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1. Abstract. 
 

In our study we focus on the effect of shall-issue in the 51 states (50 states + District of Columbia) 
in USA for a period of 23 years. We have analyzed several models to find an appropriate fit for 
the data we have and want to see the variation in crime rates before and after the law was 
introduced. We consider the effect of variables such as population density, income and the ethnic 
mix of the population, namely percentage of black and white males in the population. From our 
study we have concluded that the shall-issue law has no significant effect on the crime rate. 
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2. Data Description. 
 
The data set we have is a balanced panel data of 50 states of United States, plus the District of 
Columbia, from year 1977 to year 1999 by year. Hence there are 51 entities in the data set and 
each entity has 23 row corresponds to a year between 1977 to 1999. In this data set each row 
represents various crime-rates of one of the 51 entity at a given year of time. 
 

• The different crime rate given in the data set are Violence crime rate, robbery rate and murder 
rate (vio, rob and mur respectively). All of these three rates are in terms of incident occurs 
per 100,000 members of the population.  

• The variable shall indicate whether that particular state have ‘shall-carry’ law in effect in that 
particular state or not. For example, if for a particular state the ‘shall-carry’ law is in effect in 
the year of 1980 then for this particular row the value of shall is 1 and if the ‘shall-carry’ law 
is not in effect in the year of 1980 then for this particular row the value of shall is 0. This is 
very important variable as its value divide our data set into groups to study the effect of crime 
rate before and after of the introduction of the crime-law. 

• Incarc_rate variable contains the information of number of sentenced prisoners per 100,000 
residences in the previous year. This is very interesting variable because if the crime rate 
increase, the increases because the law governing body will panelize the guilty persons but 
also with the increase of incarceration rate the crime rate is suspected to lowers down. 

• density variable contains population per square mile of land divided by 1000 for that particular 
state in that year. 

• Population of the state in millions of people in given by variable pop. 

• The population percentage of the state population that is male and whose age ranges from 10 
to 29 years is provided by pm1029. 

• The population percentage of the state population that is black and whose age ranges from 
10 to 64 years is provided by pw1064. 
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3.  Exploratory data Analysis: 
 
Before doing the actual regression and obtain the fitted models, we first do a descriptive analysis to 
understand the data and the trends in the data over the years. For our visualization, we have used 
Tableau and Python.  
The variable vio, mur and rob are potential dependent variables as they constitute the crimes 
committed and we want to understand the impact of shall laws on crime rate. According to economic 
theory the shall laws should be inversely correlated with crime i.e. vio, mur and rob in this case. 
The order to better understand the data to get more accurate insights we have performed some 
exploratory data analysis, descriptive statistics and visualizations. 
 
3.1. Summary Statistics: 
 
Below is the summary statistics of important variables n our data set. 
 

 
 
As form the above summary statistics we can see that all the variables have the same count. 
Hence it is inferred that we do not have any missing data issue in our data set. One interesting 
this which can be inferred from this summary statistic is as follows: 

• vio: the minimum value of this variable is 47.0 and maximum value is 2921.8 but the 50% 
data lies on and below is 433.0. So, we suspect skewness in the data. 

• mur: the minimum value of this variable is 0.20 and maximum value is 80.59 but the 50% 
data lies on and below is 6.4. So, we suspect skewness in the data. 

• rob: the minimum value of this variable is 6.40 and maximum value is 1635.09 but the 
50% data lies on and below is 124.09. So, we suspect skewness in the data. 

 
3.2. Histograms: 
 
To confirm our suspicion from the summary statistics we plotted the histogram for all the three 
variables. 
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Histogram for vio 

  

 
Histogram for mur 

  
 

Histogram for rob 
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3.3. Correlation Between the variables 
 
To analyse the correlation between the variables we made the correlation matrix of all the 
variables. From the matrix below it is clear thar variables vio, mur and rob are highly positivey 
correlated in our data set. This correlation ca be explained by the economic theory. Futhermore 
there a moderate correlation between incarc_rate and vio, mur & rob which is justified. There is 
a strong negative correlation exist in between balck and white polulation (pw1064 & pb1064) this 
is due to the fact that in a give state and time there should be either of them. 
 

