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Abstract

Article Information

This research analyzed the accuracy of area of convergence and origin determinations for impact bloodstain
patterns found on a horizontal surface. This study was completed by using the bloodstain tool in the FARO
Zone 3D software in order to understand the errors associated with an area of origin analysis. Two data sets
of impact patterns were created using a wooden piston travelling at 1.19 m/s downward and 2.36 m/s downward. For each data set, five impacts were created at heights of 10, 20, and 40 cm. For each impact, a minimum of 50 elliptical stains were analyzed in FARO Zone 3D. The latitude, longitude, and elevation positions
of each area of origin were recorded. The total 2D and 3D errors were calculated for all trials. Relationships
between impact velocity and total error, as well as impact height and total error found the elevation position
to be the main factor influencing the accuracy of area of origin.
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Introduction

Bloodstain pattern analysis is the systematic
assessment of bloodstains found at a crime
scene based on the bloodstain shape, size,
and distribution [1]. This type of analysis is
particularly important to forensic investigators
as bloodstain patterns can aid in reconstructing
the events that took place at a crime scene. In
conjunction with other entities, bloodstain
pattern analysis can aid in validating or refuting
witness testimony, and differentiating between
homicide, suicide, or accidental deaths [1].
The location in which impact occurred was
identified by using an area of convergence
and an area of origin analysis [2]. An area of
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convergence is the two-dimensional location in
which impact occurs, where an area of origin
is the three-dimensional location in which
an impact occurs [1]. Previous studies for
determining area of origin have used traditional
approaches such as stringing, tangent, or
mathematical methods [3-5]. These methods,
however, are time consuming and deviate from
known impact locations by greater than 25 cm
[6]. Three-dimensional laser scanners and their
respective software have been readily used to
determine area of origin for bloodstain patterns
[7-9]. Research conducted in 2019 found that
an area of origin analysis can be accurately
1
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determined for impact patterns found on a wall
within 20 cm of the known point of impact [7].
In comparison, an area of origin analysis using
the stringing method can be found within 25
to 30 cm for impact patterns found on a wall
[7-11]. Other traditional methods can have a
maximum error range between 25 cm and 35
cm [10, 11]. Due to the increased accuracy, the
laser scanning technologies and their associated
software are gaining acceptance within the
bloodstain pattern analysis discipline, with
the understanding that this technology is
more expensive than traditional methods [8].
Multiple studies using terrestrial laser scanners
have analyzed area of origin for upward moving
stains found on a wall [7-9], however, this
research differs as it analyzes impact patterns
on the ground.
Individual blood droplets disperse radially
from the origin upon impact, taking the path of
least resistance and become spherical in shape
[1]. While airborne, air resistance and gravity
act upon an individual blood droplet, however,
the spherical shape does not change until the
blood comes in contact with a surface [1]. If the
blood droplet contacts a flat, smooth surface at
a 90° angle, the bloodstain will appear circular
in shape [12]. The bloodstain will be elliptical
if the blood droplet contacted the flat, smooth
surface at an angle of incidence less than 90°
[12]. Surface texture and substrate also have an
effect on the shape of bloodstains and must be
noted when conducting an analysis [12]. When
determining the area of origin, bloodstains
with an impact angle of 10° to 45° (elliptical
stains) are best used as they are less prone to
measurement errors [7]. Well-formed elliptical
stains are also best used for determining the
area of origin as they show directionality, which
will result in a better understanding of which
direction the blood droplet was travelling, when
it impacted the surface [13]. After choosing
the well-formed elliptical stains that represent
as much of the full impact pattern as feasible,
an analysis of their back-tracked trajectories
was performed, and a point of intersection was
determined. This allowed for the error to the
known location to be determined [6].
The purpose of this research is to analyze the
accuracy of area of origin determinations for
impact bloodstain patterns found exclusively
on a horizontal surface. This research was
conducted by impacting 2 mL of sheep blood
www.acsr.org
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at various impact heights and velocities, to
replicate an impact pattern that occurs low to
the ground. Sheep blood has been found to
be an accepted proxy for human blood and
has been used in multiple studies regarding
bloodstain pattern analysis [7-9]. The accuracy
of area of origin was determined by using the
FARO Zone 3D Software to analyze the errors
between the known and estimated area of origin.
FARO Zone 3D (FZ3D) is a forensic software
program that is used to visualize, analyze, and
interpret evidence that is found at a crime
scene [7]. For this research, the bloodstain tool
within FZ3D was used to analyze bloodstain
patterns resulting from an impact force [7].
The bloodstain tool is a click and drag tool
used to measure the size and impact angle of
bloodstains [7].
This study provides information regarding
the errors that may be encountered in scenarios
where an impact pattern occurred low to
the ground. This study also aids forensic
investigators in understanding and recreating
the events that took place at a crime scene [1].
Previous studies have found an area of
origin analysis can be accurately determined
within 20 cm to 35 cm of the known location
[7-9]. This study determined whether the same
accuracy can be attained when only measuring
bloodstain pattern obtained from a horizontal
surface. It also assesses how different variables ,
namely impact height and velocity, potentially
affect the measurement error.

