
Investigation 2-4

Backpacks and Back Pain

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Is there an association                                   
between the hypothesized cause and the disease? 

Presenter
Presentation Notes
In Investigation 2-4: Backpacks and Back Pain, students will conduct an observational study by creating definitions of an exposure and an outcome, collecting data, displaying data in a 2 x 2 table, calculating risks, comparing risks (calculating relative risk), and making inferences.The purpose of the Module 2 investigations is to learn how to answer the second Essential Question: “Is there an association between the hypothesized cause and the disease?”  Next Slide



Investigation 2-4

1
How is this disease  

distributed?
Hypotheses

3
Is the association 

causal?

4
What should be done 

to prevent the disease?

5
Did the prevention 

strategy work?

Where are we and where are we going?

What’s                                  
my hypothesis?

2
Is there 

an association?

Did the exposure and 
the disease turn up 

together?

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Presenter
Presentation Notes
Remind students again that they are learning how to answer the question “Is there an association?”Next Slide



Investigation 2-4

Under what circumstances is it 
appropriate to experiment with 
human beings?

How can we test a hypothesis 
that something causes harm in 
a human experiment?

How can we test the hypothesis 
that carrying a heavy backpack 
causes back pain in a way that 
follows the principles you 
developed in the previous 
investigation?

Review

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Presenter
Presentation Notes
Ask students the following review questions:■  Under what circumstances is it appropriate to experiment with human beings?  (When you want to test a hypothesis that an exposure will improve health)■  How can we test a hypothesis that something causes harm in a human experiment?  (By observing free-living people as they go about their daily lives)■  How can we test the hypothesis that carrying a heavy backpack causes back pain in a way that follows the principles developed in the previous investigation?  (By observing free-living people as they go about their daily lives)Next Slide



Investigation 2-4

Carrying Heavy Backpacks Causes Back Pain.

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Presenter
Presentation Notes
Explain that one way to test hypotheses about exposures that might harm people is by performing an observational study of a natural experiment.  In an observational study, epidemiologists study people, the things to which they are exposed and the things that happen to them, as they go about their daily lives.  Unlike a trial, in which the epidemiologist intentionally exposes some participants to something, in an observational study, the epidemiologist observes the exposures that people come in contact with and the things that happen to them naturally.Make sure students realize that we are all carrying out “natural experiments” on ourselves each day of our lives as we decide what to do, where to go, and what to expose ourselves to. Have students raise their hands if they had 8 hours of sleep last night, if they woke up to an alarm clock this morning, if they ate breakfast this morning, if they had a cup of coffee this morning, and if they walked to school this morning.  Point out that they have each carried out a natural experiment on themselves as they decided what to do, where to go, and what to expose themselves to.Next Slide
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Natural  Experiment

Epi Talk

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Naturally occurring 
circumstances in which groups 
of people within a population 
have been exposed to different 
levels of the hypothesized cause 
of an outcome.

Presenter
Presentation Notes
Ask students to find “Natural experiment” in the Epi Talk list. Review its definition.Next Slide
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Observational Studies

Epi Talk

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Epidemiologic studies of natural 
experiments in which the 
investigator is not involved in the 
intervention other than to record, 
classify, count, and statistically 
analyze results.

Presenter
Presentation Notes
Ask students to find “Observational studies” in the Epi Talk list. Review its definition.  Clarify that in an observational study, epidemiologists examine people, the things to which they are exposed, and the things that happen to them naturally as they go about their lives. Next Slide
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Trial

Epi Talk

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

An epidemiologic experiment in 
which subjects are assigned into 
groups to receive or not receive            
a hypothesized beneficial 
intervention.

Presenter
Presentation Notes
Ask students to find “Trial” in the Epi Talk list. Review its definition.A trial is generally regarded as the most scientifically rigorous method of hypothesis testing available in epidemiology.Next Slide
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Epi Talk

Detectives in the Classroom - Investigation 2-4:  Backpacks And Back Pain

Experimental Group

Subjects selected for a trial who 
are assigned to a group to 
receive a hypothesized 
beneficial intervention.

Presenter
Presentation Notes
Ask students to find “Experimental group” in the Epi Talk list. Review its definition. Next Slide
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Hypothesis:  Cigarette smoking causes lung cancer.

