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Often times, when spent shell casings are found at a crime scene, the location of the shell casing 

is used to indicate the location of the shooter. The assumption is that semi-automatic rifle shell 

casings land to the right and in front of the shooter and that semi-automatic handgun shell cas-

ings land to the right and behind the shooter. The author of this study investigated if there is a 

trend between the shooter’s location and the angle and/or distance of a spent shell casing for both 

a semi-automatic rifle and semi-automatic handgun. Each firearm was fired ninety times, ten tri-

als, each with nine rounds, from the same distance from the target, same surface and same shoot-

ing form. The results emphasized a consistency with the assumptions that semi-automatic rifle 

shell casings land to the right and in front of the shooter and that semi-automatic handgun shell 

casings land to the right and back of the shooter. The results also draw attention to the fluctuating 

distances and angles of the spent shell casings. These results demonstrate that determining a 

shooter’s location solely on the location of spent shell casings can only lead to a cautious loca-

tion of the shooter.  

 
 

Introduction 

The intent of the experiment was to 

determine if there was a sure way to deter-

mine the location of a shooter based on the 

location of spent shell casings. When ana-

lyzing a crime scene, spent shell casings can 

be used to get an approximate area of where 

the shooter was. These results are then usu-

ally used to help reconstruct the scene and is 

then typically presented to the court. There-

fore, it is important to test how accurately 

the results could determine the location of 

the shooter.  

 Ammunition contains the projectile 

(bullet), case, propellant (powder), and pri-

mer which contains a small amount of ex-

plosive material detonated by the firing pin. 

(Giannelli, 2007) Once a bullet is propelled 

out of the gun from the reaction, the casing 

is ejected from the gun using an ejector and 

extractor. This allows for the next round to 

be loaded and ready to fire with the pulling 

of the trigger. When a semi-automatic fire-

arm is fired, the cartridge case (shell casing) 

is automatically ejected from the gun and if 

it is found, can possibly identify the firearm 

that fired it. Forensic laboratories can use 

the firing pin markings on the shell casing to 

potentially trace it back to a list of manufac-

turers and models (Miller, 2013). However, 

one of the issues forensic scientists are en-

countering today is the use of reloaded car-

tridges due to the lack of research (Wang, 

2016). The firing pin is used to hit the rim of 



 

 

the ammunition, crushing the folded rim 

causing the primer to explode igniting the 

powder. However, different manufacturers 

and models use different firing pins because 

the shape of the firing pin changes where the 

pin hits the casing and in turn changes how 

the primer ignites. (House, 2016). 

During investigations, it can be cru-

cial to know the location of the shooter to 

help understand what has occurred.  Often, 

behavior in high-stress situations, which can 

include pointing and shooting a gun, is 

likely to not be stored in the shooter’s 

memory (Lewinski, 2008).  Therefore, the 

shooter may not be able to accurately and 

honestly report the exact location or way 

they fired the gun. However, shooting-scene 

reconstruction, enhanced by a firearm expert 

(for a purely forensic standpoint, a person 

with an in-depth knowledge of all varieties 

and types of firearms (Walker, 2013) began 

to place an emphasis on the location of spent 

shell casings. This emphasis assumes that 

the shell casing had been undisturbed after 

being ejected from the firearm. However, 

this is extremely difficult to account for due 

to the shooting factors, including hand-hold, 

body position, or movement, the environ-

mental factors, the surface that shell casings 

are landing on, the rain or wind, and the al-

teration factors, being kicked or stepped on, 

or being moved by someone on the scene. 

(Miller, 2016) 

Reconstructionist can take different 

approaches to their reconstructions. Recon-

struction is different from re-creation or re-

enactment, it is based on the ability to make 

observations at the scene, the scientific abil-

ity to examine physical evidence, and the 

use of logical approaches to theory formula-

tions. A forensic reconstruction takes many 

forms, from analyzing the trajectories to de-

termining how certain evidence would im-

pact the crime, in order to build a case that 

will be withheld in court (Claridge, 2016). 

