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CHAPTER 1 

T
he curriculum presented in this book was 

built on the foundation of performance-

based assessments, which are used to mea-

sure content knowledge and skills in the chemistry 

classroom. As a teacher, I often struggled to make 

high-level chemistry topics—such as Advanced 

Stoichiometry, Beer’s Law, Nuclear Chemistry, 

Electrochemistry, Equilibrium, Acids and Bases, 

and Organic Chemistry—relevant to students. 

Through the use of forensics in The Case of Kirsten 
K., we found a way to present these high-level top-

ics to students in a meaningful way. By having stu-

dents solve one piece of the forensics case at a time 

so that they solve the entire case by the end of the 

year, not only are we able to maintain student inter-

est, but we also have the opportunity to bring chem-

istry as a whole into focus for the students. 

DEVELOPMENT OF THE PROJECT 

The idea for the development of this chemistry-

based forensic assessment project fi rst stemmed 

from working with the Partnership for Research in 

Science and Mathematics Education (PRISM) pro-

gram at Illinois State University (ISU). This pro-

gram was funded by the GK–12 Fellows Program 

from the National Science Foundation (NSF) to 

allow graduate students at ISU the opportunity and 

funding to work with classroom teachers to develop 

curriculum, lessons, or projects that the teachers 

would otherwise not have the time or resources to 

develop. I had worked with PRISM for about four 

years before I started working with then–graduate 

student Sara McCubbins. I approached Sara with 

the idea of creating a yearlong performance-based 

assessment for my Chemistry II class that would 

reinforce the high-level chemistry topics required in 

the course and relate it to forensics—something that 

would guarantee the students’ interest. By linking 

the assessments to forensics, we felt students would 

make more connections between chemistry concepts 

that they may not be able to make on their own. We 

have presented this forensics-based assessment cur-

riculum at the Illinois Science Teachers Association 

(ISTA) and National Science Teachers Association 

(NSTA) conferences in 2009, and with this book, 

we hope to make it more practical for classroom 

teachers to implement this type of assessment into 

their own classrooms.

Forensics has the unique ability to maintain 

student interest and promote content learning. Stu-

dents’ interests are immediately peaked, and foren-

sics gave us all a common ground to revisit at the end 

of each unit. When you expand their minds with 

the use of creative assessments, students remember 

those activities long after they leave the classroom. I 

still have students approach me from past years and 

ask about the forensics case and specifi c characters 

from the story. 

Introduction to the 
Curriculum
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CHAPTER 1

One way to develop meaningful understand-

ing and interest in Science, Technology, Engineer-

ing, and Mathematics (STEM) concepts is through 

the application of those concepts to relevant issues 

(NRC 1996). The popularity of television shows 

such as Bones, CSI, and Cold Case have led to a 

documented increase of student interest in science 

and forensics (Bergslien 2006; Colgan 2002; Kaplan 

1993; Smallwood 2002). This increased interest 

provides educators the perfect opportunity to use 

forensics in their classroom. In fact, “the nature 

of forensic science makes it ideal for attacking the 

problems of teaching science because students 

can practice science as inquiry” (Funkhouser and 

Deslich 2000). Because this forensics-based cur-

riculum spans the entire school year, the students 

are able to use the skills learned in the classroom and 

apply them to the forensics case they are solving in 

the lab. 

In addition to providing chemistry-based lessons 

exploring the topic of forensics, The Case of Kirsten 
K. also provides educators with the opportunity to 

highlight the competitive nature of the forensics fi eld 

and the career opportunities it presents. According to 

the U.S. Department of Labor, the number of foren-

sic science technicians is expected to increase by 20% 

between 2008 and 2018 (Bureau of Labor Statistics 

2009). A large portion of this growth will be driven 

by the increased application of forensic science tech-

niques by state and local government to examine, 

solve, and prevent crime. Providing students the 

opportunity to merge their science and chemistry 

skills with this growing fi eld of study allows them to 

see the numerous career paths in which chemistry is 

applicable.

Some critics suggest that the topic of forensics 

in schools is being overused. While this may be true 

according to the resources available for the elemen-

tary and middle school levels, as well as the biological 

sciences, it is certainly not true for chemistry classes. 

And while many forensics activities and assessments 

exist for the high school science classroom individu-

ally, they are seldom able to link together multiple 

concepts throughout the year. Such activities are 

often treated as a “drop-in” unit or done for one 

assessment and then quickly forgotten. Even when 

educators use multiple forensics activities, the assess-

ments are often unrelated. Kaplan explains that “a 

series of seemingly unrelated experiments illustrat-

ing unrelated concepts is not effective in stimulating 

student interest, capturing their attention, and moti-

vating them toward further study in the sciences” 

(1993). The curriculum in this book is signifi cant and 

unique because it includes multiple forensics-based 

chemistry assessments that are all linked together 

throughout the year. 

