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What is Diablo Highway?

Diablo Highway is a virtual crime simulation based

on a real, unsolved double-homicide from the 1930s.
Students begin by reading about the crime, observing
associated primary source documents, and exploring

the two virtual crime scenes to find and collect evidence.

This evidence is used by students to complete the
subsequent lessons, each of which focuses on analyzing
a specific type of evidence. The lessons each include a
reading, quiz, and digital lab activity.

There are nine lessons on various types of evidence:

Blood Typing

Hair Analysis
Fingerprint Analysis
DNA Profiling

Shoe Impressions

Tire Impressions

Fiber Analysis
Firearms Identification
Crime Scene Mapping

Instructional Options

This program is designed with a variety of teaching
options in mind. The program can be offered as

a one-year or a one-semester science course, or
applicable units and chapters can be pulled out

to use in relevant science courses. The writing and
content of this text target high school, but many
ideas and activities can be adapted to middle
school, as well as to nonscience majors in two-

and four-year colleges.

Components

Student Edition, Teacher Edition + online resources,
and material kits. All purchases of the new Forensic
Science for High School 4th Edition include digital
licenses for Diablo Highway.

These lessons integrate seamlessly into the Forensic
Science for High School 4th Edition textbook, with each
lesson pairing with a chapter in the textbook. Lessons

in Diablo Highway can be completed in any order after
students have read the initial lesson about the crime and
collected evidence from the two virtual crime scenes.
This allows flexibility and autonomy for the instructor to
teach the chapters and concepts in the order that works
best for them and their students.

Upon completing all lessons, students attempt to solve
the crime, identifying the culprit from the list of suspects
using evidence they have collected. Finally, students
compose a report stating their rationale for the suspect
they selected. A suggested implementation guide is
included in the Teacher Edition of the Forensic Science
for High School 4th Edition textbook.

DIABLO HIGHWAY

FORENSIC SCIENCE LAB ACTIVITY
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\ 4 Fingerprints




If someone hacks your password, you can change it as many
times as you want. You can’t change your fingerprints. You

have only ten of them. And you leave them on everything
you touch; they are definitely not a secret.
—A\ Franken, former United States Senator

Objectives

e Explain why fingerprints are individual evidence.

e Compare two fingerprints with at lea of identification.
¢ |dentify the differences among |latent,"plastic, ‘@and visible fingerprints.

ientific investigations.

Key VVocabulary

fingerprint dlastic print fluorescence

microns visible print biometrics
dactyl w latent print

anthiropome o ninhydrin

loop inutiae bifurcations



At the Crime Scene

A burglar approached a house from the backyard late one evening,
knowing that the owners were not at home. He tried and failed to pry
open several windows
behind a flowerbed.

Finally, he broke a
windowpane with the
old pry bar he carried;

Fewer than 13 percent of
burglaries are solved in
the United States. Right

after the crime, a “hot reached through,
search” may find the scraping his shirtsleeve
burglar in the vicinity. against a jagged shard

!_ater, a “cold search.” of glass; and turned
is usually unproductive.

The trail grows cold very the latch. He raised the

rapidly. window, not thinking
about how soft the putty
was when his fingers
touched the glass. He
climbed in over the sill
and was promptly bitten
on the leg by the owner’

© “Thanks for everthing, sukkers.”
disappeared into the misty night.

fingerprint

an imprint made by
ridge patterns on the
tip of a finger; also
used to describe the

characteristic pattern , ) .
of DNA fragments t 2 person’s finger. Properties that make a fingerprint

Magnified finger ridges
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consistency over a person’s lifetime; and (3) the systematic classification
used for fingerprints.

Are humans the only species to have fingerprints? Why do we
have them? Apes and monkeys also have ridge patterns on their
fingers and toes. Ridge patterns may be an evolutionary development
that provides a better grip, makes perspiration easier on
a hairless surface, and improves the sense of touch. The
fingers, for example, are so sensitive that a vibration with a
movement of 0.02 microns (2 x 107 mm) can be detected.

The History of
Fingerprints

Fingerprints left in clay by early artisans and scribes served
as a kind of signature. During China’s T’ang dynasty (ei
century CE), clerks used inked fingerprints on business
contracts; this practice was not so different from usi
as a mark of authenticity as was done in Europe
of people throughout history made note of
even commented on the different ridge patte
science of dactyloscopy, the study of fin i
the 19th century in India with Sir Willia

eal

N

Herschel was a highly placed British ci
require Indians to add their i
introduced the use of fingerp
Meanwhile, in Japan, molded fin
interest of Henry Faulds, a health
a scientific paper in
to identify criminals.

ays been a problem for the criminal justice
istory, prisoners were often branded or tattooed

as criminals. This practice was generally abolished in the Western
world in the early 1800s. Police recorded descriptions of individuals,
even employing men with “photographic” memories. The advent of
photography helped, but without a means of classification, the police
records were soon overwhelmed with too many photographs to be
useful.

In 1881 Alphonse Bertillon, employed as a ledger clerk at the police
headquarters in Paris, suggested using certain body measurements as

A micron is one-
millionth of a meter
or one-thousandth of
a millimeter.

e are 1000 microns in
1 millimeter

dactyloscopy

the study of
fingerprints. The
word is derived from
the Greek daktulos,
meaning finger.

“When bloody finger
marks or impressions
on clay, glass, etc. exist,
they may lead to the
scientific identification
of criminals. Already |
have had experience
in two such cases. . . .
There can be no doubt
as to the advance of
having, besides their
photographs, a nature-
copy of the forever
unchangeable finger
furrows of important
criminals.”

—Henry Faulds in Nature,

October 28, 1880
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anthropometry

the study of human
body measurements.
The word is

derived from the
Greek anthropos,
meaning man.

In 1883 Mark Twain
published Life on the
Mississippi, in which
fingerprints were used
as evidence to solve

a crime. He used this
theme again in 1894

in his story “Tragedy of
Pudd’nhead Wilson,” in
which a lawyer’s hobby
of collecting fingerprints
proved the innocence
of two friends. This was
two years after Galton’s
articles were published.
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discriminating characteristics to identify habitual offenders. Bertillon
first recommended recording 11 measurements, such as height,
reach, width of head, length of foot, and so on. Over the years, a very
consistent method of measurement, description, and classification
was worked out, and by the end of the 19th century it was accepted
almost everywhere. The science of human measurements is called
anthropometry.

Francis Galton, a British anthropologist, studied both dactyloscopy
and Bertillon’s anthropometry. In 1891 and 1892, he published two

whorls, and arches, as well as a secondary, more co
important, however, he showed that a person’s fi
same from birth until death, that no two fingerp
prints cannot be altered, and that it is possible to c
number of prints.

By 1897, working with Galton, Edw:
general of police in Bengal, India, had
system and established the He i
in India, replacing Bertillon’s

Vucetich’s methods, police identified bloody
ost as Rojas’s, which led to her confession.

lon’s anthropometric classification system

y came at Leavenworth Prison in 1903 when a man named
Will West arrived to

serve time. As was done
with all prisoners on
admission, his Bertillon
measurements were taken
and compared to existing
files. Prison officials were
astonished to find that
another man who was
serving a life term for
murder had almost
identical measurements
(see Table 4.1); even more

Will West

William West



Table 4.1: Bertillon Measurement Comparison of Will West and William West

Will West’s William West’s

Measurements, Measurements,
Body Part incm incm

Body height 178.5 177.5 The chance of two
Outstretched reach of both arms 187.0 188.0 people having identical
fingerprints is 1 in 64
Trunk height 91.2 91.3 trillion, which is more
) than the population of
Width of the head 19.7 19.8

Earth.
—Scientific American, 2020

Length of the head 15.8 15.9
Length of the right ear 14.8 14.8

Width of the right ear 6.6 6.5
Length of the left foot 28.2
Length of the left middle finger 12.3

Length of the left little finger

Length of the left forearm

amazing, his name was William West, a ost the same as
the new prisoner! Subsequently, the two ts were taken
and, of course, were quite different.

pted by a number of
agencies in the United States. I tification Division of the

Federal Bureau of Investlgatlon (

infection (see Figure 4.1). The hills and valleys (ridges and grooves) you
saw when examining your fingers with a magnifying glass make up the
skin pattern that is yours alone. Friction ridges, as they are called, can
also be found on your palms, feet, and lips. Most amazing, the patterns
made by the friction ridges are not genetically controlled, so even
identical twins who have the same “DNA fingerprint” will have different
fingerprints!
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bifurcation

ridge ending \:/

sweat pore —a «4—— epidermis

dermis

sweat gland duct —_—

nerve ending /

nerve _——

vein

Figure 4.1 Cross section of human skin

Skin is made up o ermal layer separated from the
inner dermal layer b he papillae form a boundary that
determines the fricti of the epidermis. Chemically
or physically erasing t al structure, as John Dillinger tried
to do, cau 1 e original print will soon grow back.
Sweat pores i s release perspiration, which is 98 to 99
percent water. It is estimated
that a fingerprint initially may
weigh 0.1 milligram (1,/10,000
of a gram), so after evaporation
of the water, we have left about

1 microgram (one-millionth of
a gram) of residue, made up of
half salt and half complex organic
compounds such as amino acids,
lipids, vitamins, and perhaps
additional body oils picked

up on the finger by touching
oily or hairy parts of the body.
This doesn’t leave much for an

investigator to work with!
Magnified finger ridges
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LABORATORY ACTIVITY 4.1: The FBI rejects about
. . . . | 2 percent of submitted
Observing and Taking Fingerprints d criminal cards and about

10 percent of inked civil
cards because of illegible

Although fingerprints can be left casually on anything you touch, fingerprints, even though
there are a number of steps involved in taking clear fingerprints these cards are prepared
that can be classified and used for identification. In this lab, you by professionals.

will make observations about your fingerprints and use the ink
and transfer method to take your fingerprint impressions.