Trial

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Smoke Do Not Smoke

Presenter
Presentation Notes
Explain that the hypothesis “cigarette smoking causes lung cancer” was not tested in a trial.  An epidemiologist did not assign people to experimental and control groups and have the experimental group smoke a pack of cigarettes a day for 20 years. Next Slide
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Hypothesis:  Cigarette smoking causes lung cancer.

Trial

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Smoke Do Not Smoke

Presenter
Presentation Notes
Rather, people themselves, not the epidemiologist, decided whether or not to smoke cigarettes and, in doing so, put themselves into either the experimental group (exposed) or the control group (unexposed).  Then, the lung cancer risks for each group were compared.  No one was forced to do anything.  Epidemiologists can test hypotheses by investigating the “natural experiments” people perform on themselves.  They can observe the things to which people are exposed and the things that happen to them as they go about their lives. Next Slide
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Testing Hypotheses

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Presenter
Presentation Notes
Ask students to take out “Backpack May Spell Backache,” the article they read for homework, and the list of principles they developed in their Investigation 2-3: Epi Log Worksheet.Next Slide
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Carrying heavy backpacks causes back pain.

Control Group

2 X 2 Table

Risks

Inferences

Belmont Report

Relative Risk

Testing Hypotheses

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Presenter
Presentation Notes
Ask students: ■  How would you test the hypothesis “carrying a heavy backpack causes back pain”?Students should consider the following when developing their plan:  the need for a control group, the 2 x 2 table, calculating risks and relative risks, making inferences, and the Belmont Report. Next Slide
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Acne
No 

Acne Total

b

d

a

c

AcneMed

No              
AcneMed

100

100

Trial

Carrying heavy backpacks causes back pain.

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Presenter
Presentation Notes
Show students the AcneMed and acne 2 x 2 table from the previous investigations.Ask students:■   How would you relabel the 2 x 2 table for an observational study of the natural experiment testing the hypothesis “carrying a heavy backpack causes back pain”?Compare students’ answers with the 2 x 2 table on the next slide.Next Slide
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Back 
Pain

No 
Back 
Pain Total

b

d

a

c

Heavy 
Backpacks

No Heavy 
Backpacks

Observational Study

Carrying heavy backpacks causes back pain.

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Presenter
Presentation Notes
Note that there are two rows for the exposure: carrying or not carrying a heavy back pack.  There are two columns for the outcome:  back pain or no back pain. There are four cells: a, b, c, and d. Next Slide
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No 
Acne Total

b
d

a
c

AcneMed

No AcneMed

Acne

What is the difference?

Trial Observational Study

Total

b
d

a
c

Heavy 
Backpack

No Heavy 
Backpack

Back 
Pain

No 
Back 
Pain

100

100

Testing Hypotheses

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

There are no 100’s in the “Total” column.

100

100

?

?

Presenter
Presentation Notes
Ask students:■  What is the major difference between the 2 x 2 table for the trial and the 2 x 2 table for the observational study?  Probe.  (There are no 100’s in the “Total” column in the 2 x 2 table for the observational study.)  Ask students:■  Why don’t we have totals of 100 in the right-hand column?  (Unlike the trial, when we select a sample of people to participate in an observational study of a natural experiment, we do not assign a specific number of people to the experimental group and force them to carry heavy backpacks.  The participants have decided, freely and naturally, to carry or not carry heavy backpacks and, in doing so, have determined for themselves whether they are in the experimental or control group.)Next Slide
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“Heavy”

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Presenter
Presentation Notes
Ask students:■  How is a heavy backpack defined in the article?  (“Experts … recommend that you carry no more than 15% of your total body weight, and preferably less than that.”)Next Slide 
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15 %

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

What is 15% of 120 lbs?

120    X   .15   = 

What is 15% of 
someone’s body weight?

18 lbs

120 lbs

Presenter
Presentation Notes
Ask students:■  How would you determine what 15% of someone’s body weight is?  For example, if Maria weighs 120 lbs, what is 15% of her body weight?  (18 lbs) Next Slide
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Heavy

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Yes 

Is Maria’s backpack heavy?

