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What is Bloodstain Pattern
Analysis
◼

“Violent crimes can result in bloodshed. When liquid
blood is acted upon by physical forces, bloodstains and
bloodstain patterns may be deposited on various
surfaces, including the clothing of the individuals present
at the crime scene. The bloodstain patterns can yield
valuable information concerning the events which lead to
their creation when examined by a qualified analyst. The
information gained can then be used for the
reconstruction of the incident and the evaluation of the
statements of the witnesses and the crime participants.”
– International Association of Bloodstain Pattern
Analysts, http://iabpa.org/about., 10 October 2010.

My Perspective
◼

Bloodstain pattern analysis can involve bloodshed due to accidental injury, intentional
injury, and unknown injury.

◼

Bloodstain pattern analysis can involve analysis of injury which does not result in
external bloodshed (such as a bruise or petechiae in the eyes).

◼

Bloodstain pattern analysis involves wound analysis.

◼

Bloodstain pattern analysis includes context of the overarching event. One must take
care controlling bias.

◼

Bloodstain pattern analysis is applied science and grounded in and guided by the
sciences of biology, physics, chemistry, social sciences, legal sciences, engineering,
and by mathematics and critical thinking. Bloodstain pattern analysis operates under
the guidelines of The Scientific Method. See the following for publications on
Bloodstain Pattern Analysis:
https://www.google.com/search?q=Is+bloodstain+pattern+analysis+a+science&rlz=
1C1GCEA_enUS951US951&oq=Is+bloodstain+pattern+analysis+a+science&aqs=chr
ome..69i57j69i60l3.6529j1j7&sourceid=chrome&ie=UTF-8.

The Guiding Principles and Basis
(One More Time)

Bloodstain patten analysis demands the
overarching guidance of The Scientific Method,
and the application, at the minimum, of the
science of biology, physics, chemistry,
entomology, taphonomy, anatomy, physiology,
philosophy of science, and mathematics. It
requires experience as a practicing applied
scientist to reach a reasonable proficiency level.
◼ See for additional information:
https://www.nist.gov/osac/bloodstain-patternanalysis-subcommittee.
◼

As an Example
Anatomy, Physiology, Biology: The
human arm contains vessels that are
under pressure, When incised the vessels
can project blood. DNA values can be
compared between victim and stains on
door.
Mathematics: The well-formed
bloodstains can be measured and used to
calculate angles of impact and possible
origins using trigonometry principles of the
right triangle.
Chemistry and Biology: Blood is
composed of components that can be
used for identification of a source,
enhanced with chemicals, and adhere to a
surface. Stains can be chemically
presumptively identified as blood.
Physics: Blood is a viscoelastic fluid that
maintains a form allowing it to be squirted
and projected, that adheres to surfaces in
a manner to leave distinctive patterns.
Blood responds to gravity. Blood responds
to electromagnetic energy and heat in
unique ways compared to other materials.

The injury is to the arm of a person found in a stairwell. The injury severed a
main blood vessel in the arm. Adjacent to the person was the bloodstain pattern
on the door. The pattern is like that of blood projected from breeching of a body
organ or organs such that blood is ‘squirted” from the injury to the target surface.

Another Example
Think about physics principles and
chemistry principles that would
help to explain alligorating. If you
were going to do research on this
phenomenon, what variables
would you need to control?

Can you think of where you
might use trigonometry and
statistics in analyzing the
bloodstains?

What would be important to
know about biology, outside of
the actual DNA laboratory
process, for the successful
documentation and
reconstruction of the scene?

What would be important to
now about human anatomy
and physiology that would
explain the projection of
blood from the injury to the
back?

This is an image, at autopsy, of a person who had a stab wound to the back. The
sharp force instrument (a knife) penetrated the lung and the heart. The person
projected blood from the incised area in his back. The person ran down the stairs
of an apartment building and outside, after being stabbed. On the wall were
projection patterns. When he fell, he laid on the floor and bleed out from the
injuries to his organs. The pattern on his back, known as alligatoring, is like that
when a body has laid in blood and then was moved from the blood pool.

Accidental Example

Why are
there not
visible
bloodstains?

Is there a
definable
sequence
to the
injuries?

The person was found supine on a pile of boards behind a roofing company and
near train track area. There was no blood at the scene. The person died from over
exposure, hyperthermia, to heat. He went to sleep on the pile of boards and laid
on the boards on a 102 F day for about 8 hours. Workers saw him early in the
morning, about 0830 hours, and found him later in the evening, about 1630 hours.

Conceptual Overview
◼

◼

The three examples were all deaths. One was a violent death that was
a murder. One was intentional and one was accidental. Bloodstain
patterns within the body and external to the body were important in
interpreting bloodstain patterns external to the body in an effort to
develop a believable theory of what had taken place in the given event.
Bloodstain pattern analysis does not exist in a vacuum. It is a source of
information that contributes to the total body of information. The
information from bloodstain pattern analysis must “jump together” with
other information to support a theory. As an example, the bloodstain
patterns on the door need to fit with the injury to the arm, and the
DNA analysis of the person with injury needs to fit with the DNA
analysis of the bloodstains on the door. Consilience is the key word.
See Consilience, Wikipedia, https://en.wikipedia.org/wiki/Consilience,
10 October 2017.

