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Specific learning objectives

 Ability to choose the appropriate 
summary statistic measures depending 
on different types of variables

 Ability to choose the appropriate 
graphical displays depending on 
different types of variables

 To understand the role of exploratory 
data analysis

3



Descriptive statistics

 To describe the variables scientifically
 Descriptive measures of the variables of the 

sample

Descriptive measures
 May be frequency (%) for qualitative variables
 May be summary statistic (mean, median, SD, 

variance, interquartile range) of quantitative 
variables

 May use diagram/graph
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Age of 189 people
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Sturges Rule

 k = 1 + 3.322 (log10  n), where k stands 
for the number of class intervals and n 
is the number of values in the data set 
under consideration

 w = R/k, where w is width of class 
interval and R is the range of data set

 k = 1 + 3.322 (2.4393) ≈ 9

 w = 82-30/9 = 5.778 6
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Histogram
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Frequency polygon
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Statistic vs. Parameter

 A descriptive measure computed from 
the data of a sample is called a statistic.

 A descriptive measure computed from 
the data of a population is called a 
parameter.
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Measures of central tendency

 Mean – average (Unique, simple, 
influenced by outliers)

 Median - value which divides the set 
into two equal parts (Unique, simple, 
not influenced by outliers)

 Mode - value which occurs most 
frequently
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Measures of dispersion

 Range - the difference between the 
largest and smallest value in a set of 
observations

 Variance - dispersion relative to the 
scatter of the values about their mean 
but expressed in square unit

 Standard deviation - dispersion relative 
to the scatter of the values about their 
mean but expressed in original unit
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 Coefficient of variation – use to compare the 
variation of two or more dataset 

CV = SD/mean × 100

 Interquartile range - the difference between the third 
and first quartiles: that is,

 IQR = Q3 - Q1
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 Skew - If the graph (histogram or 
frequency polygon) of a distribution is 
asymmetric, the distribution is said to 
be skewed.
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Skew distribution
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 Kurtosis – a measure of the degree to 
which a distribution is “peaked” or flat 
in comparison to a normal distribution 
whose graph is characterized by a bell-
shaped appearance
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Exploratory Data Analysis

 Box-and-whisker plots and stem-and-leaf 
displays are examples of what are known 
as exploratory data analysis techniques. 

 These techniques allow the investigator to 
examine data in ways that reveal trends 
and relationships, identify unique features 
of data sets, and facilitate their description 
and summarization.
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For qualitative variables

 Among 189, how about sex distribution 
and how about occupation

 Male 100 vs. Female 89

 Dependent 100, Manual workers 50 and 
Government staff 39
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Frequency distribution table
Variable Frequency Percentage

Sex
Male
Female

100
89

52.9
47.1

Occupation
Dependent
Manual workers
Government staff

100
50
39

52.9
26.5
20.6
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Figure . Frequency distribution 
of sex
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Figure . Frequency distribution 
of occupation (Bar Chart)
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Figure . Frequency distribution of 
occupation by sex (Cluster Bar)
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National and regional distribution of sanitation 
facilities, Myanmar DHS 2015-16
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Mean Vs. Median



We want to study whether individuals over 45 years are 
at greater risk of diabetes than those younger than 45.  
What kind of variable is age?

1. Dichotomous

2. Ordinal

3. Categorical

4. Continuous



We are interested in assessing disparities in infant 
morbidity by race/ethnicity.  What kind of variable 
is race/ethnicity?

1. Dichotomous

2. Ordinal

3. Categorical

4. Continuous



What type of display is shown below?

1. Frequency bar chart

2. Relative frequency bar chart

3. Frequency histogram

4. Relative frequency histogram

Percent Patients by Disease Stage



The distribution of SBP in men, 20-29 years is 
shown below.  What is the best summary of a 
typical value

1. Mean

2. Median

3. Interquartile range

4. Standard Deviation



When data are skewed, the mean is 
higher than the median.

1. True

2. False



The best summary of variability for the 
following continuous variable is

1. Mean

2. Median

3. Interquartile range

4. Standard Deviation



Probability distribution and 
sampling distribution



What is the probability of selecting a male 
with optimal blood pressure?

1. 20/25

2. 20/80

3. 20/150

Blood Pressure Category

Optimal  Normal       Pre-Htn       Htn        Total

Male 20 15 15 30           80

Female 5 15 25 25           70

Total 25 30 40 55           150



What is the probability of selecting a patient 
with Pre-Htn or Htn?

1. 95/150

2. 45/80

3. 55/150

Blood Pressure Category

Optimal  Normal     Pre-Htn       Htn         Total

Male 20 15 15 30  80

Female 5 15 25 25 70

Total 25 30 40 55 150



What proportion of men have prevalent 
CVD?

CVD    Free of CVD

Men 35         265

Women           45         355

1. 35/80

2. 35/265

3. 35/300



What proportion of patients with CVD 
are men ?

CVD    Free of CVD

Men 35         265

Women           45        355

1. 35/700

2. 35/80

3. 80/300



Are Family History and Current 
Status Independent?

Example.  Consider the following table which cross classifies 
subjects by their family history of CVD and current 
(prevalent) CVD status.

Current CVD

Family History No Yes

No 215 25

Yes 90 15

P(Current CVD| Family Hx) = 15/105 = 0.143

P(Current CVD| No Family Hx) = 25/240 = 0.104



Are symptoms independent of disease?

