Variables

+ Categorical / Qualitative

— Classifies subject by an attribute or
characteristic.

— Hair color, type of professor, make of car

 Quantitative
— Gives numerical measures of subjects.

— Weight, height, response time, number of
miles traveled to work

Quantitative Variables

Discrete

— A countable number of whole-numbered values (no
decimals).
« # of people entering a shop per hour (whole number)
« # of living grandparents (0,1,2,3,4 only)
« # of spades in a poker hand (0,1,2,3,4,5 only)
« # of balls a juggler is currently juggling
Continuous
— Can take on any numerical value (including decimals) on
an interval.
« Weight of an athlete (150, 150.01, 181.312, etc)
« Time taken to complete a lap
« The current speed of an airplane

Examples (HW 1.1-2.1)

Which of these are categorical or quantitative? For the
latter, which are discrete or continuous?

Length of an earthworm (in mm)
Quantitative, continuous

Region of U.S. (Southeast, West, etc.)
Categorical

Literary genre
Categorical

Number of times in one month the Creswell fire alarm
goes off

Quantitative, discrete

Important Terms

Population

— Total set of subjects in population
which we are
interested

Sample

— A subset of the
population for which
we have data

Subject

— Entities we measure
(individuals)

L ] ;
l?bject
* .

Important Terms

Parameter

— A numerical value summarizing the population
data.

— Ex: number of freshmen out of all STAT 2000
students

Statistic
— A numerical value summarizing the sample data.

— Ex: number of freshmen out of a sample of 100
STAT 2000 students

Parameter & Population both begin with P
Statistic and Sample both begin with S

Example (HW 1.1 -2.1)

A college dean wants to know the average
age of the faculty. She takes a random
sample of 10 faculty members and
averages their ages.

Population = all faculty members

Sample = the 10 faculty members selected

Subject = an individual faculty member

Parameter = average age of all faculty members
Statistic = average age of the 10 selected




Descriptive vs. Inferential

» Descriptive Statistic
— Summary of the data in the sample.
» Majority of students in a sample of 1000 attend
UGA football games
* Inferential Statistic
— A conclusion or prediction about the
population based on the sample data.

* Majority of all UGA students attend UGA football
games, based on the sample

Frequencies

frequency

proportion = -
total number of observations

frequency

percentage = ( ) x 100

total number of observations

Example: 18 cookies out of a random sample of 32
are chocolate chip

18
roportion = — = .5625
prop 32

percentage = (%) %100 =56.25%

Frequencies (HW 2.1-2.2)

Results from the question of how many
children a family has had. Fill in the answers.

s #Children 0 1 2 3
+ Count 786 460 662 489
« Proportion 32791 .19191 27618 20401

» Percentage 32.791% 19.191% 27.618% 20.401%
» Total number = 2397 families

Types of Charts (Categorical)

Bar Graph =<
» Categories on horizontal
axis, frequency on §
vertical axis, height of £
rectangle is frequenc °
[¢] q Y M [l
Bird Invertebrate Fish Reptile Other
e e e

Parcto Graph

Pareto Graph @

» Abar graph arranged with |, =«
bars in descending order  |§
H

of frequency " H H
[1 m

Fish  Invertebrate  Other Reple Bird
Primary Food Choice of Aligators.

Types of Charts (Categorical)

Pie Chart
« Acircle divided into

Categorical Data (HW 2.2)

» Consider the following table of 300 sampled people:

slices, with each slice Regional Distribution of Weather Stations
representing a category Southeast, 67
of a variable G

Northeast, 45,

» Size of a slice represents 12.5%

Midwest, 121,

overall percentage 37%

* To determine mode,
easier to use a bar chart Ve

35.1%

N. America | S. America Europe Africa Asia Australia

103 22 110 33 20 12

»  What proportion of people were not from North or South America?

If we were to make a pie chart, which continents would have the
largest and smallest slices?

+ Can we find the mean, median, and mode from this data? If so, find
them.




Categorical Data (HW 2.2)

» Consider the following table of 300 sampled people:

N. America | S. America Europe Africa Asia Australia

103 22 110 33 20 12

+ What proportion of people were not from North or South America?
— 300 - 103 - 22 = 175 people, so then 175/300 = .58333
+ If we were to make a pie chart, which continents would have the
largest and smallest slices?
— Largest: Europe  Smallest: Australia
+ Can we find the mean, median, and mode from this data? If so, find
them. We can’t compute the mean and median since this data is
categorical. The best we can do is the mode, which is Europe, since
it has the highest frequency.

