Strategies for Understanding the Meaning
of Data:
 The Frequency Distribution:
 To group a set of observations, we select a suitable set of
contiguous, non-overlapping intervals such that each value in
the set of observations can be placed in one, and only one, of the

intervals. These intervals are called "class intervals".
 Example:
 The following table gives the hemoglobin level (g/dl) of a sample
of 50 men.

We wish to summarize these data

From frequencies:
The number of people whose hemoglobin levels are between 17.0 and 17.9 = 10
From cumulative frequencies:
The number of people whose hemoglobin levels are less than or equal to 15.9 = 23
The number of people whose hemoglobin levels are less than or equal to 17.9 = 49
From percentage frequencies:
The percentage of people whose hemoglobin levels are between 17.0 and 17.9 = 20%
From cumulative percentage frequencies:
The percentage of people whose hemoglobin levels are less than or equal to 14.9 = 16%
The percentage of people whose hemoglobin levels are less than or equal to 16.9 = 78%
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Ex: For a sample of children age 5, we obtain the
following graph:
• The type of the graph is:

• The name of the variable is:
• The type of the variable is:
• The sample size is:
• How many children had 3 or more
bruises?

• What is the percentage of children has
at most 2 bruises?
• What is the number of bruises has the
largest percentage?
• What is the smallest value of the
variable?

The following histogram shows the frequency distribution of
pathologic tumor size ( in cm) for a sample of 110 cancer
patients:

1. The percent of cancer patients with approximate level of pathologic tumor
size =2 cm is:
(a) 18%
(b) 50%
(c) 16.36%
(d) 32.72%
(e) 36%
(f) 0%
2. The number of cancer patients with lowest pathologic tumor size is:
(a) 0.5
(b) 3
(c) 11
(d) 13
(e) 15
(f ) 24

3. The approximate size of pathologic tumor with highest percentage of patients
is:
(a) 3
(b) 1
(c) 36
(d) 110
(e) 32.72%
(f) 16.36%
4. What the approximate value of the sample mean
(a) 18.33 (b) 36
(c) 1
(d) 1.75
(e) 1.586

(f ) we can't find it

5. The mode equals
(a) 1
(b) 3

(f ) we can't find it

(c) 36

(d) 55

(e) 110

Mean and Standard Deviation
 Example
 A sample of underweight babies was fed a special
diet and the following weight gains (lbs) were
observed at the end of three month.
6.7
2.7 2.5 3.6 3.4 4.1 4.8 5.9 8.3
 Sample mean

𝑥ҧ =

6.7+2.7+2.5+3.6+3.4+4.1+4.8+5.9+8.3
9

 Standard deviation

S=1.593 lbs

= 4.667 lbs

Coefficient of Variation (C.V.):

If we use the standard deviation to compare the variability of the
two data set, we will wrongly conclude that the two data sets have
the same variability because the standard deviation of both sets is
4.5kg.

Hypothesis Testing
 The purpose of statistical inference is to draw conclusions

about a population on the basis of data obtained from a
sample of that population.
 Hypothesis testing is the process used to evaluate the
strength of evidence from the sample and provides a
framework for making determinations related to the
population.
 The investigator formulates a specific hypothesis, evaluates
data from the sample, and uses these data to decide
whether they support the specific hypothesis.
 The first step in testing hypothesis is the transformation of
the research question into a null hypothesis, , and an
alternative hypothesis .

One Sample Test
 In some research projects, the study design includes
only a single sample, and the goal may be determine
whether the outcome measure for the population from
which the sample was drawn has same mean as some
standard population.

Example
 To examine data from a trial of black tea consumption in 28 adults, we
might be interested in testing whether the population from which
these individuals derive tends to have baseline levels of HDL-C that
differ from the overall US population of mean of 50.7 gm/dl.
 Therefore, we would want to determine whether the data from our 28
person sample support a conclusion that the population from which
these adults come has HDL-C levels that differ from 50.7 mg/dl.
 We would state the null and alternative hypotheses as follows:
versus
 To decide which of these hypotheses correct, we use the t-test (t=4.842)
 We compare the t-statistic to the t distribution (=2.05). For this, we
determine P-value=0.000.
 So we reject

Two Sample Test
 Many studies obtained data from two samples and seek to






test whether the means of the two populations represented
by the samples are different.
Typically, the statistical hypotheses are as follows:
versus
Selection of the appropriate two sample statistical test
depends on the study design.
Specifically whether the two samples are paired or
independent of each other.
In paired samples, each observation in one sample is linked
in some way to 1 specific observation in the other sample.
Independent samples have no link between specific
observations in the two samples.