In September 2000, John Funkhouser and Bar-

bara J. Deslich published an article in The Science 
Teacher on how to integrate forensic science into the 

chemistry curriculum. They explained that there 

were two primary obstacles that impeded the abil-

ity for such programs to take root in classrooms. 

One of these obstacles was teacher confi dence. 

The other was that “no complete source of infor-

mation exists that is aimed at a high school level, 

much less a hands-on, inquiry-based descriptive 

text or manual.” This book removes the second of 

those obstacles by providing an entire year’s worth 

of chemistry curriculum centered on forensics that 

uses performance-based assessment strategies.

The concept of having students solve one piece 

of the puzzle at a time, so that they solve the case 

by the end of the year, not only maintains student 

interest, but also allows the students to see how the 

chemistry topics they learn throughout the year 

are all related to each other. The Case of Kirsten K. 
does not replace an entire year’s worth of chemis-

try curriculum! Rather, it highlights the chemistry 

content connections, which students often fail to 

notice, by incorporating forensics-based evidence 

into a series of labs spread throughout the year. In 

total, students complete eight hands-on labs that 

are directly linked to the forensics case. While each 

performance assessment could be easily modifi ed 

and used individually, the intention is to use all the 

assessments in a yearlong project that continually 

connects complex chemistry curriculum into some-

thing that is more relatable to students and brings 

chemistry as a whole into focus.
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Introduction to the 
Curriculum

THE IMPORTANCE OF PERFORMANCE-
BASED ASSESSMENT

In addition to teaching chemistry through the 

unique and interesting lens of a forensics case, this 

curriculum also uses a variety of teaching strate-

gies and pedagogical tools that are considered to be 

best practice, such as performance-based assess-

ment. Performance-based Assessments, or PBAs, 

have been shown to enhance long-term memory 

and student comprehension (Krovetz et al. 1993; 

Newmann and Wehlage 1993; Rutherford 1990; 

Wygoda and Teague 1995). The curriculum pre-

sented in this book was built on the foundation of 

performance-based assessments, which are used to 

measure content knowledge and skills in the chem-

istry classroom. 

In The Case of Kirsten K., students complete fi ve 

different performance-based assessments through-

out the year that are tied to this forensics case. Each 

PBA focuses on content covered from the previous 

unit and centers on one piece of the forensics crime. 

These PBAs often involve multiple stations where 

students are analyzing evidence. A typical PBA 

for this curriculum will last anywhere from three 

to fi ve days in the lab. Considering the breadth of 

chemistry that the PBA is assessing, the weeklong 

timeframe is appropriate. Additionally, because 

students are trying to solve a case, they often for-

get that the work they are doing is actually a way 

of assessing their chemistry content knowledge and 

skills, which makes this authentic assessment some-

what unique. Research in authentic assessment has 

shown that students are so involved that they vol-

untarily discuss the project with others, explaining 

what they are doing and why (Krovetz et al. 1993; 

Newmann and Wehlage 1993; Wygoda and Teague 

1995). Evidence of this for The Case of Kirsten K. 
can be seen from the popularity of the course and 

continued high enrollment. 

PREPARING YOUR STUDENTS FOR 
INQUIRY LABS

In Appendix E, you will fi nd an example of an 

inquiry-based lab that I use to prepare my students 

for the types of labs they will conduct throughout 

this forensics case. It is important that students 

learn the skill of reverse inquiry, so that they can 

look at crime scene data and work backward to fi g-

ure out what the evidence means within the big pic-

ture of the case. The fi rst day of school, I have the 

lab set up as if Dr. BrINClHOF (an acronym for 

the diatomic elements) has been working on several 

labs in my classroom over the summer. I approach 

the students, who are locked out of my room and are 

standing in the hallway, to tell them there has been 

a murder in our lab and police think it is Dr. BrIN-

ClHOF who has been murdered. Students already 

know about Dr. BrINClHOF because we learned 

about him in their fi rst year of chemistry class. I 

tell students that police need their help in learn-

ing about what Dr. BrINClHOF could have been 

studying in the lab because it will help them solve 

the murder. I relate all the labs to the topic of green-

house gases, the gas laws, and atmospheric pressure 

to lead students to learn that he was working in the 

lab studying climate change. The global climate 

change debate lends itself well to a murder forensics 

case because of its controversial nature. After com-

pleting this lab, students are well prepared for the 

performance-based assessments that will take place 

throughout the year and are excited to receive the 

fi rst piece of the case in The Case of Kirsten K.