20 lbs

15% of Maria’s body weight               
= 18 lbs 

Presenter
Presentation Notes
Ask students: ■  If 15% of Maria’s body weight is 18 lbs and Maria’s backpack weighs 20 lbs, is her backpack heavy?  (Yes) Next Slide
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Epi Log Worksheet

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Presenter
Presentation Notes
Give each student an Investigation 2-4:  Epi Log Worksheet.Next Slide.
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Exposure

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

1

Check one.

Heavy Backpack

No Heavy Backpack

Presenter
Presentation Notes
Students should complete Part 1 of their Investigation 2-4:  Epi Log Worksheets by weighing themselves and their backpacks, determining whether or not they have been exposed to a heavy backpack, and placing a check in the appropriate box. ☼  Teacher Alert:  One student who used a wheeled-backpack wanted to know if she “carried” a heavy backpack because she hauled it up the stairs several times during the school day.  After class discussion, the consensus among the students was that she did not carry a heavy backpack.  With guidance offered only when necessary, let students define their exposure variable. Next Slide
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Outcome

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Any memorable pain 
in the past two weeks.

What is               
back pain?

Presenter
Presentation Notes
Ask students:■  Can you describe how “back pain” is defined in the article?  (The article does not define “back pain”.)■  How should “back pain” be defined?  Let students explore the difficulty of determining what is and is not back pain.  Conclude that, for the purpose of this study, “back pain” will be defined as any memorable pain in the back during the past 2 weeks. ☼  Teacher Alert:  One student wanted to know if the pain in his shoulder was “back” pain.  After class discussion, the consensus among the students was that his pain was not back pain.  With guidance offered only when necessary, let students define their outcome variable.Next Slide
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Outcome

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

2

Check one.

Back Pain

No Back Pain

Presenter
Presentation Notes
Students should complete Part 2 of their Investigation 2-4:  Epi Log Worksheets by determining whether or not they have experienced the outcome of back pain and placing a check in the appropriate box. Next Slide
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Back 
Pain

No 
Back 
Pain Total

b
d

a
c

Heavy 
Backpacks

No Heavy 
Backpacks

2 x 2 Table

Can you think of someone, anyone, anywhere in the whole 
wide world, who could not “fit” into cell a, b, c, or d?

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Presenter
Presentation Notes
Review which characteristics place a person in each cell of a 2 x 2 table: ■  Cell a:  Heavy backpack and back pain■  Cell b:  Heavy backpack and no back pain■  Cell c:  No heavy backpack and back pain■  Cell d:  No heavy backpack and no back painAsk students:■  Can you think of someone, anyone, anywhere in the whole wide world, who could not fit into cell a, b, c, or d?  (No) Next Slide
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Investigation 2-4

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Presenter
Presentation Notes
Tell students that you are going to give them a 2 x 2 Table Sheet. Instruct students not to put their names on the sheets.  However, they should privately and carefully put a single check in cell a, b, c, or d, depending on which description applies to them.  Ask students:■  Which cell do you check if you     □  carry a heavy backpack and have back pain?  (a)    □  carry a heavy backpack and do not have pain?  (b)    □  do not carry a heavy backpack and have back pain?  (c)    □  do not carry a heavy backpack and do not have back pain?  (d)After they have put a check on the 2 x 2 Table Sheet, they should immediately put the sheet face down on their desks. Next Slide
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Voluntary consent given by a 
person for participation in a 
study.

Informed Consent

Epi Talk

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Participants must know and 
understand the study, give 
consent without coercion, and 
know that they can withdraw               
at any time.