Disease    No Disease    Total

Symptoms 25 225 250

No Symptoms 50 450 500

1. No

2. Yes



Probability Models –
Binomial Distribution

 Two possible outcomes: success and failure

 Replications of process are independent

 P(success) is constant for each replication

 Mean=np, variance=np(1-p)

xnx p)(1p
x)!(nx!

n!
P(x) 






Probability Models –
Poisson Distribution

 Two possible outcomes: success and failure

 Replications of process are independent

 Often used to model counts (often used to 
model rare events)

 Mean=m, variance=m

  / x!)μ (e P(x) x-μ



Probability Models –
Normal Distribution

 Model for continuous outcome

 Mean=median=mode



Normal Distribution

Properties of Normal Distribution

I) The normal distribution is symmetric about the
mean (i.e., P(X > m) = P(X < m) = 0.5).

ii) The mean and variance (m and s2) completely
characterize the normal distribution.

iii) The mean = the median = the mode 

iv) Approximately 68% of obs between mean + 1 sd
95% between mean + 2 sd, and >99% between 
mean + 3 sd



Normal Distribution

Body mass index (BMI) for men age 60 is normally 
distributed with a mean of 29 and standard 
deviation of 6.

What is the probability that a 
male has BMI < 29?

11      17      23      29      35      41    47

P(X<29)= 0.5



Normal Distribution

11      17      23      29      35      41    47

P(X<30)=?

What is the probability that a male has BMI less than 30?



Standard Normal Distribution 
Z

Normal distribution with m=0 and s=1

-3       -2       -1      0      1       2       3



Normal Distribution

P(X<30)= P(Z<0.17) = 0.5675

From a table of standard normal probabilities or 
statistical computing package.

0.17
6

2930

σ

μx
Z 









Comparing Systolic Blood Pressure 
(SBP)

Comparing systolic blood pressure (SBP)

 Suppose for Males Age 50, SBP is approximately
normally distributed with a mean of 108 and a
standard deviation of 14

 Suppose for Females Age 50, SBP is approximately
normally distributed with a mean of 100 and a
standard deviation of 8

If a Male Age 50 has a SBP = 140 and a Female Age 
50 has a SBP = 120, who has the “relatively” higher 
SBP ?



Normal Distribution

ZM = (140 - 108) / 14 = 2.29

ZF = (120 - 100) / 8 = 2.50

Which is more extreme?



Percentiles of the Normal Distribution

 The kth percentile is defined as the score that holds

k percent of the scores below it.

 Eg., 90th percentile is the score that holds 90% of the

scores below it. 

 Q1 = 25th percentile, median = 50th percentile, Q3 = 75th

percentile 



Percentiles

For the normal distribution, the following is used to 
compute percentiles:

X = m + Z s

where

m = mean of the random variable X,

s = standard deviation, and

Z = value from the standard normal distribution for the
desired percentile (e.g., 95th, Z=1.645).

95th percentile of BMI for Men: 29+1.645(6) = 38.9



Central Limit Theorem

 (Non-normal) population with m, s

 Take samples of size n – as long as n is 
sufficiently large (usually n > 30 suffices)

 The distribution of the sample mean is 
approximately normal, therefore can use Z to 

compute probabilities

nσ

μx
Z




(Standard error)



Sampling Error

 We want to estimate population parameter, 
so we collect enough sample size randomly. 

 Although we randomly selected enough 
sample size, the sample statistic may not 
identical with population parameter. 

 This is due to sampling error.

 Sampling error is not a bias but it is random 
error.



Sampling Distribution

 The distribution of all possible values that 
can be assumed by some statistic, computed 
from samples of the same size randomly 
drawn from the same population, is called 
the sampling distribution of that statistic. 



Construction

1. From a finite population of size N, 
randomly draw all possible samples of size n.

2. Compute the statistic of interest for each 
sample.

3. Draw a distribution curve for all computed 
sample statistic.



Characteristics

1. The distribution of sample means will be 
normal.

2. The mean of the distribution of sample mean 
will be equal to the mean of the population from 
which the samples were drawn.

3. The variance of the distribution of sample 
mean will be equal to the variance of the 
population divided by the sample size.



Population (N=5) = 6, 8, 10, 12, 14
Mean = 10, variance = 8





 Mean of sampling distribution = 10 

(Equal with population mean)

 Variance of sampling distribution = 4 

(not equal with population variance)

 Variance of sample mean = Variance (pop)/n

= 8/2

= 4



Standard Error of Mean (SEM)

 σ (sample mean)   = σ /√n

 Standard deviation of sample means

 Measure the variation of sample means

 We have to use standard error (SE) whenever we 
want to make inference about population based on 
sample finding to compensate the sampling error





Inferential statistic

 Estimation  

 Hypothesis testing



Estimation

 Point estimation

 Interval estimation

Estimator ± Reliability coefficient × SE



Hypothesis testing

 Hypothesis – Simple statement about 
population

 Research hypothesis and Statistical 
hypothesis

Statistical hypothesis

Null – No difference/no association (=, ≥, ≤)

Alternative – Difference/association (≠, >, <)



Level of significance (α)

 The level of significance a is a probability 
and, in fact, is the probability of rejecting a 
true null hypothesis.



Statistical decision



Types of error



P value

 The p value is the smallest value of alpha (α) 
for which we can reject a null hypothesis.


