
Training Workshop on Data Management

22nd -26th July 2019                           Department of Medical Research (Pyin Oo Lwin branch)

7/23/2019 1



Comparing means of two groups
(t-test)

Dr Kyaw Thu Soe
M.B.,B.S, M.P.H.M
Research Scientist
Department of Medical Research (Pyin Oo Lwin Branch)
Operational Research Fellow (WHO/TDR)

7/23/2019 2



Objectives of this lecture

We aim participants to

1. decide when to use t-test

2. understand the basic concepts of t-
distribution and types of t-test

3. interpret the t-test result
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Outline

1. When to use t-test

2. Basic concepts of t-distribution and 
types of t-test

3. Interpretation and presentation of t-test 
results

4. Group exercise
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Some considerations….

• How important are t-test? 

 Used in one in three papers, they are an 
important aspect of medical statistics.

• How easy are they to understand?

 The details of the tests themselves are difficult to 
understand.
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• Descriptive analysis
 Frequency, percent, central tendency, Standard scored

• Correlational analysis
 Correlation
 Regression

• Analyzing differences between groups
 t-tests
 One-way ANOVA
 Factorial ANOVA
 MANOVA
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When are t-test used?

 Very often we are interested in comparing two 
populations in studies.

 To compare samples of “normally distributed” 
data.

 If the data do not follow a normal distribution, 
these tests should not be used.****
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“TWO” ????????

Examples:

Research Questions

1. Is the average midterm grade in “Class A” higher 
than the average midterm grade in Class B?

2. Is the average grade in “Mathematics” higher 
than “Chemistry” in this Class A?
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A B A

average midterm grade 

average grade in Mathematics 

average grade in Chemistry 

1. Is the average midterm grade in
“Class A” higher than the average
midterm grade in Class B?

2. Is the average grade in “Mathematics”
higher than “Chemistry” in this Class A?



• Each sample is an example of testing a claim between 
two populations. 

• However, there is a fundamental difference between 1) 
and 2). 

• In # 2) the samples are not independent where as in # 
1), they are.

Why?

• 1.  Different people in each class.
• 2.  Same people writing different test.
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Independent Samples

 Two samples are independent if the sample 
selected from one population is not related to 
the sample selected from the other 
population. 
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Dependent Samples

• If one sample is related to the other, the 
samples are dependent. 

• With dependent samples we get two values 
for each person, sometimes called paired-
samples.
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Example: Un-Paired Samples
samples from two independent (unrelated) groups

Participants Male salary Female salary

1 57000 27000

2 40200 18750

3 21450 12000

4 21900 13200

5 45000 21000

…..
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Example: Paired Samples
samples from two dependent (related) groups

Participants Current Salary Salary at entry

1 57000 27000

2 40200 18750

3 21450 12000

4 21900 13200

5 45000 21000

…..
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Think of your research questions!
Answer…

• Do your research
questions involve two
samples? If yes,….

• Are they independent
samples or dependent
samples?
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Answers..

• Group 1

– xxx

– xxx

• Group 2

– xxx

– xxx

• Group 3

– xxx

– xxx

• Group 4

– xxx

– xxx
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Recall memories … Variables

• Types of variables…..???????
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Examples…

Example: 1

• Is the average midterm 
grade in “Class A” 
higher than the average 
midterm grade in Class 
B?

– DV: average midterm 
grade

– IV: class (A,B)

Example: 2

• Is the average grade in 
“Mathematics” higher 
than “Chemistry” in this 
Class A?

– DV: average grade

– IV: subject (M,C)
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Examples…

Example: 4

• Is there any difference 
between the mean 
salary of Male and 
Female?

– DV: mean salary

– IV: gender (M,F)

Example: 5

• Is the mean of 
beginning salary lower 
than the current salary?

– DV: mean salary

– IV: job (B,C)
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Summary!

• When t-test are used?

