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Learning Objectives
I. Define Epidemiology
II. Discuss the types of health determinants and their relation
to one another
III. Identify the elements of disease distribution: Person,
place, and time

What is Epidemiology?
• Study of

– Distribution of disease in human populations
– Factors that determine disease distribution.
– Disease risk across different groups (e.g. gender, race, age, etc.)

• Disease occurrence is NOT random and can be predicted
with rigorous surveillance and study

“Epidemiology is the study of the distribution and determinants of
health-related states or events in specified populations, and
the application of this study to control of health problems.”

(Porta M: A Dictionary of Epidemiology, sixth edition New York, Oxford University Press, 2014)

Determinants
- Factors or events that are capable of bringing about a change in
health.
- Examples:
-

Environmental – sanitation
Social - Isolation
Behavior – Sedentary lifestyle
Genetic – Chromosomal defects
Healthcare – Low accessibility

- Often referred to as exposure as associated with an outcome
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Distribution
-

Frequency of disease occurrence may vary from one population group to another.
Person
- Inherent: age, gender, race, ethnicity
- Acquired: immunity, marital status, education
- Behavioral: exercise, leisure, medication use
- Conditions: access to health care, environmental state
Place
- Residence
- Birthplace
- Place of employment
- Country, state, etc.
Time
- When does it occur
- Is it predictable
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Central Blue Covid-19 Tracking:
https://etsu.maps.arcgis.com/apps/opsdashboard/inde
x.html#/d77ce6da6dcd4cd89c60baca74f0d9b9

Population
• A group of individuals that share characteristics
– Geographic (Zip code, county, state, etc.)
– Individual traits (Gender, sex, race, etc.)
– Social circumstances (Marital status, employment, education, etc.)

• Describes variation by age groups, time, geographic location, and
other variables.
• Epidemiology is often referred to as Population Medicine.

Quantification: Rates
- Used to make comparisons across populations
- Morbidity and Mortality
- Morbidity: rate of a specific illness in the population
- Mortality: rate of deaths associated with specific cause of death in the population

- Incidence: rate of new cases within a specified period of time
- Prevalence: proportion of a population affected by a health-related state at a
specific point in time

Descriptive v. Analytic Epidemiology
• Descriptive Epidemiology:

– examine how the occurrence of disease and mortality varies according to demographic
characteristics.
– Identify high-risk groups but do not test hypotheses.
– Results used to develop hypotheses about risk factors and causes, but are not tested.

• Analytic Epidemiology:

– Test hypotheses about potential risk factors & health outcomes (disease).
– Evaluate whether there is an association between some suspected risk factor
(“exposure”) and various health “outcomes” (often some disease).

Descriptive Epi Approaches
• Case reports
– Acute clinical observations of unusual cases of disease
– Single occurrence of methylene chloride poisoning

• Case series
– Summary of the characteristics of a consecutive listing of patients from one or more major clinical settings
– Five cases of hantavirus pulmonary syndrome

• Cross-sectional studies
–
–
–
–

Surveys of the population to estimate the prevalence of a disease or exposure
National Health Interview Survey
Behavioral Risk Factor Surveillance System
National Survey on Drug Use and Health

Inductive Reasoning
• Logical process for deriving hypotheses from gathered information
• Method of difference
– All factors in two or more places are the same except for a single factor
– Heart disease and physical activity

• Method of agreement
– Single factor is common to a variety of settings
– Air pollution and CPD

• Method of concomitant variation
– Frequency of disease varies according to the potency of a factor
– Number of cigs smoked and incidence of lung cancer

• Method of residues
– Subtraction of potential causal factors to determine which factor(s) have the greatest impact
– Individual contribution to heart disease of heredity, diet, stress, exercise, etc.

Analytic Epi Approaches
-

Next step in the epidemiologic approach in which we take the information about disease
distribution and begin to search for cause-and-effect relationships
Quantify association between determinants and health states
-

-

Test hypotheses about association and/or causation
-

-

Direction of association – increases or decreases risk
Magnitude of the effect
Significance of association – does the association hold true when we account for variance across observations
Causation is very difficult to establish in observational studies due to our inability to truly randomize and control
for all potential influencing factors.

Biostatistical skills and concepts are integrated throughout this process.

Epidemiology and Biostatistics
I.
II.
III.
IV.

Develop a health-related question
Seek out/ collect the data
Organize and understand the data
Use basic epi quantitative methods to quantify associations between
variables
V. Use statistical theory to test significance
- Statistical theory is essential to understanding health in the community
- Allows us to draw samples and use those samples to make inferences about the entire population

Wrapping Up
- Epidemiology is the science of public health and one of the primary
disciplines of the field
- Epidemiologists work at the population level to identify health disparities
across different groups
- Not only do we collect information about the health of populations but we
work to apply that knowledge to improving health
- The basic elements of descriptive epidemiology are person, place, and time.
- Epidemiology and biostatistics works hand to get the job done.

Summarizing Data
Bill Brooks, DrPH, MPH
ETSU College of Public Health
Dept. of Biostatistics and Epidemiology

Once Organized it’s Time to Summarize

Every Analysis Begins
with a Question
1. Which counties have the lowest and
highest YPL rate across counties?
2. What is the average number of
premature deaths across the
counties?
3. What does the distribution of YPL
across counties look like?

Number 1 is no problem. We just need to sort the data set by the YPL rate so
as to see clearly what the highest and lowest rates are and their associated
counties.
Number 2 requires calculating a simple average of the premature deaths.
𝑃𝑃𝑃𝑃1 + 𝑃𝑃𝑃𝑃2 + 𝑃𝑃𝐷𝐷3 + ⋯ + 𝑃𝑃𝐷𝐷𝑛𝑛
# 𝑜𝑜𝑜𝑜 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂

Number 3 is accomplished by displaying the YPL values graphically in a
histogram

• Mean - an average defined as the number that measures the
central tendency of a given set of numbers.
• Median - a simple measure of central tendency.

– Arrange the observations in order from smallest to largest value.
– Odd number of observations - the median is the middle value.
– Even number of observations - the median is the average of the two
middle values.

Vocabulary!

• Mode - refers to the most frequently occurring number found in a
set of numbers.
– Found by collecting and organizing the data in order to count the
frequency of each result

• Range - the difference between the largest and smallest values in
a set of numbers.

How to Choose: Mean, Median, or Mode
Student ID

R1
R2
R3
R4
R5
R6
R7
R8
R9

# of
Attempts 1

49
12
5
1
40
10
13
24
40

# of
Attempts 2

15
145
3
2
13
8
12
23
20

Class Rank

Favorite Color

3
3
2
3
2
4
3
3
4

Red
Purple
Blue
Purple
Green
Red
Red
Orange
Blue

Attempts 1: What is the average?
𝑌𝑌𝑌𝑌𝑌𝑌1 + 𝑌𝑌𝑌𝑌𝑌𝑌2 + 𝑌𝑌𝑌𝑌𝑌𝑌3 + ⋯ + 𝑌𝑌𝑌𝑌𝑌𝑌𝑛𝑛
=
# 𝑜𝑜𝑜𝑜 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂

49+12+51+40+10+13+24+40
= 26.55
9

The average/ Mean number of attempts it took for students to be
successful in the first round was a whopping 27; rounded up for
clarity.

Attempts 2: What is the average?
𝑌𝑌𝑌𝑌𝑌𝑌1 + 𝑌𝑌𝑌𝑌𝑌𝑌2 + 𝑌𝑌𝑌𝑌𝑌𝑌3 + ⋯ + 𝑌𝑌𝑌𝑌𝑌𝑌𝑛𝑛
=
# 𝑜𝑜𝑜𝑜 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂

15+145+3+2+13+8+12+23+20
= 26.78
9

The average/ Mean number of attempts it took for students to be
successful in the second round was still 27; rounded up for
clarity.

How to Choose: Mean, Median, or Mode
Student ID

# of
Attempts 1

R1
49
R2
12
R3
5
R4
1
R5
40
R6
10
Normal Data – Clusters
R7
13
around the middle
R8
24
R9
40

# of
Attempts 2

15
145
3
2
13
8
12
23
20

Class Rank

Favorite Color

3
Red
3
Purple
2
Blue
3
Purple
2
Green
4
Red
Skewed Data – Clusters to one side or
3the other leaving a long
Red
tail of values
with low frequency
3
Orange
4
Blue

Attempts 2: Median
A simple measure of central
tendency.