The simplistic approach to reconstructing 

the scene, based on shell casings, is to know 

the general direction of where spent shell 

casings land. Therefore, they state that with 

a handgun the shells will land to the right 

and rear of the shooter and with rifles the 

shells will land to the right and front of the 

shooter. (Lewinski, 2010) The other ap-

proach is more to account for many factors 

that could alter the way a spent shell casing 

lands. Edward Hueske stated that recon-

struction should account for eight different 

factors: weapon design, weapon condition, 

ammunition type, position the weapon was 

held when fired, movement of the weapon 

when fired, how tightly the weapon was held 

when fired, type of terrain where the weapon 



 

 

was fired, and the presence of obstacles 

(Hueske, 2006). 

In this study, a simplistic approach to 

reconstruction efforts is studied to determine 

if there is a relationship and the precision 

that could be reached between the angle and 

distance a shell casing lands from the 

shooter. The researcher used one semi-auto-

matic handgun and one semi-automatic rifle 

with one test position for each gun and one 

subject firing the firearm. The study demon-

strated that the distance of the shell casing 

was variable with no significant trend, and 

the angle was closer together but still re-

mained variable. The variability factors were 

then limited to the ejector, but still had sig-

nificant variability in the relationship be-

tween distance and angle of the shooter’s lo-

cation.  

 

Materials and Methods 

The experiment was conducted at 

30º12’33.4”N, 97º57’20.2”W on 14-15 Oc-

tober 2017. The surface of the site contained 

patchy turf grass on a relatively level plot of 

land. The grass was able to slightly reduce 

the bounce factor of the shell casing, but still 

allowed the shell casings to bounce. The ex-

perimental site had an average temperature 

of 79.5ºF on Oct. 14 and 64ºF on Oct. 15 

with no significant wind speed to factor into 

our test results. Four quadrants were marked 

off using colored string with the origin being 

where the subject stood when firing the gun. 

Once the quadrants were set up, the subject 

was instructed to stand at the origin and fire 

nine rounds at the target. After the subject 

fired nine rounds, strings were extended 

from the origin to the shell casing which was 

then labeled, measured and recorded. The 

distance from the parallel boundary, in rela-

tion to the target, to the shell casing and the 

distance from the origin were measured 

which then were also used to calculate the 

angle of the shell casings.  

The subject was standing at a height 

of 6’ and at a distance of 25’, making the 

height of the gun off of the ground roughly 

5’ and the end of the barrel of the handgun 

at roughly 22’ and the barrel of the rifle at 

roughly 23’. The experiment tested a Taurus 

Millennium G2 9mm semi-automatic hand-

gun and a Mossberg International 702 Plink-

ster .22 LR semi-automatic rifle. Both fire-

arms, at the end of the test firings, end in a 

slide lock. Every round, which was the same 

brand and type of ammunition, was fired by 

the same subject, at the same target, and 

from the same location. Each round of the 

same ammunition, .22 copper-plated bullet 

Aguila Ammunition for the rifle and SIG 

SAUER 9mm for the handgun, was from the 



 

 

same lot allowing for the least amount of 

variability caused by variable pressure due 

to the crimping of the cartridge onto the bul-

let, seating, amount of grains and composi-

tion of gunpowder. 

Prior to running the experiment a 

few observation tests were conducted in-

volving angle of firing and distance from the 

target. In the observation tests it was ob-

served that rifle shell casings land to the 

right and in front of the shooter at an aver-

age of nine feet and that handgun shell cas-

ings land to the right and behind the shooter 

at an average of six feet. The general direc-

tion that shell casing eject is also the general 

assumption, so the experiment was designed 

to determine if there was a trend between a 

shooter’s location and the location of the 

spent shell casing. The trends that were 

looked for were distance and angle. 

To determine a trend, the angle of 

the shell casing, with the path from the gun 

to the target as 0º, and the distance of the 

shell casing to the shooter was observed. 

The same subject fired both the rifle and the 

handgun with an angle slightly lower than 

parallel to the horizon. The subject tested ten 

trials for each firearm with nine rounds fired 

in each trial. All ten trials using the handgun 

were conducted after each other, followed 

by all ten trials using the rifle. The measure-

ments were then used to run statistical anal-

ysis on the values. The statistical analysis of 

the experiment allowed us to see the distri-

bution of the angle measurements and dis-

tances of the shell casings, calculate a me-

dian value, the interquartile range, and deter-

mine if there were any outliers.  