Types of Charts (Quantitative)

Dot Plot

* Places a dot for every
data value above a

number line *
* L] *
A's on a Test LI . . LI
9090919395 90 91 92 93 94 95 96 97 98 99 100

95 95 98 98 99

Types of Charts (Quantitative)

Histogram
* Abar graph for
quantitative data

Test Scores

W

A's on a Test
90 90 91 93 95
95 95 98 98 99

[l ST PSR N

90-92 93-95 96-100

Histogram Interpretation (HW 2.2)

* How many total students
sampled?

1Q's of 7th Graders
60 + 82 + 60 +41 =243

100
82

80
«  Which class has highest / 60 60 60
lowest frequency? What are 41
those frequencies? 40
Highest: “100-109” with 82 2°
Lowest: “120-129” with 41 9099  100-109 110119  120-129

* How many students have an
1Q between 100 and 1197

82 + 60 =142
Stem-And-Leaf Plot Skewness

A B

* Abar chart on its side

+ “Stem” is all digits except 1 9 9

the last one

» Last digit is the “leaf” 20

: ﬁzcsgril:]ga;)rder Symmetric Skewed Left Skewed Right

. If nothin in arow, write 2 1 OO mean = median mean < median mean > median

the row, but leave it blank

Example (HW 2.1-2.2)

2235558
o0 210210 293 25 23|25

225 225 228 232 235




Outliers

* The mean is sensitive to outliers.
* The median is resistant to outliers.

* When outliers are present, best to use median as
measure of central tendency.
» Examples:
— Earthquake magnitudes on the Richter Scale (skewed
right since some, but very few, big earthquakes)

— Ages of residents at a retirement home (skewed left
since some, but very few, young people live there)

Outliers Example

» Miles traveled on public transportation
0030009050

Mean = 1.7 Median =0
* Now introduce a new data point: 90
0030009050 9

Mean = 9.72727 Median =0

Mean & Median (HW 2.3-2.4)

» The number of cups of tea a British person drinks per day
can be modeled as follows. 200 Brits were sampled, and
the results are listed. Compute the mean and median.
What can you say about the distribution’s shape?

Mean & Median (HW 2.3-2.4)

Cups of Tea | Frequency + For the median, find half
1 30 the total count (about 100),
2 102 so we need to find where
3 36 person # 100 is.
4 32 It's not in Row 1 since we
Total 200 have the first 30 only

Cups of Tea | Frequency
1 30
2 102
3 36
4 32
Total 200

« After Row 2, we have 30 +
102 = 132 people
~_(1x30)+(2x102)+(3x36) +(4x32)* Median = 2 since person #
mean = 200 100 falls in row 2
=235 * Mean > median =>
somewhat skewed right

Standard Deviation

* The average distance between any data
point and the mean of the data.

* Measures how much/little the data
distribution is spread out.

Standard Deviation

Frequency

Data

smaller standard deviation

—— larger standard deviation




Standard Deviation

[ B4 +F 1

higher standard deviation

Standard Deviation

T oA oHa

higher standard deviation

StatCrunch Commands

Summary Stats Example
From StatCrunch

Summary Stats o
Summary statistics:
1. Enter data in one column [column] n[ Mean [ variance [ std.Dev. | Std.Err. [Median|Range[Min[Max|Q1[q3]
2 Stat> Summary Stats > Columns [var1  [15]7.0933332]5.6920053|2.3858113[0.6160138]  6.9] 7.5[3.7[11.2[4.7]0.2]
3. Select column var1 © Mean= 709333
' — Average of the data set
4. Calculate « Standard Deviation = 2.38581 (average spread in data set)
Regression oL e
1. Enter data in two columns (same order) — 50% of data lie below (and above) this value.
2. STAT > REGRESSION > SIMPLE LINEAR ¢ 08=92(75% of data i below ti
* Range=7.
3. Select columns var1 and var2 — Difference between maximum (11.2) and minimum (3.7)
4. Calculate
Box-Plot (HW 25-26) 25% | 25% 25% 25%
250 | 25% | 25% | 25% | -
26 31 55 105 206
— 4
+ Between what two values are the middle 50% of the data
26 31 55 105 206 found?
— The quartiles: 31 and 105
+ Find and interpret the interquartile range.
» Greater than 31 cents: 75
-IQR = Q3-Q1 = 105-31 = 74
* Greater than $1 .05: 25 — The range for the middle half of the data.




New Box-Plot (HW 2.5-2.6)

Computer Drive Use (in kilobytes)

Min =4 Q3 =1105
Q1 =256 Max = 320,000
Median = 530

Is this bell-shaped or skewed?

Use the 1.5 * IQR rule to test for outliers.

4 256 530 1105 320,000

4 256 530 1105 320,000

Box-Plot (HW 2.5-2.6)

Skewed right
1.5*1QR =1.5(Q3-Q1)=1.5(1105-256) = 1273.5

Q1-1.5"IQR =256 - 1273.5 =-1017.5

Because there are no points beneath this cutoff, we
have no lower outliers.