– Arrange the observations in
order from smallest to largest
value.
– Odd number of observations the median is the middle
value.
– Even number of observations
- the median is the average of
the two middle values.
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2
3
8
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23
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How to Choose: Mean, Median, or Mode
Student ID

R1
R2
R3
R4
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# of
Attempts 1

49
12
5
1
40
10
13
24
40
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Attempts 2

15
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3
2
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Class Rank

Favorite Color

3
3
2
3
2
4
3
3
4

Red
Purple
Blue
Purple
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Red
Red
Orange
Blue

What is the Most Popular Color in Class? -- Mode
4

3

3

The mode or most frequent category is Red.

2

2

2

1

0

Red

Blue

Purple

1

1

Green

Orange

Class Rank?
What
rank
do mean
most students
have in the
•
What
is
the
or
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What is the mean or median
class rank?
class?
6class rank?
5 1 + 𝑌𝑌𝑌𝑌𝑌𝑌2 + 𝑌𝑌𝑌𝑌𝑌𝑌3 + ⋯ + 𝑌𝑌𝑌𝑌𝑌𝑌𝑛𝑛
𝑌𝑌𝑌𝑌𝑌𝑌
• What rank do most students=
4
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂
have#in𝑜𝑜𝑜𝑜the
class?
3
• 2What is the range of ranks in
2+2+3+3+3+3+3+4+4
1the class?
=3
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Histograms and Bar Charts: Not the Same
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Wrapping Up
• We’ve covered how data are organized for easy reference
• The types of data we will encounter in our work
• How to quickly summarize our data to better understand
their characteristics
• Normal vs. Skewed data
• Two types of figures we use to display data
• Now lets go do some work and practice what we’ve
learned

Types of Data
Bill Brooks, DrPH, MPH
ETSU College of Public Health
Dept. of Biostatistics and Epidemiology

Database Management
Variable 1

Variable 2

Record 1

Data point 1a

Variable 3

Variable 4

Variable 5

Record 2
Record 3
Record 4
Record 5
Record 6
Record 7
Record 8
Record 9
Record 10

Data point 10d

Vocabulary
• Variable – some element or characteristic than can exist in
different amounts or states (e.g. race, gender, age, marital status,
etc.)
• Record – a term used to represent the unit of analysis (e.g.
individuals, counties, states, school districts, etc.) These units will
have characteristics represented by the values of the variables
associated with them.
• Data point – a single unit of information

Database Management
Variable 1

Variable 2

Record 1

Data point 1a

Variable 3

Variable 4

Variable 5

Record 2
Record 3
Record 4
Record 5
Record 6
Record 7
Record 8
Record 9
Record 10

Data point 10d

Categorical Data: It’s all about quality

Numerical Data: It’s all
about value added
• 2ft 2.4 in = 26.4 inches
• 8 ft 3 in = 99 inches
• 99 – 26.4 = 72.6 inches

Junrey Balawing: 2ft 2.4 in

72.6 inches

Sultan Kosen: 8 ft 3 in

2,800 Miles

14,784,000 Ft

177,408,000 Inches

4,506,163,200,000 Micrometers

Vocabulary
• Qualitative Data - information that can't actually be
measured
– Ordinal - scores that exist on an arbitrary numerical scale where the
exact numerical quantity of a particular value has no significance beyond
its ability to establish a ranking over a set of data points
– Nominal – named categories with no implicit or natural value or rank
– Binomial - sub-type of nominal scale with only two categories

• Quantitative Data - a quantity, amount or range
– Continuous – data that can be divided and reduced to finer and finer levels.
– Discrete – count data that can't be made more precise; typically involves
integers.

Examples of Public Health Data
• Quantitative
– Number of children living in a home (Discrete)
– Time spent washing hands (Continuous)

• Qualitative
– Gender (Binomial)
– Race (Nominal)
– Psychometric Scale: Strongly disagree – Strongly
agree (Ordinal)

Wrapping Up
•
•
•
•
•

Data management conventions
Qualitative and Quantative data
Qualitative data are all about names and categories
Quantitative data are mathematically nimble
Will encounter all types in our public health work

Population Measures of Morbidity and
Mortality

Bill Brooks, DrPH, MPH
ETSU College of Public Health
Dept. of Biostatistics and Epidemiology

The Idea
• Need ratios, rates, and proportions to search for
disparities across populations
• Used for morbidity, mortality, and natality
• Need to adjust for potential confounders for clarity
• Present information on the burden of disease and the
current trends (prevalence and incidence)

Counts
• The simplest and most frequently performed
quantitative measure in epidemiology.
• Refers to the number of cases of a disease or other
health phenomenon being studied.
Examples
– Traffic fatalities in Manhattan in a 24-hour time period
– College dorm students who had mono
– Foreign-born stomach cancer patients

Ratios, Proportions, and Rates
• Ratio:

– Relates the occurrence in one group to the occurrence in another
– Can express magnitude of difference between groups
– Numerator is not part of the denominator

• Proportion:

– A measure that states a count relative to the size of the group
– The numerator is part of the denominator
– Expressed as a percentage

• Rate:

– A measure that states a count relative to the size of the group
– The numerator is part of the denominator
– Time forms part of the denominator

Ratio Example
• A ratio may be expressed as X/Y, X:Y, X to Y
• Of 1,000 motorcycle fatalities, 950 victims are men and 50 are
women.
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
950
=
= 19: 1 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑡𝑡𝑡𝑡 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
50

Proportion Example
• A ratio may be expressed as X/X+Y, %
• Of 1,000 motorcycle fatalities, 950 victims are men and 50 are
women.
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
950
=
= 95% 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 1000

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
950
=
= 5% 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶
1000

Rates
• Crude rates -Summary measures for some health event for the
entire population. These are the actual population summary
rates.
• Specific rates -These are rates for selected population
subgroups (such as age groups or intervals). Specific rates are
the actual rates for population subgroups.
• Adjusted rates -These are hypothetical rates calculated to
remove the effect of confounding due to some important
subgroup characteristic, such as age (eg age-adjusted rates).

Specific Heart Attack Rates (Per Year)
Crude rate for two populations together – 44.5 per 1000
Population #1
Population #2

Age Group

Rate per 1000

30-39

24.2

40-49

66.2

30-39

14.5

40-49

76.6

Although the crude heart attack rate is the same for both populations, the age-specific rates are very
different. This shows that heart attack rates for the age groups are not the same for the two
populations.

Adjusted Rates
• Morbidity and mortality rates with the effect of differences in
composition of various populations removed
• Direct Adjustment
– Age-specific death rates in a population to be standardized are known and a
suitable standard population is available.
– Most common method

• Indirect Method
– Age-specific death rates of the population for standardization are unknown or
unstable, for example, because the rates to be standardized are based on a small
population.
– The standardized mortality ratio (SMR) can be used to evaluate the results of the
indirect method.

0-18
19-24
25-40
41+
Total

U S Standard
Population
Cases
Rate per
No Mask
1000
250
80
320.0
150
40
266.7
250
35
140.0
350
50
142.9
1000
205
205.0
Rate for Comparison = 205.0

Archer H S
Population
Cases
Rate per
No Mask
1000
30
10
333.3
240
40
166.7
20
10
500.0
10
1
100.0
300
61
203.3
Age Adjusted Rate =

Example: Standard Population Breakdown
Archer H S Adjustment
- Cases of 0-18
COVID250
among
individuals
at
two
different
high = 83.3
/ 1000 = .25 (25%)
.25 x 333.3
schools among
staff.
19-24 students
150 / 1000and
= .15
(15%)
.15 x 166.7 = 25.0
- Unadjusted
Rates
25-40
250 / 1000 = .25 (25%)
.25 x 500.0 = 125.0
41+= 203.3
350 per
/ 1000
= .35 (35%)
- Archer
1000
.35 x 100.0 = 350.0
= 1.00 (100%)
Total = 583.3 < AAR
- Burrows = 184.0Total
per 1000
- Are the rates different between the two schools?

Burrows H S
Population
Cases
Rate per
No Mask
1000
200
40
200.0
5
1
200.0
25
3
120.0
20
2
100.0
250
46
184.0
Age Adjusted Rate =

Burrows H S Adjustment
.25 x 200 = 50.0
.15 x 250 = 30.0
.25 x 120 = 30.0
.35 x 100 = 35.0
Total = 145.0 < AAR

This is the weighted method for generating age-adjusted rates.
1. Determine the percent distribution of the standard population age categories (Green).
2. Multiply age-specific population percentages (Green) by the age-specific rates for each HS
(Purple and Red).
3. Add the new age-specific weighted rates together for each HS to generate the ageadjusted rate for each.