 
Correlation matrix 
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3.4. Violence (avg) rate   
 
We plotted the trend of average violence rate over the years and for each state to get more 
better understanding of our data set. 
 

 
Average violence across different states 

 

The above graph depicts the avgrage violence rate across different sates. As it is clear from the 
graph that stateid 11 (District of Columbia) there is an exceptional increase in the violence rate 
as compared to the other state of United States.  
 

 
Average violence trends across the years 
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The above graph shows the average violence rate trends over the years from 1977 to 1999. The 
blue trend line dipicts the average violence rate for all those states where ‘shall-carry’ in not in 
effect and orange trend line dipicts the average violence rate for all those states where ‘shall-
carry’ in in effect. As suspected the average violence rate is lower for the states where ‘shall-
carry’ in in effect as compared to those where it is not in effect. 
 
Heat Map 

 
 
 
3.5. Mudder (avg) rate 
 
Just like the violence rate, we plotted the trend of average murdder rate over the years and for 
each state to get more better understanding of our data set. 
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Average mudder across different states 

 
 

The above graph depicts the average murder rate across different sates. As it is clear from the 
graph that stateid 11 (District of Columbia) there is an exceptional increase in the murder rate as 
compared to the other state of United States the similar trend what we saw in average voilence 
graph above.  
 

 
Average murder trends across the year 
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The above graph shows the average murder rate trends over the years from 1977 to 1999. The 
blue trend line dipicts the average violence rate for all those states where ‘shall-carry’ in not in 
effect and orange trend line dipicts the average violence rate for all those states where ‘shall-
carry’ in in effect. As suspected the average murder rate is lower for the states where ‘shall-carry’ 
in in effect as compared to those where it is not in effect. 
 
Heat Map 

 
 
 
3.6. Robbery (avg) rate 
 
Just like the violence rate and the murder rate, we plotted the trend of average robbery rate over 
the years and for each state to get more better understanding of our data set. 
 
The below graph depicts the avgrage robbery rate across different sates. As it is clear from the 
graph that stateid 11 (District of Columbia) there is an exceptional increase in the robbery rate 
as compared to the other state of United States, the similar trend what we saw in average 
voilence graph and average murder graphs above.  
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Average robbery across different states 

 
The below graph shows the average robbery rate trends over the years from 1977 to 1999. The 
blue trend line dipicts the average violence rate for all those states where ‘shall-carry’ in not in 
effect and orange trend line dipicts the average violence rate for all those states where ‘shall-
carry’ in in effect. As suspected the average robbery rate is lower for the states where ‘shall-
carry’ in in effect as compared to those where it is not in effect. 
 

 
Average robbery trends across the years 
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Heat Map 

 
 
 
The graphs of violence rate, murder rate and robbery rate are pretty much similar. This can be 
explained by the high correlation which we found between these three variables in our 
correlation matrix. 
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4. Regression Models: 
 
As now we had completed our EDA, and we are familiar with our data, we ran several models of 
our data set to find statistical relationships between shall law, violence rate, murder rate and 
robbery rate. 
 
Since, in our exploratory data analysis we founded that violence rate, murder rate and robbery 
rate are highly skewed, hence we cannot take all these three variables directly. To make these 
variables normalized we have taken the log of these variable and used these normalized variables 
in our model. 

 

4.1. Violence Rates. 
 
LINEAR REGRESSION: 

 

 
 

Output  

 
 

Output Analysis:  
1. We run a regular regression on the model with Shall Law as the independent variable. We 

observe that for once Shall Law has been implemented, the violence rate comes down by 

161%, which is extremely huge number.  
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POOLED OLS  

 

 
  
Output 

 
 

Output Analysis: 

1. Shall-Law: The negative coefficient for the coefficient implies that the value has come 

down extremely from the linear regression model. Which further asserts that the 

value was overestimated in the previous output. According to pooled OLS, the 

violence rate comes down by 36.83% after the implementation of the law.  