The Making of a Bloodstain Pattern Analyst
and Reconstructionist.
◼

Max Houck, et al write that “interpreting and integrating bloodstain patterns into a
reconstruction process requires, at a minimum
–
–
–
–
–
–

◼

an appropriate scientific education,
knowledge of the terminology employed (e.g angle of impact, arterial spurting, back spatter, castoff pattern),
an understanding of the limitations of the measurement tools used to make loodstain pattern measurements (e.g.
calculators, software, lasers, protractors),
an understanding of applied mathematics and the use of significant figures,
an understanding of the physics of fluid transfer,
an understanding of the pathology of wounds.” (Houck et al., Chap 7.2, https://dx.doi.org/10.1016/B978-0-12849878-1.00026-0.)

I would add
–

–
–
–
–

–
–

an understanding of the biological properties of blood (e.g. composition, origin characteristics, preliminary and
confirmatory testing, analytic techniques such as DNA and Hematocrit, clotting, drying, deterioration),
an understanding of insect biology and animal biology that alter and/or mimic human bloodstain patterns,
an understanding of chemistry related to blood and bloodstains (e.g. toxicology, drug analysis, contamination,
decontamination, enhancement of latent bloodstains, collection/documentation/preservation of evidence),
an understanding of the physics of motion,
an understanding of the tenets and techniques of critical thinking, chance discovery, quality assurance, and quality
control,
demonstration of public speaking and report writing skills related to presentation of scientific information,
knowledge of the legal requirements for presentation of evidence, and for testimony as an expert witness.

What is a Bloodstain Pattern?
◼

A bloodstain pattern is a physical, geometric image created by blood
contacting a surface, or by a surface contacting blood. The
geometric images of interest are primarily those created once blood
leaves the body.

◼

“Bloodstain Pattern: A grouping or distribution of bloodstains that
indicates through regular or repetitive form, order, or arrangement
the manner in which the pattern was deposited (from SWGSTAIN,
http://www.swgstain.org/ and
https://www.ameslab.gov/mfrc/midwest-forensics-resource-center.
The links are no longer active).”

◼

See A Simplified Guide to Bloodstain Pattern Analysis. Accessed
13July2010.
http://www.forensicsciencesimplified.org/blood/BloodstainPatterns.p
df.

Analysis of Bloodstain Patterns
◼

Analysis involves an understanding of the physical properties of blood:
surface tension, drying time, viscosity, internal cohesion, drop
formation, fluid dynamics, specific gravity, in flight behavior.

◼

Analysis involves an understanding of physical actions of blood prior to,
during, and after contact with a surface: oscillations, breakup, elasticity,
geometric shape, configuration mechanics, drying time, physical
changes.

◼

Analysis involves pattern recognition internal and external to an
organism, physical and mathematical interpretation of patterns,
corroborative research, and logical inference processes.

◼

Analysis involves an understanding of error rates, uncertainty, bias, and
the process of scientific experimentation.

◼
◼

Analysis requires a systematic, rigorous process of thinking about the
information in a scene.

What Do You See As Evidence?

What Do You See?
◼

Compare your observations of the scene without the grid framework
and with the grid framework.

◼

Go back and apply the principles of Semiotics (study of signs).
Identify the signs in each square. A sign is anything that means
something to somebody. Did you identify more information after
use of the sign identification technique?

◼

The grid technique is often used by analysts as a technique to
facilitate completeness of information gathering to include
facilitation of chance discovery. It is part of employing a
methodology.

What Is Blood?
◼
◼
◼
◼

◼

◼

A non-Newtonian viscoelastic fluid
(Wonder, p. 8).
A substance that can alter between a
Newtonian and non-Newtonian fluid
An adhesive substance.
“A vital, complex biological fluid,
containing red blood cells, which are
present in vertebrates and may be
shed during accidental, intentional,
and/or criminal acts (Wonder, p. 11).”
A substance with a distinct color,
texture, smell, taste, hue,
physicalness, and behavior.
See
https://www.sciencedirect.com/scienc
e/article/pii/S0379073816303358 for
information on morphology of drying
blood pools.

What has taken place?

What scientific principles are at work?

Properties of Blood
◼
◼
◼

◼
◼
◼

◼

Blood can be sticky. It can adhere to surfaces.
Blood can dry quickly. It can flake away leaving a skeletal ring.
Blood can stain. It has color and materials that can stain other
materials like cloth.
It can separate into components.
It can contain toxicological and DNA information.
It can change viscosity. Under high pressure it may break up or
tend to remain in solid forms, like drops of large mass, but given
less pressure it can become very runny (viscous).
The properties of blood, as an example, are different than the
properties of water.

A Dissertation on the Properties of
Blood.
◼

The unique properties of blood are what makes patterns
from blood useful as a forensic science comparative
analysis technique.