Covid-19 Cases and Deaths by Age Group, California
June 28, 2020

50
45
40

Percent Cases

35

Percent Deaths
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30

Percent CA population
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20
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5
0

<5

5-17

18-34

California Dept. of Public Health:
https://www.cdph.ca.gov/Programs/CID/DCDC/Page
s/COVID-19/COVID-19-Cases-by-Age-Group.aspx

35-49

50-59
60-64
Age Group

65-69

70-74

75-79

80+

Prevalence and Incidence
• Prevalence - The rate of existing cases of a
disease or health condition in a population at some
designated time.
• Incidence - The rate of new cases of a disease that
occur in a group during a certain time period.
– Measures risk, or the probability that a health event will
happen.
– For incidence to make sense, those in the denominator
must have the potential to become part of those in the
numerator.

Incidence
Analogy of prevalence
and incidence.
The water flowing down
the waterfall symbolizes
incidence and water
collecting in the pool at
the base symbolizes
prevalence.
Prevalence

Prevalence
• Point Prevalence:
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 =

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑖𝑖𝑖𝑖𝑖𝑖
𝑎𝑎𝑎𝑎 𝑎𝑎 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑡 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

• Period Prevalence:
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 =

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑖𝑖𝑖𝑖𝑖𝑖
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑎𝑎 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

Incidence
• Cumulative Incidence
– Describes the rate of development of a disease in a
group over a certain time period
– Contains three elements
• Numerator = the number of new cases
• Denominator = the population at risk
• Time = the period during which the cases occur
𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =

# 𝑜𝑜𝑜𝑜 𝑛𝑛𝑛𝑛𝑛𝑛 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑎𝑎 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑋𝑋 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 (𝑒𝑒. 𝑔𝑔. 100,000)
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑎𝑎𝑎𝑎 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

Attack Rate
• Alternative form of (cumulative) incidence rate.
• Used for diseases (often food-borne outbreaks)
observed in a population for a short time period
(hours or days).
• Not a true rate because time dimension often
uncertain.
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑖𝑖𝑖𝑖𝑖𝑖
𝑋𝑋 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 (𝑒𝑒. 𝑔𝑔. 100)
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =
# 𝑖𝑖𝑖𝑖𝑖𝑖 + # 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤

Natality
•
•
•
•

Crude birth rate
Fertility rate
Infant mortality rate
Fetal death rate

•
•
•
•

Neonatal mortality rate
Postneonatal mortality rate
Perinatal mortality rate
Maternal mortality rate

Wrapping Up
• Many ways to describe occurrence of health-states
• Sometimes we need to remove confounders to see the
whole picture
• Prevalence shows us how many people are
experiencing a specific health-state
• Incidence shows the current initiation trends for a
particular health state

Contingency Tables
Bill Brooks, DrPH, MPH
ETSU College of Public Health
Dept. of Biostatistics and Epidemiology

The Contingency Table
Disease

No Disease

Exposed

A

B

A+B

Not Exposed

C

D

C+D

B+D

(A+B)+(C+D)
Or
(A+C)+(B+D)

TOTAL

A+C

- Also referred to as the crosstab, two-way, or 2x2 table.
- Used to summarize the relationship between categorical variables
- Also able to assess relationships between multi-level categorical variables

The Contingency Table
Wearing Helmet
Yes

No

Head Injury

17

218

235

No Head
Injury

130

428

558

TOTAL

147

646

793

- Also referred to as the crosstab, two-way, or 2x2 table.
- Used to summarize the relationship between categorical variables
- Also able to assess relationships between multi-level categorical variables

Vocabulary!
• Probability
– the measure of the likelihood that an event will occur
– Quantified as a number between 0 and 1 (where 0 indicates impossibility and 1 indicates certainty)

• Relative Risk
– the ratio of the probability of an event occurring in an exposed group to the probability of the event
occurring in a comparison, non-exposed group

• Odds
– numerical expression, usually expressed as a pair of numbers, used in both gambling and statistics
– In statistics, the odds for or odds of some event reflect the likelihood that the event will take place

• Odds Ratio
– measure of association between an exposure and an outcome
– represents the odds that an outcome will occur given a particular exposure, compared to
the odds of the outcome occurring in the absence of that exposure

The Data
Response ID

Smoker

Diagnosed
Lung Cancer

R1
R2
R3
R4
R5
R6
R7
R8
R9
R10

1
0
0
1
1
0
0
0
0
0

1
0
0
0
1
0
0
0
1
0

A Simple Example
Disease

No Disease

Exposed

A

B

A+B

Not Exposed

C

D

C+D

B+D

(A+B)+(C+D)
Or
(A+C)+(B+D)

TOTAL

A+C

Disease Probability
Disease

No Disease

Exposed

A

B

A+B

Not Exposed

C

D

C+D

B+D

(A+B)+(C+D)
Or
(A+C)+(B+D)

TOTAL

A+C

A+C
= Percent of Population with Disease
(A+C)+(B+D)

Probability of Having Disease
• Without any other information we assume this is a person’s probability or risk
of having a particular disease.
• This percent is the first step we take in determining almost anything in public
health, allowing us to make comparisons across regions and populations.
• Example:
– 300 people in Chicago have lung cancer while only 150 people in Johnson City, TN
are diagnosed.
– What we are interested in knowing is if there is a disparity between the populations
with regard to lung cancer.
– Raw numbers do not tell us that.
– Chicago’s population is 41 times greater than Johnson City’s meaning the RATE of
lung cancer is much higher in JC compared to Chicago.
– Always compare percentages to control for population size when determining
disease prevalence.

What About Exposure?
We are asking for a relative risk:
The risk of disease in the exposed population compared to the risk of disease in the
unexposed population.

Disease

No Disease

Exposed

A

B

A+B

Not Exposed

C

D

C+D

B+D

(A+B)+(C+D)
Or
(A+C)+(B+D)

TOTAL

A+C

Does being “exposed” increase, decrease, or have no effect on the probability of
having the disease?

Relative Risk
Disease

No Disease

Exposed

A

B

A+B

Not Exposed

C

D

C+D

B+D

(A+B)+(C+D)
Or
(A+C)+(B+D)

TOTAL

A+C

𝐴
RR = 1 means
no
effect
of exposure
=
𝑅𝑖𝑠𝑘
𝑖𝑛
𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒
𝑔𝑟𝑜𝑢𝑝
𝐴+𝐵
= 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑅𝑖𝑠𝑘(𝑅𝑅) 𝑜𝑓 𝐷𝑖𝑠𝑒𝑎𝑠𝑒 𝑏𝑦 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒
RR ≥ 1𝐶means greater risk in exposed group
𝑖𝑛 𝑛𝑜𝑛
RR ≤𝐶1+means
less
risk −
in𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒
exposed𝑔𝑟𝑜𝑢𝑝
group (protective effect)
𝐷 = 𝑅𝑖𝑠𝑘

Relative Risk
- We want to know how much risk is added to population if
exposed
- People who ride motorcycles have a “__”% increased risk for
head trauma in their lifetime compared to people who do not
ride motorcycles.
- We can see the magnitude of risk using this measure which
is very useful for reporting out to agencies and the public
- This measure is used in prospective studies
- Prospective Cohort
- Longitudinal

Odds and Odds Ratios
Disease

No Disease

Exposed

A

B

A+B

Not Exposed

C

D

C+D

B+D

(A+B)+(C+D)
Or
(A+C)+(B+D)

TOTAL

A+C

Odds – the number of “successes” we expect for every “failure” based on the data provided
Odds of disease in exposed group – the number of folks with disease per the number of folks without:

𝐴
𝐵

Odds of disease in the non-exposed group – the number of folks with disease per the number of folks without:

𝐶
𝐷

Odds and Odds Ratios
Disease

No Disease

Exposed

A

B

A+B

Not Exposed

C

D

C+D

B+D

(A+B)+(C+D)
Or
(A+C)+(B+D)

TOTAL

A+C

Odds Ratio – the RELATIVE number of “successes” we expect for every “failure”
comparing exposed group to non-exposed group

𝐴
𝑂𝑅 = 𝐵
𝐶
𝐷

Odds Ratio
- Similar to relative risk in that we are looking at the strength and
direction of association between categorical variables.
- We want to know the likelihood of an individual having been exposed
given the outcome.
- People who have experienced a head trauma in their life are “__” times
more likely, or “__”% more likely, to have used a motorcycle as their
primary mode of transportation at some point.
- This measure is used in retrospective studies
- Case Control
- Cross-sectional