Materials
For each group: For each student:
e stereomicroscopes e magnifying glass
e fingerprint ink or inkpad
e 10-print cards
Procedure

1. Observation: Examine the surface of your fi
last knuckle with a magnifying glass or & s
Describe what you see in your noteba

Ridge patterns are not unique t
bare feet, and lips; they all hav

e your palms,

2. Ink and transfer: The object is to ide"and clear
a print as possible—n

practice. The idea is cross the ink pad,

then roll it across the pa dge of the fingernail
not back and forth because
that will blu ' finger should make a

large, square ots of detail. Keep the finger

hand or a partner directs the roll
ssing the finger. See the diagram in
how this is done.

forearm parallel
to tabletop

tabletop

Figure 4.2 Ink and roll
(continued)
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LAB ACTIVITY 4.1: Observing and Taking Fingerprints (continued)

Practice on scrap paper. In a good print, you should be able
to follow a ridge as it enters one side of the finger and exits.
Then take the cleanest, most legible print for each finger,
cut it out, and paste it on the 10-print card distributed

by your teacher. Some states require that students have a
parent’s permission to take part in this activity. If required,
your teacher will hand out a permission slip prior,to the
fingerprinting activities. All fingerprint impressi@ns will be
returned or destroyed.

| mpg
ed Well-placed Blurred fingerprint—
rprint fingerprint rolled back and forth
3

. Further observations: Examine your 10-print card using a
magnifying glass.

Analysis Questions

1. Note the basic similarities and differences in the patterns.
What are they?

2. Which of your fingers have similar patterns and how are they
different from the others?

3. Do you have any scars, cracks, or other unique features?
If so, explain.
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Classification of Fingerprints

All fingerprints can be classified into three basic patterns: loops,
whorls, and arches.

The loop pattern has one or more ridges entering from one side, _

curving, then going out from the same side it entered from. If even one fingerprint pattern

ridge exits the same side, it is a loop. There are two subgroups to the loop with one or more
(see Figure 4.3). A radial loop opens toward the thumb, that is, toward the ridges entering from
radius, the shorter of the two bones in the forearm; an ulnar loop opens one side, curving,

then going out on the

toward the little finger, that is, toward the ulna, the minor bone of the !
same side entered

forearm. Without knowing which hand made the print, you cannot tell if
the loop is radial or ulnar (ulnar loops are more common, however).

on each finger.
—Livescience.com, 2021

Radial Loop
(left hand)

Figure 4.3 Loops

triangular area found
in all loop and whorl
patterns

(of0) ()

area found near the
center of all loop and
whorl patterns

fingerprint pattern
with at least two
deltas and a core

—

Double Whorl

Spiral Whorl
Figure 4.4 Whorls
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arch

least common and
simplest fingerprint
pattern. Arches have
no delta or core. All
ridges enter one side
and exit the other.

Studies have found
differences in male and
female fingerprint ridge
density. Researchers
believe males tend
to have larger body
proportions and a similar
number of ridges are
spread over a larger
surface area. On average
females are found to
have ridge density of
12 to 15.9 ridges per
22 mm? of skin area and
males have an average
of 9.6 to 12.5 ridges over
the same area.
—National Library of
Medicing, 20211
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20 percent of fingerprints have plain whorls. Composites (a mixture of
two or more basic patterns) and accidentals (prints too irregular to fall
into any other group) make up about 10 percent of all fingerprints.

Arch patterns are the least common and the
simplest of fingerprint patterns but can be
confused with loops by inexperienced observers.
The friction ridges enter from one side of the
finger and exit the other while rising upward in
the middle. Arches do not have a delta or core.
They are divided into two groups, plain and tented
arches (see Figure 4.5). Only about 5% of the
population have arches.

.5 Plaip Arch
On your 10-print card, classify each of your

fingerprint patterns according to the three basic typ

Henry Classification
Edward Henry developed a me

ints is submitted to the FBI for
sets of prints on file can be weeded

so that, when an un
comparison, most o
out so that only a few
computer i
after this,

0+0+4+0+0+1
0+8+0+0+0+1

5 . . .
= g = your primary classification

Figure 4.6 Primary classification scheme based on whorls



Calculate your primary Henry-FBI classification number.

How many members of your class have the same classification
number? How does the number of loops, whorls, and arches compare
with the general population? About 25 percent of people have loops
and arches with no whorls, so a primary classification of 1/1 is quite
common. Be careful not to classify loops as arches.

Ridge Classification (Individualization)

You have now classified fingerprints according to general patterns
or groups, but to individualize them you must use the fine structure of
ridge characteristics, or minutiae. Some common minutiae are sho
in Figure 4.7. Figure 4.8 shows some ridge characteristics in an inke
print.

in descriptions of

FADED

Ridge ending :—__ Bifurcation or fork FINGERPRINTS
Island or short ridge $ Dot ——] COST FORMER
Bridge J—— Spur WELDER A JOB

Double bifurcation

Eye or enclosure —O—
Delta —J((
N

One job applicant was
turned down for a
position at a nuclear
power station because
his fingerprints did

not pass Homeland
Security’s guidelines.
Most adults have more
than 80 identification
marks on each
fingerprint, but years
of welding had eroded
ridges on this welder’s
fingers so that only
about 30 remained.

Figure 4.8 Ridge characteristics in an inked print
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Scarred fingerprint

DOCTOR IS
FINGERED IN
PRINT REMOVAL

It could be a scene
straight from a

picked up at
border with

hands. His Mexican
plastic surgeon is late
arrested and charged
with performing a
surgery to remove his
fingerprints and replace
them with skin from
his feet.
—from a Mexican
newspaper, June 2007
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Presenting Fingerprints as Evidence

There are no legal requirements in the United States regarding
the number of points (minutiae and their relative location) that
must match before deciding that a fingerprint belongs to a certain
individual. Criminal courts will generally accept 8 to 12 points
of similarity as sufficient proof. Considering there are 150 to 200
minutiae in a properly rolled fingerprint, the problem is getting a
good, readable print to work with. This is why a partial print can
be used to positively identify someone.

Fingerprints cannot lie, but the analysis and i tification are

umber one in the early 1930s, paid a
room and board, to “dissolve” his

John Dillinger, p
doctor $5,000, plus
fingerprints with aci

11

10
9

Figure 4.9 Fingerprint minutiae



The operation created lots of scar tissue that obscured the ridges in
the center of his fingers, but there were still plenty of minutiae for

identification. Also, if he had been identified with his “new” prints,
the scars would have provided a unique characterization.

Donald Smith was arrested in 2008 for the murder of a pre
carjacking in Gwinnett, GA. There was DNA evidence placing hi

presented with the evidence,
admitted to the crimes.

Cpl. David Sc
News. “No. 1,

gh task, dealing
with identi wins.”

This is a rare case where the highly reliable, high-tech DNA testing had to take
a backseat to the ages old practice of fingerprinting.

Analysis Questions
1. How is this case similar to the case of Will and William West discussed
earlier in this chapter?

2. What is the significance of this case?

Fingerprints




Types of Prints

plastic print A plastic print (or indented or molded print) is made by pressing a finger

against a plastic-like material to form a negative impression of a fingerprint.
Such material could include fresh paint, putty (as in our crime scene),
soap, candle wax, gum or a candy bar that has softened in the hand.

three-dimensional
print made as
indentations in soft

material such as A visible print is left by a finger that has touched colored material such

(=5l DL, PULL, O as blood, paint, ink, grease, chalk, mud, or sometimes even dust.
wax; also called an
d by

indented or molded A latent print is essentially invisible and must be devel
PLAL3 chemical or physical means. These prints result from osits of
perspiration and body oils.

visible print

fingerprint left by

a finger that has
touched blood, paint,
ink, or the like

fingerprint made
by the deposit of
perspiration or body

oils Plastic print nt Latent print
Back to the ne
Re,mimle,r Think described at the beginning of this

chapter. W nd the burglar’s fingerprints? What types of
probative value: the p 8 gerp typ

ability of evidence to

prove something that 2 i ople whose fingerprints you might expect to
is material to a crime. N

Fingerprints are said

to have high probative ‘ 3
value because they value or evidentiary value? Why?

be individualized
person.

ne of the most common methods of visualizing (developing,
making visible) a latent print is by carefully dusting it with a fine
powder. This method is most effective on hard, nonabsorbent surfaces.
The color of the powder is chosen to stand out against the surface being
examined. So, for example, a white or gray powder would be used on
dark surfaces, a black powder on light ones. The developed print can
then be “lifted” by means of clear sticky tape and collected for analysis.