Paired Test
 In the tea study, we measured HDL-C levels in each






participant 6 month apart.
These measurements are obviously paired within each
participant, and hence they comprise 28 pairs of data
points.
To test the hypothesis that HDL-C levels changed over
time, we would state the following hypotheses:
versus
We compare t =-0.111 to the t distribution and determine Pvalue=0.912.
So we fail to reject the null hypothesis and conclude that
HDL-C did not change from baseline to 6 months.

Independent Samples
 When the data in the two samples are not matched, tests






for independent samples are appropriate.
Going back to our tea trial, suppose we want to test the
hypothesis that HDL-C levels in men in the trial differ from
levels in women.
We would state the following hypotheses:
versus
We compare t=-3.268 to the t distribution and determine
P-value=0.003.
So we reject the null hypothesis and conclude that HDL-C
levels for men is different from HDL-C levels for women.

Proportion Testing

A researcher was interested in the proportion of females in the population of all
patients visiting a certain clinic. The researcher claims that 70% of all patients in
this population are females. Would you agree with this claim if a random survey
shows that 24 out of 45 patients are females? Use a 0.05 level of significance.
We would state the following hypotheses:
H0: p = 0.7 vs H1: p ≠ 0.7
We compare z=-2.44 to the z distribution and determine P-value=0.021.
So we reject the null hypothesis and conclude that the researcher claim is not true.

One-Way ANOVA
 We are often interested in determining whether the
means from more than two populations or groups are
equal or not.

Example
 A drug company tested three formulation of a pain relief medicine for
migraine headache suffers.

 For the experiment, 27 volunteers were selected and 9 were randomly
assigned to one of the three drug formulations.
 The subjects were instructed to take the drug during their next
migraine headache episode and report their pain on scale of 1 to 10 (10
being most pain).
 Drug A 4 5 4 3 2 4 3 4 4

 Drug B 6 8 4 5 4 6 5 8 5
 Drug C 6 7 6 6 7 5 6 5 5





We would state the following hypothesis
H0: The three drugs are equal in pain relief versus
H1: At least one drug is different.
P-value=0.0003, so we reject the null hypothesis, and conclude that the
drug A is the best in terms of pain relief based on multiple comparison
method LSD

Correlation and Regression
 Results of clinical studies frequently yield data that are
dependent of each other.
 For example, Cigarette smoking versus lung cancer.
 Analysis between two variable may focus on (a) any
association between the variables, (b) the value of one
variable in predicting the other.

Coefficient of correlation (r)
 The purpose of correlation analysis is to measure and interpret











the strength of relationship between two variables.
Interpretation of correlation coefficient
r = -1
Perfectly negative
r = -0.8
Strongly negative
r = -0.5
Moderately negative
r = -0.2
Weakly negative
r = 0.0
No association
r = +0.2
Perfectly positive
r = +0.5
Strongly positive
r = +0.8
Moderately positive
r = +1.0
Weakly positive

Example:
 A study was conducted to fine whether there is any
relationship between the weight and blood pressure of
an individual.

 r = 0.837**
 P-value=0.003

No.

Weight

1
2
3
4
5
6
7
8
9
10

78
86
72
82
80
86
84
89
68
71

Blood
Pressure
140
160
134
144
180
176
174
178
128
132

Simple Linear Regression
 The purpose of simple regression analysis is to evaluate the
relative impact of a predictor variable on a particular outcome.
 A simple regression model contains only one independent







(explanatory) variable.
The model is expressed as
Example: For the weight and blood pressure study, the simple
regression model is
The estimated regression parameters are a=-41.6 (intercept) and
b=2.46 (slope).
The regression line can be interpreted as follows:
At x=0, the value of y is -41.6
For every one unit increase in x , the value of y will increase on
average by 2.46

Coefficient of Determination
 The purpose of coefficient of determination is to
measure the variability in that can be explained by the
variability in through their relationship

 For the weight and blood pressure study,
 The variability in weight explain 70.1% of the
variability in blood pressure.

Relative Risk and Odds Ratio
 The relative risk (RR) is the probability that a

member of an exposed group will develop a disease
to the probability that a member of an unexposed
group will develop that same disease.
 The odds ratio (OD) is the odds of disease among

exposed individuals divided by the odds of disease
among unexposed.

Example
 Below is the sample data for a case-control study

(the first study to link smoking to lung cancer).
The investigators chose to study a group of cases
with lung cancer and a group of control without
lung cancer. They then asked whether each person
had smoked or not.
Control

Total

650

1338

Never Smoked 21

59

80

Total

709

Smoked

Cases (lung
cancer)
688
709

 We interpret this as the probability of getting lung

cancer for smokers is twice the probability of
getting lung cancer for nonsmokers.
 We interpret this as the odds ratio of smokers

getting lung cancer is about three times the odds
ratio of nonsmokers getting lung cancer.