EXAMPLE: Smoking and Lung Cancer
Lung Cancer

No Lung
Cancer

Smoker

A=1,500

B=8,500

A+B=10,000

Nonsmoker

C=100

D=9,900

C+D=10,000

B+D=18,400

(A+B)+(C+D)
Or
(A+C)+(B+D)=
20,000

TOTAL

A+C=1,600

A+C
= Percent of Population with Disease
(A+C)+(B+D)
8% of the sample has lung cancer
A+C
1,600
=
= .08 𝑜𝑟 8%
1,600 +(18,400)
(A+C)+(B+D)

EXAMPLE: Smoking and Lung Cancer
Lung Cancer

No Lung
Cancer

Smoker

A=1,500

B=8,500

A+B=10,000

Nonsmoker

C=100

D=9,900

C+D=10,000

B+D=18,400

(A+B)+(C+D)
Or
(A+C)+(B+D)=
20,000

TOTAL

A+C=1,600

Does being “exposed” increase, decrease, or have no effect on the probability of
1,500
𝐴
having
the disease?
=
𝑅𝑖𝑠𝑘
𝑖𝑛
𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒
𝑔𝑟𝑜𝑢𝑝
10,000 0.15
𝐴+𝐵
=
𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒
𝐷𝑖𝑠𝑒𝑎𝑠𝑒Who
𝑏𝑦 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒
=𝑅𝑖𝑠𝑘(𝑅𝑅)
15𝑜𝑓
Risk of Lung𝐶 Cancer is 15 Times Higher Among Individuals
in=the
Sample
are Smokers
100
0.01
𝑔𝑟𝑜𝑢𝑝
Compared
to Non-smokers
𝐶 + 𝐷 = 𝑅𝑖𝑠𝑘 𝑖𝑛 𝑛𝑜𝑛 − 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒
10,000

EXAMPLE: Smoking and Lung Cancer
Lung Cancer

No Lung
Cancer

Smoker

A=1,500

B=8,500

A+B=10,000

Nonsmoker

C=100

D=9,900

C+D=10,000

B+D=18,400

(A+B)+(C+D)
Or
(A+C)+(B+D)=
20,000

TOTAL

A+C=1,600

Does being “exposed” increase, decrease,
or have no effect on the likelihood of
𝐴 1,500 𝐴
having
disease?
8,500the 0.177
𝑂𝑅 = 𝐵 = 𝑂𝑅 ==𝐵
= 17.7
𝐶
100
𝐶
0.01
Likelihood of Lung Cancer is 17.7 Times Higher Among Individuals in the Sample Who are
𝐷 9,900 𝐷
Smokers
Compared to Non-smokers

Wrapping Up
- We now have tools for measuring and interpreting relationships
between categorical variables.
- We need methods for understanding whether the relationship
is significant in a statistical sense
- The chi-square test will be covered in another lecture about
hypothesis testing.

Sampling Methods in Public Health
Bill Brooks, DrPH, MPH
ETSU College of Public Health
Dept. of Biostatistics and Epidemiology

Vocabulary!
• Study Design - a specific plan or protocol for conducting the study, which allows the investigator
to translate the conceptual hypothesis into an operational one.
• Sampling Frame - a list of the items or people forming a population from which a sample is taken
(e.g. students in a school).
• Sampling Method
– Simple Random Sample - Whole population is available.
– Stratified Random Sample – There are specific sub-groups to investigate (e.g. race, gender, etc.)
– Systematic Random Sample - When a stream of representative people are available ( e.g. a line in the
street).

• Validity (External) - generalizable inferences in scientific research; the extent to which the results
of a study can be generalized to other situations and to other people.

Study Design
The decision on which design to use is based on several
factors…
• The question being asked.
• The availability of data.
• Funding.
• Funding.
• Funding.
• Breadth and quality of previous research
• Epidemiologic information
– Outcome prevalence.
– Exposure prevalence.

So We Can…
• Use advanced statistical approaches to aggregate and
analyze modeling results from all studies on our topic
• Randomly expose study subjects and observe outcomes
• Identify and follow individuals over time continually
collecting data
• Identify subjects by exposure status and follow
• Identify subjects by outcome status and collect history
• Survey the population asking questions about exposures
and outcomes
• Compile and study case reports

Use advanced statistical approaches to aggregate and
analyze modeling results from all studies on our topic

Metaanalysis

Randomly expose study subjects and observe outcomes

Randomized
Controlled
Trial

Identify and follow individuals over time
continually collecting data

Longitudinal

Identify subjects by exposure status
and follow

Identify subjects by outcome status and
collect history

Survey the population asking
questions about exposures and
outcomes

Compile and study case
reports

Cohort

Case-control

Cross-sectional

Case Report/ Series

Increasing Strength of
Conclusions

Conclusions?
•
•
•
•

Causal relationship between exposure and outcome
Often we are producing correlational information
Correlation does not imply causation
Causation is the LAST conclusion made in research and is
typically not ever stated directly even after decades of
research and many independent studies
• This is the nature of observational research. We can’t ever
account for all of the possible factors influencing health.

Consider…

Guidelines for Determining Causality:
Hill’s Criteria for Causation
1. Temporal Relationship
2. Strength of the Association
3. Dose-response Relationship
4. Replication of the Findings
5. Biologic Plausibility
6. Consideration of Alternate Explanations
7. Cessation of Exposure
8. Consistency with other Knowledge
9. Specificity of Association

Guidelines for Determining Causality:
Hill’s Criteria for Causation
Major Criteria
1. Temporal Relationship
2. Replication of the Findings
3. Biologic Plausibility
4. Consideration of Alternate Explanations

Other Considerations
1. Strength of the Association
2. Dose-response Relationship
3. Cessation of Exposure

Metaanalysis
Randomized
Controlled
Trial
Longitudinal

Cohort

Case-control

Cross-sectional

Case Report/ Series

Increasing Strength of
Conclusions

The Temporal Challenge

Exposure

Outcome

Let’s Talk Surveys
• Behavioral Risk Factor Surveillance System (BRFSS)
• National Health and Nutrition Examination Survey
(NHANES)
• National Survey on Drug Use and Death (NSDUH)
• Youth Risk Behavior Survey (YRBS)
• US Census/ American Community Survey

Cross-sectional Study Design

• Cross-sectional study is very useful because it is
relative easy and inexpensive…at least compared to
other study designs
• Its weaknesses lie in the lack of any ability to
establish a temporal relationship between potential
exposure and outcome factors.
• Conclusions are limited to correlational, which
should be considered with caution as there often is
not an established comparison group

Longitudinal Study Design

• Longitudinal Study Design is the gold standard for
observational research.
• This model can most effectively establish the
temporal relationship between potential exposure
and outcome factors.
• Assuming results and hypotheses meet the other
causal criteria, this design is the closest we come to
determining a causal relationship in observational
research.
• Longitudinal studies are VERY expensive and time
consuming.

Case-control and Cohort Study Designs

Cohort Design

Retrospective

Prospective

For our discussion here, lets say
there are two ways to assess the
By Exposure
By Outcome
population and identify participants
in our study.
By Outcome
Case-control Design

Sampling Frame
• What is the group of individuals that are at all eligible for sampling?
–
–
–
–

Students at a Particular School
State Residents
Adults in the US
Adults Living in Apartments

• This is dictated by the purpose of your study as well as…
– FUNDING
– FUNDING
– FUNDING

• Your sampling frame may also be dictated by the professional relationships or networks
you’ve established (e.g. if you have a contact within a specific school system then you
may choose to do your study within that student body).

Simple Random Sample

Stratified Random Sample

Systematic Random Sample

• Perhaps you decide to sample every third person.
• This is systematically random because every person coming
through the “area” has an equal probability of being
sampled…dictated of course by their arrival order, which
cannot be predicted.
• This is often done because it would be too difficult or
impossible to sample every person.

External Validity
• There are actually several different types of validity, all of which are important to
consider when drawing and analyzing the characteristics of a sample population.
• External validity is kind of a general validity measure that describes the extent to
which study results can be applied to the greater target population.
• It is not very useful for us to be able to describe the characteristics of our sample if
they don’t apply to at least a sub-population of the community. Not much funding for
that sort of thing.
• Threats to external validity include…
–
–
–
–

Selection bias
Measurement error
Observation bias
Historical effects

Selection Bias
• Most common threat to validity
• The product of faulty sampling methods
• Must make sure to select, or allow section from,
types of groups represented in the population
• Random assignment of treatment and controls
serves to minimize selection bias as well

Measurement Error/ Bias
Did I ask the right question in a way that measures what I
think it does?
• There are many ideas about how best to measure
and identify alcoholism
• It’s important to fully understand the limitations of
• Short of a brain scan, there is no good way to
your measurement approaches when interpreting
directly observe alcoholism; only it’s presumed
results of observational studies
effects (e.g. social isolation, legal entanglements,
• This is not easily accomplished and is beyond the
unemployment, etc.)
scope of this lecture.
• If we use a measure such as repeated legal
• The important thing is to understand that the way
problems along with a measure of consumption,
we identify characteristics of interest in our study
we could be identifying alcoholics, or individuals
population has a profound effect on the quality of
suffering from the effects of racial bias from law
results
enforcement, or both.