\

There are various chemical methods for developing latent prints.
They are generally more effective for soft, porous surfaces such as
paper, Styrofoam cups, and leather. Iodine (I,) reacts with the fatty oils
from the finger to form a visible but short-lasting print. Iodine works
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best for prints on porous paper. Ninhydrin is also most commonly used
with paper and porous surfaces. It reacts with the amino acids left by the
finger to make an orange to purple image. Silver nitrate (AgNO,) reacts
with salt (NaCl) left from perspiration in a dried print to form silver
chloride (AgCl), which is then converted to dark silver oxide (Ag,0).
This is the same process used in developing photographs.

An interesting method of chemically developing fingerprints was
accidentally discovered in Japan in the late 1970s. This method is now
widely used for developing latent prints on nonporous surfaces such as
metals, glass, adhesive tapes, and plastic articles. It involves evaporating
superglue in an enclosed container. The glue, a cyanoacrylate ester,
reacts with print residues to make a white, permanent impression th
can then be treated with powders or fluorescent dyes to create a sh
contrast and allow for easier photography or lifting.

Often, as with many analytical procedures, the order of the steps
in developing prints is important. When you have just o
evidence, first use tests that won’t harm that evidence. You
get as much information as possible, so you may h

A method that can be used to compa
one is to use a photocopier to unlformly
clear acetate sheet on the ink
red marker. Now use the
ions are good ones to use

Figure 4.10 Identification algorithm

a biochemical
reagent used to
detect free amino
and carboxyl

groups in proteins
and peptides; the
resulting color

is called Ruhemann'’s
purple

FINGERTIPS

A bandit sliced off two
fingertips in his haste
to cut the wires from an
antiquated hard drive
during a break-in at a
state weighing station.
—abstracted from Lansing
State Journal, 1997

common minutiae,
shaped like a two-
pronged fork
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LABORATORY ACTIVITY 4.2:

Developing Latent Fingerprints

One job of the crime scene investigator is to find latent
fingerprints—those that are left by perspiration or grease and are
not immediately visible to the naked eye—and develop them,
that is, treat them so they can be seen and inspected. There

are several physical and chemical methods of visualiz

many of these techniques.

Materials
e ceramic tiles e zinc chloride
white powder ® gloves
fingerprint brushes
2-inch cellophane tape
black or gray fingerprint ' ' lution
powder

white paper
smooth black paper
beaker and co
glossy white or
iodine crystals

paper towels
microscope slides

plastic bags

Styrofoam cups

fuming chamber and cover
superglue

copying machine

clear acetate sheets

red markers

o and Lifting Latent Fingerprints Procedure

CAUTION

o |Vear goggles when using the zinc chloride solution.
® Vear gloves and apron.
® Do not ingest or inhale. lodine is toxic by inhalation and ingestion.

1. Clean an area on a black tile.
2. Gently press your thumbprint on the edge.

3. Select a contrasting powder (white) and its brush. Make
sure you do not mix brushes. When using the brush to apply
powder, first fluff it up by rolling the handle rapidly between
your fingers or palms.

4. Lightly touch the brush to the powder. Tap off any excess in a
petri dish or on a newspaper.
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Dusting technique Dusting for fingerprints

5.

6. Gently blow off the excess powder from the print.

10.

11.

12.

13.

Move the brush gently back and forth over the print surfacet
If a print begins to appear, continue brushing in the direction
of the ridges. If you brush too hard, the print will be wiped

away or smeared and become useless.

your print looks clear, move on

Cut 3 inches of lifting tape.

pward and beyond
bbles and smearing.

pressing the tape down
the print. This should eli

Gently pull baet o, i print, and place it on a

print in your notebook and label WhICh
and how you developed it. Keep in mind

Repeat steps 1-8 using porous surfaces such as white paper
or an index card. Place the tape on the dusted print to protect
it and place it in your notebook. Label your print.

A latent fingerprint on the surface of human skin can
sometimes be lifted and developed. Try pressing several
fingers on your wrist.

(continued)

Fingerprints
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LAB ACTIVITY 4.2: Developing Latent Fingerprints (continued)

14. Press a 1-inch square of glossy photographic paper against
the prints on your skin for 2 to 3 seconds. Try using a clean
microscope slide if photographic paper is unavailable.

15. Develop with an appropriate powder. If using photographic
paper, protect it with tape in your notebook. If using a
microscope slide, lift the print using tape and place it on

people find it very difficult to lift prints fro
not be able to find very many ridge char
one or more latents from your skin for su
developing (below).

Analysis Questions
1. Which surfaces were easier t
Which surfaces are most difficu

2. Choose your best dev ridge

characteristics.

CHEMICAL METHOD

lodine Fuming Procec

CAUTION

toxic by ingestion or inhalation. This procedure should be
d under a hood.

: ingerprint on two pieces
V' \ index card.
Ut each print in a beaker

containing several crystals of

odine and cover the beaker. Solid
odine sublimes; that is, it passes
directly from the solid phase to the
vapor phase without going through
the liquid phase. Both mothballs
and dry ice also do this.

is

3. When the prints become visible, lodine fuming

remove them with forceps or tweezers. Make sure you re-
cover the beaker so fumes don'’t escape. Watch carefully as
your prints develop. Leaving them in for too little time will
not give enough detail; leaving them in for too much time will
give you a big brown blotch.



4. Dip one of the prints in a starch solution. Allow to air dry.
5. Cover both prints with clear tape to preserve them.
6. Wash your hands thoroughly with soap and water.

Analysis Questions
1. What happened when you put the print in the starch
solution? Why?

2. ldentify five ridge characteristics on each print. Place the
prints in your notebook. Label. Check them in a day or two
and note any changes. Explain.

Ninhydrin Procedure

m Ninhydrin will stain skin and clothing. Wear gloves.

1. Place several fingerprints on a piece
of paper.

2. Hang the paper in a hood or well-
ventilated place and spray it with the
ninhydrin solution.

3. Wait 24 hours for the print to de
or warm gently with a hot plate.

Analysis Question
1. Identify five ridge charac
the print in your notebook.

Further Developm
(optional)

You should wear gloves because zinc chloride solution is a .
skin irritant. Fluorescent print

1. Dip your ninhydrin prints in a zinc chloride solution. This
should turn the print orange, making it easier to visualize.

2. Place the print under a black light (ultraviolet [UV] lamp).

3. Allow the print to dry and place it in your notebook. Label
the print and describe what you saw under the black light.

(continued)
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fluorescence

the absorption

of light at one
wavelength (often in
the ultraviolet range)
and its reemission at
a longer wavelength
(often in the visible
part of the spectrum)
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LAB ACTIVITY 4.2: Developing Latent Fingerprints (continued)

Prints developed by fuming Lifting prints

ace away from the top of the developing chamber
you slowly remove the lid. Open the lid towards the
of the hood.

icroscope slide, a portion of a plastic bag, or
2 of Styrofoam cup. Write your initials on the sample.
dd fingerprints.

Place in the developing chamber.

queeze three or four drops of superglue on the aluminum
foil or tin can that rests upon the heater (a lightbulb with a
can over it).

5. Replace the lid on the chamber and turn on the light.

6. Prints should be visible after five to ten minutes. Carefully
remove the item from the chamber. Be sure you do not breathe
the fumes or allow them to get in your eyes as you lift up the lid.

7. You can enhance the prints even more with powder.

8. The print can then be lifted (several times) using tape.



Figure 4.11 Superglue developing tank

Analysis Questions
1. Using a magnifying glass, identify ridge chg

2. Label each print and how it was develog
notebook.

Silver Nitrate Procedure (optional)

® Do not look d
Yyour eyes.

gerprint paper between paper towels and dry it.
print to bright sunlight or long-wave UV light.

overexposed. Developing time will vary between 1-3 minutes
depending on room conditions. If the print has been
overexposed, it will become a blur.

6. To develop or “fix” the print, immerse it in the fixer solution
for 15 to 20 minutes.

(continued)
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MAN PLEADS
GUILTY TO
1979 MURDER

In 2005, Ronnie Lee
Bullock of Burton was
sentenced to serve at
least 20 to 30 years in
prison for the death of
Vadah Warner. Warner’s
body was found in her
Flint home on February
3,1979. The only
evidence discovered

at the scene was two
fingerprints.

Bullock, who was

19 at the time, was
interviewed twice by
police after the Killing.
He acknowledged
knowing Warner but
said he had never bee
in her house.

crime scene were
entered into the
Automated Fingerprint
Identification System
and a match with
Bullock was found.
The system did not exist
in 1979.

—condensed from
Lansing State Journal,
2005
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LAB ACTIVITY 4.2: Developing Latent Fingerprints (continued)

7. Remove and blot dry with paper towels.

8. Place in your notebook, label, and identify five ridge
characteristics.

This is a good method to use on older fingerprints. The silver
nitrate reacts with the sodium chloride that is left after other

on a popsicle stick, wood splint, or som
of wood.

otograph fingerprint images to
ion. Try photographing prints
nce the image by computer. The

ed, compared, and sent to an Automated
ication System (AFIS), all in a matter of a few

escent dyes and special lighting or lasers to make the prints

0 see. Magnetic developing powder is also used in certain
ances. Digital imaging can capture the print no matter how
been developed. An impression is converted into a digital file
can then be manipulated to make the print easier to see. Work is
ing done to improve the resolution of these “e-prints.”