2. Incarceration rate: While this variable is significant, the percentage change after 

implementation of law is positive 0.16% which means that increase in implementation 

will increase the incarceration rate. Which is a case of simultaneous causality bias. 

When violence rate goes up, the police will put more people in prison which will bring 

down the crime rate.    

3. Population Density: As the population density increases by 1%, the violence rate 

increases 2.6% which indicates, denser the state, more is the violence rate which is as 

expected in the real-world sense.   

4. Population of Blacks: As the number of blacks increase by 1%, the violence rate will 

increase by 8.0%. Which is biased but significant results at 5% level of significance.  
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ENTITY FIXED-EFECT MOEL 

 

 
 

Output 

 
 

Coefficients of this model: 
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Output Analysis: 
1. Shall Law: As we move to fixed effects, we understand that pooled OLS overestimated Shall-

Law by approximately 8 times. Upon output of Fixed Effects, as the implementation of law 

helps bring down the violence rate by about 7.6%, which was 36% in the previous output.  

2. Incarceration Rate: The output here is somewhat as expected. As the implantation of law 

increases, the incarceration rate decreases by 4.6% which means: law is implemented, 

violence rate decreases, incarceration rate also decreases.  

3. Average Income: Once the average income is increased quadratically, the violence rate drops 

by 0.67%. Which is means there could be many exogenous variables affecting the model.  

4. Population Density: The value of coefficient has increased slightly which means, as 

population density increases by 1%, the violence rate comes down further by 38.52%  

5. Omitted Variable Bias: We can possible consider other variables that have affected these 

results. For example, the education levels in the states, the attitudes of people towards 

weapons and usage, the cultural inclinations of the population. These variables also 

contribute towards the outcome of the model.     

 
ENTITY AND TIME FIXED EFFECT MODEL 

 

 
 

Output 

 
 
 



 17 

Coefficients of this model: 

 
 

Output Analysis: 
1. Shall Law: The value of the coefficient in Shall Law is now almost equal to zero. 

Which means the implementation of the law is now almost has no significant 

impact on the violence rate.  

2. The output results using time effects are not much better and significant. This 

means that this model is better than all the previous models.  

We now perform the F Test to check if the implementation of the law has same impact in all the 
states:  
 

F test: 
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Output Analysis: 
H0: The implementation has the same impact in all the states for violence rate 
H1: At least one state has a different rate upon implementation  

 
F-value: 13.57 which is greater than 10 which means it is statistically significant 
Therefore, we reject the null hypothesis.  
 
This implies that at least one of states has a different violence rate.   

 

4.2. Murder Rate: 
 
POOLED OLS 
 

1. First, we did the regression of the of the murder rate against the shall law alone. 

 
 
Output: 
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Coefficients of this model: 

 
 

2. Our second model is the pooled OLS model with all the variables 

 
 
Output: 
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Coefficients of this model: 

 
 
 

Output Analysis: 
1. Shall Law: Our first model estimates that on implementing the shall-law will reduce 

the murder rate by 47% while in our second model this estimate drops to 26.8%. 
The reason behind this is due to the fact that in our second model we have include 
other variables. Our first model have omitted variable bias. 

2. Variable pb1064: From the above results this variable is not significant at 95% 
significance level. 
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ENTITY FIXED-EFFECT MODEL 
 

 
 
Output: 
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Coefficients of this model: 

 
 
 
Output Analysis: 

1. Shall Law: As we can see in this model, effect of shall-law constitutes on an average 
of 6.8% reduction of the murder rate. Entity-fixed models automatically caters the 
unobserved endogeneity; hence we see this huge drop of in the coefficient of shall. 

2. In this model the shall variable become statistically insignificant at 95% significance. 
3. All the other variables are insignificant in this model except log of incarc_rate and 

density. 
4. One of the important characteristics of the FE models that made them more 

reasonable is that they control unobserved characteristics the vary between the 
states but constant over time. 
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ENTITY AND TIME FIXED EFFECT MODEL 
 

 
 
Output: 
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Coefficients of this model: 

 
 

Output Analysis: 
1. One of the advantage of using the above model is it takes into consideration of omitted 

variables that is discarded in Fixed Effects models. Hence, the above model is more 
efficient than FE models. 

