NATIONAL | <%, SOUTH-WESTERN
LEARNING 1 & CENGAGE Learning’

‘\,;’4(, \ ‘ 5 ‘ > -
f}*‘ v A ‘. ’
¢
'\

. Forensic
Xy \ ‘;%:\"V) ;\ s
% Science

't‘ \\\ \S"

*.\ &\\\\ "N I X % ) y TSI T, R

FUNDAMENTALS & INUESTIGATIONS v
CAN . A .-. ‘)"'-5—:?%3;%";"

£
)= 0 ’ ) - B v
- -

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203



This is an electronic version of the print textbook. Due to electronic rights restrictions,
some third party content may be suppressed. Editorial review has deemed that any suppressed
content does not materially affect the overall learning experience. The publisher reserves the right
to remove content from this title at any time if subsequent rights restrictions require it. For
valuable information on pricing, previous editions, changes to current editions, and alternate
formats, please visit www.cengage.com/highered to search by ISBN, author, title, or keyword for
materials in your areas of interest.

Important notice: Media content referenced within the product description or the product
text may not be available in the eBook version.



THIS BOOK IS THE PROPERTY OF:

STATE
PROVINCE
PARISH Book No.
COUNTY Enter information
SCHOOL DISTRICT in spaces to the
OTHER left as instructed
CONDITION
YEAR
ISSUED TO USED ISSUED | RETURNED

PUPILS to whom this textbook is issued must not write on any page or mark any part
of it in any way, consumable textbooks excepted.

1. Teachers should see that the pupil's name is clearly written in ink in the spaces above
in every book issued.

2. The following terms should be used in recording the condition of the book:
New; Good; Fair; Poor; Bad.

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203



FUNDHMENTFILS & lNUEETlEFITIEINS
‘!‘& e ..4-'-;..’*' r.,/'j‘_ : -. 11,'.,; 3

Anthony J- Bertino

Canandaigua Academy High School
Canandaigua, New York

Patricia Nolan Bertino

Scotia-Glenville High School
Scotia, New York

NATIONAL | <% SOUTH-WESTERN
LEARNING 1 &» CENGAGE Learning'

Australia - Brazil - Mexico - Singapore - United Kingdom - United States

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203



NATIONAL | <", SOUTH-WESTERN
LEARNING 1 & CENGAGE Learning'

Forensic Science: Fundamentals and Investigations,
Second Edition
Anthony J. Bertino, Patricia Nolan Bertino

SVP Global Product Management, Research,
School & Professional: Frank Menchaca

General Manager, K-12 School Group:
CarolAnn Shindelar

Publishing Director: Eve Lewis

Acquisitions Editor: Jeff Werle

Executive Editor: Dave Lafferty

Marketing Manager: Kelsey Hagan

Sr. Content Project Manager: Martha Conway
Sr. Media Editor: Mike Jackson

Website Project Manager: Ed Stubenrauch
Manufacturing Planner: Kevin Kluck
Consulting Editor: Lisa Furtado Clark
Development, Ancillaries: Marce Epstein
Production Service: Integra

Sr. Art Director: Michelle Kunkler

Cover and Internal Designer: Ke Design
Cover Image: © Larysa Ray/Shutterstock.com
Intellectual Property Project Manager: Lisa Brown
Intellectual Property Analyst: Kyle Cooper
Photo Researcher: Darren Wright
Permissions Researcher: Lumina Datamatics

Design Images: Crime-scene tape: Ferrerivideo/
iStock/Thinkstock; Mobile phone: © Radu
Bercan/Shutterstock.com; Thumbprint data:
Maksim Kabakou/iStock/Thinkstock; Scan of
Hand: © cluckva/Shutterstock.com; DNA helix:
© wavebreakmedia/Shutterstock.com; DNA
fingerprints: © isakss/Shutterstock.com;
Tablet PC: © Thaiview/Shutterstock.com

Printed in the United States of America
Print Number: 02 Print Year: 2016

© 2016, 2012 Cengage Learning

ALL RIGHTS RESERVED. No part of this work covered by the copyright herein
may be reproduced, transmitted, stored or used in any form or by any means
graphic, electronic, or mechanical, including but not limited to photocopying,
recording, scanning, digitizing, taping, Web distribution, information networks,
or information storage and retrieval systems, except as permitted under
Section 107 or 108 of the 1976 United States Copyright Act, without the prior
written permission of the publisher.

For product information and technology assistance, contact us at
Cengage Learning Customer & Sales Support, 1-800-354-9706

For permission to use material from this text or product,
submit all requests online at www.cengage.com/permissions
Further permissions questions can be emailed to
permissionrequest@cengage.com

ISBN: 978-1-305-07711-9

Cengage Learning

20 Channel Center Street
Boston, MA 02210

USA

Cengage Learning is a leading provider of customized learning solutions
with employees residing in nearly 40 different countries and sales in more
than 125 countries around the world. Find your local representative at
www.cengage.com

Cengage Learning products are represented in Canada by
Nelson Education, Ltd.

Visit National Geographic Learning online at ngl.cengage.com

Visit our corporate website at www.cengage.com

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203



DEDICATION

o R “““Q Q

To my parents, Joe and Alice Bertino, who taught me the meaning of “doing
what you like brings freedom but liking what you do brings happiness.”
—Anthony (Bud) Bertino

To my father, Arthur J. Nolan, for his keen interest, guidance, and encour-
agement during my teaching career and his invaluable technical support of
this book.

—Patricia Nolan Bertino

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203



PREFACE

can AR “““Q Q

Welcome To
Forensic Science: Fundamentals and Investigations 2e

This new edition provides the science behind forensics, as well as labs and activities appropriate for high
school students! Forensic Science: Fundamentals and Investigations 2e is student and teacher friendly. Students
enjoy a hands-on approach to forensics. Extra support is offered both for atrisk students and gifted learn-
ers through differentiated learning activities in the teacher’s edition. Teachers can conduct a full-year’s
study of forensics or select topics that can be incorporated into a halfyear course. As another option,
teachers can use the textbook to motivate students in all science classes by using forensics to teach basic
science concepts. Forensic Science: Fundamentals and Investigations 2e integrates science, mathematics, tech-
nology, history, and political science along with writing and presentation skills using real-life applications
and case studies, providing complete flexibility for any science program. Forensic Science: Fundamentals and
Investigations 2e is the new standard in high school forensic science . . . case closed!