A digital print’s ridge characteristics can be recorded in
geometric patterns relative to a fixed point. The resulting array may
look like a drunken spider’s web, yet a computer search algorithm
can compare hundreds of thousands of these webs in less than a
second. Automated systems still require manual intervention of
incoming data to complete a fingerprint search and identification
against existing digital files. The FBI phased in a system known as
the Integrated Automated Fingerprint Identification System (IAFIS)



A man was arrested

for resisting arrest and
obstructing an officer.
As part of the booking
process, his fingerprints
were submitted
electronically to the FBI
for processing in IAFIS.
Within 20 minutes, the
FBI learned that the
ffender had used a
false name at the time
st, had a criminal

Taking a digital fingerprint and had

in 1999 that completely replaces the traditional fingerprint card an
operator intervention. The FBI has been collecting and analyzing

In 2015, Florida deputies
initiated a traffic stop

on a 2015 Mercedes
that had been reported
stolen. The driver

gave authorities false

 JAFIS can also identification but was

1n§1ude cr1.m1na1 hlstory, mug shots, p ' ! OT tattoos, arrested for driving
height, weight, hair and eye color, and a stolen vehicle. He
scanners, inked impressions . was also carrying a

. handgun and three

The Next Generation Ident fraudulent credit cards.
replacing IAFIS. The more effici system has increased Once placed in the
matching accuracy toz The goal of the next backseat of a squad
generation system is bio markers such as voice, car, deputies noticed
facial recognition, an ans. NGI is creating a complex the suspect trying to
& o : ) g p chew off his fingerprints.

database that will even clude all the details law enforcement Deputies stopped him

knows ab erson. and were able to scan
his fingerprints at the
station. The driver was
correctly identified as
Kenzo Roberts, who had
two felony warrants for
aggravated assault and
he was in the United
States illegally.

Computer image of digitized prints
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Other Biometrics

using measurable Fingerprints have been the most widely used biometrics or

biological bio-identification markers for decades, but new ones are becoming
characteristics possible with recent advances in technology. DNA profiling became
for the purpose of widespread in the late 1980s and has changed the criminal justice
LU el system significantly. Other types of bio-identification methods that are

identification. .
becoming more common are:

e Iris: The iris is the colored portion of the eye that
surrounds the pupil. If you look close your own
iris you will see slightly different colérs, freckles, rings,

pattern never changes
everyone’s is diff

Iris scan

or example: the distance between
e from nose to upper lip, distance

th of the nose. When enough of these are
ilable, an individual’s face can be “mapped.” The
n does not need to be present; this can be done
m photographs using highly complex, sophisticated
computer software.
¢ Voice: Your voice can be converted into electrical
signals that then can be digitized and stored in
a database. Again, the individual does not have
to be present, a cell phone or recording can be
used. Sometimes it is for voice verification or
authentication.

Retina scan

Face recognition
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* Hand geometry: A camera can take an
image of the hand, and geometrical
characteristics are determined.
Measurements of about 100 points on
the hand are digitized for the database,
characteristics such as length of fingers,
size of knuckles, etc. This method does
require cooperation and presence of the
individual to make the initial scan. You
see this used as a security measure to gain
access to a secure area. The hand is placed Hand Geometry
on a sensor with guiding poles between the
fingers for proper placement. No fingerprints or palm prints a
recorded in this method.

e Artificial Intelligence (Al) is the use of computer systems
and machines with the ability and intelligence to
tasks. AI machines simulate human “thinking” and b
AI use in blometrlcs is an ongomg debate beg

misidentifications can correct Al a

errors. Other applications of Al, in avior analysis and

risk assessment.

VE'THANKS TO RANSOM NOTE

ported missing when she failed to return from a brief
w York. Her parents found her abandoned bike on the
ughter. Local, state, and federal agencies immediately
vestigation. According to authorities, a ransom note was
Ibox"after a two-day search for the missing child. The note was
or fingerprints. Fingerprints were recovered, and a fingerprint
atabase, allowing police to identify Craig Nelson Ross as their

ntification led police to the suspected kidnapper’s residence, where
two state and federal SWAT teams found the missing girl alive, hidden in a cabinet. The
suspect was taken into police custody. The missing girl was taken to a hospital to be
evaluated and was later safely returned to her family. Craig Nelson Ross faces several
charges following the the kidnapping.
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Is fingerprint evidence infallible, or do political pressures sometimes cause
“mistakes?” On March 11, 2004 (911 days after the 9/11 attack), coordinated
train bombings in Madrid, Spain killed 191 people and wounded 2,050.

The Spanish National Police found fingerprints at the scene and s

stated that he had not been to Madrid and in fact ther
that he had left the continent in over 11 years.

On May 19, Spanish authorities an
an Algerian national, Ouhnane Daoud.

During a court case that fo admitted “serious errors” in the
identification and apologized. i the U.S. government and settled for
a reported $2 milld

Analysis Questions
1. Examine the fi

Latent print from the crime scene (left); known print from Mayfield (middle);
known print from Daoud (right)
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¢ Career Connection: Biometric Forensics
oy o
Specialist

When you think of someone who works scene. As part of the process, they will enter
in forensic science, what initially comes collected fingerprints into a database called
to mind? Do you picture a crime scene the Automated Fingerprint Identification
investigator out in the field surveying System (AFIS) to look for a match that may
a crime scene, or do you visualize a already exist in the systeragyThe AFIS is a
scientist in a lab coat studying evidence critical tool used by logal; state, and national

and conducting experiments in a lab?

A biometric forensics specialist, or a
fingerprint forensics specialist, spends

the majority of their time analyzing
fingerprints, and other prints such as palm
prints, and utilizing their pattern-matching
skills in a laboratory setting. They can also
work alongside detectives and crime scene
investigators out in the field and may be
called in off-hours and on weekends if t
services are required at an active crime
scene.

A biometric forensics specialist is
an expert in fingerprint collection,
categorization, and analysi
fingerprint evidence from ¢
bring it back to a lab where th
try to extract information about t

Fingerprint expert

sify, match,

Fingerprint exper
solving crimes—their

al on television and in

ated careers include fingerprint

yst, fingerprint technician, latent print
niner, biometric fingerprint technician,
w enforcement. Each has its own set
requirements and skills. To learn more
out these occupations, requirements,

pay, and job outlook, go online to the
occupational outlook handbook on the U.S.
Bureau of Labor Statistics.

Biometric forensics specialist
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Checkpoint Questions

Answer the following questions. Keep the answers in your notebook, to be turned in to
your teacher at the end of the unit.

From the 25 impressions in Figure 4.12, match the ones that are made by the same finger.
Write your answers on the handout from your teacher in the 11 answer spaces listed. There
are a total of 10 fingerprint matches, and one print that has no match. In some cases, one
print may appear two, three, or even four times. An example has been given.

1.
Bk

A\ %

10.

11.
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Figure 4.12 Match fingerprints
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

106

Checkpoint Questions

All fingerprints have class characteristics such as loops, whorls, arches, cores, deltas,
bifurcations, ridges, spurs, and the like. Why, then, are fingerprints considered
individual rather than class evidence?

What are fingerprints composed of, and how are they deposited?

What is the difference between a fingerprint pattern and a ridge chara
How can fingerprint patterns be changed?

The most common type of fingerprint pattern is
The least common type of fingerprint pattern is
A'loop pattern that opens toward the thumb i
All whorl patterns have ____ deltas.
What is meant by a latent print, and h eveloped?

Explain what IAFIS is and

How is the “final verification”

h. polyethylene bag
i. fudge

j- dust

k. newspaper

I. leather jacket
m. gun barrel

n. Snow

In the crime scene presented at the beginning of the chapter, what would be the best
way to develop the latent prints at each area? How would you preserve them? How
would you preserve those in the putty?

Chapter 4



Checkpoint Questions

25. What would be the best way to visualize latent fingerprints on the following materials?

a. matchbook cover e. broken bottle
b. Popsicle stick f. handkerchief
c. vinyl upholstery g. toilet seat
d. cigarette butt h. lightbulb

Q\/((/
§
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If someone hacks your password, you can change it as many

times as you want. You can’t change your fingerprints. You have

only ten of them. And you leave them on everything you touch;

they are definitely not a secret.
—A\I Franken, former United States Senator

Objectives

e Explain why fingerprints are individual evidence.

e Compare two fingerprints with at lea of identification.
¢ |dentify the differences among |latent,"plastic, ‘@and visible fingerprints.

ientific investigations.

Key VVocabulary

fingerprint dlastic print fluorescence

microns visible print biometrics
dactyl w latent print

anthropome c ninhydrin

loop inutiae bifurcations



Alignment to NGSS

Chapter 4: Fingerprints

Overarching Essential Questions Overarching Enduring Understandings

e Why are fingerprints individual evidence?

e How have computers made fingerprint identification easier?

e How can the various methods of collecting, analyzing and
processing fingerprints help in an investigation? °

e Why might there be no fingerprint evidence at a crime scene?

Student Learning Objectives

After instruction, students should be able to:

Explain why fingerprints are individual evidence.

Processing and analysis of evidence must be done carefully to help
investigators solve crimes.

e Fingerprints are unique to individuals.

The history of fingerprinting has evolved into a sophisticated method
used in a criminal investigation.