Materials and Methods

When estimating area of origin using FARO
Zone 3D software, the location and elliptical
shape of the bloodstains is important for
understanding the errors associated with an area
of origin analysis. In order to increase statistical
confidence and decrease subjectivity to minor
errors, a large number of elliptical bloodstains
were analyzed. Specifically, a minimum of 50
bloodstains were collected for each of the 30
impact patterns to ensure enough data was
recorded to accurately determine the area of
origin.
Two impact velocities were delivered by a
cylindrical wooden piston that was released
through a PVC pipe. The cylindrical piston had
a flat striking surface and was 3 cm in diameter,
21 cm long and weighed 135 grams. For the first
data set, the piston was released 20 cm above
J Assoc Crime Scene Reconstr. 2022:26

the base, which accelerated to an average 1.19
m/s downward upon impact. For the second
trial, the piston was released from 50 cm above
the base, causing an average impact velocity
of 2.36 m/s downward. The impact velocities
were determined by using a high-speed camera,
to record the velocity in which the wooden
piston contacted the surface. There were no
preventative measures taken to stop the wooden
piston from bouncing on the horizontal surface
as high-speed video showed little to no impact
on the overall pattern.
When dropping the wooden piston from a
height of 20 cm, the minimum impact velocity
was found to be 0.42 m/s, while the maximum
was found to be 1.929 m/s. When releasing the
wooden piston from 50 cm above the base, the
minimum impact velocity was found to be 2.2
m/s and the maximum was found to be 2.8
m/s. For each impact velocity, the height of the
impact rig was set to 10 cm, 20 cm, and 40 cm
above the ground, which replicated impact to
a blood source that occurs close to the ground.
Some controls that were implemented into the
study include the constant use of butcher paper,
the temperature of the sheep blood , the surface
the blood was placed on, and the placement
of the impact rig. It is important to have a
consistent impact surface to ensure it does
not have an effect on the bloodstain pattern.
Butcher paper was used for this study as it is
made from refined wood chips, causing it to
be resistant against blood saturation [14]. This
ensured the blood did not seep into the paper,
causing obscured bloodstains. The temperature
of the sheep blood was also constant throughout
the study. The blood was heated between 35°
and 37°C to simulate the temperature at which
blood would exit a human body [15]. This was
completed by placing the vile under the armpit
and the temperature was taken by using a
thermometer. For each trail, the heated blood
was placed on the base of the impact rig, which
was a piece of painted plywood to ensure the
surface texture was constant throughout the
study (Fig. 1). The placement of the rig was
known for each trial to make comparisons to
the estimated area of origin. This was done by
placing a black and white checkered target on
the approximate centre of impact (Fig. 1). The
exact coordinate location of the impact rig was
determined by the FARO Focus scanner.
A FARO Focus 3D terrestrial laser scanner
J Assoc Crime Scene Reconstr. 2022:26

was used to collect data in this study. The
FARO Focus Scanner is a light detection and
ranging device (LiDAR) which uses light to
measure distances [16]. A laser beam is emitted
from the scanner, reflected off the surface in its
path and transmitted back to the device [16].
Scanners can measure distances using the timeof-flight or phase-shift method [16]. The FARO
Zone 3D scanner uses the phase-shift method
in which the wavelength of a single laser
beam is projected repeatedly in a given space
at various angles off a rotating mirror [16].
The distance between the object is calculated
based on the analysis of the phase shifts in the
wavelength of the returning beam compared
to the emitted beam [16]. The horizontal and
vertical angle of the beam are also recorded
through the use of encodes which can provide
the angular positions to a high degree of
accuracy. By knowing the distance, vertical
angle, and horizontal angle, the position of any
point measured can be converted into x, y, and
z coordinates relative to the scanners position.
This process collects coordinates in 3D space for
each item being scanned [16]. The FARO Focus
3D Scanner has an accuracy of ±2.0 mm at a
10 m distance, proving to be a more accurate
technique for determining area of origin than

