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What is a t —test?

A t-test is a statistics that checks if two
means (average) are reliably different from
each other

It is a statistical test that allows the
significance of difference between the
means of the two samples to be
determined



Why not just look at the means??

*Looking at means may show a
difference, but we can’t be sure if that
is a reliable difference



Exam: Coin flipping

Is this difference reliable?




This shows the difference
between Descriptive Statistics
and Inferential Statistics



Descriptive Statistics

These are stats, such as a
mean, that describe data
you have, but can’t be
generalized beyond that.



Inferential Statistics

These are stats, such as t-tests,
that allow us to make
inferences about the

population beyond our data.



Exam.. Drug testing

Researchers have developed a new drug that they hope will lowers
cholesterol..

Tetesterol Control
2 groups
- Treatment group
- Control group



After one month...

Is this difference reliable?
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big enough to show a
difference?

Each t-value has a p-value.

The p-value tells us the likelihood
that there is a real difference.



The p-value

Specifically, the p-value is the
probability that the pattern of
data in the sample could be
produced by random data.



The p-value

If p =.10, there is a 10% chance.

If p = .05, there is a 5% chance
there is no real difference.

If p = .01, there is a 1% chance.



Sample size

The p-value for each t-value also
depends on the sample size.

Bigger samples make it easier to
detect differences.
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PETET With two groups of 5,
Preee whent = 2.0, p = .04.
freee
P00 With two groups of 10,
preee whent = 2.0, p =.03.
freee



Sample size

Bigger samples help, but with
diminishing returns.

A good guideline is to aim for 20 to
30+ datapoints in each group.

“Degrees of Freedom” (df) is equal
to sample size minus one.



Independent-samples t-test

1T Tests the means of
TIITT  two different groups.

Example: Testing the average quality
of two different batches of beer.



Independent-samples t-test

freee Tests the means of
TTITT  two different groups.

Example: Testing the average quality
of two different batches of beer.

Also called: between-samples and
unpaired-samples t-test.



Paired-samples t-test

‘= I Tests the mean of one
- group twice.

¥ > ' Example: Testing balance
| » =, before and after drinking.

Also called: within-subjects, repeated-
measures and dependent-samples.



One-sample t-test

Tests the mean of one group
against a set mean.
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One-sample t-test

Tests the mean of one group
against a set mean.

Example: Testing if your co-workers’
Qs differ from the average of 100.

TITT R
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T-Test: Drawing Conclusions

1. Set Null Hypothesis (H,): There is no significant
difference

2. Set the critical P level at P = 0.05 (5%), which
means 95% confident (accepted level in biology)

3. Write the decision rule for rejecting the null
hypothesis:

a. If calculated t value < critical t value, then accept null
hypothesis (H,)

b. If calculated t value > critical t value, then reject null
hypothesis (H,)



T-Test: Drawing Conclusions

4. Determine the Degrees of Freedom Number
(Total Sample Size - 2) and Critical Value using
Chart

5. Write summary statement based on decision

a. The null hypothesis is rejected because...
I. ex:tvalue (2.28) > critical value (1.73)

6. Write statements of results that includes
hypothesis



T-Test: Drawing Conclusions

e Calculate T Value for
pair of datasets and
compare to Critical
Values

e Use the 95%
confidence level,
called P Value (P)






Limitations

1. The results of inferential
statistics can only be applied to
populations that resemble the
sample that was tested.



Limitations

2. Your sample and population
should be roughly normal in
distribution. This means most

scores will be around the mean
with fewer scores further out,

resembling a bell curve.



Limitations

3. Each group should have about
the same number of datapoints.
Comparing large and small
groups together may give
inaccurate results.



Limitations

4. All data should be

independent. This means the
scores should not be influenced
by each other.



Limitations

5. Your data should be

approximately interval-level or

higher. This means each unit of

measurement should be about
equal to any other unit.