 Continuous dependent variable 

 Categorical independent variable as two 
groups (dichotomous) 

 Comparing means of two samples

 Independent samples/Dependent samples
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t-distribution & t-test
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 The “t” distribution (student t distribution )       
is a probability distribution

 similar to the standard normal (z) distribution

 used to test hypothesis involving numerical 
data

 used in estimating the mean  or comparison 
of means of a normally distributed population 
when sample size is small  
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 Definition of t test

 It’s a method of testing hypothesis about the
mean of small sample drawn from a normally 
distributed population when the standard
deviation for the sample is unknown.
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 ..first published in 1908 by William Sealy 
Gosset,

 ..prohibited from publishing under his own 
name, so as pseudonym Student. 
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Recall memories …

• Normal (z) distribution?
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 According to the central limit theorem, 
the sampling distribution of a statistic 
(like a sample mean) will follow a normal 
distribution, as long as the sample size is 
sufficiently large. 

 Therefore, when we know the standard 
deviation of the population, we can 
compute a z-score, and use the normal 
distribution to evaluate probabilities 
with the sample mean.
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 But sample sizes are sometimes 
small, and often we do not know the 
standard deviation of the population. 

 When either of these problems 
occur, statisticians rely on the 
distribution of the t-statistic (also 
known as the t-score), 
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 There are actually many different t 
distributions. 

 The particular form of the t-distribution 
is determined by its degrees of 
freedom. 

 The degrees of freedom refers to the 
number of independent observations in 
a set of data.
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 Properties of the t Distribution
 Symmetric; unimodal, bell shaped
  = 0
 Looks a lot like the standard normal 

curve
 Major difference: tail of t are more 

plump, centre is more flat
 a family of distribution, one for every 

(n) , not actually n, but degrees of 
freedom
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 The t distribution is flatter than the 
standard normal distribution and it’s tails 
are higher and wider, indicating that it has 
a greater standard deviation ,especially for 
the small sample sizes.

 As the sample size increases, the degree of 
freedom also increase; and t-distribution 
approaches the standard normal 
distribution.

 When n is 30 or more , the two curves are 
very close. 
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Normal Distribution

3SD 3SD

1SD 1SD

2SD 2SD

Mean ± 1 SD covers 68.26 % of area under the curve
Mean ± 2 SD covers 95.45 % of area under the curve
Mean ± 3 SD covers 99.74 % of area under the curve
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1

2

Normal distribution
“t” distribution

7/23/2019 35



Difference…

z formula t formula
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Assumptions of t-test

• Dependent variables are interval or ratio.

• The population from which samples are drawn
is normally distributed.

• Samples are randomly selected.

• The groups have equal variance (Homogeneity
of variance).

• The t-statistic is robust (it is reasonably
reliable even if assumptions are not fully met.)
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Applications of t-test

• The calculation of a confidence interval for a 
sample mean.

• To test whether a sample mean is different
from a hypothesized value. 

• To compare mean of two samples.

• To compare two sample means by group.
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Recall.. Hypothesis testing
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- To assist administrators and clinicians in making decision
- Statistical test is only one piece of evidences , should not be interpreted as 

definitive, and consider with other relevant information.

- A statement about one or more population
- Research hypothesis, Statistical hypothesis

Hypothesis:

Null Hypothesis is hypothesis  to be tested, designated by H0

Also called ‘Hypothesis of no difference’

Alternative Hypothesis (Research  hypothesis) (HA)

Rule for stating statistical hypothesis:

Can we conclude that a certain pop. mean is not 50?

H0 : µ = 50       HA : µ ≠ 50

Can we conclude that a certain pop. mean greater than 50?

H0 : µ ≤ 50       HA : µ > 50

Can we conclude that a certain pop. mean less than 50?

H0 : µ ≥ 50       HA : µ < 50



Examples of common type of hypothesis testing…..

 Determining the significant difference by comparing a 
sample to a given population
 e.g. The mean pulse rate for male adult age between 35-45 

is 77/min

 Determining the significance by comparing samples 
derived from 2 or more population  interest
 e.g. The mean pulse rate between male and female adult is 

different

 Analyzing the significant relationship between 
variables  
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Types of t-tests

• Single sample t-test
– We have only one group

– Want to test again hypothetical mean

• Independent samples t-test
– We have 2 means, 2 groups, no relation between groups

– Eg. When we want to compare the mean of Test Treat 
group with placebo group

• Paired t-test
– It consists of samples of matched pairs of similar units or 

one group of units and tested twice

– Difference of mean between pre & post drug intervention
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• It is used in measuring whether a sample value 
significantly differs from a hypothesized value.
– For example, a research scholar might hypothesize

that on an average it takes 3 minutes for people to 
drink a standard cup of coffee.