◼

See DuBey IS. (2019). A Study of the Impact of the
Physical Properties of Blood on the Interpretation of
Bloodstain Patterns in Forensic Investigations.
Dissertation. City University of New York. Accessed 13
July 2021.Retrieved 3 August 2021
<https://academicworks.cuny.edu/cgi/viewcontent.cgi?a
rticle=4116&context=gc_etds.>

Some General Characteristics of
Moving Blood
◼

◼

◼

◼
◼

In a free fall form, a drop will
◼ In a free-falling form, the volume
move in an oscillating
of a drop will be about .03 ml -.05
spherical configuration –not in
ml & about 3mm –5mm diameter
a teardrop shape (Bevel and
Collision and force produce
Gardner, 2002).
smaller sizes.
Age, sex, race, nor alcohol
◼ Larger drops tend to project
blood levels seem to affect the
further than smaller drops.
patterns produced
◼ Hematocrit, internal cohesions,
(MacDonell, 1993).
and surface tension affect blood
The preceding do affect blood
drop formation. Disease, genetics,
patterns- via hematocrit
and other factors affect
values. (Wonder, 2001).
hematocrit levels. (Wonder,
2001).
Terminal velocity in free fall is
generally reached at 6’-8’.
◼ Absent other forces, blood will
respond to gravity as a viscous
After about 6’ – 8”, terminal
fluid. It has a unique properties
velocity range, increased
so that sheer rates effect viscosity
distance fallen does not affect
(Attinger, et al., 2013)
stain size.
◼ It has unique properties that lead
coagulation that affects blood
flow.

Physical Properties Affecting
Bloodstain Patterns.
◼
◼
◼
◼
◼
◼
◼
◼
◼
◼

Origination Surface
Construction
Impact Surface Construction
Temperature
Humidity
Capillary Action
Time
Adhesiveness
Internal Cohesion (Wonder,
2001).
Impact surface (substrate)
morphology.
Chemical composition

◼
◼
◼
◼

◼
◼
◼
◼
◼
◼

Actor Movement
Contamination
Distance
Extraneous Energy
Origination and Initial Force
Volume
Scene Integrity
Surface Tension (Bevel and
Gardner, 2002).
Component separation and
deterioration phenomena.
Internal Cohesion

See Minj and Faiz (2021). Bloodstain pattern analysis and its dynamics. International Medico-Legal Reporter
Journal. Retrieved 3 August 2021 <https://legaldesire.com/wp-content/uploads/2021/02/Download-and-Read-FullText-5.pdf.>

Probable Information From
Bloodstains
◼
◼
◼
◼

◼
◼
◼
◼
◼
◼
◼

Direction
Angle of Impact
Origin/Source
Applicable Forces
Trajectories of Forces
Object Identification
Number of Blood Initiating or
Altering Events.
Actor Identification
Actor Physical State
Blood or not blood, human or
not human.
Trace evidence and
environmental conditions

◼
◼
◼
◼

◼
◼

◼
◼
◼

Actors Positions
Sequence of Events
Left Handed/Right Handed
Clothed/Unclothed
“Psychoscene,” behavioral
characteristics.
Non-linear Behavior, Chaos
Behavior
Association with bodily injury
Identification via DNA analysis
Insect and other animal
presence.

Definitions and Terminology
◼

◼

◼

The texts, Bloodstains As Evidence: A Field Manual, attempts to
follow the International Association of Bloodstain Pattern Analysts
(IABPA) definitions. There are other organizations that offer a list
of definitions. Definitions are a work in progress. As you are
reading through the slides of this PowerPoint there may be some
definitions and terminology that differ from IABPA.

IT IS ABOUT OPERATIONAL DEFINITION:
DEFINE YOUR TERMS IF THINK THERE MAY BE
SOME QUESTION ON WHAT YOU MEAN.
See AAFS Standards Board (2017). Terms and definitions in
bloodstain pattern analysis. ASB Technical Report 033 1st Ed.
Washington (DC): ASB AAFS Standards Board. Retrieved 3 August
2021 http://www.asbstandardsboard.org/wpcontent/uploads/2019/05/072_Std_e1.pdf.

Bloodstain Pattern Recognition –
Pattern Types
Passive Patterns: flow, pool, saturation,
drip/drop, volume.
◼ Projected Pattern and Impact Patterns:
instrumental, expirated, arterial spurt/gush,
volume blood splashes, object splashes, castoffs, gunshot produced blood spatter.
◼ Impression Patterns: transfer, contact, swipe,
wipe, secondary.
◼ Miscellaneous Patterns: voids, fly spots,
insect/bug trails, bubbles, blood (dried,
skeletonized, separated).
◼

Impact Surface Considerations
◼
◼

◼
◼

◼

Course surfaces cause
irregularities in patterns.
Blood may break up on impact
and may follow the contour of
a surface (Bevel & Gardner,
2002).
Edges become less even on
rough surfaces.
Blood spreads (wicks by
capillary action) on cloth and
coarse paper like substrates.
Impact angles and
directionality become less
reliable as a surface becomes
more porous (inverse
relationship).

tile

carpet

cloth

concrete

Passive Patterns
◼

◼

◼

Those patterns which generally
result from the free flow of
blood.
Passive Flow Pattern – when
blood flows freely.
Passive Saturation Pattern –
when blood flows to saturate
an area.

impact

free
flow

Blood projected onto
a wall and free
flowing down the wall.