Presenter
Presentation Notes
Ask students to find “Informed consent” in the Epi Talk list. Review its definition.☼  Teacher Alert:  Although information about carrying a backpack and back pain is not as private as other exposures and outcomes, make it obvious that you are concerned about, and will protect, students’ anonymity and confidentiality. Ask if anyone in the class does not understand how this observational study of a natural experiment will be conducted.  Clarify as needed.  1.  Each student will anonymously hand in their 2 x 2 Table Sheet.  2.  A 2 x 2 table will be developed for the entire class.  3.  Risks and a relative risk will be calculated for the entire class.  4.  The teacher will discard the 2 x 2 Table Sheets after class. Emphasize that students are not required to participate in the study.  If they do not wish to participate, they can simply turn over their 2 x 2 Table Sheet without putting a check on it.  If they do wish to take part, they can give their “informed consent” by placing a check in the 2 x 2 Table Sheet. Next Slide
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Investigation 2-4

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Presenter
Presentation Notes
Now give each student a 2 x 2 Table Sheet. Tell students:1.  If you do not want to participate in this study, simply turn over your 2 x 2 Table Sheet without writing anything on it. 2.  Do not write your name on the 2 x 2 Table Sheet.3.  If you do want to participate in this study, you should put a single check in the appropriate cell, depending on whether or not you carry a heavy backpack and whether or not you have had back pain in the past 2 weeks.4.  Follow the above directions and immediately turn your 2 x 2 Table Sheet over when you are finished. Collect the 2 x 2 Table Sheets and place them, face down, on your desk. Next Slide
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2 x 2 Table

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Back 
Pain

No 
Back 
Pain Total

b

d

a

c

Heavy 
Backpacks

No Heavy 
Backpacks

b
b
b

b

b bb
b

b

Presenter
Presentation Notes
Draw a large 2 x 2 table on the board.As you thoroughly shuffle the 2 x 2 Table Sheets in front of the class, tell students that you are shuffling the sheets to protect their privacy.  Place the 2 x 2 Table Sheets in a pile on your desk. Tell students that as you call their names you want them to take the top (not their own) 2 x 2 Table Sheet from the pile on your desk, place a check in the same cell on the board that is checked in the 2 x 2 Table Sheet, return the 2 x 2 Table Sheet to you, and go back to their seats. When all the checks have been placed on the board, tally the checks and write a number in each cell.  Do not erase the checks. Next Slide
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2x2 Table

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Heavy            
Backpacks

Back    
Pain

No            
Back    
Pain Total

No Heavy 
Backpacks

b

d

a

c

3

Presenter
Presentation Notes
Students should complete Part 3 of their Investigation 2-4:  Epi Log Worksheets by completing the 2 x 2 table for testing the hypothesis “carrying heavy backpacks causes back pain.” Next Slide
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Numerator is the number of people who have back pain and 
denominator is the number of people in the population.

Risk

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Heavy            
Backpacks

Back    
Pain

No            
Back    
Pain Total

No Heavy 
Backpacks

b

d

a

c

or

Back Pain 
Risks

or

%

%

4

Presenter
Presentation Notes
Remind students that when they calculate a risk, the numerator is the number of people in the population who have the outcome and the denominator is the total number of people in the population.Students should complete Part 4 of their Investigation 2-4:  Epi Log Worksheets by calculating the risk of back pain in the group that carried heavy backpacks and the risk of back pain in the group that did not. Next Slide
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Heavy            
Backpacks

Back     
Pain

No            
Back     
Pain Total

No Heavy 
Backpacks

b

d

a

c

or

Back Pain 
Risks

or

%

%

Relative      
Risk

Divide the risk of the outcome in the exposed group by the 
risk of the outcome in the unexposed group.

Relative Risk

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

5

Presenter
Presentation Notes
Remind students that a relative risk is calculated by dividing the risk of an outcome in one group by the risk of the outcome in another group.Students should complete Part 5 of their Investigation 2-4:  Epi Log Worksheets by calculating the relative risk. Next Slide
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Heavy              
Backpacks

Back      
Pain

No              
Back      
Pain Total

No Heavy 
Backpacks

b

d

a

c

or

Back Pain 
Risks

or

%

%

Relative         
Risk

Relative Risk

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Students who carried heavy backpacks were                
______ times as likely to have back pain                    

as students who did not carry heavy backpacks.

6

Presenter
Presentation Notes
Students should complete Part 6 of their Investigation 2-4:  Epi Log Worksheets by completing the statement “Students who carried heavy backpacks were ______ times as likely to have back pain as students who did not carry heavy backpacks.”Next Slide
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Heavy     
Backpacks

Back Pain
No   Back 

Pain
Total

No Heavy 
Backpacks

b

d

a

c

or

Back Pain 
Risks

or

%

%

Relative    
Risk

Predict from what is observed to what is not observed.