– He conducts an experiment and measures how long
it takes his subjects to drink a standard cup of coffee.

– The one sample t-test measures whether the mean
amount of time it took the experimental group to
complete the task varies significantly from the 
hypothesized 3 minutes value.
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‘t” test for one sample Mean

s
t










Steps to test a hypothesis about a mean

1. State the null and alternative 
hypotheses

2. Select the decision criterion ( level of 
significance)

3. Establish the critical value

4. Draw a random sample from a 
population and calculate the mean of 
the sample



5. Calculate the standard deviation and SE of 
sample

6. Calculate the value of the test statistic t that 
correspond to the mean of the sample

7. Compare the calculated value of t with the 
critical value of t and then accept or reject the 
null hypothesis



Example

Research Questions:

-Do incoming students experience more or less 
stress than sophomores (2nd year students)?

• 16 randomly selected students filled out a 
standard stress scale. 

• Through years of testing, we know that 
sophomores typically score about 26 on this 
test ( Out of 60). 



• Data

– Hypothesized             = 26

– Sample Data

• n=16

• = 5.25

• = 28
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2. Statistical Hypotheses:

Null hypothesis :       =26

Alternative hypothesis:               

3. Decision rule 

( set       = 0.05 ,two tailed )

df = (n-1)= (16-1)= 15 






≠ 26
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Critical value from table       2.131

4. Compute observed t for one sample mean

= 0.57



s
t








s
16

25.5

51.3
57.0

2628



t



5. Make a decision

Observed t (3.51) exceed critical value (2.131)

Decision --- Reject Ho



6. Interpret / Report results:

• Difference not likely due to chance.

• Incoming students report more stress than the 
typical level reported by sophomores, t (15) = 
3.51, p < or equal 0.05, two tailed. 



Exercise
One-sample t-test

• Research Questions

– Are first year students average test scores 
significantly different from the score of 100?

– Sample Data

• Mean 107.8 (SD 5.35)

• N=10

• Please follow the steps in example 1.
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Example: t-test using SPSS

• According to the CDC, the mean height of adults ages 
20 and older is about 66.5 inches (69.3 inches for 
males, 63.8 inches for females). 

• RQ: Let's test if the mean height of our sample data is 
significantly different than 66.5 inches using a one-
sample t test. 

• The null and alternative hypotheses of this test will be:

• H0: 66.5 = µHeight ("the mean height of the sample is 
equal to 66.5")
H1: 66.5 ≠ µHeight ("the mean height of the sample is 
not equal to 66.5")

7/23/2019 56

https://proxy.library.kent.edu/login?url=http://www.cdc.gov/nchs/fastats/body-measurements.htm


7/23/2019 57

One sample t-test



How to read?
• A Test Value: The number we entered as the test value in the One-Sample 

T Test window.

• B t Statistic: The test statistic of the one-sample t test, denoted t. In this 
example, t = 5.810. Note that t is calculated by dividing the mean 
difference (E) by the standard error mean (from the One-Sample Statistics 
box).

• C df: The degrees of freedom for the test. For a one-sample t test, df = n -
1; so here, df = 408 - 1 = 407.

• D Sig. (2-tailed): The two-tailed p-value corresponding to the test statistic.

• E Mean Difference: The difference between the "observed" sample mean 
(from the One Sample Statistics box) and the "expected" mean (the 
specified test value (A)). The sign of the mean difference corresponds to 
the sign of the t value (B). The positive t value in this example indicates 
that the mean height of the sample is greater than the hypothesized value 
(66.5).

• F Confidence Interval for the Difference: The confidence interval for the 
difference between the specified test value and the sample mean.
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How to interpret?

• Decision and Conclusions
• Since p < 0.001, we reject the null hypothesis that the 

sample mean is equal to the hypothesized population 
mean and conclude that the mean height of the 
sample is significantly different than the average height 
of the overall adult population.

• Based on the results, we can state the following:
• There is a significant difference in mean height 

between the sample and the overall adult population 
(p < .001).

• The average height of the sample is about 1.5 inches 
taller than the overall adult population average.
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Independent t-test
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• The Independent Samples t Test compares the means of 
two independent groups in order to determine whether 
there is statistical evidence that the associated population 
means are significantly different. 