Blood free flowing from
the body and saturating
the carpet.

Passive Patterns (Cont.)
◼

◼
◼

◼

◼

Passive Saturation – in cloth
there may be secondary
patterns from the cloth folded
on itself. In some literature
this is called a secondary
transfer pattern.
Passive Pool Pattern – when
blood flows freely into a pool.
Notice: trail, drip, impact and
volume of pooling blood in the
image with the bicycle.
The top image is of clothing
saturated as a result of blood
loss from multiple stab
wounds. The bottom image is
blood loss from a self-inflicted
gunshot.

trail

drip

pool

Passive Patterns (cont.)

Free flow around a surface.
Notice pattern from lap and
buttocks. The victim was sitting
on the chair with the corner
between the legs.

Notice void areas in this passive
pattern. The victim experienced
massive blood loss while on her back.
The contact of the back with the floor
prevented the blood from free
flowing into the pressure area.

Projected Patterns
◼

◼

Those patterns resulting from
blood sent with a degree of
energy, other than gravity,
from an origin to a surface.
Blood is projected, shot, flung,
or hurled at a surface, as
examples.
Arterial Spurt/Gush Patternblood which leaves the body
under pressure: injured
artery, lung, heart.. *Note:
rhythmic pattern as a result of
the pumping of the heart. You
would also consider that the
body could be moving up and
down/side to side at the same
time.

impact
point
free
flow

Arterial Spurt and Free Flow.

*Why are impact bloodstains
at an angle?*

Projected Patterns (cont.)
◼

Instrumental Projected
Patterns – These are
patterns, that for lack of a
better name, are caused, in
part, by an instrument that
is part of the origination of
the blood spatter. Some
examples of instruments
are: knife, firearm, board,
swinging hand, kicking foot,
bat, broken bottle, pipe
bomb, high pressure air
hose. The blood is projected
as a result of interaction
with the instrument.

misting

Smaller
stains

Tissue and
mass.

Direction of major
energy

High Energy – Shotgun – Now Often
Called Forward Produced Gunshot Spatter.
There will often be pieces of tissue other
than blood within the pattern.

Projected Patterns (cont.)
◼

Instrumental Projected Patterns:
-High Energy (velocity): 100’/sec or
more, firearms, airplane propeller,
power equipment.
-Forward produced gunshot pattern.
-Often has a misting affect appearance,
and many spatters less than 1mm in
diameter.
-In the photos note the mass,
directionality, and misting.
-**There may not be a mass and
misting effect from bullets that do not
leave the body, or from long distance
gun shots that have expended most of
the energy in travel and do not pass
through the body..**
In the top image, what was the
direction of the shotgun barrel?

suicide

test pattern

Projected Patterns (cont.)
◼

Instrumental Projected Patterns:
Backspatter: generally applies
to firearm phenomena in which
the blood from the wound is also
forced backwards onto a
surface.
-Hands are common backspatter
surfaces.
Backspatter is usually most
voluminous and evident from
close gunshot produced injuries.

-**It very easy to confuse
with expirated blood.**

Backspatter from gunshot wound. Why
is there a void pattern in the fore finger
and thumb region?

Mixed Projected Patterns (cont.)
◼

◼

◼

◼

Expirated patterns have the
appearance of medium to low
energy blood spatter.
Expirated patterns may also be
found with arterial spurt
patterns, and cast-off patterns.
**Expirated patterns may
be difficult to distinguish
from high energy and
gunshot related
patterns.**
Look for blood or injury around
the victim nose, mouth, open
wound, chest, and clothing to
aid in identifying an expiration.

Expirated (spewed
from mouth as
result of lung
injurg.

Arterial (squirting
from stab wound
entry to back)

Expirated Pattern
with Arterial Spurt.

Projected Patterns (cont.)
◼

Instrumental Projected
Patterns:
-High/Medium energy
(velocity): 25’/sec or more,
swinging knife, bat, kicking
foot, swinging hand, expirated,
arterial.
-No predominance of stains
with a diameter less than
1millimeter. No predominance
of misting.
-A trail may present in a
pattern from a swinging
instrument. The +1 rule
should be used with caution.

Medium energy (velocity)
expirated with transfer
pattern.

Projected Blood (cont.)
-Cast off: a special term

reserved for spatters cast
from an instrument.
-Cast off patterns seem to
particularly apply to sharp
force, wining hands and
arms, swinging hair, and
blunt trauma instruments.
-Wave cast off: term for a
pattern resulting from a
secondary pattern (cast off)
from a cast off. *caution*.
Coagulating blood may
mimic this phenomenon
(blood fluid dynamics!)

cast
offs

wave cast
off

cast off from fleeing suspect

Projected Patterns (Cont.)
Projected blood
forming an arc that
was from an assault
with a hammer and
stock of gun.
◼ Notice the mixture
of patterns.
◼ Notice the
impression/contact
pattern at the far
left.
◼

arc

Drip/Drop & Dried Stains
◼

◼

◼

Size difference on a substrate
from free falling drops can be
due to: distance, surface from
which blood is dripping, impact
surface, physical condition of
the source.
Blood dripping into blood:
notice the smaller “satellite”
stains - compare these with
the “radial” stains from a
volume drop, or an object
impacting a pool of blood.
Note that the blood has dried
and there is a change in color
and concentration of the
parent drop

drying effect

All drops originated
from the same
distance from the
surface

Satellite from
blood dripping
into blood

If all drops were from the same distance,
why are there different diameters?