Observation Bias
The act of observing a thing, changes it.

Historical Effects
• Things can happen in the community over the course of sampling
that can affect the validity of the results
• Significant changes in public policy, natural disasters, housing
market crash; all of these things are out of the control of
researchers and can influence the responses from people in the
community who are affected by them
• The only thing that can be done is to try and avoid these
community-level historical effects and to account for them when
they occur

Wrapping up
• There are many ways to design a study, each carrying
with it implications for our analysis and conclusions
• Causation is the golden goose and requires many
years of rigorous observational work to establish
• Randomization and the way we accomplish it can take
different forms but is always essential to our work
• Bias is a fact of research and takes different forms. We
must be aware of it and always report on it.

Comparison of Two Means: Paired and
Unpaired T-tests
Bill Brooks, DrPH, MPH
ETSU College of Public Health
Dept. of Biostatistics and Epidemiology

Where We Should Be
-

Central tendency(mean, median, mode, etc.)
Dispersion (range, variance, standard Deviation)
Probability Distributions
Confidence Intervals
Hypothesis Testing

Vocabulary
- Hypothesis: a supposition or proposed explanation made on the basis of limited
evidence as a starting point for further investigation
- P-value (Probability Value): the probability of obtaining test results at least as
extreme as the results actually observed, assuming that the null hypothesis is
correct
- T-test: used to determine whether there is a significant difference between the
means of two groups
- Paired t-test: used to testing differences between two variables for the same
subject, often separated by time
- Unpaired/ Independent t-test: compares the averages/ means of two
independent or unrelated groups to determine if there is significant difference
between the two

Comparing Means
- Continuous Variables
- Typically within the same dataset
- Must measure the same element within data
- Grouped by
- Time/ Before and After (Paired)
- Gender (Unpaired)
- Assessment (t-test)
- Sample size
- Mean
- Variance
- Equal or Unequal Variance
- Eyeball test
𝑆𝑆𝐷𝐷𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿
- 𝑆𝑆𝑆𝑆
> 2 ⇒ 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

- 𝐻𝐻0 : 𝜎𝜎1 = 𝜎𝜎2 ; 𝐻𝐻1 : 𝜎𝜎1 ≠ 𝜎𝜎2

Gender
1
2
2
1
2
1
1
2
1
1
2
2
2
2
1
2
1
2
1
1
1
1
2
1
2
1
2
1
2
2
1

Before Exercise Cholesterol
197
208
184
197
186
219
208
180
216
207
197
197
180
180
214
202
227
199
217
230
224
233
187
219
210
240
206
238
179
203
201

After Exercise Cholesterol
211
193
202
178
200
176
176
196
177
200
176
213
185
211
186
196
184
203
206
218
195
184
177
194
187
175
178
219
212
203
178

The t-test
- Hypothesis: There is an effect of ______ on mean serum cholesterol
level among adult smokers in the US.
- Null Hypothesis (𝑯𝑯𝟎𝟎 ):
- The is no significant difference between specified populations, no effect

- Alternative Hypothesis (𝑯𝑯𝟏𝟏 ):

- Significant difference between specified populations, something is happening and
there is an effect

Testing for Significance
Hypothesis: ______ impacts serum cholesterol
levels
Innocent
- Null hypothesis (𝑯𝑯𝟎𝟎 ): is not rejected
- No significant effect
-

Hypothesis is on trial
Innocent until proven guilty
Burden is on analyst to prove guilt

Probability and the Distribution
of Random Variables
Guilty
- Null hypothesis is rejected
- Significant effect
- Evidence to support Alternative (𝑯𝑯𝟏𝟏 )

Confidence Level
Alpha
Two-tailed Test of Significance - The decimal value
95% Confidence Level for a One-tailed
associated with the tail
beyond critical z-score
- In this case 0.05
P-value
- Actual decimal value beyond
calculated z-score
- In this case 0.164

5%

2.5%

2.5%

2SD

1SD

Mean = 0
Standard Deviation=1

1SD

2SD

Unpaired/ Independent Samples
Equal Variance
-

𝑥𝑥̅1 − 𝑥𝑥̅2
Hypothesis:
𝑡𝑡 = There is an effect of gender on mean serum
cholesterol level1 among
1 adult smokers in the US.
𝑠𝑠𝑝𝑝
+
𝑛𝑛1 (𝑯𝑯𝑛𝑛2):
Null Hypothesis
𝟎𝟎

- The is no significant serum cholesterol difference between males
With
and females
Where
- Gender does𝑛𝑛not
predict
levels among adult smokers
2 cholesterol 2
1 − 1 𝑠𝑠1 + (𝑛𝑛2 − 1)𝑠𝑠2
𝑠𝑠𝑝𝑝 = Hypothesis (𝑯𝑯𝟏𝟏 ):
- Alternative
𝑛𝑛1 + 𝑛𝑛2 − 2
-

There is a significant serum cholesterol difference between males
Where and females
- Gender does predicts cholesterol levels among adult smokers

𝑥𝑥̅1 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑥𝑥̅2 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛1 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑛𝑛2 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑠𝑠1 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑠𝑠2 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑠𝑠𝑝𝑝 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

Male Cholesterol
Female Cholesterol
Unequal
Variance

𝑡𝑡 =

238

203

214

198

240

203

𝑥𝑥̅ − 𝑥𝑥̅2

219 1

209

197

197

197

199

207

184

𝑠𝑠12 𝑠𝑠22
+ 𝑛𝑛
208𝑛𝑛1
2

197

217

189

216

180

219

210

227

187

207

202

203

206

227

184

238

180

217
𝑥𝑥̅1 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑜𝑜𝑜𝑜206𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
231
210
𝑥𝑥̅2 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑜𝑜𝑜𝑜224𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
208
𝑛𝑛1 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 207
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓179𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
230
189
𝑛𝑛2 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 201
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
220
𝑠𝑠1 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
230 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑜𝑜𝑜𝑜
180 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
239
186
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑜𝑜𝑜𝑜
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑠𝑠2 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
233
180

Results
-

Hypothesis: There is an effect of gender on mean serum cholesterol level among adult
smokers in the US.
Male (n=25)

-

Female (n=25)

-

Unpaired t-test Assuming Equal Variance

-

Evidence of statistical difference in mean serum cholesterol levels between men and
women at baseline

-

- Mean: 219 mg/100ml
- SD: 2.77 mg/100ml

- Mean: 195.88 mg/100ml
- SD: 2.53 mg/100ml

- 2-tail Critical Value: 2.01
- t-score: 6.16; P-value: <0.0001
- Reject the null hypothesis

Paired t-test
-

Hypothesis: There is an effect of exercise on mean
serum cholesterol level among adult smokers in the
US.
Null Hypothesis (𝑯𝑯𝟎𝟎 ):
-

-

The is no significant difference between before
prescribed exercise and afterward, no effect
Exercise does not lower (or raise) cholesterol levels
among adult smokers

Alternative Hypothesis (𝑯𝑯𝟏𝟏 ):
-

Significant difference between before and after exercise
Exercise has an effect (lowering?) on serum cholesterol
levels

where

Gender

Before Exercise Cholesterol

After Exercise Cholesterol

1

238

219

1

214

186

1

𝑥𝑥̅𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 − 0 240
219
𝑡𝑡 =
1
197
𝑠𝑠𝑥𝑥̅

175

1

194

1

1

197

178

1

207

200

208

176

217

206

216

177

219

176

227

184

1

𝑠𝑠1 𝑥𝑥̅ =
1

where

211

1

1

𝑠𝑠𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑛𝑛

206

185

1

231

209

1

224

195

1

233

184

1

207

204

1

203

213

1

227

178

1

238

201

𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚207𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑197
𝑥𝑥̅𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
1
1
230
199
𝑛𝑛 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
1
201
178
𝑠𝑠𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑜𝑜𝑜𝑜
𝑡𝑡𝑡𝑡𝑡
1
230
218𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
1
239
187
𝑠𝑠𝑥𝑥̅ = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
(s/sqrt(n))