• The independent sample t-test consists of tests that 
compare mean value(s) of continuous-level (interval or 
ratio data),  in a normally distributed data.

• The independent samples t-test is also called unpaired t-
test/ two sample t test.

• It is the t-test to be used when two separate independent 
and identically distributed variables are measured.
– Eg: 1. Comparison of quality of life improved for patients who 

took drug Valporate as opposed to patients who took drug 
Levetiracetam in myoclonic seizures.

– Comparasion of mean cholesterol levels in treatment group with 
placebo group after administration of test drug.
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Assumptions

• A random sample of each population is used.

• The random samples are each made up of 
independent observation.

• Each sample is independent of one another.

• The population distribution of each 
population must be nearly normal, or the size 
of the sample is large.

• Population Variances Are Unknown But Assumed 
Equal
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• The null hypothesis (H0) and alternative hypothesis (H1) of the 
Independent Samples t Test can be expressed in two different but 
equivalent ways:

• H0: µ1 = µ2 ("the two population means are equal")
H1: µ1 ≠ µ2 ("the two population means are not equal")

OR
• H0: µ1 - µ2 = 0 ("the difference between the two population means 

is equal to 0")
H1: µ1 - µ2 ≠ 0 ("the difference between the two population means 
is not 0")

• where µ1 and µ2 are the population means for group 1 and group 2, 
respectively. Notice that the second set of hypotheses can be 
derived from the first set by simply subtracting µ2 from both sides 
of the equation.
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Homogeneity of variance
• Recall that the Independent Samples t Test requires the assumption of 

homogeneity of variance -- i.e., both groups have the same variance. 

• The hypotheses for Levene’s test are:

• H0: σ1
2 - σ2

2 = 0 ("the population variances of group 1 and 2 are equal")
H1: σ1

2 - σ2
2 ≠ 0 ("the population variances of group 1 and 2 are not equal")

• This implies that if we reject the null hypothesis of Levene's Test, it suggests that 
the variances of the two groups are not equal; i.e., that the homogeneity of 
variances assumption is violated.

• If Levene’s test indicates that the variances are equal across the two groups (i.e., p-
value large), you will rely on the first row of output, Equal variances assumed, 
when you look at the results for the actual Independent Samples t Test (under t-
test for Equality of Means).

• If Levene’s test indicates that the variances are not equal across the two groups 
(i.e., p-value small), you will need to rely on the second row of output, Equal 
variances not assumed, when you look at the results of the Independent Samples 
t Test (under the heading t-test for Equality of Means).
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..the test statistic
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• The calculated t value is then compared to the critical t
value from the t distribution table with degrees of 
freedom df = n1 + n2 - 2 and chosen confidence level. If 
the calculated t value is greater than the critical t value, 
then we reject the null hypothesis.

• Note that this form of the independent samples T test 
statistic assumes equal variances.

• Because we assume equal population variances, it is 
OK to "pool" the sample variances (sp). However, if this 
assumption is violated, the pooled variance estimate 
may not be accurate, which would affect the accuracy 
of our test statistic (and hence, the p-value).
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• The calculated t value is then compared to the 
critical t value from the t distribution table with 
degrees of freedom and chosen confidence level. 
If the calculated t value > critical t value, then we 
reject the null hypothesis.

• Note that this form of the independent samples T 
test statistic does not assume equal variances. 
This is why both the denominator of the test 
statistic and the degrees of freedom of the critical 
value of t are different than the equal variances 
form of the test statistic.
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Example: Independent t-test using 
SPSS

• Students reported their typical time to run a mile, and 
whether or not they were an athlete. 

• Suppose we want to know if the average time to run a 
mile is different for athletes versus non-athletes.

• This involves testing whether the sample means for 
mile time among athletes and non-athletes in your 
sample are statistically different (and by extension, 
inferring whether the means for mile times in the 
population are significantly different between these 
two groups). 

• You can use an Independent Samples t Test to compare 
the mean mile time for athletes and non-athletes.
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• The hypotheses for this example can be expressed as:
• H0: µnon-athlete - µathlete = 0 ("the difference of the means is equal to 

zero")
H1: µnon-athlete - µathlete ≠ 0 ("the difference of the means is not equal 
to zero")

• where µathlete and µnon-athlete are the population means for athletes 
and non-athletes, respectively.