Drip/Drop Stains
A moving instrument may
produce a pattern in which the
blood spatter creates a “trail”
or arc. The “trail may
reproduce several times. A
very general rule is that the
number of blows to a victim is
one more than the number of
“trails”. *caution*. The trails
in the image were produced by
a dangling swinging hand?
Caution with +1 rule. A hand
may produce numerous trails
due to fingers.
Cast off “trail” on back side of pajama bottom –
notice multiple “trail” or “arc” phenomena. Could
this have been from a hand holding a bloody knife
and the hand and knife were gently swinging?

Drip/Drop Patterns
– Low Energy (velocity):
free falling velocity- blood
dropping from a cut finger,
bleeding nose, other
wounds, or a near immobile
instrument. Some literature

designates as drop
patterns.

– Bleedings, walking subjects
may leave a low velocity
trail.
– **Lab confirmation required for

drops at homicide

identification of source.** Hemastix,
Phenolphthalein, Hemascein, Luminol
may be used for chemical preliminary
testing. Rust from patio equipment, as
an example, can leave a stain that looks
like blood. Testing is important.

drops at assault

Impact Patterns
◼

◼

◼

◼

Impact patterns:
produced when blood
splashes.
May be produced from
blood falling into blood,
or an object impacting
blood.
These patterns are called
splash patterns in some
literature.
Characteristics: “spiny”
edges, circumferential
surrounding stains.

Volume pattern
(Impact): a volume of
blood impacts
surface, and falls into
itself. Notice the
radiating patterns.

Impact Patterns (cont.)
◼

Impact Patterns:
Drip: when blood drips into
blood.
Object Splash: when an
object impacts a volume of
blood.
Drip/Drop Trail: when a
person or object is moving
and leaves a low-medium
velocity trail.
*Caution: carefully try to
establish any continuity.*

The pattern from a shoe
stomping in a volume of
blood.

Impact Patterns (cont.)

Blood drips
into blood and
splashes onto
the chair leg.

An assault victim leaves a
blood trail - notice the
dripping, splashing, and
adjacent bloodstains.

Impression Patterns
◼

Patterns created: surface

contacts a surface leaving an
impression.
-transfer: bloody surface to
secondary surface (bloody hand
to wall). - contact: object
contacts bloody surface(shoe
print). -swipe: bloody object
moves across surface(hair).
-wipe: object moves through
blood (hand through drop).

Transfer: notice outline of
of parallel liner line pattern.
This is a pattern from the arm of a
person touching the table.

Impression Patterns (cont.)

swipe

Notice the swipe and
transfer on the wall. There
is a wipe by the foot.

wipe

Notice the wipe through the
blood with the feathering of
the stain, and the swipe to
the left.

Impression Pattern (cont.)

Wipe: Notice the remaining
skeleton of the original stain.
The “feathering” out of the
swipe indicates direction.

Wipe: A little more difficult
to tell. It almost looks like a
swipe. This was made with a
brush. If you cannot tell the
difference don’t make the
call.

Impression Patterns (cont.)

A transfer pattern from the
shotgun to the bed sheet.
Knife blade and handle transfers.

Impression Patterns (cont.)

An impression pattern from a bloody
shoe at the scene of an assault.

Knife impression pattern
from a homicide scene.
Notice the handle pattern in the
far left, and blade pattern in far
right.

Impression Patterns (cont.)
** scales in photos – needed for comparison**

Footwear Impression Homicide

Hammer Impression Homicide

Impression Patterns (cont.)

A transfer swipe pattern from
the scene of an assault.
notice the mixture of the
transfer, free flow, and cast
off patterns.

A very subtle swipe mark
in carpet at the scene of a
homicide. The marks
start at upper center and
arcs downward.

Mixed Patterns (cont.)
Expirated Pattern – blood projected
from the mouth, nose, or a gaping
wound. Often an expirated pattern
is found with saturation and pool
patterns. Notice the expirated pattern
on the side of the chair, and the
saturation pattern on the bed corner.
The victim had a throat wound.
◼ It can be difficult to distinguish from
medium energy and gunshot related
patterns.
◼ Look for blood evidence around
victim mouth, nose, on clothing, and
chest. Usually an expirated pattern
does not have a very fine mist like
component.
◼

Impression?

Expirated?

Passive?