Results
-

Hypothesis: There is an effect of exercise on mean serum cholesterol level among adult
smokers in the US.
N=25
Before

-

After

-

Paired t-test

-

Evidence of statistical difference in mean serum cholesterol levels among men before
and after completion of the prescribed exercise regimen

-

- Mean: 219 mg/100ml
- Variance: 191.91 mg/100ml
- Mean: 193.2 mg/100ml
- SD: 203.5 mg/100ml

- 1-tail Critical Value: 1.71
- t-score: 6.73; P-value: <0.0001
- Reject the null hypothesis

Wrapping Up
• Comparing two means of continuous variables requires the application of a
t-test
• There are two types of tests; unpaired or independent and paired tests
• Within the independent t-tests there are those that have assumed equal
variances and those with unequal variances
• Typically the grouping variable that separates our two continuous
measures is the effect we are exploring in our hypothesis
• The t-test is a vital part of our inferential statistics and will crop up through
the bivariate and multivariate analyses

Confidence Intervals
Bill Brooks, DrPH, MPH
ETSU College of Public Health
Dept. of Biostatistics and Epidemiology

Where We Should Be
-

Types of Data
Central tendency(mean, median, mode, etc.)
Dispersion (range, variance, standard Deviation)
Probability Distributions
Study design and sampling methods

Sample Mean Age = 55

US Mean Age = ?

Age

Gender

Educational
Attainment

Cancer
Diagnosis

55

M

High School

Y

Y

83

F

College

N

Y

58

F

College

N

Y

64

M

Post Graduate

N

N

87

M

High School

N

N

71

F

High School

N

N

27

M

High School

Y

Y

17

F

College

N

N

33

M

High School

N

N

?

Poor Mental
Health

Sample Mean Age = 55

Measures of Central Tendency
• Mean
• Median
• Mode

Measures of Dispersion
• Range
• Variance
• Standard Deviation

Sample Standard Deviation: 𝐬𝐬 =
Variance:

𝒔𝒔𝟐𝟐

Mean Age

=

∑(𝑥𝑥−𝑥𝑥)̅ 2
𝑵𝑵−𝟏𝟏

∑(𝑥𝑥−𝑥𝑥)̅ 2
𝑵𝑵−𝟏𝟏

U.S. Mean Age (2015): 37.5

Sample Mean Age = 55

𝒔𝒔𝟐𝟐 = ?
Sample Mean Age = 55

𝒔𝒔𝟐𝟐

=?

𝑠𝑠
55 ± 𝑡𝑡
𝑛𝑛
𝑠𝑠
55 ± 𝑡𝑡
𝑛𝑛

Sample Mean Age = 55

𝒔𝒔𝟐𝟐 = ?

𝑠𝑠
55 ± 𝑡𝑡
𝑛𝑛

Sample Mean Age = 55

Influences on Confidence Intervals
𝑠𝑠
55 ± 𝑡𝑡
- Confidence
Sample statistic –Interval:
mean
𝑛𝑛
---

Variance or standard
deviation
′
𝑡𝑡 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡
Sample
size 𝑠𝑠 𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑠𝑠 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 − 𝑠𝑠 2
Degree
of confidence
𝑛𝑛 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

Assumptions

- Sample is random or representative of the
population
- All observations are independent
- Data are accurate

Degree of Confidence: Confidence Level
• We have to decide how confident we want to be in our
conclusions.
• Do you like to be 80% confident in your statements?
90%? 100%?
• In addition to the math or desired confidence dictates
estimate error
• Convention has a huge influence on our judgement

The Normal Distribution

The Central Limit Theorem: given certain conditions, the arithmetic mean of a
Ifare
weriddled
uselarge
proper
methodology
to draw random
many variance,
samples
of with
large
Fact: Statisticssufficiently
with
Fact: Without
these
number
of iterates of independent
each
a
assumptions and
subjectiveexpected
and expert
well-defined
value
and well-defined
will be
approximately
enough
size, the
means
What
does
of these
thisvariance,
mean?!
samples
willassumptions
be normally
Fact: No of
statistical
conclusion
is
decisions.
choices none of our
normally distributed, regardless
the underlying
distribution
distributed.
conclusive as every analysis has
calculations would work.
inherent error.

Confidence and the Student’s t-statistic

𝑠𝑠
55 ± 𝒕𝒕
𝑛𝑛

The Steps
- Decide on Confidence
- Reference t-table
- Drop in values in the formula
- Make magic

1

𝑥𝑥 − 𝑥𝑥̅
� 𝑝𝑝 𝑥𝑥 = �
exp(−
2𝑠𝑠 2
𝑠𝑠 2𝜋𝜋

2

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑥𝑥̅ = 0
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷(𝑠𝑠) = 1

(𝑥𝑥̅ − 𝜇𝜇)
t=
𝑠𝑠
𝑛𝑛
𝑠𝑠
t
= (𝑥𝑥̅ − 𝜇𝜇)
𝑛𝑛
𝑠𝑠
𝜇𝜇 = 𝑥𝑥̅ ± t
𝑛𝑛

′ right, you’ll notice several
So…
If you look
the 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒕𝒕
table to the
𝒕𝒕 𝒊𝒊𝒊𝒊at𝒕𝒕𝒕𝒕𝒕𝒕
𝒔𝒔 𝒕𝒕 − 𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔
things.
We
decide
on
our confidence
level,our
typically
95%,
and
1.
There
a normal
pictured
atcalculations
the top
of the
 We
useist-values
tocurve
standardize
so
usethat
our units
sample
to find
t-distribution
critical
value
page
withofa size
shaded
areaa labeled
Probability
p.
measurement
do notasaffect
the error
which
the point on
distribution
Thiscorresponds
shaded areatorepresents
thethe
“extraordinary”
estimate.
separating
“ordinary”
values, those
or those
95% of
values in
the distribution;
thatoccurring
likely to occur
the
time,
thet-value
or those
occurring
2.5,
5,from
or 10%
of“extraordinary”
the time
depending
on interval
our selected
 We
select
the
for our
confidence
5% calculation
of
the time.based
confidence
level. on our chosen confidence level.
2. Across the top of the table there are values listed for
the Probability p area of the curve.
𝑠𝑠
3.
There areInterval:
a series of𝑥𝑥̅ sequential
numbers down the
Confidence
± 𝑡𝑡
left-hand column under the𝑛𝑛heading “df”. These are
degreesofofstatistical
freedom which
simply
are
Thethe
majority
analyses
areput
conducted
calculated for basic confidence intervals by
using
a 95% confidence level.
subtracting 1 from the sample size (i.e. n-1).

This means that the mean confidence interval
produced from a sample will contain the actual
population mean 95% of the time.
Of course leaving the other 5% of the time in
which our confidence interval does not contain the
actual population mean.

This
means…Interval: 𝑥𝑥̅ ± 𝑡𝑡
Confidence

𝑠𝑠
𝑛𝑛

We
95% confident that the population mean
Ageare
Example:
age is between 39.88 and 42.12 based on our
sample.
Sample Mean: 41
Standard Deviation: 3
We
expect
that
we drawofmany
samples
Sample
Size:
30 if(Degrees
Freedom:
29)that 95%
of
the sample
means
Confidence
Level:
95%will fall between 39.88 and
42.12.
Confidence Interval:
𝑠𝑠
Assuming
 41 ± 𝑡𝑡 we’ve not made errors in our sampling
𝑛𝑛
methods or calculations,
there is only a 5% chance
𝑠𝑠
 41 ± 2.045
𝑛𝑛
that we are wrong.
3
 41 ± 2.045
30

 41 ± 1.12
 (39.88, 42.12)

Vocabulary
-

Statistic - a single measure of some attribute of a sample
Parameter - a numerical characteristic of a population
Confidence Interval - interval estimate of a population parameter.
Confidence Level - refers to the percentage of all possible samples that
can be expected to include the true population parameter.

Wrapping Up
• We use our samples to understand population
• Mathematical guesses about certain aspects of the
population
• Confidence intervals allow us to make estimates with
clear margins of errors
• This will all be used toward our hypothesis testing
work.