• In the sample data, we will use two variables: Athlete and 
MileMinDur. The variable Athlete has values of either “0” (non-
athlete) or "1" (athlete). It will function as the independent variable 
in this T test. The variable MileMinDur is a numeric duration 
variable (h:mm:ss), and it will function as the dependent variable. In 
SPSS, the first few rows of data look like this:
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How to read the result?

• There are two parts that provide different pieces of information: (A) Levene’s Test 
for Equality of Variances and (B) t-test for Equality of Means.

• A Levene's Test for Equality of of Variances: 
• The p-value of Levene's test is printed as ".000" (but should be read as p < 0.001 --

i.e., p very small), so we we reject the null of Levene's test and conclude that the 
variance in mile time of athletes is significantly different than that of non-athletes. 

• This tells us that we should look at the "Equal variances not assumed" row for 
the t test (and corresponding confidence interval) results. 

• B t-test for Equality of Means provides the results for the actual Independent 
Samples t Test. From left to right:

• t is the computed test statistic
• df is the degrees of freedom
• Sig (2-tailed) is the p-value corresponding to the given test statistic and degrees of 

freedom
• Mean Difference is the difference between the sample means; it also corresponds 

to the numerator of the test statistic
• Std. Error Difference is the standard error; it also corresponds to the denominator 

of the test statistic
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How to interpret?

• Since p < .001 is less than our chosen significance 
level α = 0.05, we can reject the null hypothesis, 
and conclude that the that the mean mile time 
for athletes and non-athletes is significantly 
different.

• Based on the results, we can state the following:
– There was a significant difference in mean mile time 

between non-athletes and athletes (t315.846 = 15.047, p
< .001).

– The average mile time for athletes was 2 minutes and 
14 seconds faster than the average mile time for non-
athletes.
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Paired t test
For related samples



• A paired t-test is used to compare two population means where you 
have two samples in which observations in one sample can be 
paired with observations in the other sample.

• A comparison of two different methods of measurement or two 
different treatments where the measurements/treatments are 
applied to the same subjects.
– Eg: 1.pre-test/post-test samples in which a factor is measured before 

and after an intervention
– Eg: 2.Cross-over trials in which individuals are randomized to two 

treatments and then the same individuals are crossed-over to the 
alternative treatment

– Eg; 3.Matched samples, in which individuals are matched on personal 
characteristics such as age and sex

– Suppose a sample of  “n” subjects were given an antihypertensive 
drug we want to check blood pressure before and after treatment . We 
want to find out the effectiveness of the treatment by comparing 
mean pre & post t/t
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• The hypotheses can be expressed in two different ways that 
express the same idea and are mathematically equivalent:

• H0: µ1 = µ2 ("the paired population means are equal")
H1: µ1 ≠ µ2 ("the paired population means are not equal")

OR
• H0: µ1 - µ2 = 0 ("the difference between the paired 

population means is equal to 0")
H1: µ1 - µ2 ≠ 0 ("the difference between the paired 
population means is not 0")

• where
– µ1 is the population mean of variable 1, and
– µ2 is the population mean of variable 2.
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Research question
Does therapy reduce anxiety?
Measure anxiety levels before and after 
therapy.
One sample( same people) measured twice



Example

Patient BeforeX1 After X2 D= X1 - X2 

1

2

3

4

5

40

42

36

31

55

24

30

37

21

32

+16

+12

-1

+10

+23

Transform two scores into one score

Difference score D = X1 – X2



• Now We have one sample of data, not two’

• Conduct a simple t test on the D’s

• If there is no difference, average D should be 
=0



Hypotheses in related samples

• Two tailed

Ho : µD= 0

HA :µD ≠ 0

• One tailed

When (X1< X2 ) Ho : µD> or = 0 ;  HA : µD< 0

When (X1> X2 ) Ho: µD< or =0 : HA: µD >0
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Example: Paired t-test using SPSS

• The sample dataset has placement test scores 
(out of 100 points) for four subject areas: English, 
Reading, Math, and Writing.

• Suppose we are particularly interested in the 
English and Math sections, and want to 
determine whether English or Math had higher 
test scores on average. 