GETTING STARTED

Forensic Science: Fundamentals and Investigations 2e reveals the science used in forensic science tech-
niques. It provides a chapter-by-chapter description of specific types of evidence and the techniques
to collect, analyze, and evaluate the evidence. As students progress through the course, they refine the
techniques and apply them to other areas of study. The topics covered in the 18 chapters include crime-
scene investigation; the collection, handling, and analysis of trace evidence such as hair, fibers, soil,
pollen, and glass; fingerprints; blood and blood-spatter examination; forensic analysis of DNA, insects,
drugs, glass, handwriting, and tool-marks and impressions; firearms and ballistics; forensic anthropol-
ogy; and the determination of the manner, mechanism, and cause of death and the estimation of post-
mortem interval. New chapters include entomology; expanded chapters includes updated DNA content,
expanded autopsy coverage, increased hands-on crime-scene investigation, and forensic botany.

One of the strengths of the textbook is student motivation. Areas of study are introduced in sce-
narios taken from headlines and popular media. These features engage students as they describe the
historical development of forensic science techniques. Inexpensive, easy-to-perform labs provide stu-
dents with opportunities for successful laboratory experiences as well as an appreciation of the true
nature of forensic science problem-solving techniques. Suggestions for research projects extend and
enrich student learning and interest.

CHAPTER FEATURES

Each chapter of Forensic Science: Fundamentals and Investigations 2e begins with a true-life story, student
objectives, key vocabulary, and a Topical Sciences Key. The Topical Sciences Key identifies biology,
Earth science, chemistry, physics, literacy, or mathematics concepts integrated into chapter topics.

Special features include Did You Know margin notes that provide additional interesting facts and
information, and Digging Deeper, additional research topics that refer students to the free online data-
base from Gale Publishing called the Forensic Science eCollection Database.

At the end of each chapter, a Summary reviews the main points of the chapter. Nonfiction high
interest books are listed next to the summary to encourage student’s outside reading. A series of
short Case Studies offer high-interest topics for critical thinking, writing, and class discussion. Careers
in Forensics describes an occupation related to forensic science. On the bottom of the career page,
inexpensive or free forensic Apps are often referenced. A Chapter Review contains both objective and

iv PREFACE
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short-answer questions requiring critical thinking skills to assess student understanding. A chapter
bibliography lists print and online research sources.

Each chapter has Activities that provide hands-on experiences with forensic science techniques.
Each activity has clear, step-by-step directions for students of all reading levels. For teachers, they offer
easy, quick preparation and minimal expense for materials. Each activity includes objectives, materi-
als, safety precautions, procedures, and other learning support.

FOR THE TEACHER

The Wraparound Teacher’s Edition (WTE) contains teaching strategies and tips to engage students. The
WTE provides clarification of science content and forensic science procedures, ideas to help stimulate
students, evaluation opportunities, additional questions, and suggestions for further exploration and
research. Additional teaching tips are added to help address the needs of English-language learners,
gifted students, and at-risk students.

An Instructor’s Resource CD-ROM (IRCD) is available to teachers who adopt a classroom set of Forensic
Science: Fundamentals and Investigations 2e. The IRCD contains additional activities, PowerPoint pre-
sentations, student handouts, lesson plans with chapter outlines, and enrichment materials, as well as
Student Learning Objectives (SLOs) for each chapter.

Cengage Learning Testing Powered by Cognero is a flexible, online system that allows you to
author, edit, and manage test bank content from multiple Cengage Learning solutions; create multiple
test versions in an instant; and deliver tests from your learning management system, your classroom
or wherever you want!

MindTap for Forensic Science Fundamentals and Investigations 2e is a personalized teaching
experience with an eBook reader with relevant assignments that guide students to analyze, apply, and
improve thinking, allowing you to measure skills and outcomes with ease.

Cengage maintains a Website to support this text. Both students and teachers using Forensic Science:
Fundamentals and Investigations 2e may access the Website at ngl.cengage.com/forensicscience2e.
The site provides teacher resources and information about related products. Student resources on
the site include forms, additional projects, and links to related sites. In addition, a link is provided
to the Gale Forensic Science eCollection database which allows free online research in various journals
and the Gale Virtual Reference Library.

ABOUT THE AUTHORS

Anthony (Bud) Bertino has taught science for 40 years. He has served as biology teacher and science
supervisor at Canandaigua Academy. His awards include Outstanding Biology Teacher (NY, NABT),
Woodrow Wilson Fellowship Award, Tandy Scholars’ Award, and Outstanding Teaching Award from the
University of Rochester. He is co-author of “Where’s the CAT,” and author of “The Cookie Jar Mystery,”
and many other published activities. He has served as an AP Biology consultant for the College Board
and as a clinical supervisor for the University of Albany (NY), Graduate School of Education.

Patricia Nolan Bertino has taught science for 34 years. Her awards include Outstanding Biology
Teacher (NY, NABT), Woodrow Wilson Fellowship Award, and the Tandy Scholars’ Award. She has served
as a scientific consultant for Video Discovery, Neo Sci, and several publishers. Patricia developed curricula
and taught high school forensic science and biology at Scotia-Glenville High School for several years.

The Bertinos live near Schenectady, New York and conduct summer workshops in forensic science
education for teachers. They are frequent co-presenters at the National Science Teachers Association
(NSTA) and many state science teacher conferences.
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StTRAIGHT EROM THE SOVRCE, NO
ASSUMPTIONS

THE CONTENT YOU REQUESTED HAS BEEN IMPROVED

THE OVERWHELMING SUCCESS OF THE FIRST EDITION BRINGS YOU A NEW
EDITION AND UPDATE!