Miscellaneous Patterns
◼

These are patterns that are
extraneous to direct human blood
loss.
Fly Artifacts: patterns
created by flies.
Bugs/Insects: patterns
created by bugs.
Blood: blood that dries, bubbles,
or separates.
Animals: patterns created by
pets and wildlife.
Surface Interaction: patterns
created due to physical
interactions between surfaces,
environmental conditions such as
temperature, and extraneous
forces such as wind.

Dried blood drop: skeletonized.

Dried Blood: notice drying from
outer edges in & flaking away in
right stain.

Miscellaneous Patterns (cont.)

Fly spots on the kitchen wall above the head
of double homicide victims. Both victims
received handgun head wounds.

Fly spots on a window shade at a
death scene. Notice the similarity
to medium energy, cast-off, dripdrop. There is lack of
directionality, mixture of colors,
unusual shapes, and size variation
of round stains.

Miscellaneous Patterns (cont.)

Air bubbles in blood on
the blade of a knife.

Fly spots on a window at a
homicide scene. This is not
a picture of a sperm cell.

Miscellaneous Pattern (cont.)
◼
◼

◼

Blood has an adhesive
quality.
It may create a bonding
phenomena between two
surface. When separated
one can observe the
“alligatoring” effect.
If a measurement is
made after “bonding” it
should be considered
smaller than the actual
object structure.

Miscellaneous Pattern (cont.)

It is not what it seems at first? This is a volume, free flow,
drip and drop, and arterial spurt pattern. It is not a high
velocity pattern. It was created, in part, by wind whipping
around the edge of the building.

Blood On Clothing
◼
◼
◼
◼

◼
◼

**Impact angle calculations
may not apply.**
Directionality determinations
are sometimes possible.
Impression & passive actions
usually are on one side.
Projected related actions &
volume actions are often on
both sides.
Always corroborate before
making final inference.
**The most difficult of all
interpretations?**

Angles of Impact
◼

◼

◼
◼

Angles of impact can be determined by dividing the
width of a bloodstain pattern (short axis) by the length
of the pattern (long axis). The value of this division is
the sin (sine) of the angle of impact (AOI). The arcsin
(arcsine) (sin-1 ) (inverse function) is the value in
degrees that corresponds to the sin. AOI = sin-1 w/l.
The angle of impact is dependent upon the accuracy of
measurement (the literature indicates an error rate of
+/- 10%). *not 10 degrees*
The angle of impact is a generalization. It establishes a
value for a range.
See PowerPoint on Blood Origin Determinations for
additional information.

Angle Of Impact (cont.)
◼

◼

◼

Blood which impacts a
surface at a 90 degree
angle will be nearly
round in shape.
As the blood impacts at
angles decreasing from
90 degrees the pattern
will become more
elongated and elliptical.
The angle of impact is
that between the
surface and trajectory
path of the blood drop.

Angle of Impact (AOI) Procedures

l

w

w/l = sine = 10/50 = .163, Arcsine 0.2 = 11 degrees.
Be aware of significant numbers!! The scale can only be
read in 0.5 centimeters.

Measuring the Bloodstain
width
length

Direction Of Travel
- Direction of travel refers

to the direction in which
the blood spatter is
moving from its origin to
its destination.
- It can be determined
from the point of the
“tail”. The tail points in
the direction of travel.
-In free flow, swipes and
wipes it can be
determined by spatial
relationships and
feathering of the pattern.

A line drawn through the
center of the longest
aspect (axis) of the stain,
and in the direction of
the “tail” indicates in the
direction of travel.

Angle Of Direction Of Travel
angle
squared
horizontal
line
line in
direction of
travel

Notice that
the angle
is
measured
from the
horizontal
line and
counter
clockwise.

Also called
Cartesian
angle or
Azimuth
angle.

Origin
◼

◼

◼

Origin refers to the place from
which the blood came in
space. It is a physical location.
For multiple stains the origin
can be determined in a two
dimensional aspect by drawing
lines through the center of the
stains in the direction of travel
and in the corresponding
reverse direction, and
observing the (area) of
convergence.
**The lines drawn to identify
a convergence area are those
extended backwards from the
direction of travel axis. The
tail points opposite of the
origin.**

Selected point for
measurement
purposes.

Lines drawn through bloodstain patterns to determine area of
convergence. The yellow circle marks the area of
convergence. For purposes of measurement a point is selected
that approximates the enter of the area of convergence. The
distance from this point to the point of impact of a well-formed
bloodstain represents the adjacent side of a right triangle. The
point would also me measured to establish coordinates in
space, i.e. above ground level, left of east wall of kitchen.

Area of Origin
Direction of travel

Area of
origin

Area of Convergence
(AOC) point for
measurement
purposes.

Multiple
well-formed
bloodstains.

Origin (cont.)
◼

A three dimensional point of origin
can be determined by several
methods.
- stringing: placing strings along the
direction of travel and the angle line of the
angle of impact.
-computer models.
-mathematical: using right angle triangle
trigonometry procedures, and
measurements, also known as the straight
line method.
-mathematical: calculations related to
fluid dynamics using volume, drag,
velocity, and gravity measurements
(varney and Gittes 2011, Laan t al., 2015,
Attinger et al.