NGSS Standards

Describe why there may be no fingerprint evidence at a crime scene.

Define the three basic properties that allow individual identification by fingerprints.

Recognize and classify the three general ridge patterns (loops, whorls, and arches)

them to the primary Henry-FBI classification.

HS-ETS1-2

Compare two fingerprints with at least ten points of identification. HS-LSI-2
Identify the differences between latent, plastic, and visible fingerprints HS-LSI-2
Identify questions and concepts that guide scientific investigations. HS-ETS1-2

What national or state standards were used to inform this course’s performance indicators?
Source: NGSS Lead States. 2013. Next Generation Science Standards: For States, By States. Washington, DC:

The National Academic Press.

Science and Engineering Practices

models or a theory to clarify relations

Planning and Carrying Out Investigat
Plan and conduct an inve i

Make and defe

generated evidence.

Obtaining, Evaluating, & Communicating
Information

Compare, integrate, and evaluate sources
of information presented in different media
or format as well as in words in order to
address a scientific question or solve a
problem.

66 Chapter 4

|ch carry out most of the work of ceIIs
(HS-LS1-1)

The sugar molecules thus formed contain
carbon, hydrogen, and oxygen: their
hydrocarbon backbones are used to make
amino acids and other carbon-based
molecules that can be assembled into larger
molecules (such as proteins or DNA), used
for example to form new cells. (HS-LS1-6)

Apply concepts of statistics and probability
to explain the variation and distribution of
expressed traits in a population. (HS-LS3-3)

Design a solution to a complex real-world
problem by breaking it down into smaller,
more manageable problems that can be

solved through engineering (HS-ETS1-2)

Crosscutting Concepts

Patterns
Different patterns may be observed at each
of the scales at which a system is studied
and can provide evidence for causality in
explanations of phenomena.

Cause and Effect

Empirical evidence is required to differentiate
between cause and correlation and make
claims about specific causes and effects.

Influence of Science Engineering, and
Technology on Society and the Natural
World

New technologies can have deep impacts
on society, including some that are not
anticipated and the environment.

Connections to Nature of Science

Science is a human endeavor.

e Technological advances have influenced
the progress of science and science has
influenced advances in technology.

e Science and engineering are influenced
by society and society is influenced by
science and engineering.



Embedded English Language Arts/Literacy

RST.11-12.1. Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author
makes and to any gaps or inconsistencies in the account.

RST.11-12.2. Determine the central ideas or conclusions of a text; summarize complex concepts, processes, or information presented in a text by

paraphrasing them in simpler but still accurate terms.

RST.11-12-3 Follow precisely a multistep procedure when carrying out investigations

RST.11-12.4. Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a specific
scientific or technical context relevant to grades 11-12 texts and topics.

RST.11-12.8. Evaluate the hypotheses, data, analysis, and conclusions in a science or technical text, verifying the data when possible and
corroborating or challenging conclusions with other sources of information.

HIIEAH%\gh Diablo Highway

This chapter pairs well with the Diablo Highway™ virtual crime
during, or after this chapter, you may want to have students comp
Analysis lesson, quiz, and lab activity on Diablo ay online.

Student Sheets

Student Sheet 4.2 (Permission L
Student Sheet 4.3 (Grading Rub ctivities 4.1 and 4.2)
Student Sheet 4.4 (Fi

Answer Key (Matching Fingerprints)

Crossword Puzzle)

nline Resources

¢ Chapter 4 Slides

e BONUS CASE STUDY 4.A: Yvette Budram

¢ CASE STUDY 4.1: Donald and Ronald Smith
e CASE STUDY 4.2: Madrid Bombings
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/"&‘ Warm-Up

‘ If someone hacks your password, you can change it as many times as you
want. You can’t change your fingerprints. You have only ten of them. And
you leave them on everything you touch; they are definitely not a secret. , ,

—A\I Franken, former United States Senator
® Show students the quote on the chapter opener. Then ask: Who is Al Franken? (a former

U.S. Senator and comedian) What do you think he was referencing when he said these words?
Do you agree with his perspective and concerns? Why or why not?

® Explain to students that when Franken was a U.S. Senator, he wrote a

® fabric

® blood

® handwriting
bar impressions

fial evidence might also be found with the suspect:

fingerprints ® handwriting and poor spelling
® shoe prints ® damaged pants leg
® the pry bar ® wounds on leg
® dog hair ® broken glass
® the torn shirtsleeve ® soil
® blood type ® stolen jewelry
* DNA * teeth

You may want to keep this list for future reference to have students
categorize the types of evidence.
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Background Note

Students may ask whether a person’s fingerprint changes if he or she
has a cut or if it wears down or changes as the person ages. Explain to
students that ridges in a person’s fingerprint do change over time. As a
person gets older, the ridges in the fingerprint get worn out. However,
fingerprints do not change substantially as a person’s skin ages. With
age, the skin loses its elasticity and patterns are less visible. Fingerprint
ridges can also be lost if a person washes their hands excessively or
gets an abrasion or cut. However, such scars or conditions are only
temporary. Fingerprints are usually restored in several weeks.

Ask students if they can visualize how small a micron is. Read aloud
the sentence from the text, “The fingers, for example, are so sensiti
that a vibration with a movement of 0.02 microns (2 x 10 mm) can b
detected.” Show students the photo of the ruler with the pencil pointin
to a centimeter to show how small microns are. Explain that with even
the slightest movement (less than half of a micron), a vi ion of a
person’s finger can be detected. Point out these examples
students can visualize how small a micron is. If possi
of these materials such as coffee grounds or sa

Other Materials
Measured in Microns

Beach 0.3 to 60
sand microns
Corn 0.1t0 0.8

starch microns

Pet 0.5
dander mi
Coffee 5to

There are 1000 microns in 1 millimeter

The Higfory of Fingerprints

Background Note: Anthropometry

With the use of anthropometry, the science of human measurements,
key physical details could be recorded on identification cards. Those
details could then be used to narrow down the number of cards that
match a description. The remaining cards could be matched to an
actual photograph or name of a suspect or criminal. However, the
anthropometric system could not distinguish two people who had
similar physical characteristics.

Fingerprints
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jorate
' 4 Student Sheet 4.1

oot
! 4 _Student Sheet 4.2

‘”'4"' Student Sheet 4.3
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Chapter 4

'\)‘ 74 . . . .
U, Possible Discussion Questions

® Why is fingerprinting a more effective method of identification
than the anthropometric system?
No two fingerprints are identical, fingerprints cannot be altered,
and it is possible to classify a very large number of prints.
Anthropometric measurements can be similar and even nearly
identical to others, as illustrated in the case of Will West and
William West.

® Which method is more time-consuming? Wh
important?
Using anthropometry is more time-consumin
multiple measurements must be taken, recorde
Agencies have a backlog of cases,

LABORATORY ~CTIVIh Y 4.1:
Observing and ‘icking ringerprints

will make observations about their finger-
e the ink and transfer method to take their finger-

ent Sheet 4.1 (10-Print Card for Laboratory Activity 4.1)
Student Sheet 4.2 (Permission Letter for Laboratory Activity 4.1)

¢ Student Sheet 4.3 (Grading Rubric for Laboratory Activities 4.1
and 4.2)

{20\ Teacher Tips
F

® Some states require parental permission to fingerprint students
under the age of 18. A permission slip can be sent home a few days
prior to the lab. Student Sheet 4.2 (Permission Letter for Laboratory
Activity 4.1) is a sample permission letter that can be printed and



distributed to students. Emphasize that all fingerprints will be
returned to the students or destroyed at the end of this exercise. All
Student Sheets can be found in the Online Teacher Resources.

® You'll need a good magnifying glass or stereomicroscope; a special
ink pad for fingerprinting or printer’s ink rolled onto a glass or
plastic plate (however, a black ink office pad will do); a 10-print
card; soap; and towels. A good forensic fingerprint pad, one sold
specifically for fingerprinting, is best. A less expensive method
that works pretty well is to rub a soft, black pencil point on paper,
then rub and roll the finger through the graphite. Have someone
hold each end of a piece of 2-inch-wide, clear sticky tape while th
finger is rolled onto it. The tape can then be stuck to the 10-pri
card. You may want to project a copy of the 10-print card and
demonstrate the method you want used.

¢ Student Sheet 4.1 (10-Print Card) should be printed
to students to complete the lab. Student Sheet 4.3 (
for Laboratory Activities 4.1 and 4.2) offers a grading
that can be used to assess proficiency in the
chapter. All Student Sheets can be accessg
Resources and printed.

distributed

Student Instructions

and transfer met

Materials

For each student:

e magnifying glass

e fingerprint ink or inkpad
e 10-print cards

~w Teacher Tip

In Step 1, students should be able to see the pattern of
ridges forming beads of sweat at the pores if the finger is
close enough to the microscope lamp. Encourage them
to look at other things under the scope, such as scars,
blisters, cuts, dirt under the fingernails, and jewelry.

(continued)
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LAB ACTIVITY 4.1: Observing and Taking Fingerprints (continued)

Procedure

1.

Observation: Examine the surface of your fingers beyond the
last knuckle with a magnifying glass or a stereomicroscope.
Describe what you see in your notebook. Make a sketch.

