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Civerview)

LEARNING TARGETS

By the end of this section, you should be able to:
v'IDENTIFY the individuals and variables in a set of data.

v'CLASSIFY variables as categorical or quantitative.
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Organizing Data

Statistics is the science and art of collecting, analyzing, and
drawing conclusions from data.
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Organizing Data

Statistics is the science and art of collecting, analyzing, and
drawing conclusions from data.

An individual is an object described in a set of data.
Individuals can be people, animals, or things.

Organizing Data

Statistics is the science and art of collecting, analyzing, and
drawing conclusions from data.

An individual is an object described in a set of data.
Individuals can be people, animals, or things.

Variable - an attribute that can take
different values for different individuals
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Variable - an attribute that can take

Categorical Variable Quantitative Variable
assigns labels that place takes number values that are
each individual into a guantities—counts or
particular group, called a measurements.
category.

- — =
Categorical Variable Quantitative Variable
assigns labels that place takes number values that are
each individual into a guantities—counts or
particular group, called a measurements.
category.
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Analyzing Data

A variable generally takes values that vary. We
are interested in the pattern of that variation.

Distribution
v tells us what values a variable takes and
how often it takes those values.




Day 0 Notes

September 06, 2018

Analyzing Data
Wrist
Number of circum-
languages Height ference Preferred

Province Gender  spoken Handedness (cm) (mm)  communication
Saskatchewan Male 1 Right 175.0 180 In person
Ontario Female 1 Right 162.5 160 In person
Alberta Male 1 Right 178.0 174 Facebook
Ontario Male 2 Right 169.0 160 Cell phone
Ontario Female 2 Right 166.0 65 In person
Nunavut Male 1 Right 168.5 160 Text messaging
Ontario Female 1 Right 166.0 165 Cell phone
Ontario Male 4 Left 157.5 147 Text messaging
Ontario Female 2 Right 150.5 187 Text messaging
Ontario Female 1 Right 171.0 180 Text messaging

Analyzing Data

Wrist - -
Number of i Sategorlcal variable
| Height f Preferred

e i I "0 0 ("t e “Preferred ,

Saskatchewan Male 1 Right 1750 180  Inpersom— communication method’