Q3 + 1.5*IQR = 1105 + 1273.5 = 2378.5

Because the max is greater than this cutoff
(320,000 > 2378.5), we have an upper outlier.

Empirical Rule

* Only used for bell-
shaped distributions

« Within one standard a8%
deviation from the
mean, we have 68%
of all data points.

« Within two standard
deviations from the
mean, we have 95%
of all data points.

x-2s X X+2s

Empirical Rule

Within three standard
deviations from the o
mean, we have "
almost all data points.

Anything else is an —

outlier. ! )
SUMMARY

1s:68%

2s:95%

3 s: Almost all

Example (HW 2.3-2.4)

* The weight of a zebra is bell-shaped with an average of
700 pounds and a standard deviation of 70 pounds.

» Give an interval within which about 95% of the data fall.
x =700 s=70
95% means we go left and right 2 deviations
Lower Limit:  x—2s5=700—(2x70) =560

Upper Limit:  x + 25 = 700+ (2 x 70) = 840

So the interval is (560,840)




Example (HW 2.3-2.4)

The weight of a zebra is bell-shaped with an average of 700
pounds and a standard deviation of 70 pounds.

Approximately what percentage of the data is between 630 and
770?

Notice 700 - 630 = 70 and 770 - 700 = 70

We have therefore gone out 70 units, which is 1 deviation from
the mean.

By the Empirical Rule, 1 deviation has about 68% of the data.
Find the weight of a zebra that is three standard deviations above
the mean. Would this be an unusual observation?

x+3s=700 +(3x70) =910

Yes, because this is 3 deviations away. Very few observations will
be this far from the mean.

Z-Score

x—x _ (data point) — (mean)
K (st. dev.)

Z=

* A z-score is the number of standard deviations
above/below the mean the data point lies.
— If negative: data point is below mean
— If positive: data point is above mean
+ Data point is an outlier if...
— Z-score > 3, or
— Z-score <-3

Z-Score (HW 2.5-2.6)

For 261 female heights, the mean was 65.8 inches and
the standard deviation was 3.0 inches. The shortest
person in this sample had a height of 56 inches.

Calculate the z-score for this person.

7= (data point) —(mean) _ 56—65.8
(st. dev.) 3.0

=-3.26667

Interpret the Z-score.

Z-Score (HW 2.5-2.6)

» For 261 female heights, the mean was 65.8 inches and
the standard deviation was 3.0 inches.

* What is the Z-score for someone whose height is 2.0
standard deviations above the mean?

z = 2.0 (positive because above mean)

» Find the height corresponding to the above Z-score.

x—65.8 .
This person’s height is 3.26667 standard deviations 2.0= 30 7 (20)3.0)+65.8 = x=718in
below the mean (because it's negative). It’s less than
-3, so it’s an unusual observation, an outlier.
Percentiles Variable Types
The 20th percentile, for example, is the “cutoff’ such that 20% * Response

of the subjects have a score falling beneath that cutoff
So, x% of subjects fall beneath the xth percentile

Example: We have 200 subjects. To find the number falling
beneath the 20th percentile, we take 20% of 200, which is
200 * .20 = 40.

Therefore 40 subjects (out of 200) fall below the 20th
percentile.

QUESTION

For 200 subjects, how many fall above the 45th percentile?
— 200 * .45 = 90 fall below the 45th percentile

— Therefore 200 - 90 = 110 fall above

— Determined by another variable
— y-variable, on the vertical axis (scatter plots)

» Explanatory
— Explains or affects the response variable
— x-variable, on the horizontal axis (scatter plots)

» Acontingency table is a table that relates two
categorical variables

— Explanatory variable on the side
— Response variable on the top




Variables (HW 3.1)

+ Study between gender and views on
fighting terrorism

* Response? Views on terrorism

» Explanatory? Gender

+ Saying both possibilities often helps!

Could your gender determine your views on terrorism?
versus

Could your views on terrorism determine your gender?