Ridge patterns are not unique to fingers. Observe your palms,
bare feet, and lips; they all have unique patterns.

practice. The idea is to roll the finger ac
then roll it across the paper from one ed
to the other. Do this just once, not back an

and forearm parallel to the sur
it helps if your other hand

Figure 4.2, showing

forearm parallel
to tabletop

tabletop

actice on scrap paper. In a good print, you should be
able to follow a ridge as it enters one side of the finger

nd exits. Then take the cleanest, most legible print for
ach finger, cut it out, and paste it on the 10-print card
distributed by your teacher. Some states require that
students have a parent’s permission to take part in this
activity. If required, your teacher will hand out a permission
slip prior to the fingerprinting activities. All fingerprint
impressions will be returned or destroyed.



FBI 10-print card and rolling a print

Well-rolled Well-placed
fingerprint fingerprint

3. Further observations: Examine yo

magnifying glass.
Analysis Questions

1. Note the basic similariti

What are they?
Answers will

s > :

é\‘ Suggested Assignment
Have students go back and label the prints on their 10-print cards
as loops, whorls, or arches. Ask each student to have at least two

other students check to see if they agree with the identification.
Have students sign the print cards they examined.

Fingerprints
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Background Note: Digital Fingerprint Scanners

Used for decades since the late twentieth century, fingerprint scanners
make access faster and easier than keying in a security code or password
manually. They use a person’s finger ridge pattern information that is
captured during the setup of a device or system. A first, they were mostly
used by governments or businesses. However, in the second decade of
the 2000s, they started to become a common lock/unlock feature in
smartphones because of their security capabilities and convenience.
Fingerprint scanners were also put to use to unlock doors (car, house,
etc.). One drawback of fingerprint scanners is that in
situation, someone else will not be able to unlock a

fingerprint scanners can be found in the student b
Methods later in the chapter.

study is not included in the student edition.
use it as a replacement for one of the case
e student book, as a short reading assignment, or
nt of students’ analysis skills. Bonus Case Study 4.A
e to print in the Online Teacher Resources.

Yve ,te Budram

In April 2001, in West Flamborough, Ontario, a jogger running along a lonely
stretch of road came upon what looked like an unusual pile of weeds and odd
debris about 12-15 feet off the roadway. He decided to take a closer look,
thinking that the debris appeared to be a human body. Police were called to
the scene. They found a body—the remains lying face down in an advanced
state of decomposition. The body was partially mummified. Bones were exposed
in some places and dehydrated skin was stretched over parts of the skeleton.
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At first glance the body appeared to be that of a young woman. The body was
taken to the hospital morgue and examined by a forensic pathologist, a forensic
anthropologist, and a forensic entomologist. They needed to determine the time
of death, and if it was an accident, a hit-and-run, or a homicide. The position of
the remains indicated that it had been dumped. There were no fractures, which
would have been expected if it had been a hit-and-run. Most importantly, who
was this person?

They found that the woman had died of strangulation and blunt
to the head, and it had been approximately six months since hergeath. The team
had difficulty determining who she was, as there were no obvj ifyi
characteristics. They tried using dental records and DNA, b
missing persons reports from the area in the last 6 months. A
the press and community, photographs of clothes and jewelry fo
were published, but to no avail.

Would investigators be able to get fingerprints? composed
for identification? Alan Yates, one of the i : ' re was some
shrunken skin on the fingers, though toogéhrivelé ned to identify

make a usable print. Yates then e lotion on the index finger to
soften it. The finger was then ro a good print was printed and
submitted to the CPIC (Canadian Pki ' ion). They got a hit. It had taken
seven weeks to get a pasitive iden

Yvette Budram had b
ested for domestic assault using a hammer
and knife. T [t was her husband, Mohan Ramkisson, a
citizen of Gu v in . Yvette had failed to show up for her court date
a warrant for her arrest.

se\fe was under investigation, he was arrested at the airport for
country. In investigating Ramkisson, police found traces of blood
edroom and in the trunk of his car. He had never reported his wife
investigation found that Yvette had been killed in her home by her
husband in September 2000. He then put her in the trunk of his car and drove
60 miles to West Flamborough before dumping her body at the side of the road.
Ramkisson pleaded innocent but was charged in September 2004 with second-
degree murder. He maintained his innocence until 2009 when he confessed

to the murder. In November 2020, after serving 16 years, he was paroled and
immediately deported to Guyana.
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Analysis Questions
1. Three experts, a forensic pathologist, a forensic anthropologist, and

. Why would a dried, hard piece of skin not work well to get a usable print?

3. Think about what happens to your fingers after you spend a lo

a forensic entomologist were asked to examine the body to help with
identification. Research each of these professions and write one sentence for
each describing the job.

Answers will vary.

Cannot roll the print if it is too hard and details may be obscured.

bath or the pool. How would that affect getting a usable pri
If there is too much water in the finger, the print may be disto
out details.

¢ If your state requires permission to obtain fingerprints from
minors, you may want give students a permission slip to be
signed if they are collecting fingerprints from a minor. Or,
distribute to students a simplified letter that parents sign
acknowledging they are aware and agree to have fingerprints
from family members used for the assignment.

® The student book includes instructions for students to
calculate their primary classification based on the number of
whorls in their fingerprints. You may want to allow students
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to do a gallery walk to see if anyone else has the same primary
classification as them. This is also an opportunity to look
at the prevalence of the different patterns in the class and

compare it with the given percentages in the general public.
\7

k Slides

Use these slides to help students identify the differences
between arches, loops, and whorls.

& Cross-Curricular Connection

Optional Bonus Content: Consider sharing the statistics secfi
with students. The text is available in the teacher slides. Thi
content is not in the student text.

Statistics

This is a good point to think about simpler statistics
For example, what is the probability of one pers
Let’s start with something simple.

A tossed penny will land “heads up” or “tails
it will land heads up is one out of two p@ssi
merely the likelihood that a specific eve
numerically. So the odds that a penny wi
often it is tossed or how often up, are 1 to 1.

obability that
/2. Probability is
can be defined

The odds are

N-n 4-1

which means 1 to 3 in favor, or 3 to 1 against, getting two heads in two tosses.

Loop

LOOP WHORL

ARCH

Fingerprints




In three tosses,
= 1 = 1 and O = 1 or 1
(2° 8 8—-1 7

p

The odds are therefore 7 to 1 against getting three heads in three tosses.

Note that we are determining the probability of a particular sequence
of events, that is, the chances that heads is going to come up every time.
In 100 tosses, the chances that heads will come up 50 times are 1 to 1
because we aren’t being specific about what the sequence has to be.

Mathematical probability as shown above works only i outcomes do

not affect one another, that is, if they are independ

given in Table 4.2. The p
arch is 5 percent, whi
would have an arch;
the average, every ot
population, arches ar ssarily evenly distributed, so it’s more

iven outcome or event is repeated N times, then

as N — oo, then P — P

actual

Frequency of Fingerprint Patterns
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Ridge Classification (Individualization)

Background Note

Explain to students that certain jobs wear down a person’s fingerprints.
Bricklayers are the most common because bricks are heavy and are made
out of rough materials that wear down their hands. Manufacturing jobs
that handle lime (calcium carbonate) deal with the wearing away of
the top layer of their skin. This layer gets stripped away from repeated
exposure to lime. In the past, people who handled a lot of paper
(printers, etc.) also lost their fingerprints, but in a digital age there are
fewer of these jobs. Over time, a person’s fingerprints will be restored.

@ Possible Discussion Questions

® How does losing your fingerprints relate to for
criminal?

Since fingerprints are unique, hard to read fi r fingerprints
that are worn down may lead to a misidgfii no identification
at all. They can even lead to wrongful ¢ i

® Why does it make it harder to identify beyond reasonable
doubt?

If there is insufficient evidence ch cannot be made
spect because the
ingerprint evidence alone is not

success that all layers of the skin from a person’s fingertips
would need to be removed and altered or replaced in order for
there to be complete success. If only some of the layers of the
skin are taken away or changed, ridges on the fingerprints may
still be visible.

Fingerprints
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14 Student Sheet 4.4: Answer Key

’(//\ .
fﬁf Suggested Assignment

‘ ® Ask students to use the minutiae in Figure 4.7 to identify the

““““““ — 15 points on Figure 4.9. Ask what type of print is shown. The
fingerprint shown in Figure 4.9 can be printed and distributed

to students from the Online Teacher Resources. It can be found on
Student Sheet 4.4 (Fingerprint Minutiae Identification). A word bank
is included for students to label the minutiae. A reduced image of
the answer key, Student Sheet 4.4: Answer Key (Fi rint Minutiae
Identification) is shown.

® Have students label 12 ridge characteristics
prints from Lab Activity 4.1. If they do not hav
enough to ID 12 points, have them make new ink

earlier in this
Will West an

but sometimes old-fashioned fingerprints are the only
r identification. But using fingerprints is quicker and
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Types of Prints

Back to the Crime Scene
Classroom Activity

Looking back at the scenario from the beginning of the chapter, it
may be helpful for students to draw a floor plan of pertinent sections
of the house that was robbed, then take on the role of the burglar as
he tries to enter the house, recreating his path and noting what he
has touched. The first item would be the latch on the window, where
a latent print would possibly be left. Next, the soft putty might yield
plastic print. Prints may have been left on door and drawer knobs
the jewelry cases upstairs; however, these areas may have many of the
occupants’ prints. On his way out, the burglar took a bite of cheese,
possibly leaving a plastic print on what was left. If he was as careless as

not a perfect print it may lead investigators ix
elimination of a particular suspect.

glazier. Even if matched to a suspect, the
at some time, outside the house. Howeve
house place him or her at th
at the time of the crime. If a's

not necessarily
been inside the house

before the crime . . . bingo!