Ontario Female 1 Right 162.5 160 In person

Alberta Male 1 Rigt ~ 1780 174  Facebook

Ontario Male 2 Right 169.0 160 Cell phone

Ontario Female 2 Right 166.0 65 In person

Nunavut Male 1 Right 168.5 160 Text messaging

Ontario Female 1 Right 1660 165 Cell phone

Ontario Male 4 Left 157.5 147 Text messaging

Ontario Female 2 Right 1505 187 Text messaging

Ontario Female 1 Right 1710 180 Text messaging
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Wrist H H
Number of . Categorical variable
languages Height ference Preferred o
Province Gender  spoken Handedness (cm)  (mm) W Pr Ef err e-d . )
Saskatchewan Male 1 Right 1750 180  Inpersom— communication method”
Ontario Female 1 Right 162.5 160 In person
Alberta Male 1 Right 178.0 174 Facebook
Ontario Male 2 Right 169.0 160 Cell phone
Ontario Female 2 Right 166.0 65 In person Bar graph Of
Nunavut Male 1 Right ~ 1685 160  Text messaging “Preferred
Ontario Female 1 Right 166.0 165 Cell phone : : Z
Ontario Male 4 Left 157.5 147 Text messaging communication methOd’
Ontario Female 2 Right 1505 187  Textmessaging
Ontario Female 1 Right 1710 180 Text messaging 44
£ 3
g
.;
T 5
2
H
N .
- Cellphone  Facebook  Inperson Text
messaging
Preferred communication method
— st Quantitative variable
languages @
Province Gen spoken andédness (cm) (mm) communication Numbfr Of Ianguages
Saskatchewan  Male 7 Rght 1750 180  Inperson spoken
Ontario Female 1 Right 1625 160 In person
Alberta Male 1 Right 178.0 174 Facebook
Ontario Male 2 Right 1690 160 Cell phone
Ontario Female 2 Right 166.0 65 In person
Nunavut Male 1 Right 1685 160 Text messaging
Ontario Female 1 Right 1660 165 Cell phone
Ontario Male 4 Left 157.5 147 Text messaging
Ontario Female 2 Right 1505 187 Text messaging
Ontario Female 1 Right 1710 180 Text messaging
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Wrist H H H
T Quantitative variable
languages &
Province Gen spoken andédness (cm) (mm)  communication Numbfr Of Iang uages
Saskalchewan Male 1 Right 1750 180 In person spoken
Ontario Female 1 Right 162.5 160 In person
Alberta Male 1 Right 178.0 174 Facebook
Ontario Male 2 Right 169.0 160 Cell phone
Ontario Female 2 Right 166.0 65 In person
Nunavut Male 1 Right 1685 160  Text messaging
Ontario Female 1 Right 1660 165  Cell phone Dot plot of
Ontario Male 4 Left 157.5 147 Text messaging “
Ontario Female 2 Right 1505 187  Textmessaging Number of languages
Ontario Female 1 Right 1710 180  Textmessaging spoken”
o
.
o
. L4
v .
B . .
I I T T
1 2 3 4
Number of languages spoken
Virist
i h iable by i If rrreeie Height Men P
anguages el rence Ui
Examlne eac Va rla e y Itse * Province Gender s:ohgn Handedness (cm) (mm) communication
1 1 Saskatchewan  Male 1 Right 1750 180  Inperson
Then study relationships among . 1 I m o e
H Aberta Male 1 Right 1780 174 Facebook
the varlables' Ontario Male 2 Right 1690 160 Cell phone
Ontarlo Female 2 Right 166.0 65 In person
Nunavut Male 1 Right 1685 160 Text messaging
Ontario Female 1 Right 1660 185 Cell phone
Ontario Male 4 Left 1575 147 Text messaging
Ontario Female 2 Right 1505 187 Text messaging
Ontario Female 1 Right 1710 180  Textmessaging
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Wirist
. h . bl b . I f Number of circum-
languages Height ference Preferred
Exa mlne eac varla e y Itse * Province Gender spoken Handedness (cm) (mm)  communication
i i Saskatchewan  Male 1 Right 1750 180  Inperson
Then study relationships among 1 M T W aew
H Alberta Male 1 Right 1780 174 Facebook
the va rlables' Ontario Male 2 Right 1690 160  Cell phone
Ontarlo Female 2 Right 166.0 65 In person
Nunavut Male 1 Right 168.5 160 Text messaging
Ontario Female 1 Right 1660 185 Cell phone
Ontario Male 4 Left 1575 147 Text messaging
Ontario Female 2 Right 1505 187 Text messaging
Ontario Female 1 Right 1710 180  Text messaging
Start with graphs
.
H
H H .
T T T T
1 2 3 4
Number of languages spoken
Wrist
. h . bI b . If Number of clrcum-
languages Height ference Preferred
Exa mine eacn variable v Itse * Province Gender spoken Handedness (cm) (mm)  communication
i 1 Saskatchewan  Male 1 Right 1750 180  Inperson
Then study relationships among S e M e
1 Alberta Male 1 Right 1780 174 Facebook
the varia b IeS. Ontario Male 2 Right 1690 160  Cell phone
Ontarlo Female 2 Right 166.0 65 In person
Nunavut Male 1 Right 168.5 160 Text messaging
Ontario Female 1 Right 1660 185  Cell phone
Ontario Male - Left 1575 147 Text messaging
Ontario Female 2 Right 150.5 187 Text messaging
Ontario Female 1 Right 1710 180 Text messaging
Start with graphs
.
.
.
: H
- . .
T T T T
. 1 2 3 4
Add nu merlcal Number of languages spoken
summaries
Descriptive Statistics: Number of languages spoken
Total
Variable Count Mean StDev Minimum Q1 Median Q3 Maximum
Number of languages spoken 10 1.600 0.966 1.000 1.000 1.000 2.000 4.000
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From Data Analysis to Inference

From Data Analysis to Inference
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From Data Analysis to Inference

Collect data from a
representative
sample...