• We could use a paired t test to test if there was a 
significant difference in the average of the two 
tests.
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How to read the result?

• Paired Samples Statistics gives univariate descriptive 
statistics (mean, sample size, standard deviation, and 
standard error) for each variable entered. Notice that 
the sample size here is 398; this is because the paired 
t-test can only use cases that have non-missing values 
for both variables. 

• Paired Samples Correlations shows the bivariate 
Pearson correlation coefficient (with a two-tailed test 
of significance) for each pair of variables entered.

• Paired Samples Test gives the hypothesis test results.
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• The Paired Samples Statistics output repeats 
what we examined before we ran the test. The 
Paired Samples Correlation table adds the 
information that English and Math scores are 
significantly positively correlated (r = .243).
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• Reading from left to right:
• First column: The pair of variables being tested, and the order the 

subtraction was carried out. (If you have specified more than one variable 
pair, this table will have multiple rows.)

• Mean: The average difference between the two variables.
• Standard deviation: The standard deviation of the difference scores.
• Standard error mean: The standard error (standard deviation divided by 

the square root of the sample size). Used in computing both the test 
statistic and the upper and lower bounds of the confidence interval.

• t: The test statistic (denoted t) for the paired T test.
• df: The degrees of freedom for this test.
• Sig. (2-tailed): The p-value corresponding to the given test statistic t with 

degrees of freedom df.
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• Decision and Conclusions

• From the results, we can say that:

– English and Math scores were weakly and 
positively correlated (r = 0.243, p < 0.001).

– There was a significant average difference 
between English and Math scores (t397 = 36.313, p
< 0.001).

– On average, English scores were 17.3 points 
higher than Math scores (95% CI [16.36, 18.23]).
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Thank You……

Attached… calculation for t-test
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Group Exercise
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Exercise….. 1

 RQ: Will anti-TB treatment improve the weight of TB 
patients?

 What are the dependent and independent variables?

 xxx

 xxx

 What type of t-test has to be used?

 xxx
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Exercise….. 2

• RQ: Are the Body Mass Index of urban reproductive 
aged unmarried women different from that of rural?

 What are the dependent and independent variables?

 xxx

 xxx

 What type of t-test has to be used?

 xxx
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Exercise….. 3

• RQ: Is there difference between the peak flow rates 
among asthma patients treated with new-
bronchodilator and those treated with the placebo?

 What are the dependent and independent variables?

 xxx

 xxx

 What type of t-test has to be used?

 xxx

7/23/2019 93



Exercise….. 4

• RQ: Is there difference between mean age of 
Diabetics and Non-Diabetics?

 What are the dependent and independent variables?

 xxx

 xxx

 What type of t-test has to be used?

 xxx
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Exercise….. 5

• Please interpret the t-test result (output from SPSS)
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Independent t-test
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Group Statistics

73 2431.49 490.884 57.454

79 2221.23 320.497 36.059

ORIGIN  Country of Origin

2  European

3  Japanese

WEIGHT  Vehicle
Weight (lbs.)

N Mean
Std.

Deviation
Std. Error

Mean

Independent Samples Test

18.242 .000 3.150 150 .002 210.27 66.756 78.362 342.169

3.100 122.367 .002 210.27 67.832 75.990 344.541

Equal variances
assumed

Equal variances
not assumed

WEIGHT  Vehicle
Weight (lbs.)

F Sig.

Levene's Test for
Equality of Variances

t df Sig. (2-tailed)
Mean

Difference
Std. Error
Difference Lower Upper

95% Confidence
Interval of the

Difference

t-test for Equality of Means

• Mean difference between weights of European and Japanese 
cars



Paired t-test
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• Mean difference between current salary and beginning salary 
among one sample



Unpaired t-test
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• Mean difference between R’s occupational 
prestige score among male and female



Exercise….. 6 (Home work)

• Please read the distributed paper (will send via 
email), and discuss the followings.

 What are the objectives of study?
 xxx

 What are the study population?

 xxx

 What types of t-test is used? And Why?
 xxx

 What does the t-test result answer for the study 
objective?

 xxx
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Exercise… 7 (Home work)

• Please answer the distributed multiple choice 
questions. (will send via email, answer keys 
will be included).
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