Mathematical charting in
preparation for determining threedimensional origin. If one angle
and one side are known, the
others can be determined.

Visual Indications of Origin
◼
◼

◼

Some analysts prefer to use
strings to visualize origin.
A quick generalization of
probable origin is to use
colored markers that are
aligned along the axis of the
direction of travel.
Computer and 3D laser system
are gaining popularity for
analyzing bloodstains. Some
researchers have reported
error rates in determining area
of origins at less than 10
percent and along some axis
less than 5 percent (Griffiths
2021).

chalk outline of bed.

Determining Origin
Mathematically.
C
B

A
If Angle of Impact = 10 degrees.
Right Triangle: C2 = A2 + B2; Tan O= B/A, B = Tan O x A
A = Distance from bloodstain impact to area of convergence. B =
Distance from impacted surface to origin. If A = 20cm, then B = Tan
10 degrees x 20cm = .176 x 20 cm = 3.5 cm.

Documentation
Photo shows direction of
travel is approximately
59 degrees (or 239).

Arrow and
notation
indicate zero
to right and
north.

Arrow through center points
to direction of wipe.

Identifying and Enhancing Blood
◼
◼
◼
◼

◼
◼

◼

Hemastix – presumptive test,
least sensitive.
Many Tests Between These
Two – Phenothalein, Luminol.
Fluorescein – presumptive test,
most sensitive.
Physicality – does it look like
blood, smell like blood, act like
blood, and should it be blood.
Phenolphthalein. Purple
Hematrace (Abacus
Diagnostics): considered
confirmatory
*False positives are considered
possible with all tests and
enhancements.*

◼
◼

◼
◼

◼
◼

Luminol – strong reaction,
short term, carcinogenic.
Fluorescein – strong reaction,
very sensitive, can be used in
daylight, requires ALS.
Amido Black – heavy staining,
carcinogenic.
LeucoCrystal Violet – easy to
mix, strong staining,
carcinogenic.
Hungarian Red – requires ALS,
white lifters.
Coomassie Blue – good stain,
easy to use.

Luminol Example (cont.)
◼
◼

The top image is of the original
scene.
The bottom image is of the scene
after treated with luminol. The
technique to do this is to set the
camera on a tripod and focus on
the target area. Set the camera
shutter to B(open shutter), turn
off lights, open camera shutter
spray with luminol. You may need
to refresh with luminol when it
seems to fade. Do this for 30
seconds, close shutter. The shelf
life of luminol is about 30 minutes.
You must mix just before
application.

Luminol enhancement

Name That Stain

Name That Stain
◼
◼

◼
◼

◼

1. Drip/drop and wipes.
Notice skeletonization
2. Forward produced gunshot.
Made with pellet gun impact to
blood-soaked tissue paper.
Notice mass, misting,
directionality.
3. Cast off. Notice
directionality and linearity.
4. Expirated. Notice lack of
misting and large chunk of
tissue.
5. Transfer (AKA impression).

6. Swipe. Made with hair wig. It
could be made with hairbrush,
frayed end of cloth, or broom.
◼ 7. Blood dripping into blood.
Notice small satellite stains.
◼ 8. Transfer (AKA impression).
Made with bloody lips.
◼ 9. Swipes. I would accept wipes.
Swipes and wipes can be difficult
to tell apart if the wipe was made
immediately before any blood
started to coagulate or dry.
◼ 10. Volume impact or impact to
large pool of blood. Notice the
“spikes” around the edge.
◼

Error and Uncertainty
There is a certain amount of uncertainty involved in calculating angles of impact
and origins. Basically, a mathematical operation of two dimensions is interpreted
to model a three-dimensional phenomenon. The literature indicates an
uncertainty rate of 10 degrees, 10 %, 8 percent and 4 percent when calculating
angles of impact and origin. See references for research on uncertainty and
error. I have found that through personal research that an uncertainty rate of 25
% is reasonable for calculating origin.
◼ Uncertainty in terms of pattern recognition has undergone some research. A
major study by Labar (2014) indicated that when identifying patterns on rigid
surface experienced analysts failed to correctly identify 13. percent of the time,
but on fabric surfaces 23.4 percent of the time. Additionally, the research
indicated contextual information was a key variable in identification of patterns.
◼ The is always the possibility of error. Error points to a mistake. One may have
calculated incorrectly, misread a pattern, or missed important information. Peer
review and editing are critical to reducing error. Error may be systemic in which
case it is more often thought of as uncertainty. See PowerPoints on
reconstructing, mathematics, and statistics for more information on error and
uncertainty.
◼

Is It a Science?
◼
◼
◼

◼

◼
◼

◼

It is important that bloodstain pattern analysis comply with tenets of the scientific
method and the practice of good science (Vosk and Sapir 2021).
Known scenes were documented and added to the body of literature (MacDonnell
1993, Bevel and Gardner 2002).
Research has been steadily conducted for about the past 20 years. Some has
explored biological and chemical properties of blood and the effect upon formation of
bloodstains (Kim 2016, DuBey 2019, Larkin 2015).
Extensive research has been conducted and published on physics, fluid dynamics,
and bloodstain pattern formation and analysis (Attinger 2013, Varney and Gittes
2011).
Research articles have been published in peer review journals.
There is a professional organization that publishes a journal and holds an annual
educational and business conference. See International Association of Bloodstain
Pattern Analysts, https://www.iabpa.org/.
Higher education recommendations are coming into place under a federally funded
program through National Institute of Standards and Technology )NIST),
Organization of Scientific Area Committees (OSAC) for Forensic Sciences,
https://www.nist.gov/osac/bloodstain-pattern-analysis-subcommittee.