Inference

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

7

Presenter
Presentation Notes
Remind students that an inference is a prediction of what is not observed based on what is observed. Students should complete Part 7 of their Investigation 2-4:  Epi Log Worksheets by making an inference based on their relative risk calculation.Next Slide
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Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Heavy Backpacks No Heavy Backpacks

Carrying Heavy Backpacks Causes Back Pain.

Presenter
Presentation Notes
Ask students: ■  Was the backpack study a trial or …Next Slide
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Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Carrying Heavy Backpacks Causes Back Pain.

Heavy Backpacks No Heavy Backpacks

Presenter
Presentation Notes
…  an observational study of a natural experiment?  (Observational study) ■  Can you explain why?  (Students themselves, not an epidemiologist, decided whether or not to carry heavy backpacks and, in doing so, put themselves into either the experimental group [exposed] or the control group [unexposed].  Then the risks of back pain for each group were compared.  No one was forced to do anything.) Next Slide
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How could the hypothesis be tested in a trial?

What “principles” would be broken in a trial?

Was the same “principle” broken in the observational study?

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Carrying Heavy Backpacks Causes Back Pain.

Presenter
Presentation Notes
Discuss the following questions with students: ■  How could the hypothesis be tested in a trial?  (Divide students into two groups.  Tell one group to carry heavy backpacks and the other group to carry light backpacks.  After 3 months, count the number of students with back pain in both groups.)■  What “principle(s)” would be broken in a trial?  (Do not intentionally harm study participants.)■  Was the same principle(s) broken in the observational study?  (No)Next Slide
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Observational Studies

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Review

Were you 
involved in 
assigning 

exposures?

Did you observe 
what others had       

done to 
themselves?

Did you record, 
classify, count and 
statistically analyze 

the results?

Epidemiologic studies of natural 
experiments in which the 
investigator is not involved in the 
intervention other than to record, 
classify, count, and statistically 
analyze results.

8

Presenter
Presentation Notes
Remind students that an observational study is an epidemiologic study in which the investigator is not involved in the subjects' exposures other than to record, classify, count, and statistically analyze results.Students should answer Question 8 on their Investigation 2-4:  Epi Log Worksheets by placing a check in the appropriate “Yes” or “No” box for each of the following questions:■  Were you involved directly in assigning exposures?  (No)■  Did you observe what others had done to themselves?  (Yes)■  Did you record, classify, count and statistically analyze the results?  (Yes)Next Slide
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Carrying Heavy Backpacks Causes Back Pain.

Heavy Backpacks No Heavy Backpacks

Presenter
Presentation Notes
Ask students:■  Which study design would be most accurate, a trial or …Next Slide
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Carrying Heavy Backpacks Causes Back Pain.

Heavy Backpacks No Heavy Backpacks

Presenter
Presentation Notes
…  an observational study? Next Slide
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Carrying Heavy Backpacks Causes Back Pain.

Heavy Backpacks No Heavy Backpacks

Presenter
Presentation Notes
(Trial)■  Can you  explain why?☼  Teacher Alert:  Be sure students understand that the more accurate study will be the one in which exposure is more accurately measured.  Accuracy is more likely in a trial because the exposure is carefully measured and given to the subject at the start of the trial.  In an observational study, exposure varies and it is usually not possible to take systematic and careful measurements. Next Slide
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Carrying Heavy Backpacks Causes Back Pain.

We are all carrying out “natural experiments” on 
ourselves each day of our lives, as we decide what to do, 

where to go, and to what to expose ourselves.

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Presenter
Presentation Notes
Remember that we are all carrying out natural experiments on ourselves each day of our lives as we decide what to do, where to go, and what to expose ourselves to.Next Slide
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Investigation 
2-4 has 
ended.

Backpacks and Back Pain

Detectives in the Classroom - Investigation 2-4:  Backpacks and Back Pain

Presenter
Presentation Notes
Despite the advantages of trials, there is a need for observational studies of natural experiments.This concludes Investigation 2-4: Backpacks and Back Pain and students can now put away their Epi Logs. 
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