Problem Solving using the
types of t-Test
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Differentiating Parametric Tests that Capture Differences Between Groups

T-test Family
= Single sample t-test — compares a single sample with its

* Independent samples t-test — compares one sample with
another sample

-m-

* Paired-samples t-test — compares one sample on “time one”

with itself on “time two”
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Application

Test Statistic

One
Sample
Z-Test

One
Sample
t-test

Two
Sample
t-test

Paired
t-test

One-Way
ANOVA

Not Testing the difference of a
Appicable sample mean, x-bar, with 3
known population mean, &
(fixed mean, historical mean, or
targeted mean)

n-1 Testing the difference of one
sample mean, x-bar, with a
known population mean, &

[fixed mean, historical mean, or
targeted mean)

n,+n_, -2 Testing difference of two
sample means when population

variances unknown but
considered equal

n-1 Testing two sample means when
their respective population
standard deviations are
unknown but considerad equal.
Data recorded in pairs and each
pair has a difference, d.

n,—1&
n,-1

Testing the difference of three
or more population means

Normal distribution
Known population 0.

Normal distribution
Populstion standard
deviation, J, is unknown.

Normal Distribution
Requires standard pooled
deviation calkulation, s_

Normal Distribution
Two dependent samples
Always two-tailed test
S, =standard deviation of
the differences of all
samples

Normal Distribution
s*ands? represent
sample vanances




Hypothesis Testing
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Procedures in doing a t-test

Determine H, and H,

Set the criterion
= Look up &, which depends on alpha and df

: i
=8
3. Collect sample data, calculate x and sl
4. Calculate the test statistic

X — e
I 4 ==
bt S

N

5. Reject H, if £_,, iIs more extreme than
L

crit

t-table.pdf



t-table.pdf
t-table.pdf
t-table.pdf

Example:

A population of heights has a p=68. What is the
probability of selecting a sample of size Nn=25 that
has a mean of 70 or greater and a s=47¢

« WVie hypothesized about a population of

heights with a mean of 68 inches. Howewver,
we do not know the population standard

deviation. This tells us we must use a t—-test
instead of a z-test

Step 1: State the hypotheses
Hg: p=—63
Hy: =68




Step 2: Set the criterion

« one-tail test or two-tail test?
s =7

o df = n-1 =7
o« See table for critical t—value

Step 3: Collect sample data, calculate x

and s

From the example we know the sample mean is 70,
with a standard deviation (s) of 4.

t-table.pdf
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Step 4: Calculate the test statistic

e Calculate the estimated standard error of the

mearl
5

- 4
S— = =
Y oaln Al25
e Calculate the t-statistic for the sample
X —

0.8

jl" =
S'.I

70 — 68

! 2.5
0.8




Step 5: Reject H, if £, is more extreme
than t_;

e The critical value for a one-tailed t-test with
df=24 and a=.05%is 1.711

= Will we reject or fail to reject the null
hypothesis?

t.., =1.711



Hypothesis Tests for Two
Population Means

T-TEST STATISTIC
(EQUAL POPULATION VARIANCES)

— (.3—‘:1 B *‘—'3 Y (44 — /‘2)

4 df =n,+n,—2
1 1 i -
S, — T
where:
X, and X, ‘Sample means from populations1 and 2

Hy— 4ty = Hypothesized difference

1, and n, Sample sizes from the two populations

Sp» = Pooled standard deviation




Example:

A researcher is interested in determining whether or
not review sessions affect exam performance.

The independent variable, a review session, is
administered to a sample of students (N=9) in an
attempt to determine if this has an effect on the
dependent variable, exam performance.

Based on information gathered in previous semesters,
I know that the population mean for a given exam is

24,

The sample mean is 25, with a standard deviation (s)
of 4.




« We hypothesized about a population mean
for students who get a review based on the
information from the population who didn't
get a review (p=24). Howewver, we do not
know the population standard deviation. This
tells us we must use a t-test instead of a z-
test

Step 1: State the hypotheses

Hg: p=24
Hi: p=24



Step 2: Set the criterion

e one-tail test or two-tail test?
e =77

e df =n-1 =7
e See table for critical t-value

Step 3: Collect sample data, calculate x

and s

From the example we know the sample mean is 25,
with a standard deviation (s) of 4.