This program’s balance of relevant content and hands-on lab activities are a direct result o

of your input at every stage! No other forensic science program delivers precisely what SCIENCES REY
you need for your students and your course. BOOGY  CHEMITRY

Q,

@&

A review board, focus groups, and ongoing educator feedback guided each decision:to "

ensure that the program meets the educational needs of your students. : &
Student and teacher supplements support the workflow with time-saving tools. WERCH  MATHENATES
Innovative digital resources include the innovative Forensic Science eCollection @!l (TC

database and the new MindTap™ with Virtual Labs.

Forensic Science combines topics from math,

chemistry, biology, physics, literacy, and Earth ) e s o S s BN
science into a single course with all materials €  ious proteins and oher
. . . . Stuart H, james, Pl *  Blood types result from the presence « af nmlgmlx on Ihe mrﬁue of red
clearly aligned with the National Science SENITRSRS bou oufans e ok e A I class evi-
. ' e, ype is ay to exclu m;pcv;ln
Education Standards, NGSS, and CCSS. mj & Blood-spatter analysis can be wied to help recreate a erime scene.

Distinctive icons identify topics in the chapter
opener and throughout the text.

New Second Edition

Forensic

| Forensic
= =Y
Science

Sclence

FUNDAMENTALS & STIGATIONS

Bertino'& Bertino
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WHAT'S NEW i\ THE NEW EDITION (BERTINO
ANY BERTINO) ANY COTYRiGUT UPPATE
(BROWN ANY PAYENPORT)

» What’s NEW!— Forensic Science Fundamentals @ Investigations, 2e, new coverage for various topics
such as:
o A new chapter (11) on entomology
o Scientific changes in DNA technologies (7)
o More coverage of autopsy (12)
o More coverage in crime-scene investigation (2)
o Pollen chapter is now Forensic
Botany (5)

e What’s NEW!—Forensic Science Advanced
Investigations, CU, new coverage for

THE FUNCTIONS OF HAIR

BIOLOGY
All (and only) mammals have hair. Its main purpose is to regulate body

various tOpiCS within such as: temperature—to keep the body warm through insulation. Hair also decreases
friction, protects the skin against sunlight, and acts as a sense
o A new Chapter (15) on D|g|ta| organ. The very dense hair of some mammals is referred to as fur.

Responsibility and Social Networking

. . . . . Treated Hair
» Aligned to National Standards—This text combines topics , , ,
cHEMSTRY - Hair can be treated in many different ways.

from math, chemistry, biology, physics, literacy, and earth Bleaching hair oxidizes the natural pigment,

science into a single course with all materials clearly correlated lightening it (Figure 3-8). Italso makes hair brictle
. . . and can disturb the scales on the cuticle. Artificial
to the National Science Education Standards, NGSS, and CCSS. bleaching shows a sharp demarcation along the

The topics are identified by distinctive icons in the chapter hair, while bleaching from the sun leaves a more
gradual mark. Peroxide in bleach can also dam-
opener as well as throughout the text.

» A Wide Variety of High-Interest Lab Activities—Many
updated end-of-chapter lab activities give students the hands-on
experience needed to fully understand and truly integrate their
knowledge of science and related subjects.

) Time Of Death app considers
ambient temperature, body
weight, amount and type of
clothing, and body location
when calculating postmorte

interval.

» Capstone projects are updated and give students the
opportunity to apply key topics learned throughout the year, S
as well as extend the learning process with the opportunity to et e ]

synthesize this knowledge and new content. AR

» The Gale Forensic Science eCollection™—This database allows you =
and your students to investigate the mysteries of forensic science
in-depth with online access to hundreds of recent articles—from highly
specialized academic journals to general science-focused magazines.

Alternating patternof two = An open or porous veave.
et threads crossing two o
warp threads.

One weft crosses over threeor + N

» NEW-—Forensic Science MindTap™ and Virtual Labs—Give your { r: 7‘3\
students real-world lab experience within an online environment iy
with MindTap! MindTap is a fully online, highly personalized learning L, S e
experience that combines readings, multimedia, activities, and ey B
assessments into a singular Learning Path. Virtual Lab activities include: o
background information, 3-D crime scenes, clear instructions, Toolkits, e R,

post-lab assessments, and critical-thinking and research activities.
+ NEW APPS feature that discusses Web Apps for related tools and
topics. Available with Forensic Science Fundamentals & Investigations.

« NEW “Further Reading” for CCSS literacy details additional reading
references. Available with Forensic Science Fundamentals & Investigations.

pyright 2016 Ceng g e or in par




('S ALL i\ THE PDETAILS

RIVETING DESIGN AND FEATURES OFFER A NEW WAY TO
EXPERIENCE SCIENCE

TRACING THE CLUES TO STUDENT SUCCESS

From a dynamic design to captivating images, practical
applications, intriguing case studies, and glimpses into
actual crime and lab scenes, every part of this text appeals
to students; the program presents information the way
students learn best.

= ¥ILdVHD

Fingerprints

Technology Catches Up
Chapter-opening scenarios highlight intriguing news Aerd 213"
shaping forensic science. These exciting stories, taken
directly from gripping headlines, draw students into the
learning path of the text. Scenarios feature well-known
cases, such as Cory Monteith, Michael Jackson, Jodi Arias,

and more.
Clear Learning Objectives guide how students study, =
helping them focus on the key topics. Chapter content
and assessment materials, tagged to specific learning
objectives, provide a strong framework for mastering key
concepts.

Scientific Terms and Vocabulary, highlighted in each chapter,
introduce key terms, ensuring students are able to
understand their meaning.

Case Studies bring closure to the chapter concepts using intriguing
case facts drawn from actual forensic investiga-
tions. Questions prompt discussion and facilitate Careers
students’ critical-thinking skills. S ——

A Hungarian immigrant currently living and working

WaonkRs 159

Careers in Forensic Science sections focus on the b:gs:“w“h’}mfdy:‘ﬁrgptiwuhf
ehind on paintings by artists. After years of care-
hottest careers related to forensic science today, T e

Biro’s job s to discover, by the use of fingerprint
comparison, who painted a work of
the claim with strong evidence. N¢

are alike, so Biro's evidence is extr
and challenges. ezl e CHAPTER &l REVIEU

be attributed to a specific artist rise;

detailing job requirements, necessary preparation,

True or False 1. Fingerprints are a result of oil and secretions from skin mixing with dirt.