REFERENCES

Bergslien, E. 2006. Teaching to avoid the “CSI effect”: Keep-

ing the science in forensic science. Journal of Chemical 
Education 83 (5): 690–691.

Bureau of Labor Statistics. 2009. Occupational outlook hand-
book, 2010–11 edition, science technicians. Available 

online at www.bls.gov/oco/ocos115.htm 

Colgan, C. 2002. Teaching forensics, then and now. Educa-
tion Digest 68 (1): 59–61.
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B
efore delving into each individual activ-

ity presented in this text, it is important to 

understand an overall picture of the foren-

sics case itself and what is expected of the students. 

This section will also explain how information is 

organized within this book to provide the most 

user-friendly teacher resource possible.

DETAILS ABOUT THE CASE 

Each performance assessment focuses on a differ-

ent set of chemistry topics and chronologically fol-

lows the typical second-year chemistry curriculum. 

What follows is a brief description of each of the 

performance assessments that make up the entire 

yearlong forensics case.

• The Cooler and Delivery Truck Evidence. Stu-

dents must use their knowledge of density to 

design an experiment that will determine which 

lake/creek sample(s) the blue plastic cooler 

pieces are from, based on the ability of the 

cooler pieces to fl oat. In addition, students will 

use gas laws to determine details surrounding 

air bag deployment from the victim’s delivery 

truck.

 • The Chemical Evidence. This calculation-based 

activity has students identify chemical evidence 

from the crime scene (identifi ed in The Cooler 

CHAPTER 2 The Big Picture

and Delivery Truck Evidence) based on the per-

centage of four distinct residues found.

 • The Nuclear Radiation Evidence. In this assess-

ment, students analyze nitrate levels in soil 

samples, gather quantitative and qualitative 

data on shoe prints found at the crime site, use 

their knowledge of radioactive decay to date 

four different fragments of bone found at the 

crime scene, and use beta decay calculations to 

develop a time frame for the murder. 

 • The Weapon Analysis. During the fi rst two parts 

of this assessment, students use fi ngerprint 

analysis and the electric potential for each gun 

A Spec-20 is needed for this A Spec-20 is needed for this 

assessment or Lab Quest assessment or Lab Quest 

with Spectro-Vis probe, but with Spectro-Vis probe, but 

a “conviction” can still be a “conviction” can still be 

achieved at the end of the year achieved at the end of the year 

without this particular piece without this particular piece 

of evidence.of evidence.
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CHAPTER 2

and bullet combination to determine which 

subject matches each gun and which bullet 

came from the guns. In the fi nal two parts, stu-

dents will determine which suspects are posi-

tive for gunshot residue using titration tech-

niques and also which clothing stains for each 

suspect are positive for human blood using pH 

values and calculations. 

 • The Drug Lab Evidence. Students must fi rst 

use knowledge of organic functional groups 

and IR spectrometry to identify three known 

substances from the discovered drug lab. Then 

thin layer chromatography is used to identify 

the unknown drugs suspected of being sold 

and also to identify the pen used for writing in 

the drug sale transaction notebook. A caffeine 

extraction lab will also be performed to deter-

mine if caffeine was in fact being extracted from 

the coffee grounds found in the drug lab.

THE COMPLETE SCENARIO

In the following chapters, you will fi nd detailed 

information about each performance assessment 

and the evidence collected within that unit. How-

ever, we have provided a brief overview here to give 

you a better understanding of the case as a whole, 

including links between the suspects and victim. 

Evidence Gathered From the Cooler and 
Delivery Truck

Students should conclude that the suspect was 

not able to sink the cooler in any of the surround-

ing lakes, even with a body in it, a chain wrapped 

around it, and water fi lling it. For this reason, the 

suspect(s) had to take the cooler to a recycling plant 

to dispose of the evidence. When students create 

a density gradient, they should fi nd that the blue 

cooler pieces from the recycled sample fl oat in salt 

water with a density of 1.05g/ml and sink in vinegar 

with a density of 1.01 g/ml. The students should 

choose Clinton Lake as the lake where police should 

start looking because it has a slightly higher density 

than the other lakes (1.05g/ml), and this would have 

kept the blue cooler from sinking in that particular 

lake. Students should also conclude that the airbag 

volume of the sunken delivery truck will not exceed 

65 L so it will not burst as the truck is removed from 

the lake and police will be able to collect further data 

on the airbag and within the truck. 

The most probable suspects at this point, based 

on Suspect File A, would be Harold M. because he 

lives in Clinton and may know the area. The other 

suspect would be Gladys V. because she owns a 

house on the lake and would have direct access to 

Clinton Lake. Elizabeth G. may also be questioned 

in this case because she owns the wedding cake 

delivery truck that was found at the bottom of Clin-

ton Lake. Police may want to look into records of 

regular maintenance done on the truck to see if it 

had any effect on the accident.  