Step 4: Calculate the test statistic
e Calculate the estimated standard error of the

mearll

4 4
— —1.33

a
r = — — =
* Jdm Ao 3

« Calculate the t-statistic for the sample
N —

j"'=

St
— 2
20 — 24 2 503
1.33 1.33




Step 5: Reject Hy if £, is more extrame
than £

o The critical value for a one-tailed t-test with
df=8 and a=.05 is 1.86

= Will we reject or fail to reject the null
hypothesis?

025 0.0 25




ONE SAMPLE T TEST

* A researcher believes that in recent years women have been getting
taller. She knows that 10 years ago the average height of young adult
women living in her city was 63 inches. The standard deviation is
unknown. She randomly samples eight young adult women currently
residing in her city and measures their heights. The following data
obtained: 64,66,68,60,62,65,66,63



63



64
66
68
60
62
65
66
63

N=8

0.63
3.06
14.06
18.06
5.06
0.56
3.06
1.56
2(x—x")%
46.05



SOLUTION

P Solving for the mean and variance of the sample we have x=64.25 and s?= 6.5
» Ho: u =63 inches

P H1:u >63 inches (one tailed)

» For this particular problem we can set the level of significance to be at 0.05.

P Since n=8, we have df= n- 1=8-1=7. Since this is one tailed, we first multiple 2 to
.05 level of significance, so a=0.10 and refer to appendix using df=7. Hence the
critical vale of t=1.895

P Solve for the computed t

P Decision: Since the absolute value of t-computed=1.39 is less than the absolute
value of t-critical =1.895 the we accept Ho. Hence, what the researcher thinks
about the women getting taller in her city is not true.



T- test for Paired Samples

* A school teacher checks the curriculum content of a mathematics
course subject to curriculum development. To do this random sample
of 10 students was taken to check their knowledge growth from the
beginning of the term of the mid semester undergoing the present
curriculum. A diagnostic and a summative test were conducted at the

beginning and the middle of the semester respectively. And here are
the following :



79 81

31
33
384
34
86
36
87
38
90

30
80
85
30
87
36
38
36
91

2d

zd?-



DIAGNOSTIC TEST | SUMMATIVE TEST
/9 31

31
33
384
34
86
36
87
38
90

30
80
85
30
87
36
38
36
91

-2 4
1 1
3 9
-1 1
4 16
-1 1
0 0
-1 1
2 4
-1 1

2d=4 2d2=38



SOLVE © SOLVE © ON THE BOARD



SOLUTION

* HYPOTHESIS

* LEVEL OF SIGNIFICANCE .05

* DEGREE OF FREEDOM, CRITICAL VALUE OF 1.833
* COMPUTE FORt

* DECISION



T- TEST FOR UNPAIRED

P A study was conducted to compare the effectiveness of two
teaching methods of statistics. The first method is via method
A and the second is via method B. A group of 15 students were
randomly chosen to undergo method A and group of 12
students were taken to to undergo method B. At the end of
the term the same test was given to both groups and group A
was found out to have an average of 86 with a standard
deviation of 3, while the other group was find out to have an
average of 84 with a standard deviation of 6. Assuming that
the distribution were approximately normal and with 0.01

level of significance difference between method A and Method
B?



N2=12



SOLUTION

* HYPOTHESIS

* Level of significance

* Degree of freedom with the critical value
* Computations

* Decisions



TRY AND SOLVE

» 1. A medical investigation claims that the average number of
infections per week at a hospital in Southwestern Pennsylvania
is 16.3 a random sample of 10 weeks had a mean number of
17.7 infections. The sample standard deviation is 1.8. If there
enough evidence to reject the investigator’s claim at alpha
=0.05? Assume the variable is normally distributed?



e 2. The average size of a farm in Indiana County, Pennsylvania is
191 acres. The average size of a farm in Green County is 199
acres. Assume the data were obtained from 2 samples with
standard deviation of 38 and 12 acres, respectively, and sample
sizes of 8 and 10, respectively. Can it be concluded at alpha =
0.05 that the average size of the farms in the counties is
different? Assume the populations are normally distributed.



_..Tank yu!

(Thank you!)