Collect data from a
representative
sample...

Perform data
analysis...
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From Data Analysis to Inference

Make an inference

about the population.

.\ Perform data

analysis...

Collect data from a
representative
sample...

Collect data from a
representative
sample...

Make an inference

about the population.

.\ Perform data

analysis...
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SMELLING PARKINSON’S DISEASE

. Why would it be important to know that someone can smell Parkinson’s disease?
R Go\l \Y 5\\' 0\3\006\ =
< VO Wi Aaqnons

2. How many correct decisions (out of 12) would you expect Joy make if she couldn’t really smell

Parkinson’s and was just guessing? )
abowt 4

3. How many correct decisions (out of 12) would it take to convince you that Joy really could smell
Parkinson’s? l 2 S v S e

(I

v
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SIMULATING THE EXPERIMENT

Although the researchers wanted to believe Joy, there was a chance that she may not really be able to tell
Parkinson’s by smell. It’s logical to be skeptical of claims that are very different than our experiences. If Joy
couldn’t really distinguish Parkinson’s by smell, then she would just have been guessing which shirt was which.
The researchers were not willing to commit time and resources to a larger investigation unless they could be
convinced to that Joy’s wasn’t just guessing. When researchers have a claim that they suspect (or hope) to find
evidence against, it’s called the null hypothesis.

4. What claim were the researchers hoping to find evidence against? That is, what was their prior belief
(null hypothesis) about the ability to smell Parkinson’s?

% HO C oy canmet Smell VaW®nson ¢

5. What claim were the researchers hoping to find evidence for? This is called the alternative
hypothesis or the research hypothesis.

H o oy fan smell P@@ Kinsos
PT \

To investigate the idea that Joy was just guessing which shirt was worn by which type of person, we will
assume that the null hypothesis is true.

6. Your instructor will hand you 12 cards (shirts) that have been shuffled into a random order. Don’t
turn them over yet! On the back of some of them is “Parkinson’s” and on the back of others is “No
Parkinson’s.” For each card, guess Parkinson’s or No Parkinson’s. Once you have made your guess,
turn the card over and see if you were correct. Repeat this for each card and record the number of

correct identifications (out of 12) below.
L&
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7. Create a dotplot of the number of correct identifications with the rest of the class. Record the results

below.
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In the actual experiment, Joy identified | | of the 12 shirts correctly. Based on the very small-scale
simulation by you and your classmates, what proportion of the simulations resulted in || or more
shirts correctly identified, assuming that the person was guessing!?

8.

9. The proportion you just calculated is a crude estimate of a true probability called a
P-value. How might we improve our estimate of the true probability?
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STATISTICAL INFERENCE FROM THE SIMULATION

10. Use the One Categorical Variable, Single Group applet at stapplet.com to run this simulation 10000
times. Then use that simulation to get a (likely) better estimate of the p-value for | | or more shirts
correctly identified, assuming that this person was just guessing. Is it possible that Joy correctly
identified || shirts just by random chance (guessing)? Is it likely?

I'l. An interesting side note is that Joy’s one “mistake” really wasn’t a mistake. The shirt was worn by a
person who supposedly didn’t have Parkinson’s even though Joy claimed that she could smell the
telitale smell on that shirt. That person called the experimenters a little while after the experiment and
reported that he had just been diagnosed with Parkinson’s disease. That meant that Joy correctly
identified 12 out of 12 shirts. What is the approximate P-value for |12 shirts correctly identified,
assuming that this person was just guessing?
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Note: A small P-value is considered strong evidence against the null hypothesis and in favor of the alternative
hypothesis. But how small is small? As a rule of thumb, statisticians generally agree that P-values below 0.05

provide pretty strong evidence against the null hypothesis. Observed results with small P-values are said to be
statistically significant.
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