Correlation Analysis
Bill Brooks, DrPH, MPH
ETSU College of Public Health
Dept. of Biostatistics and Epidemiology

Correlation Analysis
- A bivariate analysis to assess association between two variables
- Pearson correlation
- Assesses a linear relationship
- Continuous variables

- Spearman’s correlation

- Assesses monotonic non-parametric relationships
- Discrete or ordinal variables

- Scatter plots utilized to visualize relationship
- Correlation coefficient to assess strength of relationship
- Range: -1 to 1
- Positive or negative indicates direction of relationship

Data Determines the Analysis

Correlation Analysis

Ranked Variables
- Have an inherent order to the values
- Space between values may not be meaningful (Ordinal)
- Space between could be added and subtracted (Discrete)

Spearman’s Correlation

Pearson’s Correlation

Pearson’s Correlation
- Random sample of 20 countries
- Percentage of children immunized by age one year, and the under-five
mortality rate
- For the purposes of plotting the data our x-value is percentage immunized
and our y-value is under-five mortality rate
- This should make sense in terms of exposure and outcome though we do
have to apply a little theory to get there. Also, there’s a question in the
subtext of the data.
- Does immunization lower under-five mortality rate at the population level?
- Exposure (protective): immunization rate
- Outcome: Under-five morality rate

Immunization and Mortality
Uunder-five Mortality Rate versus Percentage of Children Immunized Against
DPT for 20 Countries

Percentage Mortality Rate per
Immunized
1000 Live Births
118
Mortality
Rate per
65
1000 Live Births
184
8
43
12
55
208
7
9
9
124
10
6
33
16
32
145
87
9

1

Pearson Correlation Coefficient (rho) = -0.791
Perfect: -1/1
High Degree: ±0.50 to ±1
Moderate Degree: ±0.30 to ±0.49
Low Degree: below ±0.29
No Correlation: 0

250
Under-five mortality rate per 1000 live births

Nation
77
Bolivia
Percentage
69
Brazil
Immunized
32
PercentageCambodia
Canada
185
ImmunizedChina
94
Mortality Rate
per
99
Czech Republic
-0.791065441
89
1000 Live Egypt
Births
13
Ethiopia
95
Finland
95
France
54
Greece
89
India
95
Italy
87
Japan
91
Mexico
98
Poland
73
Russian Federation
47
Senegal
76
Turkey
90
United Kingdom

Highly Correlated

200

150

100

50

0

0
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20

30

40
50
60
70
Percentage immunized against DPT

80

90

100

Spearman’s Correlation
- Same study sample of 20 countries
- Now we are going to rank them and calculate spearman’s correlation
coefficient
- Monotonic relationship does one of two things
- As one variable increases in value so does the other
- As one variable increases in value the other decreases

- A measure of the concordance of the ranks for the percentage of
immunizations and the under-five mortality rate
- Calculating the Spearman coefficient involves squaring the difference in
ranks between each vairable

Spearman’s Correlation
Nation
Ethiopia
Cambodia
Senegal
Greece
Brazil
Russian Federation
Turkey
Bolivia
Canada
Japan
Egypt
India
United Kingdom
Mexico
China
Finland
France
Italy
Poland
Czech Republic

Percentage
Immunized

Rank

Mortality Rate per
1000 Live Births

Rank

Dif

Dif-Squared

13
32
47
54
69
73
76
77
85
87
89
89
90
91
94
95
95
95
98
99

1
2
3
4
5
6
7
8
9
10
11.5
11.5
13
14
15
16
17
18
19
20

208
184
145
9
65
32
87
118
8
6
55
124
9
33
43
7
9
10
16
12

20
19
18
5
14
10
15
16
3
1
17
13
5
11
12
5
2
7
9
8

-19
-17
-15
-1
-9
-4
-8
-8
6
9
-5.5
-1.5
8
3
3
11
15
11
10
12

361
289
225
1
81
16
64
64
36
81
30.25
2.25
64
9
9
121
225
121
100
144

Spearman’s Correlation Coefficient
2
6 ∑𝑛𝑛𝑖𝑖=1
𝑑𝑑𝑛𝑛𝑖𝑖=1
6∑
𝑑𝑑𝑖𝑖2
𝑖𝑖
= −0.54
𝑟𝑟𝑠𝑠 = 𝑟𝑟1𝑠𝑠 −
= 1 −2
𝑛𝑛 𝑛𝑛 𝑛𝑛(𝑛𝑛
− 12 − 1)

- 1
This
minus
result
theisaverage
a bit lower
sumthan
of squared
what we
distances
found
withbetween
the Pearson’s
ranks
- Same
The larger
interpretation
the difference
criteria
between
as Pearson’s
- Indicates
variable ranks
a moderate
the lower
correlation
the coefficient
- Larger differences between variable
ranks indicates lower correlation

Wrapping Up
• Correlation analysis can give us insight into relationships between
ordinal, discrete, and continuous variables
• Pearson’s Correlation is used for parametric, linearly related variables
• Spearman’s Correlation allows for non-parametric assessment by
ranking variables values
• We have not gone into the math behind the analyses intentionally
• Look for the companion excel tutorial for running correlation analyses

Hypothesis Testing
Bill Brooks, DrPH, MPH
ETSU College of Public Health
Dept. of Biostatistics and Epidemiology

Where We Should Be
-

Central tendency(mean, median, mode, etc.)
Dispersion (range, variance, standard Deviation)
Probability Distributions
Study design and sampling methods
Confidence Intervals

New Concepts
- Statistical Significance: when the results of hypothesis testing indicate
an unlikelihood of the null hypothesis being true.
- Hypothesis: a supposition or proposed explanation made on the basis of
limited evidence as a starting point for further investigation
- P-value (Probability Value): the probability of obtaining test results at
least as extreme as the results actually observed, assuming that the null
hypothesis is correct
- Alpha (α): Type I Error - Probability of rejecting the null hypothesis when
the null hypothesis is true – false positive.
- Beta (β ): Type II Error - Probability of accepting the null hypothesis when
the null hypothesis is false – false negative.

Central Tendency
• Mean
• Median
• Mode

�=
𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 = 𝒙𝒙

Dispersion
• Range
• Variance
• Standard Deviation

𝒙𝒙𝟏𝟏 + 𝒙𝒙𝟐𝟐 + 𝒙𝒙𝟑𝟑 + ⋯ + 𝒙𝒙𝒏𝒏
# 𝒐𝒐𝒐𝒐 𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶

� = 𝟐𝟐𝟐𝟐𝟐𝟐 𝒎𝒎𝒎𝒎/𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏
𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 = 𝒙𝒙
General Population Parameters
- Mean = μ = 211 mg/100ml
- SD = σ = 46 mg/100ml

The Hypothesis
- Hypothesis: Being male and a smoker impacts serum cholesterol levels
- Null Hypothesis (𝑯𝑯𝟎𝟎 ):
- The is no significant difference between specified populations, no effect
- Male smokers have the same mean serum cholesterol as the general population
- Smoking or gender do not impact cholesterol

- Alternative Hypothesis (𝑯𝑯𝟏𝟏 ):

- Significant difference between specified populations, something is happening and
there is an effect
- Smoking and gender affect cholesterol levels
- Public health should focus on these things to prevent heart disease

Testing for Significance
Hypothesis: Being male and a smoker impacts
serum cholesterol levels
Innocent
- Null hypothesis (𝑯𝑯𝟎𝟎 ): is not rejected
- No significant effect
-

Hypothesis is on trial
Innocent until proven guilty
Burden is on analyst to prove guilt

Probability and the Distribution
of Random Variables
Guilty
- Null hypothesis is rejected
- Significant effect
- Evidence to support Alternative (𝑯𝑯𝟏𝟏 )

Normal Distribution

The Normal Distribution
• The most important distribution
• The basic assumption for all inferential statistics
• It is very common to assume a continuous variable has a normal
distribution
• Properties of normal distribution
–
–
–
–

Unimodal
symmetric
Mean μ and standard deviation σ
Bell-shaped smooth curve

• Binomial distribution approaches normal when the sample size n
is very large

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷. 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
1
𝑥𝑥 − 𝜇𝜇 2
exp(−
)
� 𝑝𝑝 𝑝𝑝𝑥𝑥 𝑥𝑥= =
�
2
• 𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑓𝑓𝑓𝑓𝑓𝑓 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
2𝜎𝜎
𝜎𝜎 2𝜋𝜋
• 𝑆𝑆𝑆𝑆 𝑤𝑤𝑤𝑤 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑡𝑡𝑡𝑡𝑡 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑓𝑓𝑓𝑓𝑓𝑓 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑍𝑍 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
• 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑢𝑢𝑢𝑢 𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑡𝑡𝑡𝑡𝑡 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
• 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑤𝑤𝑤𝑤 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑡𝑡𝑡𝑡 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑜𝑜𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑡𝑡𝑡𝑡 𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝜇𝜇 = 0
• 𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑤𝑤𝑤𝑤 𝑐𝑐𝑐𝑐𝑐𝑐 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗 𝑢𝑢𝑢𝑢𝑢𝑢 𝑡𝑡𝑡𝑡𝑡 𝑧𝑧 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷(𝜎𝜎) = 1
Example: In the general US adult population, the mean 𝜇𝜇

serum cholesterol level is known to be 211 mg/100ml
with standard deviation 𝜎𝜎 46 mg/100ml.