End of Chapter Review Questions, including
true-false, multiple choice, and short answer, highlight
cross-curricular connections and ensure students thoroughly
comprehend principles before moving ahead.

2. Fingerprints are generally considered to be a form of class evidence. 01 &5

3. Itis necessary to obtain a full print from a suspect in order to compare his
fingerprint with a fingerprint found at the crime scene. 01 555, &

4. Plastic prints must be dusted or treated in order to identify the ridge
patterns. 01 66,6

5. Itis important to always photograph a fingerprint before you attempt to
liftit. Obj 66

6. Fingerprints are formed deep within the dermis layer of the skin. 01 >

7. IAFIS improves the speed and accuracy of fingerprint searches because it
electronically accesses fingerprints from local, state, and national agencies.

8. The type of powder used to dust prints will vary depending upon the
weather conditions when the print is lifted. o) ¢ ¢

9. Fingerprints of the left hand are mirror images of the fingerprints on the
right hand. 05 ¢ 2

10. Similar print or ridge patterns can also be found on the toes.

ge Learning. a \ N 02-200




ENGAGE THEM WITH HANDS=ON ACTIVITIES FOR THE REAL

WORLD APPLICATION

The variety of high-interest lab activities (3—-5 per chapter)
saves you time, while giving students the hands-on
experience needed to integrate their knowledge of
science and related subjects. These activities outline the
objectives, time required, materials, safety precautions,
scenarios, background information, detailed procedures
and data tables, follow-up questions, and research
opportunities. Plus the affordable materials allow labs

to be completed with minimal investment.

CAPSTONE

wune ARARE  Proucrs

Analysis of a Forensic
Science TV Show Episode

By the end of this project, you will be able to:
V' Identify contrived or misrepresented procedures or events
portrayed in an episode of a forensic science television
program.
v Document a correct method for the procedure or an
improved representation of the event.

I INTRODUCTION

Television provides us with many hours of forensic investigations. The
writers for forensic science shows have searched high and low for ideas
and unusual cases/ Some of the techniques and forensic science concepts
demonstrated in these shows have been contrived or misrepresented for the
sake of entertainment and filling the allotied time slot. In this project, you
will be charged with detecting and documenting how the TV portrayal of a
crime-scene investigation varies from what happens in real life.

Time Required to Complete Project: Two 40-minute periods

I MATERIALS

* CP-5 SH TV Episode Summary Form
* CP3 SH Episode Evaluation Form (provided by your instructor)
« Computers with Internet access (optional)

CAPSTONE PROJECTS 531

P.A.C.T.™ Activities (Preventing Adolescent Crime
Together) provide service learning opportunities
through projects addressing issues such as anti-
bullying and social responsibility. Available with
Forensic Science Advanced Investigations.

Iriginad Tites

Ao evaryihing. thaugh, he waated o
b in charge of the family business Thair
Taineér had racerdly oied and, I arything ever
Fappenad to Johin, and John and Casey were
married, the business would g0 t Casey, not
Cinl. The family busiess was 1ha iargest
Wil diu hussiness toughot te United
States.

Larter that night, John and Carl got. together
.' at John's bouse to talk about & big business
b, & 1all, nandsone 21year- deal coming up in 3 coupia of weeks, Casey
, veas sating lunch with his besuiful wes. peeding in 1he other 100, but she wes
E ind, Casay Parez, 3 20yearokl social alEa Hataning to the deal. AL 2242 pm., as
b with blue syas and dark curly fair, Carl wens getting readh to keeve, he heard &

ight 2016 Ceng

ACTIUITY 6-1
Study Your Fingerprints oy ¢+

Objectives:
By the end of this actvity,you wil be abl to

1. Lift your fingerprint using tape and a graphite pencil.

2. Identify the ridge pattern of your finger.

3. Compare and contrast your fingerprints to your classmates' fingerprints.

4. Find two other students with the same basic ridge pattern as your own.

5. Calculate the percentage of students having each of the three different ridge
patterns.

Time Required to Complete Activity: qominutes

Materials:

Act 61 SH
clear, adhesive tape % inch in width or wider (not “transparent” tape)
pencil

two 3" x 5" cards or Act 6-1 SH

magnifying glass

Safety Precautions:

No special precautions

Procedure:

1. Onalined 3*x 5" card, rub the end of a graphite pencilin a back-and-forth
motion, creating a dark patch of graphite about 2 by 3 inches.

2. Rub your right index finger across the graphite patch o that the fingertip
becomes coated with graphite from the first joint in the finger to the tip, and
from fingernail edge to fingernail edge.

3. Tear off a piece of clear adhesive tape about 2 inches long. Carefully press the
sticky side of the tape onto your finger pad from the edge of your fingernail
across your finger pad to the other side of your fingernail.

4. Gently peel off the tape.

5. Press the tape, sticky side down, on the clean 3" x 5" card.

6. Examine your fingerprint using a magnifying glass.

7. Compare your fingerprint to the pictured samples.

8. Identify whether your fingerprint pattern is a loop, arch, or whorl.

9. Find two other students who have the same ridge pattern as yours.

Capstone Crime Scene projects give students
the opportunity to apply key topics throughout
the course.

Preventing Adolescent Crime Together™ (PALLT)

Introduction:
fEseh poran—ewen AN ioerbienl tes—bas e TNGITRAS. Nowover,
the pattesn isf Emgerrinis. fn o elnss chassctaritie beciuss thevs wm (mly
e, whenln, Bnd archen, The el detel of S riges witin the pet
Nena. ghoms Prgergents e ivnkinl Cchamciistics. When comporing
g ALY, s {iGANYS kSok B e marstor ard Kcatim o Fidge nengR.
acations, and seeen| other speciic detale. Some lw-an

Departments use fingepe cands and child idsnnfication ks te e
chsiouats’ Brgteeintn

Magnrprint 10.aant
Procedare:

1. Vil b it L o et g 0 ke i il v

Y rETONS TOM R

2. Pocs the ink padd e str on T etk Sinnd wl @ coministle de.
ncy frem the Uatee.

Doty the o of the erson Leing Tegorninted ooy bt fmy.
B Woew L A 1uC e Darieer BgrSos.