Figure 1: Black and white target placed on the
base of the impact rig to aid in locating the known
area of origin in FARO Zone 3D.
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traditional methods [17]. The data collected
from the scans were then processed in FARO
Scene and inputted into the FARO Zone 3D
software, where the analysis for area of origin
was conducted [7].
During the scanning process, the FARO
S350 Focus Scanner could not receive
information for objects directly below the
scanner, therefore, 2-3 scans were taken of
each trial. The placement of the scanner varied
per trial depending on the distribution of the
bloodstains. The impact device was placed in
the center of a 5×5 m square of white butcher
paper, conducting 5 trials each at a height of
10 cm, 20 cm, and 40 cm above the ground for
each impact velocity (Fig. 2).

its fluid dynamics [6, 18]. Once the blood was
placed on the impact device, the wooden piston
was released through the PVC tube, creating
the bloodstain impact pattern (Fig. 3).
After the impact pattern was created, a black
paint marker was used to draw 60 cm by 40
cm rectangles around the elliptical stains (Fig.
4). This was completed to ensure the camera
was placed perpendicular to the surface and a
previous test showed that at 60 cm offset distance
to the camera, most bloodstains had at least 50
pixels along the length. Although this number
varied, most chosen bloodstains were larger than
50 pixels along the length and smaller stains (i.e.,
less than 50 pixels) were generally avoided to
minimize the potential for making errors.

Figure 2: Placement of custom-build impact rig at
10 cm above the ground in the center of a 5×5 m
square of white butcher paper.

Figure 3: Impact bloodstain pattern created at 40
cm above the ground from releasing wooden piston
through the PVC pipe.

For each trial, 2 mL of ethically sourced
sheep blood was placed onto the impact device
using a 2 mL pipette. Sheep blood has been
shown to be a suitable substitute for human
blood in several previous studies [7-9]. The
blood was preserved in 1% sodium fluoride
and potassium oxalate refrigerated at 4°C. It
has been shown in previous studies that the
small quantity of preservatives added to the
blood sample will have no perceptible effect on

It is important to have high resolution
photographs of the elliptical bloodstains for an
area of origin analysis as the size and impact
angle is measured using these photographs. Low
resolution photographs make it challenging
to outline stains using the FARO Zone 3D
software, which may cause the area of origin
errors to increase. The black paint marker
was also used to label each rectangular box
according by impact velocity and height, trial

4
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number and box number, which made aligning
the photos in FARO Zone 3D much easier (Fig.
4). A black paint marker was chosen as the paint
was opaque, enabling it to be visible in the scans.
Once this was completed, three black and white
checkered target stickers were placed inside each
box (Fig. 4). Two photographs were taken using a
Nikon D7100 camera with an 18-140 mm zoom
lens. The focal length for all pictures was set to
18 mm. A tripod and bubble level were used
to ensure the photographs were taken at a 90°
angle. Once the photographs were completed,
a minimum of 2 coloured scans were taken of
the bloodstains and targets. The scanner was
set for 3x quality and ¼ resolution for all scans
conducted for this project. Once the scans were
complete, the butcher paper was replaced for the
next test.

allowed for the x, y, and z position/errors of the
calculated area of origin to be read directly from
the known origin location. The photographs
were corrected for distortion using Photoshop
and placed in the point cloud by using the
3-point align tool in the FARO Zone 3D
software. The target stickers were first selected
on the photograph and then on the point cloud
data in the same order. The software aligned
the photos with the scan data, however manual
corrections were completed when needed. Using
the bloodstain tool, the size and impact angle
was calculated for each elliptical stain. Based
on the angle of impact, the FARO Zone 3D
software generated a 3D virtual string. Using the
virtual strings, including outliers, the software
generated a 3D closest point of intersection that
was deemed the 3D area of origin.

Figure 4: Photographs taken of the elliptical stains depicting the 60 cm by 40 cm rectangle and black and
white checkered target stickers. The box is also labelled with the impact speed and height, the trial number as
well as the box letter.