Is Science Continued
◼

◼

◼

◼

Rabbits and dogs were originally injured for purposes of documenting bloodstains. This included
drawings, video, high speed video, and repetition. It involved recording bloodstain patterns
produced from known mechanisms.
Training has been conducted with numerous replications of angle of impact calculations,
calculations of origin, and pattern recognition (University of Nebraska-Lincoln, FORS 404/804
Bloodstains as Evidence, core course in forensic science degree program, Fall 2021).
There are several certification processes. Certification is not required for court testimony.
Proficiency testing is not required for court testimony. They can be legitimate criteria of a
curriculum vitae supporting a status of expertise. See International Association for Identification
certification process, https://www.theiai.org/bloodstain_pattern.php. See the following for
proficiency testing https://www.bevelgardner.com/proficiency-exam.
Courts have allowed testimony as an expert witness following a Daubert hearing. See
https://casetext.com/case/united-states-v-carroll-59, and there have been challenges to the limits
of testimony (Tullo 2021). The author of this PowerPoint has not undergone a Daubert hearing
but has testified in court numerous times as an expert witness on bloodstain pattern analysis.
Lancaster County Nebraska had a Daubert hearing. See S Murray v State of Nebraska.

Summary of Blood Information
For Purposes of Reconstruction
◼

Identity Associations can help to locate actors within a scene. Whose blood
is on the wall, as an example. Bloodstain Patterns can help to define
behaviors within a scene. A bloodstain with a lot of misting indicates a lot
of force and is typical with gunshot produced bloodstains. A large passive
flow on a floor suggests a point of rest. Additional information corroborates
the identify and bloodstain information and vice versa.

◼

Actors + Actions suggest a theory of what took place. One might theorize
that the person was shot with a gun while supine on the floor.

◼

The theory can help to point to a manner of death. Why did the person
suffer a gunshot.? Was the event a murder, accidental discharge, or selfinflicted injury.?

In Other Words
◼
◼

The solution depends upon proof: identification, actions, motive, and a crime.
Scenario: victim’s blood on the wall established by DNA analysis, handgun at the
scene in ATF record registered to victim, no fingerprint impressions found in scene
other than those attributed to victim, no hair/fibers found in scene other than those
attributed to victim, on floor next to firearm identified as victim’s fingerprint,
gunshot type pattern consistent with the origin, suicide note later discovered in a
diary, suicide note handwriting cannot be excluded as victim’s handwriting, locked
doors with intact safety chain, lack of evidence of another person, health history of
depression, and witness information of altered behavior.

◼

A method is applied to gathering, documenting, and interpreting information. IT IS
THE SCIENTIFIC METHOD. The Scientific Method is bolstered by critical thinking and
the application of quality control/quality assurance and information seeking
paradigms (semiotics as an example).

◼

It comes together to define the event. IT IS A MATTER OF CONSILIENCE that
should be brought about by testing of hypotheses and building a theory.

Summary of Bloodstain Pattern
Analysis
◼

Bloodstain pattern analysis is the interpretation of information
presented by extant bloodstain patterns within and without the body,
or by bloodstain patterns that are not present but would be expected
given the available information. It involves pattern recognition and
interpretation of the patterns. The interpretation of the information is
aimed at supporting inferences relating to actions that took place
during an event involving bloodshed. Bloodstain evidence at a scene
can be helpful to reconstruct actions that took place at a scene,
corroborating actor’s statements, and identifying actors. The evidence
is physical evidence. It may point to behavioral characteristics. All
information offered as originating with bloodstain interpretation must
be supported with careful documentation and accurate analysis. The
bloodstain pattern information must correspond with testimonial
evidence and other physical evidence to lead to a believable theory of
what took place.

Bloodstain Pattern Analysis
Conclusion
◼

Bloodstain pattern analysis is a scientific application with limitations.
One cannot extrapolate beyond the limits established by
uncertainty.

◼

In a consilience orientation to crime scene investigation, bloodstain
pattern analysis is a component part of the total investigation, and
subject to the protocols, procedures, rules, and laws attendant to all
investigations. Context of the event is important in formulating a
reasonable, believable explanation.

◼

Research continues to advance the robustness of the science of
bloodstain pattern analysis: See the IABPA journal at
http://iabpa.org/.

Safety Precautions With Blood
Personal Protection – Respirator, Gloves,
Protective Clothing.
◼ Package For Preservation.
◼ Try Not To Scrape or Agitate
◼ Contamination Control – Critical.
◼ Exemplars and controls – Critical.
◼ Chain of Custody – Critical.
◼
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