Good Bad Total
Adjustment | Adjustment
Orientation 72 14 86
Orientation
Total 100 59 159

+ This is a chart of students that took freshmen orientation and
students that did not, and whether they adjusted well or poorly to
college

+ 86/ 159 did orientation
59 / 159 adjusted poorly
* 45/159 did not do orientation and also adjusted poorly

* 72/100 is the proportion of students adjusting well to college that
did orientation (conditional)

Good Bad
Adjugt(;qem Adjustment Total
Orientation 72 14 86
Orie’:toation 28 45 73
Total 100 59 159

Find the proportion of students that did not do orientation.
73/159 = 45912

Find the proportion of “orientation-students” that adjusted well.
72/86 = .83721

Find the proportion of “no-orientation-students” that adjusted well.
28/73 = .38356

« Does there appear to be an association between taking/not taking
orientation and adjustment to college? Yes: most students who have
orientation adjust well (83.721%), compared with students who did
not have orientation (38.356%)

Scatter Plots

var. var’
10 . 251e

2 4 6 8 2 4 6
vart vart

Strong, + correlation Weak, - correlation

Correlation (r)

e -1<r<1

« If ris positive, then so is the slope

« If ris negative, then so is the slope

» Closerristo 1 (or-1), strong correlation
+ Closer ris to 0, weak correlation

* ris unitless

+ rdoes not change if we flip variables

* r measures only LINEAR relationship

+ A strong correlation is not proof that one
variable causes the other

Correlation (HW 3.2-3.3)

* Which of the following has the strongest
and weakest correlation?

.80 .67 -34 11 -92

Strongest: -.92 (closesttoa 1)
Weakest: .11 (closest to 0)




Least-Squares Regression

y=a+bx
X = given data point
y = predicted response
a = intercept
— Predicted response when x =0
— May not always have a practical interpretation!
b = slope

— Slope is how much the predicted response
increases (or decreases) for every unit increase in x

Regression (HW 3.2-3.4)

* We want to predict average monthly car insurance
payments (y), given the number of accidents (x) the
client has had within the past three years.

y=137.11+ 39.8

* What's the predicted payment for someone who'’s had 2

accidents? .
y=137.11+39.82(2) =216.75

* Interpret the slope and intercept.

— For every additional accident, payment is expected to increase by
$39.82

— The expected payment for someone with no accidents is $137.11
Is correlation positive or negative?
— Positive because the slope’s positive

Example (HW 3.2-3.4)

The predicted number of visitors in Destin during
the summer is to be modeled.

For every 1 degree (in Fahrenheit) in
temperature, the predicted number of beach
visitors increases by 265. The y-intercept is
15,000.

Using this information, write down the regression
equation.

$ =15000 + 265x

Regression (HW 3.2-3.4)

» A shop owner wants to assign a new price for dog biscuit
packets. He is curious how the price per packet (x, in
dollars) affects the number sold per day (y). He studies
previous years’ data and gets: 3,: 98 —18x

* Interpret the slope.

— For every dollar increase in price, the number of dog biscuit
packets sold per day is expected to decrease by 18.

* Interpret the intercept.

— Literally: when price is $0 (free!), the number sold per day is
about 98 packets

— Nonsense, so intercept has no interpretation here

Regression (HW 3.2-3.4)

We want to predict the number of misprints (y) in a novel that's x
pages long (in hundreds). For instance, x = 2.5 is a 250 page novel.
The regression equationis y =5.1+3.2x

» Interpret the intercept (choose the best answer):

1.

2.
3. The intercept has no practical interpretation.

+ Interpret the slope (choose the best answer):

1.

2. Anovel 400 pages long can be expected to have 3.2 more
misprints than a novel 300 pages long.

Spotting an Outlier

war2

.
1600
1400 .
1200

Outlier!
1000

800 [i]

600

400

warl




Regression Output Residuals

Fitted line plot

StatCrunch Output: o
var2 = 2206.1917 — 615.97797var1

1400
1200
R (correlation coefficient) = -.8648 1000
800 v

600 residual

400

v

* The two bolded lines above are what you should use 5
* Use R (and not R-sq) for correlation !

residual = observed — predicted

=y-y

Residual (HW 3.2-3.4) Extrapolation (HW 3.2-3.4)

* The car insurance question again: §: 137.11+ 39.82% * This is a valid
+ The predicted payment for someone with 2 recent accidents prediction for years i
was $216.75. Suppose someone with 2 accidents had an between 1900 and 00 S LR O N
actual payment of $201. Compute this person’s residual. 2000 o :
=201  y=216.75 —y=-15.75 = o
? . b o « Butnotsafetouseto |f®
— Negative because actual was less (below the regression line) redict the vear 3000 = . .
* The model is based on people with between 0 and 6 P , y ) FI
accidents. Can we use it to predict the payment for * You can't predict .
someone with 13 recent accidents? outside the interval .
6.0
— No—the model is linear only between x = 0 and 6. Who knows 1900 1920 1940 1960 1980 2000
what happens outside that range? (This is extrapolation) e

Lurking Variables Example

« x =# of ounces of coffee drunk the day before
an exam

+ y = score on that exam

« Strong correlation does not prove that drinking
more coffee causes an exam score to increase
(there could be lurking variables)

— Number of hours reviewing
- GPA