After data collection was complete for each
impact velocity, the scan data for each trial was
processed and registered using FARO Scene
software. Registration allows for multiple scans to
be aligned to one coordinate system. Registered
scans were then imported into the FARO Zone
3D software, where the target on the base of the
impact rig was centered to the (0,0,0) point. This
J Assoc Crime Scene Reconstr. 2022:26

Results

Once the x-, y-, and z-coordinates were
recorded, various statistical tests were performed
on the data. First, the total 2D and 3D error
was calculated for each trial. The 2D error
determined the total error between the known
and estimated area of convergence, while the
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3D error determined the total error between
the known and estimated area of origin. The
total 2D and 3D errors for each trial were
then used to create regression models to gain
an understanding of the changes in errors as
the impact height increased for each impact
velocity. Lastly, t-tests were performed between
the two velocities (1.19 m/s downward and 2.36
m/s downward) for both the 2D errors as well
as the 3D errors at each impact height.

Difference between x, y, and z

In order to determine the discrepancy between
the known and estimated area of origin, the
x-, y-, and z-coordinates would be subtracted
from the known x-, y-, and z-coordinates. In
this study, the known area of origin was set
to (0, 0, 0), therefore, the recorded x-, y-, and
z-coordinates for each trial are the errors from
the known area of origin. As seen in Figure 5, at
an impact velocity of 1.19 m/s, the x-coordinate
had a mean error of -1.13 cm, -1.03 cm, and
-0.87 cm at impact heights of 10 cm, 20 cm and
40 cm respectively. In comparison, the mean
y-error at impact velocity 2.36 m/s was 0.70 cm,
1.56 cm and -2.74 for their respective impact
heights (Fig. 6). As seen in Figure 7, however,
the mean z-error for impact heights 10 cm,

20 cm, and 40 cm at 1.19 m/s were 30.20 cm,
69.34 cm, and 121.36 cm. Showing to be well
over ±20 cm from the known area of origin, in
comparison to the x- and y-errors. At an impact
velocity of 2.36 m/s, similar results can be seen
as the mean x- and y-errors at each impact
height is between ±20 cm of the known area
of origin. The z-error at this velocity, however,
was found to be 29.64 cm, 51.53 cm and 93.16
cm at impact heights 10 cm, 20 cm, and 40 cm
respectively.
Pythagorean theorem was used to determine
the difference between the known and
estimated area of convergence for each impact
velocity. The recorded x- and y-errors were
inputted into in order to determine the total
2D error for each trial. The recorded errors were
also inputted into

to determine the total 3D error for each trial.
These formulas were used to determine if the
calculated area of origin fell within the accepted

20 cm error range. As seen in Figures 8 and 9,

Figure 5: Box plot comparing the x errors for each impact height at both impact velocities.
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Figure 6: Box plot comparing the y errors for each impact height at both impact velocities.

Figure 7: Box plot comparing the z errors for each impact height at both impact velocities.
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the total 3D error drastically exceeds the 20 cm
error range for both impact velocities due to the
z-component.

Changes in error between impact
heights

the only difference between 2D and 3D error
is the inclusion of the z-axis, it would follow
that the z-component error is more sensitive to
impact height than the x- and y-component.

Error dependent on velocity

Regression models for both impact velocities
were created to understand how the total 2D
and 3D errors changed as the impact height
increased (Fig. 10-13). It should be noted that
the regression models are being used only to
visualize a trend between the impact height
and total error. More testing would need to
be completed to conclude a linear relationship
between impact height and total error as nonlinear models may be more appropriate.
From the regression models, the estimated
β1 (related to the impact height variable)
parameters and their associated p-values
indicated importance, which concluded that
both 2D, and 3D error for area of origin
calculations increased with the impact height
(see Table 1). Thus, it appears based on the
data available that the further an impact blood
source is from the ground, the greater the error
in the area of origin calculation. As seen in Table
1, the β1 parameter for 3D error is much larger
than the β1 parameter for the 2D error. Since

Multiple t-tests at a 95% level of confidence
were conducted in order to determine if the
total 2D and 3D error changed significantly
between each impact velocity as the impact
height increased. As seen in Table 2, there
was no significant difference between impact
velocity and total error at impact heights 10 cm
and 20 cm for both 2D and 3D error. There was,
however, a significant difference found between
impact velocity and total error for impact height
40 cm for both 2D and 3D error. From these
t-test, there may be some connection between
2D error and impact velocity, as well as 3D
error and impact velocity, however, more data
would be needed to make a proper assessment.