Latent Prints

Visualizing

Background Note

and fiber expert examiner in a crime

on a murder investigation. As he placed
n glass slides using super glue, he saw that

Developing Latent Prints

Dey
m:
par 3
Por

toc

d been applied to the slides. His lab partner

s own. Through his experiments, he learned that the
vapors from the super glue are absorbed by human sweat and oils left

in:
technique, done ina

behind by fingerprints. As a result, the fingerprints turn white.

k Slides

Consider displaying the Chapter 4 Slides as students read about

latent prints. These slides can also serve as an introduction to
what students will be investigating in Laboratory Activity 4.2.

Fingerprints
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.
‘ 4 _Student Sheet 4.5

I (0 Teacher Tips

e ® Figure 4.10 shows an example of two fingerprints for
comparison. The one on the left is the same as the one in
Figure 4.8; note the red highlighted ridge characteristics.
Do they match the digitized image on the right? Is the latent
print on the right from the same finger? From the Online
Teacher Resources, print and distribute Student Sheet 4.5
(Fingerprint Analysis) for students to mark anélabel specific
minutiae for comparison.

® The eBook version of the Forensic Sci
brief video showing how to lift a print. St
before participating in Laboratory Activity

Laboratory Activity 4.7.
Developing Latent -ingerprints

ant to consider breaking up this lab so that students
erform and analyze the physical methods during one class
period and the four chemical methods during another class
period using a jigsaw activity. Provide ample time for each
group member to share their results from their investigation.
If you choose to have all students try all the methods of
developing latent prints, you will need 3-5 class periods.

® You may wish to set up a mock B & E in the classroom and ask
the students to sketch the “crime scene,” and locate where to
look for fingerprints, and identify the best methods to use.

¢ Ifyou use the fingerprint lab early in the school year, you
might have the students make a latent print in some out-
of-the-way place so that, at the end of the year, they can
see if it still can be visualized. This will test the longevity of
undisturbed fingerprints.
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Student Instructions

One job of the crime scene investigator is to find latent
fingerprints—those that are left by perspiration or grease and are
not immediately visible to the naked eye—and develop them, that
is, treat them so they can be seen and inspected. There are several
physical and chemical methods of visualizing latent fingerprints.
In this lab, you will obtain latent fingerprints using many of these
techniques.

Materials

For each group: For each student:

e ceramic tiles e zinc chloride solution
e white powder * gloves

e fingerprint brushes e heat gun

e 2-inch cellophane tape e UV lamp

e black or gray fingerprint e silver nitrate solut

powder e “fixer”
e white paper ® paper tow
e smooth black paper ® micro
® beaker and cover o

¢ glossy white or photo paper

lodine crystals

forceps

e starch solution

e ninhydrin solution in
atomizer

PHYSICAL METHOL

Dusting and Lifting L gerprints Procedure

CHEMICALS USED

gar goggles when using the zinc chloride solution.
Wear gloves and apron.
o Do not ingest or inhale. lodine is toxic by inhalation and ingestion.

‘(' Teacher Tips
%

e The dusting activity is a messy one to clean up.
You will find black powder everywhere. Fired, glossy
kitchen/bathroom tiles (or pieces) make excellent
substrates for practicing lifting, and your lab benches
won't get as messy.

(continued)
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LAB ACTIVITY 4.2: Developing Latent Fingerprints (continued)

e Black dusting powder can be purchased from companies
that supply forensic science materials. A good substitute
is toner from your copier. Be aware that some people are
allergic to either or both powders. Fine charcoal can be
used, as can soot, but these are messy to collect.

e Magnetic and fluorescent powders are also available.
The former is not as messy, but is more ex '

dust works well; gray powder can be
the black and white powders. Abo

trasting powder (white) and its brush. Make
you do not mix brushes. When using the brush to apply
owder, first fluff it up by rolling the handle rapidly between

our fingers or palms.
.\Lightly touch the brush to the powder. Tap off any excess in a
petri dish or on a newspaper.

Dusting technique Dusting for fingerprints
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Move the brush gently back and forth over the print surface.
If a print begins to appear, continue brushing in the direction
of the ridges. If you brush too hard, the print will be wiped
away or smeared and become useless.

6. Gently blow off the excess powder from the print.

7. This takes practice; you may need to repeat several times

8. Cut 3 inches of lifting tape.

10.

11.

12.

13.

14.

15.

before you get a good visible print. Hint: If you are having
difficulty getting enough oil on your fingers to make a latent
print, run your fingers through your hair several times. Once
your print looks clear, move on to step 8.

Attach the tape to the base of the print. Holding the tape
taut and beginning at the base of the print, gently begin
pressing the tape down as you move upward an
the print. This should eliminate air bubbles and

white powder or white paper when us
the square with the print in your
finger it came from and how yo
that you may have to develop an

abel which
Keep in mind
nts to get one

guare of glossy photographic paper against
ur skin for 2 to 3 seconds. Try using a clean
ide if photographic paper is unavailable.

microsco

Develop with an appropriate powder. If using photographic
paper, protect it with tape in your notebook. If using a
microscope slide, lift the print using tape and place it on

(continued)
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LAB ACTIVITY 4.2: Developing Latent Fingerprints (continued)

contrasting paper, then place it in your notebook. Most
people find it very difficult to lift prints from skin; you may
not be able to find very many ridge characteristics. Save
one or more latents from your skin for subsequent chemical
developing (below).

Analysis Questions

1.

Which surfaces were easier to develop and lift
Which surfaces are most difficult?

It is easier to lift from smooth hard surfa
difficult with rough or flexible surfaces.

Choose your best developed print and identi
characteristics.
Answers will vary.

CHEMICAL METHODS

lodine Fuming Proced

1.

CAUTION

jgn or inhalation. This procedure should be

hat iodine is toxic by inhalation and ingestion.

e For cornstarch or any starch product, make up a
2 percent solution by adding 2 g of starch to about
100 ml cold water and bringing to a boil while stirring.
Cool. Sometimes it works better to put the starch in a
spray bottle, than to dip the prints in a bowl of starch.
Try both.

Place a fingerprint on two pieces of paper or index card.

2. Put each print in a beaker containing several crystals of

iodine and cover the beaker. Solid iodine sublimes; that is,
it passes directly from the solid phase to the vapor phase
without going through the liquid phase. Both mothballs and
dry ice also do this.



3. When the prints become visible,
remove them with forceps or
tweezers. Make sure you re-cover
the beaker so fumes don’t escape.
Watch carefully as your prints
develop. Leaving them in for too
little time will not give enough
detail; leaving them in for too
much time will give you a big
brown blotch.

4. Dip one of the prints in a starch ~ lodine fuming
solution. Allow to air dry.

5. Cover both prints with clear tape to preserve them.

6. Wash your hands thoroughly with soap and water

Analysis Questions

1. What happened when you put the print in
solution? Why?

The iodine reacted with the starch tq

permanent print.

2. ldentify five ridge characteristic
prints in your notebook. Label. day or two
and note any changes. Explain.

Individual answers wiliéua

Ninhydrin Procedure

CAUTION

ig,and clothing. Wear gloves.

Is available from most scientific supply
ake up a b percent solution in acetone or
(stir 5 g of Ninhydrin into 95 ml acetone or

e The hotplate speeds up the process so the lab can be
completed in a class period.

e For zinc chloride solution, add 3 g zinc chloride
(ZnCl2), 25 ml ethyl alcohol, and 5 ml acetic acid to
70 ml of water.

(continued)
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LAB ACTIVITY 4.2: Developing Latent Fingerprints (continued)

e A black light (ultraviolet lamp) positioned over a dark
box eliminates the need for darkening the room and
makes the procedure a lot safer.

1. Place several fingerprints on a piece
of paper.

2. Hang the paper in a hood or well-
ventilated place and spray it with the
ninhydrin solution.

3. Wait 24 hours for the print to develop,
or warm gently with a hot plate.

Analysis Question Ninhy
1. Identify five ridge characteristics. Place
the print in your notebook. Labg

the print and describe what you saw under the black light.
he zinc chloride treatment causes the prints to fluoresce.
Basically, fluorescence occurs when a material absorbs light

Fluorescent print Prints developed by fuming Lifting prints from a can
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and reemits it at wavelengths longer than those of the light
source.Substances are added to textiles and papers to
cause them to fluoresce white (optical brighteners). Many
fingerprint powders now contain fluorescent agents.

Superglue (Cyanoacrylate) Fuming Procedure

CAUTION
m ® Do not get superglue on your skin and do not breathe the

fumes, because they irritate the mucous membranes.

® Keep your face away from the top of the developing chamber
when you slowly remove the lid. Open the lid towards the
back of the hood.