Pace the indes fagger on the Ink ond or sirig. Ral the bulb of Be
g v o g of S Tugpenas by (0 other ougy, M sy
Eha sk [ on i e from ha i 1 just Below the Tire: crease (ses
Figane 3205, Metmn Uwing oo mch ink wil make the ridgs chamme
ES indrgasnatin. Using k0 ety ink will Cluse T S 15 be
W i 1 e et

a

Crime Scene S.P.O.T (Student Prepared Original
Title) offers short stories written by actual
students followed by critical-thinking questions
and a writing activity. S.P.O.T. provides interdisci-
plinary instruction integrating reading and writ-
ing throughout the text. Available with Forensic
Science Advanced Investigations.
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ENABLE STUDENTS TO EXFPLORE THE TOOLS OF THE TRADE
WiTH DYNAMIC ONLINE RESOURCES

The Forensic Science companion websites take learning to a new level with a wealth of learning and teach-
ing resources with access to the eCollection database.

ngl.cengage.com/forensicscience2e
ngl.cengage.com/forensicscienceadv

FORENSIC SCIENCE ECOLLECTION™ DATABASE

« Web links to other dynamic science sites

« Interactive flashcards and crossword puzzles to review key terms
» Lab forms to complete in-text lab activities

« Lesson Plans

» PowerPoint® presentation slides

Digging Deeper with Forensic Science eCollection
guides students in exploring specific areas of interest
related to forensic science for additional reinforcement.

The Gale Forensic Science eCollection™
allows you and your students to systemati-
cally investigate the mysteries of forensic
science with online access to hundreds of
articles via InfoTrac®. From highly special-
ized academic journals to general science-
focused magazines articles, the eCollection
allows you and your students to stay current
with the latest scientific developments in
this growing field. No other publisher offers
such a complete, exclusive resource as a free
supplement on the textbook companion

Are fingerprints really unique?

How much of the interpretation of
fingerprints is subjective on the part
of the fingerprint analyst? Search the
Gale Forensic Science eCollection for
answers at

eCollection ngl.cengage.com/forensicscienceze.

website.
[ W Troveter Deseits ) W Sice Goteer~ - [, Wicrosc > 81 "B~ B -2 i Pwe Sy~ Toouw @ |
L) Shgn 1n I el ollect | Iy

PowerSearch

S ——— . ¥ Boglunark this Fage
‘Subject Publication Title  Entire Document o
m " — - - What is Gale Power Search?
Search for Articles... = Discaver all of the great
o content avallable st your
[l with full fext. [ paer
o e library right here. Search for

any term or phrase and find
articles from thousands of
magazines; journals,
newspapers and books along
with videos, Images and
podcast content. Your search
should always start hera.

About Qole Povees Search | Contnct Us | Cooveighe | Terma of Uss | Prisacs Bolice
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COMYREHENSIYE INSTRUCTOR RESOVRCES
YROYVIVE THE BACKU? 1OV NEEY

WE'VE GOT YOU
RESOURCES AROUND

Wraparound Teacher’s Edition (WTE) provides reduced
student pages with comprehensive related teaching tips
and support that expand upon the topics presented on
each page. Teaching notes and overviews include:

» The Big Ideas highlight the key science focus of the
chapter content

» Teaching Resources
» Tips for Differentiated Learning

» Teaching Tips to engage, teach, explore, evaluate, and
close the lesson

» Answers to end of chapter reviews and activities
with additional details related to lab materials, safety
precautions, procedures, data tables, and further
student research

« Expanded cross-curricular information that connects
biology, chemistry, Earth science, physics, math, and
literacy

Fundamentals & Investigations ISBN: 9781305107922
Advanced Investigations ISBN: 9781305120723

Instructor’s Resource CD places key instructor resources at your fingertips, including Lab Activity Forms,
additional Activities, Chapter outlines, Instructor Notes, Lesson Plans, Objective Sheets, PowerPoint

Presentation Slides, and Rubrics.

Fundamentals & Investigations ISBN: 9781305107946
Advanced Investigations ISBN: 9781305120730

Cengage Learning Testing Powered by Cognero is a
flexible, online system that allows you to: author, edit,
and manage test bank content from multiple Cengage
Learning solutions;

create multiple test versions in an instant; deliver tests
from your learning management system, your classroom,
or wherever you want!

Fundamentals & Investigations ISBN: 9781305108721
Advanced Investigations ISBN: 9781305120808

Instructor Companion Website provides online access to
instructor resources and professional development
webinars.
ngl.cengage.com/forensicscience
ngl.cengage.com/forensicscienceadv
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COVERED WITH THE

FINEST INSTRUCTOR

The skill of obser
to the field o for

e

Observation Skills

ity. To
ers, we must be systematic about
How e examine our surround-

ings and not jump to conclusions.
‘Sometimes a persan is wiongly
convicted of a crime because

of faulty eyewitness testimony.
Peaple often remember things
differently than how the events
actually occurred. The purpose of
the Innocence Project i to use
DNA evidence to reexamine some of
these cases.

The Big Ideas
Observation i how you perceive
your surroundings. Your brain
affects your observations by
fiteing the in-formation you take
in from your environment. Many
factors affect eyewitness accounts
of a crime. Investigators must
understand these factors when
determining the accuracy of a wit-
ness's testimony. With practice and
patience, you can train yourselfto
be a good observer. Forensic sci-
ence attempts to uncover factual
evidence from a victim, suspect,
and crime scene. Forensic scien-
tists do not ry o prove hether
someane is innocent or gulty. They
are only interested in colecting
and examining evidence.

SCENARIO

What evidence was the most valuable in convicting the suspect? Why?
What tools did the investigator use to gather the evidence?
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OBSERYE THE EYIVENCE

NEW! FORENSIC SCIENCE FOR MINDTAS™ AND VIRTUAL LABS
LEADS STUDENTS TO THE RIGHT CONCLUSION

Forensic Science MindTap™ and Virtual Labs—MindTap is a fully online, highly personalized learning
experience that combines readings, multimedia, activities, and assessments into a singular Learning Path.
Virtual Lab activities include: background information, 3-D crime scenes, clear instructions, Toolkits,
post-lab assessments, critical-thinking questions, and research activities.