Discussion

The aim of this study was to determine the
accuracy for impact bloodstains found on a
horizontal surface by using the bloodstain tool
in the FARO Zone 3D software. From both
impact velocity data sets, it is shown that the

Table 1: Chart depicting β1 parameters and p-value of total 2D and 3D regression
models for each impact height.
Impact Speed
(m/s)

Error Type

β1

p-value

1.19

2D

0.16076

0.00626

3D

2.9806

<0.0001

2D

0.37908

<0.0001

3D

2.1479

<0.0001

2.36

Table 2: Summary of p-values from t-tests analyzing significance
between impact speed and total 2D and 3D error.
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Type of Error

Impact Height
(cm)

p-value

2D

10

0.646

2D

20

0.345

2D

40

0.040

3D

10

0.923

3D

20

0.146

3D

40

0.026
J Assoc Crime Scene Reconstr. 2022:26

Figure 8: Bar graph depicting the total 2D and 3D errors for impact speed 1.19 m/s.

Figure 9: Bar graph depicting total 2D and 3D error for impact speed 2.36 m/s.
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Figure 10: Regression model depicting the increasing trend between height and total 2D error for impact
speed 1.19 m/s.

Figure 11: Regression model depicting the increasing trend between height and total 2D error for impact
speed 2.36 m/s.

www.acsr.org

10

J Assoc Crime Scene Reconstr. 2022:26

Figure 12: Regression model depicting the increasing trend between height and total 3D error for impact
speed 1.19 m/s.

Figure 13: Regression model depicting the increasing trend between height and total 3D error for impact
speed 2.36 m/s.
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z-axis has the greatest amount of deviation
from the known area of origin, in comparison
to the x-axis and the y-axis. This finding was
supported through the box plot charts, which
showed that the mean x- and y-errors at each
impact height and impact velocity, stayed
within ±20 cm of the known area of origin,
while the mean errors at the same impact height
and velocities, drastically varied from ±20
cm. As seen in Figure 7, as the impact height
increased, the z-error drastically increased for
both impact velocities, which aids in explaining
the increased total 3D error. The regression
models conducted on the impact velocities for
both total 2D and 3D error also supported
this finding. The larger β1 parameter for total
3D error in comparison to the total 2D error
shows that the z-axis is more sensitive to impact
height than the x- and y-axes. The regression
models also show that as the height of impact
increases, the amount of error for area of origin
calculations also increases. Finally, the t-tests
conducted between impact velocities suggests
there may be a connection between total error
and impact velocity.
An area of origin analysis assumes that blood
travels in a linear trajectory before striking a
surface, however, bloodstains are affected by
gravity and air resistance, which causes them
to take a more parabolic trajectory [1]. When
an area of origin analysis is conducted on a
wall, the bloodstains that impacted the surface
during their upward trajectory in the parabola
are selected for analysis. As stated in Le and

Liscio (2019), the additional time and distance
in which the blood droplet is airborne will
cause gravity and air resistance to have a greater
effect [6]. Since the blood droplets in this study
are impacting the ground instead of a wall, the
blood droplets have exceeded the trajectory
vertex and are on the downward side of the
parabola. The increased total 3D error is the
result of the parabolic effect on the bloodstains.
As seen throughout the data, the errors at an
impact velocity of 1.19 m/s downward are on
average larger than the errors for an impact
velocity of 2.36 m/s downward. Similarly, the
mean x-, y-, and z-errors increased as the impact
height increased for both impact velocities. This
pattern in the data is due to the blood droplets
being closer to their extent of their parabolic
trajectories when they impact the ground,
causing the estimated z-coordinate to be greater
than the known z-coordinate (Fig. 14). It may
be possible to analyze the parabolic trajectories
of each bloodstain to account for the increased
error visible in the z-axis.

Conclusion

This study determined that an area of
convergence can be accurately determined for
impact bloodstain patterns found exclusively on
the horizontal surface as the x- and y- position
are well within the accepted 20 cm range.
An area of origin analysis, however, cannot
be accurately determined as the erroneous
z-component errors cause the total 3D error to
exceed the accepted range of 20 cm. A linear

Figure 14: Illustration of the bloodstain trajectory in comparison to the backtracked trajectory (virtual string)
as impact height increases.
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relationship between impact height and total
error as well as a connection between impact
velocity and total error cannot be concluded
without further testing. From this research,
there is no way to accurately determine the
z-component for impact bloodstain patterns
found on the ground, however, it may be
possible to account for the z-component
errors by analyzing the parabolic trajectory
for each bloodstain. Future studies may find
more accurate results by implementing various
impact velocities and impact heights as well
as the use of more realistic weapons such as a
hammer or bat.