‘¢t Teacher Tip

A superglue developing tank can be made from

eventual clouding by cyanoacrylat
and insert a 40-watt lightbulb,and
can with a few holes punch |
or a bottle cap on top of the
of water in the tank (this catal
prints) and a rack ' ed. Use a cover

overed by a tin
aluminum foil

r four drops of superglue on the aluminum
at rests upon the heater (a lightbulb with a

5. Replace the lid on the chamber and turn on the light.

(continued)
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LAB ACTIVITY 4.2: Developing Latent Fingerprints (continued)

6. Prints should be visible after five to ten minutes. Carefully
remove the item from the chamber. Be sure you do not breathe
the fumes or allow them to get in your eyes as you lift up the lid.

7. You can enhance the prints even more with powder.

Figure 4.11 Superglué developing

Analysis Question
1. Using a mag

2. Label each pri it was developed. Place in your

CAUTION

o Wear gloves because silver nitrate will darken your skin
when it is exposed to sunlight.

® Do not look directly at the UV light. UV radiation can harm
your eyes.

o Sodium bisulfate is a corrosive solid. Avoid skin contact,
inhalation, and ingestion.

‘" Teacher Tip
%

On step 6 for a fixer, use 20 g of sodium thiosulfate
(“hypo”) plus 14 g of sodium bisulfite per 100 g of water.

1. Place a fingerprint on a piece of paper.

2. Using forceps, immerse it in the silver nitrate solution for 5
to 10 minutes.
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3. Remove the paper with forceps and drain the excess liquid.
You may want to wear gloves for this one because silver
nitrate will darken your skin when it is exposed to sunlight.

4. Sandwich the fingerprint paper between paper towels and dry
it. Then expose the print to bright sunlight or long-wave UV
light. Place a fingerprint on a piece of paper.

5. Watch the development carefully so that it does not become
overexposed.

6. To develop or “fix” the print, immerse it in the fixer solution
for 15 to 20 minutes.

Remove and blot dry with paper towels.

Place in your notebook, label, and identify five ridge
characteristics. This is a good method to use on olde
fingerprints. The silver nitrate reacts with the sodiu
chloride that is left after other materials from the prin
evaporated or deteriorated. It also works wel
impressions on wood. Try it on a Popsicle 8
or some other small piece of wood.

Other Method$

Slides

\7/

\7
-~
.

is sli " understanding or a review of Dy e a0
Use this slid -

he section. Have students work

Biometrics

+ Use of some type of body metrics for the -
n. (The Bertil

purg jon. (The Bertillon
sy ave been the firs

\7/

Use this slide to support students’ understanding or as a review
of biometrics after students have read the section.
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For the full case study, see the student text. Have students compare the finger-
prints of the suspects in this case using enlarged images of the fingerprints in the

distribute to students. A reduced image is shown.

Analysis Questions
1. Examine the fingerprints shown: the latent
print from the crime scene, a known print from
Brandon Mayfield, and a known print from
Ouhnane Daoud. How are they similar?
They are all loops.

ccccc

4 _Student Sheet 4.6

Name,

. How are the prints different?
Answers will vary. Students can find
that match Daoud’s to the crime s

4

\
onnection: Biometric Forensics
Specialdst
Other possible careers that are related to Optional: You may want to assign students
a forensic fingerprint biometric forensics the task of choosing one career and
specialist include: fingerprint analyst, answering a list of generic questions about
fingerprint technician, latent print the career, such as general job duties, salary,
examiner, biometric fingerprint technician, ~ who do you work for, who do you work with,
biometric specialist, or law enforcement. and required education.
\_ J
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Checkpoint Questions

From the 25 impressions in Figure 4.12, match the ones that are made by the same
finger. Write your answers in the 11 answer spaces listed. There are a total of 10
fingerprint matches, and one print that has no match. In some cases, one print may
appear two, three, or even four times. An example has been given.

A copy of Figure 4.12 is provided in the Online Teacher Resources as Student Sheet 4.7
(Matching Fingerprints). You can print it and distribute it to students. Answers (shown) can
be found on Student Sheet 4.7: Answer Key (Matching Fingerprints).

pped areas,

M=0

1 S = No Match/Unreadable

Figure 4.12 Match fingerprints
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

94

Checkpoint Questions

All fingerprints have class characteristics such as loops, whorls, arches, cores, deltas,
bifurcations, ridges, spurs, and the like. Why, then, are fingerprints considered individual
rather than class evidence?

The relative locations of the class characteristics make the pattern unique.

What are fingerprints composed of, and how are they deposited?
water, salts, organic compounds; deposited by touching or handling an obje,

What is the difference between a fingerprint pattern and a ridge cha
Loops, whorls, and arches are patterns; the minutiae are the ridge

How can fingerprint patterns be changed?
Patterns cannot be changed.

The most common type of fingerprint pattern is
loop

The least common type of fingerprint patte
arch

A'loop pattern that opens toward the t i sa
radial loop

All whorl patterns have
at least two

What is meant by a
A latent print is invis

can one be developed?
eyeloped by various physical and chemical means.

Explain ow it is used.
the In Fingerprint Identification System
How i tion” made using the IAFIS system?

through examinati y an expert
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Checkpoint Questions

23. What type of fingerprint (plastic, visible, latent) would be likely to be found in, on, or by
means of the following materials?
a. blood
visible
b. mud
plastic

c. wood tabletop

latent

d. windowpane

latent

e. Romano cheese

possibly plastic, but Romano cheese is very hard, so maybe latent
f. chalk

visible
g. skin

latent
h. polyethylene bag

latent Q
i. fudge
plastic

j- dust
visible

k. newspaper
latent

. leather jac
latent

m. gun barrel
lat.
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24.

25.
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Checkpoint Questions

In the crime scene presented at the beginning of the chapter, what would be the best
way to develop the latent prints at each area? How would you preserve them? How
would you preserve those in the putty?

latch, windowsill—dusting; putty—photograph; bedroom—dusting and perhaps
fuming particular small, portable objects that may have been picked up and examined;
cheese—dusting, photography; the note—iodine and/or ninhydrin fuming; back
door—dusting.

What would be the best way to visualize latent fingerprints on the f ing rials?
a. matchbook cover

ninhydrin or iodine
b. Popsicle stick

silver chloride
c. vinyl upholstery

superglue and/or dusting
d. cigarette butt
ninhydrin

e. broken bottle

superglue fuming
f. handkerchief

very difficult to visualize prints from tex
g. toilet seat

dusting
h. lightbulb

superglue fuming
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Additional Activities

Note: The list below includes optional projects that can be assigned to
students.

1.

. Are ears different enough to be a useful class of identification?

Investigate the use of “eye prints” (retinal or iris scans) as a means
of identification.

Is this a valid method of identification? What are the advantages and
disadvantages as compared to the use of fingerprints?

How could a person devise a method of recording and classifying
an individual’s ear? See, for example, Kurland, Chapter 6.

Although not often used, lip prints can provide a means of
identification because, like fingerprints, they are unique and do
not change during a person’s lifetime. Transfer a lip print to a

folded piece of paper by means of a dark, washable
gloss with subsequent powder dusting. You can then

write a short mystery in which lip prints
crime.

Explore the social issues around fi
the government uses to confirm ind
issues such as too much g i er” watchdog, and
the like.

Biometrics uses biological info ion to verify identity. The basic
idea behind biome is that ou ies contain unique properties
gach of us from all other human
echnology in identification techniques.

O historical bases? You might ask students
vidence in Chapter 2. Techniques that could
ial features, eye scans, voice verification, ear
and recognition. The principles are related to
100 years ago. Identity theft and terrorism have

Explore the role tattoos may have in identification. Look for actual
examples.
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7.

You may want to share the following with students and then ask
students what other markings on the body besides fingerprints are
relatively permanent and would help identify a subject. Point out
that Tatt-E, or Tattoo Recognition Technology-Evaluation and the
Tattoo Recognition Database are two tools that investigators use to
identify suspects. Have students work in small groups or pairs to
research how investigators have used these tools and the outcomes.

e Teacher Tip
4 Student Sheet 4.8: Answer Key
Crossword Puzzle N oW iS a go o
1 2 3
P s|i|L|Vv]E]|R
z
A C |
5 6 7 8
L|OJO]|P S|T|A|R|C|H P
9 10
M R FlB] I [e] B A
11 12
S E|Y E B M M | T
e e O e O acher Resources.
13 14 15
L D T E|IN|C LIO|S|JU|R|E
| o) R S R R .
16 17
s T T TS 01 T T 1s shown.
18
T B ] M | N|JUJ[T]I Al E
19
; L T|W]|O E T
20 21 22
N E L | P|S | N K
L& ] o] |o] o
23
E R U LIN|JA|R
24
B R | D|G|E
ACROSS DOWN
2 nitrate for use in developing prints on wood 1 area of body with ridge patterns
5 a fingerprint pattern 3 type of fingerprint
6 reacts with iodine to form a blue color 4 area of a fingerprint
9 a government agency 7 subgroup of whorls
11 a minutia 8 amap of friction ridges
15 a minutia 9 area of body with ridge patterns
16 carly pioncer in use of fingerprints 10 a minutia
18 fine structure of ridge characteristics 12 one-millionth of an inch
19 number of types of arch 13 removing a fingerprint from an object
20 area of body with distinctive patterns 14 0
22 used to record fingerprints 17
23 type of loop pattern 18
24 a minutia 21 aré
Chapter 4: Fingerprints
© Kendall Hunt Publishing Company
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