FORENSIC SCIENCE MINDTAP™

MindTap contains relevant assignments that guide students to analyze, apply, and improve critical-thinking
skills; allowing you, as instructor, to measure skills and outcomes with ease. Included with MindTap are:

MindTap Reader is an interactive reading resource that allows learners to make notes, highlight text,
and find definitions. In addition, the Learning Path provides instant access to various resources needed
to personalize tour course. Included are these additional resources:

« Chapter sections are linked for
navigation

« Chapter objectives are linked
to activities and key concepts

to show correlation ¥4 What Is Observation?
o ey e . Every sngle nwawal, we v abous what b arvusd us, Uuough oux ) .
» Terms and definitions linked to semsessighe, e, hasring, el toack, W o chisargely witheus hinkiog s k(% 44 0 OBL 1 ]
ofe . b very bnperunt in our mrvival. Why are we not sveses of 2l dhe infermation our snses
the glossary for clarification B S i i e "
. wvwTything ot ance. fmead of & conseany fiow of dars chamering up car thasghts, sur @
» Flashcards, Web links, h fecraticn vy ks i ty spphys S rigeee 331
. « L. W Eply pay EEAETE Wt Lot aTe more Il 1s P What Is iaposmant
Merriam-Webster’s Dictionary, Is cacea " chaage. For TacRp. v e ng
and ReadSpeaker are other P e R B e O Tt
useful tools for research, e v o Pt s ot
reinforcement, and enhanced

accessibility i

X . How information is processed In the brain
» Photos and illustrations are
linked to chapter references for
navigation

—-

-

Link to Digging Deeper
eCollection provides immediate
access for further online research. s i e, bt e b ooy ply s o . s percepelon b knd, e vy

Interactivities for quick virtual
interactive learning reinforcement.

MindApps are learning Apps with tools to help you succeed.

ge Learning. a nn \ N 02-200
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SET THE SCENE EOR ONLINE LEARNING
SVCCESS!
THE VIRTUAL LABS WITHIN MINDTAP

Now you can give your students real-world lab experience within an online environment! Within MindTap,
each chapter will include an interactive lab within the Learning Path. Students will use these labs to solidify
their understanding of the concepts presented within the chapter.

Also included within Mindtap is a Virtual Lab which can be used as a final assessment for the course. Each
lab activity includes:

» Background information » Lab assessments
» Clear instructions  Critical-thinking questions
» Toolkit e Research activities

| -
| FORENSIC ¢

e

ml‘:!_“ Clot " -
e T
Wte Socks, white tenms

As students work through the lab, they will record their findings within an auto-graded assignment. After
they have completed the lab and recorded the data, there is a post-lab assessment covering the topics and
techniques used within the lab.

Fundamentals & Investigations MindTap with Interactive labs and Death of Rose Cedar Virtual Lab
ISBN IAC: 9781305397804
ISBN PAC: 9781305397835

Advanced Investigations MindTap with Interactive Labs and Bones in the Yard Virtual Lab
ISBN IAC: 9781305270176
ISBN PAC: 9781305270190

Digital Course Support: http://services.cengage.com/dcs/

When you adopt from Cengage Learning, you have a dedicated team of Digital Course Support profession-
als, who will provide hands-on, start-to-finish support, making digital course delivery a success for you
and your students.

> L : .
) "",.‘. ] &t g‘ - e o -
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ight 2016 Cengi g b Vv

B Y s e




CHAPTER l B

Observation Skills

Was Someone Stealing
the Trees?

An officer with the Department of Natural Resources was called
to a farm where a landowner had discovered missing trees. The
trees were black walnut, a valuable wood used to make expen-
sive furniture. The officer found six stumps where once there
were living trees. The limbs and branches were left behind.
Scattered around the woods were 20 empty beer cans.

The officer examined the area and found tracks left by a truck
leading across a neighbor’'s field; the perpetrator of the theft had
then cut through the boundary fence. By following the tracks,
the officer found where the truck had slid sideways and scraped
against a tree, leaving a small smear of paint. These pieces of An investigator examines paint
evidence were photographed and sampled. evidence.

The landowner remembered having seen similar tire marks
leading into another wooded area two miles up the road. The
officer investigated these marks and found several more black walnut
stumps and more empty beer cans. The officer documented numerous
forms of evidence—a paint sample from the truck, tire tread impressions,
and one fingerprint lifted from a beer can. The thefts stopped, and the
case was considered unsolved.

Two years later, a man was caught stealing black walnut trees a
couple of counties away, and his truck was impounded. The officer com-
pared the original paint sample to matching paint from the truck.

A receipt in the truck from a veneer mill (veneer is the thin layer of
high-value wood put on the surface of low-quality woods to be used in
furniture) suggested that the man had been selling logs for some time.

The paint on his truck was consistent with paint found at the crime
scene, and his fingerprints matched the fingerprint found on the beer
can at the scene. Based on the evidence, he was convicted, fined, and
sent to prison for six years. An observant investigator was able to collect
sufficient evidence for a jury to find the man guilty of stealing the trees.

auro Fermariello/Science
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TOPICAL
SCIENCES HEY

BIOLOGY

il= (é

By the end of this chapter, you will be able to:

11 Define observation, and describe what changes occur in

brain while observing. @

1.2 Describe examples of factors influencing eyewitness accounts

of events.
LITERACY

1.3 Compare the reliability of eyewitness testimony to what actu-
ally happened.

Relate observation skills to their use in forensic science.
Define forensic science.

Practice and improve your own observation skills.