Sources of Funding

This work was funded by the University of
Toronto Mississauga Experimental Learning
Bursary.

Acknowledgments

The authors of this paper would also like to
acknowledge Dr. Tracy Rogers for her academic
direction, Victoria Cheung for her help in data
collection, and Daniel Hockey for aiding in the
refinement of the statistical analyses.

References

1. Silke B. Introduction to bloodstain pattern
analysis. J Police Sci and Prac. 2012; 2: 51-57.
2. Camana F. Determining the area of
convergence in bloodstain pattern analysis:
a probabilistic approach. Foren Sci Internat.
2013; 231(1): 131-136.
3. James S, Kish P, Sutton. Principals of
bloodstain pattern analysis: theory and
practice. CRC 2011.
4. Varney CR, Gittes F. Locating the source of
projectile fluid droplets. Amer J Physics 2011;
79: 838-842.
5. Carter AL, Forsythe-Erman J, Hawkes
V, Illes M, Laturnus P, Lefebvre G, et al.
Validation of the BackTrack suite of programs
for bloodstain pattern analysis. J Foren Ident.
2006; 56(2): 242-254.
6. Laan N, De Bruin KG, Slenter D, Wilhelm
J, Jermy M, Bonn D. Bloodstain pattern
analysis: implementation of a fluid dynamic
J Assoc Crime Scene Reconstr. 2022:26

model for position determination of victims.
Scientific Reports 2015; 5(1): 1-8.
7.

Le Q, Liscio E. A comparative study between
FARO Scene and FARO Zone 3D for area of
origin analysis. Forensic Science International
2019; 301: 166-173.

8. Lee R, Liscio E. The accuracy of laser
scanning technology on the determination
of bloodstain origin. Canadian Society of
Forensic Science Journal 2016; 49(1): 38-51.
9. Hakim N, Liscio E. Calculating point of
origin of blood spatter using laser scanning
technology. J Foren Sci. 2015; 60(2): 409-417.
10. Liscio E. A preliminary validation for the
FARO Zone 3D area of origin tool. J Assoc
Crime Scene Reconstr. 2018; 22(1): 1-9.
11. Bevel T, Gardner RM. Bloodstain Pattern
Analysis: With and Introduction to Crime
Scene Reconstruction, 3rd ed. CRC Press
2008.
12. Adam CD. Fundamental studies of
bloodstain formation and characteristics.
Forensic Science International 2012; 219(1):
76-87.
13. Kettner M, Schmidt A, Windgassen M,
Schmidt P, Wagner C, Ramsthaler F. Impact
height and wall distance in bloodstain pattern
analysis – what patterns of round bloodstains
can tell us. International Journal of Legal
Medicine 2015; 129(1): 133-140.
14. NeSmith A. What do you really know about
butcher block paper? Oren International 2017.
15. Maurer-Spurej E, Pfeiler G, Lindner H,
Glatter O, Devine DV. Room temperature
activates human blood platelets. Laboratory
Investigation 2001; 81(4): 581-592.
16. Mullins RA, Albanese J. Estimating
biological characteristics with virtual laser
data. Journal of Forensic Sciences 2018; 63(3):
815-823.
17. Dustin D, Liscio E. Accuracy and
repeatability of the laser scanner and
13

www.acsr.org

total station for crime and accident scene
documentation. J Assoc Crime Scene Reconstr.
2016; 20(1): 57-67.
18. Connolly C, Illes M, Fraser J. Effect of

impact angle variations on area of origin
determination in bloodstain pattern analysis.
Forensic Science International 2012; 223(1):
233-240.

Copyright: © 2022 Jessica Reynolds and Eugene Liscio. Copyright for this article is retained by
the authors, with unrestricted publication rights granted to the Association for Crime Scene Reconstruction. This is an Open Access article distributed under the terms of the Creative Commons
Attribution-Noncommercial-No Derivatives International License (http://creativecommons.
org/licenses/by-nc-nd/4.0/) which permits unrestricted noncommercial use, distribution, and
reproduction, provided the original work is properly cited and not changed in any way.

www.acsr.org

14

J Assoc Crime Scene Reconstr. 2022:26

