murder rate.

Since the weight of the RTC law is what will answer our question, here is a list of the weight of the law across all trials.

	Violent Crime category
	Window (years)
	Weight of law
	Average Final Crime Index
	Percent increase in Crime from RTC law
	Relative absolute error
	Root relative squared error            

	Murder
	3
	0.63
	3.763
	16.7%
	85.5%
	91.5%

	
	5
	1.9713
	3.126
	63.1%
	86.0%
	91.5%

	Rape
	3
	1.6871
	9.697
	17.4%
	91.9%
	95.3%

	
	5
	1.207
	8.716
	13.9%
	93.1%
	95.8%

	Assault
	3
	8.8207
	116.929
	7.5%
	63.4%
	72.4%

	
	5
	0.6192
	109.23
	0.6%
	67.8%
	75.0%

	Robbery
	3
	0
	18.293
	0.0%
	55.8%
	54.8%

	
	5
	0
	16.633
	0.0%
	58.2%
	55.5%


Table 3: Effects of RTC law on Crime Rates

Two things stand out from this analysis.  First, the weight of the RTC law was positive in all trials involving murder, rape, and assault, indicating a positive increase in the final crime rate.  This seems to indicate that concealed weapons increase the crime rate.  The exception is armed robbery.  In this case, the effect of RTC laws was apparently so small that it was reported with no weight at all.

There are several problems with these results, however.  To begin with, the error rate is enormous.  The typical data point varies by as much as 93% from the formulaic straight line.  To put it bluntly, this would not be especially convincing to a room full of NRA members.  Also note the difference between the murder rate over 3 years and the murder rate over 5 years.  The output seems to be extremely erratic.

These observations make it clear that, in order to accurately model the crime rate, many more attributes would need to be factored into our data.  

Why does the effect on murder vary so much?  We tried separating the rows of our processed data, first considering only counties with RTC laws and then only counties without.  In cities that had no RTC law, the average murder rate at first was 8.04, and went down to 5.81.  In cities that did have an RTC law, the average murder rate started at 3.15 and went down to 2.72.  Clearly this represented a smaller decline (27% vs. 13%), but this is largely because crime rates in the smaller cities were larger to begin with.  By our earlier analysis, the higher the crime rate was initially, the higher the drop would be over the following years. 

7. Conclusions and Future Research

Linear regression shows that Right-To-Carry laws increased the crime rate of murder, rape, and assault within 3-5 years of their enactment in each states.  However, the unusual results for murder after five years, as well as the non-effect on armed robbery rates, are hard to explain.  We would say that the results are inconclusive, but we would recommend that further study of crime rates be pursued in the future, taking more factors into account.

One piece of information we did not obtain was the geographic area of all counties.  We used total county population as a rough indicator of population density, but true information on density would only come from dividing population by landmass.

Another issue was that, once “interesting” data was reduced, counties with no RTC law outnumbered counties with a RTC law by more than 10 to 1.  It could be that the scarcity of RTC counties also skewed the data.  It might have been worthwhile to resample the non-RTC counties so that the proportions were more equal.
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Figure 4: RTC counties outnumber non-RTC counties by a wide margin
Appendix I: Right-To-Carry Enactment Dates

1892: Vermont

1923: New Hampshire

1935: Washington

1936: Alabama

1939: South Dakota

1949: Connecticut

1976: Georgia, Iowa

1983: Indiana

1985: Maine, North Dakota

1987: Florida

1989: Pennsylvania, West Virginia

1990: Idaho, Oregon

1991: Mississippi, Montana

1994: Alaska, Arizona, Tennessee, Wyoming

1995: Arkansas, Nevada, North Carolina, Oklahoma, Texas, Utah, Virginia

1996: Kentucky, Louisiana, South Carolina

2001: Michigan, New Mexico

2003: Colorado, Minnesota, Missouri

2004: Ohio

Never enacted: New York, California, Delaware, Hawaii, Illinois, Kansas, Maryland, Massachusetts, Nebraska, New Jersey, Rhode Island, Wisconsin

States listed in bold were used as samples of new RTC states in this study.

Source of data: National Rifle Association Institute for Legislative Action
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Figure 4: Graphical map of Right-To-Carry laws

Source: http://www.gun-nuttery.com/rtc.php
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