Section 2.3: Types of Research Statypus Academy

The Observer: Anecdotes and Observational Studies

Data does not magically appear in a spreadsheet; it must be gathered. Before we write any
more code, we must understand the fundamental divide in all of statistics: how we interact with
the world we are measuring.

Consider the classic argument: “My uncle smoked three packs a day and lived to be 95.
Therefore, smoking is safe.”

e )
Bill the Statypus says: Anecdotes are statistical poison! A single datum won’t do.
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Sally the Statypus says: Bill is right, even if he’s being dramatic! A single story is
powerful, but it doesn’t prove a rule. To find the truth, we have to look at the big picture.

Let’s start with how we safely watch the world.
. J

1. Anecdotal Evidence

Think about the “smoking uncle” example above. Explain in your own words why relying on
highly memorable personal anecdotes is dangerous for a researcher trying to understand an
entire population.

2. The Observational Study

An Observational Study is exactly what it sounds like. We measure variables of interest, but
we do not attempt to influence the responses. We look, but we do not touch.

Action Item: The Pros and Cons of Observing

Based on Section 2.3.1, identify advantages and disadvantages of this research type.

The PROS (Why we use them): Provide two distinct advantages of Observational Studies.

A Major Con: Navigate to the first “Big Idea” in Section 2.3.2. Write out a major disadvan-
tage or limitation of observational studies mentioned there.

Statypus Insight: The Ethical Boundary

We cannot force people to text and drive, eat terrible diets, or smoke cigarettes just to

see what happens to them. For many of the most important questions in human health,
Observational Studies are the only ethical tool we have.
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The Lurking Variable Trap

The reason an Observational Study can never prove causation is because of the Lurking Vari-
able (also known as a confounding variable). This is an unseen “third variable” that affects
both of the things you are measuring, creating the illusion of a cause-and-effect relationship.

1. The Classic Illusion

A massive observational study finds a strong, undeniable mathematical link: On days where
more ice cream is sold, there are more shark attacks.

Action Item: Mapping the Confound

In the space below, draw a diagram. Write “Ice Cream Sales” and “Shark Attacks” next
to each other. Then, above them, write the actual Lurking Variable that is causing both
to go up at the same time. Draw arrows from the lurking variable pointing to the other
two.

2. The Organic Paradox

A longitudinal study finds the following association: People who consume more organic
produce tend to have significantly lower rates of heart disease and live longer lives.

While many believe the chemicals in non-organic food are the cause, a statistician looks for
a lurking variable. Identify a variable that likely influences both the ability to buy organic food
and the ability to maintain better overall health.

s \
Bill the Statypus says: Association is not causation. Confounding variables are the
enemy of truth. We require a sterile environment.

\ J

s N
Sally the Statypus says: When Bill says “sterile environment,” he means he wants to
build a laboratory. Turn the page, let’s look at how we design those.

. J

Page 2 of 4



Section 2.3: Types of Research Statypus Academy

The Architect: Designed Experiments

To prove causation, we must step out of the shadows and intervene. In a Designed Experi-
ment, the researcher actively assigns individuals to a specific treatment and then observes the
response.

1. Minimizing Bias: Blinding

One major method for minimizing bias in an experiment is the concept of Blinding. Using
Section 2.3, define the two levels of blinding;:

e Single Blinded:

e Double Blinded:

Statypus Insight: The Placebo and the Placebo Effect

A placebo is a treatment meant to have no impact on the individual but which mimics

the delivery of a treatment that may have an impact. This allows researchers to remove
the placebo effect—where a subject’s expectation of recovery causes actual changes in
their condition.

2. Applying the Concepts

Read Example 2.10 regarding the new chemical compound for exercise recovery.
Why is it essential that the second group is given a pill that looks as similar to the new pill
as possible, rather than being given no pill at all?

3. The Pros and Cons of Intervening

Experiments offer improvements over observational studies, but they come with trade-offs.
The PROS (The ultimate power): Provide the primary advantage of a designed experiment
over an observational study.

The CONS (The reality check): Provide two distinct disadvantages or limitations of running
an experiment.

s )
Bill the Statypus says: If you control the inputs, you command the outputs.

\ J
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Sally the Statypus says: But we can’t control humans like they are numbers in a

spreadsheet! We have to choose our methods carefully.
\. J
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The Scenario Showdown

It is time to choose. For each scenario below, you must decide if you should use an Observational
Study or a Designed Experiment to answer the research question. Defend your choice based on
ethics and logistics.

Scenario A: The Energy Drink

A sports science team wants to know if a brand new, highly caffeinated energy drink improves
the 100-meter dash times of college athletes.

Which method should they use? Why? (If an experiment, briefly describe the inter-
vention. If observational, explain why an experiment isn’t possible).

Scenario B: The Power Plant

The city council wants to know if living within 2 miles of a specific coal power plant causes a
higher rate of childhood asthma compared to living further away.

Which method should they use? Why? (If an experiment, briefly describe the inter-
vention. If observational, explain why an experiment isn’t possible).

Reflection: The Burden of Proof

News headlines constantly say things like “Eating chocolate ... can even help you LOSE
weight!” even when the research is dubious or a literal hoax. Why do you think the media
struggles so much with understanding statistical results?
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