W analytical skills the ability to identify a con- W forensic relating to the
cept or problem, to isolate its component parts, tific knowledge to legal
to organize information for decision making,
to establish criteria for evaluation, and to draw
appropriate conclusions B observations what a person perceives
his or her senses ‘

B logical reasoned from fa

B deductive reasoning deriving a conclusion
from the facts using a series of logical steps B opinion personal belief founded on judgmen

. rather than on direct experience or knowledg
B eyewitness a person who has seen someone

or something related to a crime and can com- B perception information received from the
municate his or her observations senses

W fact a statement or information that can be
verified

OBSERVATION SKILLS

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. WCN 02-200-203
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1

AP Images/Charles Bennett

INTRODUCTION

) ) ) One of the most important tools of
Figure 1-1 A crime scene is often the forensic investigator is the abil-

laid out in a grid to ensure that all ity to observe, interpret, and report
evidence is found. observations clearly. Whether
observing at a crime scene or
examining collected evidence in
the laboratory, the forensic exam-
iner must be able to identify the
evidence, record it, and determine
its significance. The trained inves-
tigator collects all available evi-
dence, without making judgments
about its potential importance.
That comes later. Knowing which
evidence is significant requires the
ability to re-create the series of
events preceding the crime. The
first step is careful and accurate
observation (Figure 1-1).

WHAT IS OBSERVATION? oy 11,14

Every single moment, we are gathering information about what is around us,
through our senses—sight, taste, hearing, smell, and touch. We do this largely
without thinking, and it is very important to our survival. Why are we not
aware of all the information our senses are gathering at any time? The simple
answer is that we cannot pay attention to everything at once. Instead of a con-
stant flow of data cluttering up our thoughts, our brains select what informa-
tion they take in; we unconsciously apply a filter (Figure 1-2). We simply pay
attention to things that are more likely to be important. What is important is
decided by various factors, including whether the environment changes. For
example, if you are sitting in a room and everything is still, you are unlikely to
be filled with thoughts about the color of the sofa, the shade of the light, or
the size and shape of the walls. But if a cat walks in, or you hear a loud bang,
you will perceive these changes in your environment. Paying attention to the
details of your surroundings requires a conscious effort.

Figure 1-2 How information is processed in the brain.

—> —> —>
—>
—>
—>
—> —> —>
What we pa .
e Ve PAY) | perception
—| attention to
—> —> —>
—
—
—
—> —> —>
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Itisdifficultto believe,
but our brains definitely
play tricks on us. Our
perception is limited,
and the way we view our
surroundings may not
accurately reflect what is
really there. Perception
is faulty; it is not always
accurate, and it does not

Can a beer can in the woods lead to a
conviction? A smashed dial on a safe
betray the suspect? They have, and
now it’s your turn. Search the Gale
Forensic Science eCollection on
Science ngl.cengage.com/forensicscienceze
CICRN S 2LUIN o find a case study and demonstrate
in writing how good observation skills

always reflect reality. For led to the solution of a crime.

example, our brains will

fill in information that is

not really there. If we are reading a sentence and a word is missing, we will often
not notice the omission but instead predict the word that we think should be
there and read the sentence as though it is complete.

Our brains will also apply knowledge we already have about our sur-
roundings to new situations. In experiments with food coloring, a creamy
pink dessert is perceived to be strawberry flavored even though it is vanilla
flavored. Our minds have learned to associate pink with strawberries and
apply that knowledge to new situations—even when it is wrong. An interest-
ing aspect of our perception is that we believe what we see and hear, even
though our ability to be accurate is flawed. People will stick to what they
think they saw, even after they have been shown that it is impossible.

If you are feeling like your brain is defective, do not worry: the brain,
while faulty, is still good at providing us with the information we need to
survive. Filtering information, filling in gaps, and applying previous knowl-
edge to new situations are all useful traits, even if they do interfere some-
times. Understanding our limitations helps us improve our observation
skills, which is extremely important in forensic science. Criminal investiga-
tions depend on the observation skills of all parties involved—the police
investigators, the forensic scientists, and the witnesses.

OBSERVATIONS BY WITNESSES

Obj. 1.2,1.3,14, 1.6

One key component of any crime investigation is the observations made by wit-
nesses. Not surprisingly, the perceptions of witnesses can be faulty, even though
a witness may be utterly convinced of what he or she saw. Have you ever noticed
that you can walk along the street or ride in a car and be totally unaware of
your surroundings? You may be deeply involved in a serious conversation on
your cell phone and lose track of events happening around you. Your focus and
concentration may make an accurate accounting of events difficult.

Our emotional state influences our ability to see and hear what is happen-
ing around us. If people are very upset, happy, or depressed, they are more
likely not to notice their surroundings. Anxiety also plays a big part in what
we see and what we can remember. Our fear at a stressful time may interfere
with an accurate memory. Victims of bank robberies often relate conflicting
descriptions of the circumstances surrounding the robbery. Their descrip-
tions of the criminals committing the robbery often do not match.
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Figure 1-3 This eyewitness is searching a mug book for previous
offenders who might have committed the crime she witnessed.

Mikael Karlsson/Alamy

Nevertheless, eyewitness accounts of crimes can be valuable evidence
(Figure 1-3). Bystanders who are unaware that they are watching a crime unfold
are not subject to the anxiety victims are, and may provide valuable evidence.
And some victims are less subject to the disruptive effects of anxiety on memory.

Other factors affecting our observational skills include:

* Whether you are alone or with a group of people
¢ The number of people and/or animals in the area
* What type of activity is going on around you

e How much activity is occurring around you

All of these factors influence the accuracy of a witness’s observations.

Eyewitness Accounts

What we perceive about a person depends, in part, on his or her man-
nerisms and gestures. How a person looks, walks, stands, and uses hand
gestures all contribute to our image of his or her appearance. Think about
your family members. How would you describe them? What makes them
unique? We also form images of familiar places. Our homes, school, and

CHAPTER 1
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other places we often visit (e.g., a favorite store or restaurant) are burned
into our memories and easy to recognize and remember.

Eyewitness accounts of crime-scene events vary considerably from one per-
son to another. What you observe depends on your level of interest, stress, con-
centration, and the amount and kind of distraction present. Our prejudices,
personal beliefs, and motives also affect what we see. Memory fades with time,
and our brains tend to fill in details that we feel are appropriate but may not
be accurate. These factors can decrease an eyewitness’s accuracy in recalling a
crime. The testimony of an eyewitness can be very powerful in persuading the
jury one way or another; knowing the shortcomings of eyewitness testimony is
necessary to ensure that justice is carried out appropriately.