FINAL SCENARIO VICTIM AND SUSPECT LIST

Victim #1: Kirsten K.Victim #1: Kirsten K.

Suspect #1: Harold M.Suspect #1: Harold M.

Suspect #2: Gladys V.Suspect #2: Gladys V.

Suspect #3: Elizabeth G.Suspect #3: Elizabeth G.

Suspect #4/Victim #2: Larry J.Suspect #4/Victim #2: Larry J.

Suspect #5: Gerald V.Suspect #5: Gerald V.
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The Big Picture

Evidence Gathered From the Chemical 
Evidence

Students should fi nd that while the body has not 

been discovered yet, plenty of evidence can be col-

lected at the crime scene around the Clinton Lake 

area. The victim and suspects each had articles of 

clothing that the police collected to test for any 

chemical samples that matched those samples 

found at the crime scene. The victim’s clothing was 

found to have vanilla (C8H8O3) on it, which also 

matches a chemical found in the delivery truck and 

at the crime scene around Clinton Lake. This makes 

sense because she was last seen delivering a wedding 

cake, and she also worked at Elizabeth G.’s wedding 

cake business. Suspect #1, Harold M., was found to 

have aspirin (C9H8O4) on him. This chemical was 

also found at the crime scene, but this is an over-

the-counter drug and very common, so it doesn’t 

necessarily place Harold directly at the crime scene. 

Suspect #2, Gladys V., had cocaine (C17H21NO4) on 

her. This is suspicious for two reasons: (1) because 

cocaine is an illegal substance and (2) because it was 

also found at the crime scene. Gladys V. should be 

watched closely in future investigations. 

Elizabeth G., Suspect #3, had acetaminophen 

on her and also a second chemical (unknown #1), 

which students learn later in this assessment is gly-

oxylic acid (C2H2O3), a chemical used in the cake 

business to make vanilla. Acetaminophen is also 

an over-the-counter drug and was not found at the 

crime scene, so Elizabeth G. would not be a sus-

pect at this time. Larry J. was found to have two 

chemicals on him, nitroglycerine (C3H5N3O9) and 

an unknown #2 (C4H5N2O), later to be identifi ed as 

the empirical formula of caffeine (during the fourth 

performance assessment). Larry J. should be ques-

tioned further at this point because the unknown 

chemical found on him was also found at the crime 

scene.

Harold M. recently had surgery, which would 

explain the fact that he had aspirin, but it is still sus-

picious that aspirin was found at the crime scene as 

well. He also has a connection to the victim because 

he recently had back surgery and Kirsten K. was his 

nurse. The victim and her husband were renting the 

lake house from Gladys V. the week that Kirsten 

went missing. This and her illegal drug activity 

makes Gladys V. a prime suspect at this time. Larry 

J. also needs to be questioned further because of 

his prior convictions of drug charges and a possible 

connection to the cocaine found at the crime scene 

and on Gladys. 

Evidence Gathered From Nuclear Radiation

Students fi nd out that the case of Kirsten K. has 

gone from a missing-persons case to a murder 

investigation. Students should fi nd that Larry J. 

and Elizabeth G.’s shoes had nitrates on them that 

matched the soil sample from the area where the 

body was found. Students also should match shoe 

prints of the suspects’ shoes to the shoe prints the 

police lifted from the crime scene. Every suspect’s 

shoe prints were found at the crime scene except 

Harold M.’s. It is important for students to take into 

account where each shoe was found when they col-

lect information from the forensic tag on each shoe. 

For example, Larry J.’s shoe was actually found in 

the trunk of Elizabeth G.’s car, and they were both 

seen leaving a restaurant together recently. Students 

should also fi nd that Bone fragment #3 was the only 

one that could have possibly belonged to the victim 

because it is the only one that has not decayed at all 

into the daughter isotope. Students cannot do fur-

ther testing on the bone, but they can recommend 

to the police that further testing be done. In the last 

part of the assessment, students fi nd out that the 

victim was given a medical tracer to kill her. She was 

given 34.8 g of the tracer and the lethal dose is 30 

g. Students should put together all the evidence at 

this point and conclude that while Kirsten K. was 

missing for several months, she was not killed until 

recently (about 24 days ago) based on the decay of 

the medical tracer found in her body.

The top suspects at this point would be Larry 

J. and Elizabeth G. The soil match and their recent 

activity—meeting at restaurants while Larry’s wife 

is missing—seem suspicious. Also, there may be 

some talk around town about Larry J. and Elizabeth 

G. because her client number has decreased for her 

wedding cake business. Gladys V. has a lake house on 
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