Question: What is the probability of our sample (n=25)

mean being 220 mg/100ml in a subpopulation of male
smokers if that group does not differ from the general
population?
𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕

𝑍𝑍 =

(𝑋𝑋 − 𝜇𝜇) (220 − 211)
9
=
=
= 0.98
𝜎𝜎
46
9.2
𝑛𝑛
5

Answer: The probability that the subpopulation of male

smokers has the same mean serum cholesterol level of
220 mg/100ml as the general population, given that our
sample mean was 211 mg/100ml is 16.4%.

𝑍𝑍 =

(𝑥𝑥̅ − 𝜇𝜇)
𝜎𝜎
𝑛𝑛

Question: Do you now feel comfortable saying

the male smoking population has the same
mean cholesterol as the general population?

Testing for Significance
𝐻𝐻0 : No difference
𝐻𝐻1 : Male Smokers Differ

Gen Pop
Mean: 211 mg/100ml
SD: 46 mg/100ml

Male Smokers
Mean: 220 mg/100ml

68.27%
95.45% of Population

Type I Error: Probability of
rejecting the null hypothesis
given that it is true

(𝑋𝑋 − 𝜇𝜇)
= 0.98
𝑍𝑍 =
𝜎𝜎
𝑛𝑛

2SD

1SD

Mean 211
=0
Mean:
Standard Deviation=1

16.4%

1SD

2SD

Degree of Confidence: Confidence Level
• We have to decide how confident we want to be in our
conclusions.
• Do you like to be 80% confident in your statements?
90%? 100%?
• In addition to the math or desired confidence dictates
estimate error
• Convention has a huge influence on our judgement

Confidence Level
Alpha
Two-tailed Test of Significance - The decimal value
95% Confidence Level for a One-tailed
associated with the tail
beyond critical z-score
- In this case 0.05
P-value
Z-Score = ±1.96
1.645
- Actual decimal value beyond
calculated z-score
- In this case 0.164
16.4%
5%

2.5%

2.5%

2SD

1SD

Mean = 0
Standard Deviation=1

1SD

2SD

Results
- Hypothesis: Being male and a smoker impacts serum cholesterol
levels
- Population
- Mean: 211 mg/100ml
- SD: 46 mg/100ml

- Sample

- N-25
- Mean: 220 mg/100ml

- 95% one-tailed test of significance
- Z-score: 0.98; P-value: 16.4%
- Fail to reject the null hypothesis

- No evidence of higher mean cholesterol among male smokers

Type I and Type II Error
The Truth

Statistical Errors
Your Research

𝑯𝑯𝟎𝟎 True

Beta (β) - Type II Error
(False Negative)

Accepted 𝑯𝑯𝟎𝟎
Rejected 𝑯𝑯𝟎𝟎

𝑯𝑯𝟎𝟎 False

Alpha (α) - Type I Error
(False Positive)

Wrapping Up
• Hypothesis testing requires some careful calculations and thoughtful
decision making
• To state we found a difference between subpopulations is to say we found
statistical significance in our test
• Confidence is a choice made by each analyst that is informed by math,
context, and convention
• Our goal is to understand and minimize potential error in our conclusions
• Objective hypothesis testing is the foundation upon which all inferential
statistics are built

Simple Linear Regression
Bill Brooks, DrPH, MPH
ETSU College of Public Health
Dept. of Biostatistics and Epidemiology

-

Where We Should Be

Data Central tendency and Dispersion
Probability Distributions
Confidence Intervals
Hypothesis Testing
Comparison of Two Means

New Concepts

- Regression: statistical process for estimating the relationship between a
dependent variable and one or more independent variable(s)
- Model: an equation that describes the relationship between variables.
- Parameters: Elements of the model (slope and intercept) that make the
line come as close to the data as possible
- Residual: the error in our expected values OR the distance between an
observed and expected value.
- Least Squares: finding the value of the slope and intercept that
minimizes the sum of the squares of the vertical distances for the points
from the regression line
- Linearity: mathematical relationship that can be graphically represented
as a straight line.

Y-Axis

5

Y = 2x +1

Y=mx+b
b=1
Y = 1 given X = 0
(0,1)

-5

-4

-3

-2

(-3,-2)

-1

4
3
2
1
-1
-2
-3
-4
-5

(3,1)
(0,1)
1

(1,1)
2

Algebra I
- Cartesian Plane
- Ordered Pairs: (x,y)
- Slope-Intercept Form: Y = mx +b
- m is slope
- b is intercept

m=2
(3,2)
𝟐𝟐
Slope = 2; or
𝟏𝟏

2 up, 1 over to right

3

(2,-3)

4

5

X-Axis Number of Alcoholic Drinks had in Last Year, by Age (NSDUH 2018)

400

Number of Days Drank Last Year

(-2,4)

(5,2)

(25,320)?
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(75,260)?
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Goals of Regression

- Identify values for the slope and intercept of the straight line that
comes closest to the points on the graph
- Find the line that best predicts Y from X
- Considers the distance from the line to the points on the graph
- “Fitting” a model or equation in the form of y=mx+b that
minimizes the sum of squares of those distances

Anatomy of a Model

Linear Regression Models
- Left Side: outcome, response, dependent variable
- Right Side: predictor, explanatory, independent variable(s)
- Y = slope*X + intercept + scatter
- 𝑌𝑌𝑖𝑖 = 𝛽𝛽1 ∗ 𝑋𝑋𝑖𝑖 + 𝛽𝛽0 + 𝜀𝜀𝑖𝑖
Fitting the Model
- Adjusts Slope(𝛽𝛽1 ) and Intercept(𝛽𝛽0 )
- Make predictions as close as possible to actual data
- Accounting for random error(𝜀𝜀𝑖𝑖 )

Number of Alcoholic Drinks had in Last Year, by Age (NSDUH 2018)
400
Number of Days Drank Last Year

Models
- Representation of something else
- Less expensive and easier to manipulate than the real thing
- Built from our sample
- Describe the ideal and the random
- Data = Ideal + Random
- Response = Signal + Noise
- Maps to each data point

350
300
250
200
150
100
50
0

0

10

20

30

40

50
Age

60

70

𝜀𝜀𝑖𝑖

80

90

Example

- National Survey on Drug Use and Health (NSDUH), 2018
- How many days in the last year did you have an alcoholic
beverage?
- What is your age?
- Does age somehow predict the amount of alcohol
respondents reported drinking in the last year?

Number of Alcoholic Drinks had in Last Year, by Age (NSDUH - 2018)
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Test of Significance

- Hypothesis: There is a linear relationship between age and reported alcohol
consumption in days over the last year
- Null Hypothesis (𝑯𝑯𝟎𝟎 ):
- There is no linear relationship between age and alcohol consumption
- Slope of the line is 0; flat horizontal
- 𝑯𝑯𝟎𝟎 : 𝛽𝛽1 = 0

- Alternative Hypothesis (𝑯𝑯𝟏𝟏 ):

- There is a linear relationship between age and alcohol consumption
- Slope of the line is not 0; not flat horizontal
- 𝑯𝑯𝟏𝟏 : 𝛽𝛽1 ≠ 0

Assumptions

- The model is correct
- The scatter of the data around the line is Gaussian
(Normal)
- The variability is the same everywhere
- Data points are independent
- X and Y values are not intertwined
- X values are known precisely

Results
- Hypothesis: There is a linear relationship between age and
reported alcohol consumption in days over the last year
- Observations: 60
- Equation: 𝑦𝑦 = 1.505𝑥𝑥 + 43.754
- 𝑅𝑅2 : 0.0551
- T-statistic: 1.839
- P-value: 0.071
- Conclusion: We fail to reject the null hypothesis. There does not
appear to be a linear relationship between age and alcohol
consumption in our sample.

Wrapping Up
- The goal of simple linear regression analysis is to find an
equation that best describes the linear relationship between
two continuous variables.
- Regression tests of significance are focused on determining if
the slope of the line of best fit is 0 or not.
- Regression very powerful tool that can test relationships
between multiple variables of different types at once.
- We have only scratched the surface.