The Innocence Project

The Innocence Project at the Benjamin N. Cardozo School of Law at Yeshiva  siotosr

University in New York was created by Barry C. Scheck and Peter J. Neufeld

in 1992. Its purpose is to reexamine post-conviction cases

(individuals convicted and in prison) using DNA evidence to

provide conclusive proof of guilt or innocence (Figure 1-4).  Figure 1-4 Gary Dotson was the
After evaluating hundreds of wrongful convictions in the  first individual shown to be innocent
United States, the Innocence Project found that faulty eye- by the Innocence Project.

witness identification contributed up to 87 percent of those
wrongful convictions. Eyewitness errors included mistakes
in describing the age and facial distinctiveness of the sus-
pect. These mistakes resulted from disguised appearances,
too-brief sightings of the perpetrator, cross-gender and
cross-racial bias, and changes in the viewing environment
(from crime scene to police lineup).

When evaluating eyewitness testimony, the investigator
must discriminate between fact and opinion. What did
the witness actually see? Often what we think we saw and
what really happened differ. Someone fleeing the site of
a shooting might look like a suspect but could merely be
an innocent bystander running away in fear of being shot.
Witnesses have to be carefully examined to ensure that
they describe what they saw (eyewitness evidence), not what
they thought happened (opinion).

After witness examination, the examiner tries to piece
together the events (facts) of the crime into a logical pattern.
The next step is to determine if this pattern of events is veri-
fied by the evidence and reinforced by the witness testimony.

AP Images/Seth Perlman

How to Be a Good Observer

We can apply what we know about how the brain processes information to
improve our observation skills. Here are some basic tips:

1. We know that we are not naturally inclined to pay attention to all of the details of
our surroundings. To be a good observer, we must make a conscious effort to
examine our environment systematically. For example, if you are at a crime
scene, you could start at one corner of the room and run your eyes slowly
over every space, looking at everything you see. Likewise, when examining
a piece of evidence on a microscope slide, look systematically at every part

of the evidence.
OBSERVATION SKILLS 7
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We know that we are naturally inclined to filter out information we assume is
unimportant. However, at a crime scene, we do not know what may turn
out to be important. In this situation, we need to consciously observe
everything, no matter how small or how familiar, no matter what our
emotions or previous experiences. So we train ourselves to turn off our
filters, and instead act more like data-gathering robots.

We know that we are naturally inclined to interpret what we see, to look for patterns,
and make connections. To some degree, this inclination can lead to us jump-
ing to conclusions. While observing, we need to be careful that we concen-
trate first and foremost on gathering all of the available information and
leaving the interpretation until we have as much information as possible.
The more information we have, the better our interpretations will be.

We know that our memories are faulty. While observing, it is important to write
down and photograph as much information as possible (Figure 1-5). This will
become very important later when we, or our investigating team members,
are using our observations to try to piece together a crime. Documentation
also is important when acting as an expert witness. A judge will only accept
hair evidence that has been documented in writing and with photographs
taken at the crime scene. The verbal testimony of a forensic scientist alone
may not be entered into evidence without the proper documentation.

Figure 1-5 Documentation is an essential part of observation.

AP Images/Mary Altaffer

Observation is as much about finding evidence as it is about spot-
ting patterns of criminal behavior. We know that, on average, most
thieves who come in through a window will leave by a door. Search
the Gale Forensic Science eCollection on ngl.cengage.com/
forensicscienceze for articles on patterns of criminal behavior.
Discuss with the class how a knowledge of criminal behavioral pat-
terns can help to solve crimes.
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Forensic science the word conjures up images of CSI: Miami, 1ab coats, and dimly
lit laboratories. “Forensic” derives from the Latin word forensis, which means “of
the forum.” The ancient Roman forum was an open area where scholars would
gather to debate issues.

But forensics today is science. The debating comes later, in the court-
room, after the scientific analysis of the evidence. Science is formally
defined as the use of evidence to construct testable explanations and pre-
dictions of phenomena and the knowledge generated through this process.
Note that science is a process. Observations lead to a testable hypothesis, a
tentative explanation of observations that may or may not be supported by
testing. Through repeated testing and revising of hypotheses, diseases can
be cured and serial killers can be caught.

Note that a hypothesis is not a theory; neither in the sense of “I have a
theory as to where Amelia’s lost cat is,” nor in the sense of a scientific theory.
Like a hypothesis, a scientific theory is based on natural and physical phe-
nomena and must be capable of being tested by independent researchers and
subject to alteration as developing science and technology yield new data. But
unlike a hypothesis, a theory has been well-established and supported by test-
ing and is highly reliable. Newton’s physical theory of gravity, and the theories
of evolution and general relativity have been supported by more than a century
of data from diverse scientific disciplines.

What Forensic Scientists Do

So—what do forensic scientists do? Their task is to find, examine, and evalu-
ate evidence from a crime scene. A good forensic scientist is skilled at making
observations and applying scientific knowledge to analyze the crime scene.
Forensic scientists are bound by ethics to find as much evidence as possible
and to fully analyze and interpret it, with all the accuracy and skill of which
they are capable, without personal bias.
A forensic scientist must also be a good com-
municator who is able to convince a jury that
his/her analysis is both reliable and accurate
(Figure 1-6). Often specialists deal only with
certain types of evidence. Ballistics experts
work with bullets and firearms; pathologists
work with bodies to determine the cause of
death through the examination of injuries.
Textile experts, blood-spatter experts, and
vehicle experts all rely on observation skills
to do their jobs.

Police officers must also be trained to
have good observation skills. Part of their
training is learning to take in the entire
scene before making an assessment based
on their observations. The ability to solve a
crime depends on observing all of the evi-
dence left at a crime scene. Analytical skills
of this type require patience and practice.

witness in court.

OBSERVATION SKILLS

High-
ranking
police officers in New
York City are trained
in observation skills
at a local museum,
the Frick Collection.
The police learn to
identify details in the
paintings and draw
conclusions about the
paintings’ subjects.
They apply their new
skills at crime scenes.

Figure 1-6 A forensic scientist acting as an expert
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