 

Results 

The results of this study emphasized 

a consistency with the assumptions that rifle 

shell casings land to the right and in front of 

the shooter and that handgun shell casings 

land to the right and back of the shooter 

when fired from a standard standing shoot-

ing position. A total of 180 bullets were 

fired, 90 with the handgun and 90 with the 

rifle, in the course of the experiment. Shell 

casing locations are illustrated with pictures 

of each trial containing string that stretches 

from the origin to the shell casing. The re-

sults will also reference angle measures with 

0º and 180º being perpendicular to the target 

and 90º and -90º being parallel to the target. 

Negative angle measures are found to the 

left of the shooter and positive angle 

measures are found to the right of the 

shooter. The zero reference is located at the 

shooter’s location.  

 



 

 

 

Statistical analysis was used to deter-

mine the mean, median, interquartile range, 

and outliers of the experiment for the dis-

tances and angle measurements. When deal-

ing with the handgun, the data helped us de-

termine that the mean distance was 

333.0345694 cm and the median distance of 

the shell casing from the shooter was 

310.8325 cm. The interquartile range (IQR) 

was 162.8775 allowing us to see that the 

middle values spanned 162.8775 cm apart 

with a standard deviation of 119.5027105 

cm. It was also determined that two outliers 

were observed at 693.57875 cm and 

722.3125 cm. The mean angle measure was 

123.7848717º and the median angle measure 

was 120.03415º. The IQR allowed us to see 

that the middle angle values spanned 

16.5575º apart from each other with a stand-

ard deviation of 15.16292522. There were 

three outliers at 166.9410º, 159.0907º, and 

176.0431º.  

 

Figure 1: Loca-

tion of spent 

shells traced us-

ing yellow 

string. Shows the 

variability in 

case location. 

Figure 2: Distance of 9mm casing from shooter's location. Bars represent the 

frequency of a case landing at a specific interval of distance measured in cm. 
Figure 3:  Angle of 9mm casing relative to the shooter’s location. Bars 

represent the frequency of casing landing at certain angle intervals. 



 

 

Tables 1-10: The angle that the 9mm casing formed with the shooter was used to form a right 

triangle. All sides of the triangle were recorded using both cm and in. this was performed nine 

times within each trail to have a sufficient amount of data. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 4: Distance of .22 shell from shooter's 

location. Bars represent the frequency of a case 

landing at a specific interval of distance meas-

ured in cm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When dealing with the rifle, it was 

determined that the mean distance was 

276.4301264 cm and the median distance of 

the shell casing from the shooter was 

276.06625 cm. The IQR allowed us to see 

that the middle values spanned 71.59625 cm 

apart and there was a standard deviation of 

63.64663549 cm. It was also determined that 

three outliers were observed at 76.67625 cm, 

443.2300 cm and 486.7275 cm. The mean 

angle measure was 34.16262645º and the 

median angle measure was 30.84º.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The IQR allowed us to see that the middle 

angle values spanned 30.2215635º apart 

from each other with no outliers and a stand-

ard deviation of 19.9541985º.  

 

 

 

 

 

 

 

 

 

 



 

 

Table 11-20: The angle that the .22 shell formed with the shooter was used to form a right trian-

gle. All sides of the triangle were recorded using both cm and in. this was performed nine times 

within each trail to have a sufficient amount of data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Angle of .22 shell casing relative to the shooter’s location. Bars represent the frequency of cas-

ing landing at certain angle intervals 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Discussion 

From the results, a definite relation-

ship between the shooter’s location and the 

shell casing’s distance and angle is not pos-

sible. However, it is possible to determine a 

cautious idea of where the shooter was posi-

tioned based on the location and angle of the 

shell casings. However, this test did not ac-

count for other variability that could be pos-

sible, including the way the gun was held or 

if the shooter was moving when he fired the 

gun. A study done by Lewinski in 2010 did 

account for these factors including firearm 

design, firearm condition, ammunition type, 

the position firearm is held when fired, 

movement of the firearm and person during 

firing, and grip factors, and found that there 

was still significant variability in the results. 

Therefore, even when eliminating as many 

factors as possible, determining a shooter’s 

location based on shell casings should be a 

cautious determination.
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