2. In this model, the coefficient of Shall Law is further reduced from 0.068 to 0.014 although 
this effect is not significant just as in FE model. 

3. All the variable in this model is insignificant except average income variable. 
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4. The large estimated values of the coefficient of shall in pooled OLS models is reduced to 
in the FE and time & entity FE models. This is due to the unobserved endogeneity in 
pooled OLS models.  

 

4.3. Robbery Rate. 

 
POOLED OLS 

1. First, we did the regression of the robbery rate keeping the Shall Law as the variable alone. 

 
 
Output: 

 
 

Coefficients of this model: 
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Output Analysis: 
1. Shall Law: From the output of the model, it can be estimated that making the 

shall-law in effect can will reduce the robbery rate by 77.33%.  
2. Although this result is very significant, but we suspect that this is overstated 

because of the unobserved endogeneity in the model. 
3. Further we will perform the pooled OLS regression with all the variables included 

to check our suspicion.   
 

2. Our second model is the pooled OLS model with all the variables: We see that the 
variables are right skewed. Therefore, we use the log function for normal distribution.  

 
  
Output: 
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Coefficients of this model:  

 
Output Analysis: 

1. Shall Law: According to the output generated, we see that the coefficient of Shall 
Law is now reduced. Upon implementation of it, the robbery rate reduces by 
28.14% which is far lesser value than the previous output. It indicates 
exaggerated output when we use single variable.    

2. Average Income: As average income increases by 1%, robbery rate is also 
increasing by 1.12% which is an unexpected outcome.  

3. However, this model also does not consider heterogeneity. We would want to 
consider certain attributes like education, attitudes of the population and also 
cultural inclinations.  

 
ENTITY FIXED-EFFECT MODEL 
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Output: 

 
 
Coefficients of this model: 

 
 
Output Analysis: 

1. Looking at the magnitude and sign of Shall Law, as well as the p value, we can see that 
it is become almost insignificant. It has no impact on the robbery rate.  

2. This model still does not have a greater control over omitted variables. So, we check 
the impact by using Entity and Time Fixed Effects model 
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ENTITY AND TIME FIXED EFFECT MODEL 
 

 
 
Output 
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Coefficients of this model: 

 
 
Output Analysis: 

1. Even with this output, the coefficients of Shall Law and its p-value show that 
implementation of it, will have negligible impact on the robbery rate.  

2. In fact, all the variables look insignificant according to this model output. 
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5. Comparison between different models: 

 

• Pooled OLS model does not account for qualities that vary over entities or time 

• Coefficients of ‘shall’ in Pooled OLS model are very biased and seem to be an overestimation 
of true parameters. This could be caused by omitted variable bias. 

• We know that there is unobserved heterogeneity being introduced due to variables like 
cultural attitude, drug/alcohol abuse, state enforced crime prevention programs, etc. so Time 
and Entity Fixed model is the most appropriate model for our data 

 
6. Limitations of Entity and Time fixed effect model: 
 
• Omitted Variables 

- Several important variables that vary across states and over time might be omitted. For 
example, the reasons and strategies behind why the shall-issue law was introduced in the 
first place, or the attitude of people towards guns. 

 

• Simultaneous causality bias 
- This happens when x affects y and also y affects x. In our case, inclusion of incarceration 

rate as one of the explanatory variables could cause a major simultaneous causality bias. 
- Increased incarceration rate will instill fear in people and reduces the crime rate. 
- Also, if the crime rate were to increase, due to some unknown factors, this will force the 

hands of government to enforce stricter laws that could lead to an increased incarceration 
rate. 
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7. Conclusion 
 

• Based on our results, the most appropriate model would be entity and time fixed estimator as 
it accounts for unobserved heterogeneity and time effects. 

• We note that introduction of shall-issue law has not had a major impact on the crime rate, be 
it robbery or homicides. 

• States should probably look into alternative methods to reduce the crime rate. 

• Another way to model the data would be using Instrumental Variables that can better account 
for endogeneity. But finding the right variables would be a huge challenge. 

 


