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Basic Concept Approach



Learning Objectives (I)

1. Define sampling distribution due to 
hypothesis testing

2. Inferential statistics approach to identify the 
four steps of hypothesis testing.

3. Define Type I error and Type II error, and 
identify the type of error that researchers 
control.



Learning Objectives (II)

4. Calculate the one-independent sample z test 
and interpret the results.

5. Population distribution Effect



Hypothesis Testing and Sampling Distribution





• A student asked me about the distribution of exam scores after she
saw her score of 87 out of 100. I told her the distribution of test
scores were approximately bell‐shaped with a mean score of 75 and
a standard deviation of 10. Most people would have an intuitive
grasp of the mean score as being the “average student’s score” and
would say this student did better than average. However, having an
intuitive grasp of standard deviation is more challenging.

• The Empirical Rule is a helpful tool in explaining standard deviation.



Variance of Distribution
(Central Limit Theorem)

• Detection of death caused by Lung Cancer.
Distribution is rectangular shaped centered at
3.5

n = 1



n = 2



n = 10



n = 30



• Keep in Your Mind
1. The mean stays the same. (population and 

samples)
2. The standard deviation gets smaller.

(samples)
3. As the sample size increase, the 

distribution is approximately Normal.



Phenomena in a population

• We may want to know if a potential drug is effective
in treating a disease. Since it is not feasible or ethical
to distribute an experimental drug to the entire
population, we instead must study a small subset of
the population called a sample.

• We then analyze the sample and make an inference
about the population based on the sample.

• Using probability theory and the Central Limit
Theorem, we can then measure the reliability of the
inference.



POPULATION

Phenomena in a population

Reliability

Inference 
about 

population

Analysis

Samples



Margin of error

Point estimate Interval estimate

Confidence Interval



• The confidence interval is constructed from 
random variables calculated from sample data 
and attempts to predict an unknown but fixed 
population parameter with a certain level of 
confidence.

• Increasing the level of confidence will always 
increase the margin of error.

• It is impossible to construct a 100% Confidence 
Interval without taking a census of the entire 
population.

Confidence Interval



• Think of the population mean like a dart that 
always goes to the same spot, and the 
confidence interval as a moving target that 
tries to “catch the dart.” A 95% confidence 
interval would be like a target that has a 95% 
chance of catching the dart.



Notation
The notation used for the mean, variance, and standard deviation in 

population, sample, and sampling distributions.



Concept Distribution

The key differences between population, sample, and sampling 
distributions.







The structure of a research study to determine whether prenatal alcohol affects
birth weight. A sample is selected from the original population and is given
alcohol. The question is what would happen if the entire population were given
alcohol. The treated sample provides information about the unkonwn treated
population.



Inferential Statistics and Hypothesis Testing



General problems
• Would a public single payer health care system be more 

effective than the current private insurance system?
• What is the chracteristics lung cancer undocumented 

immigration and outsourcing of jobs in US ?

Hypothesis statement
• At least 80% of low socioeconomic level patients finance the 

hospital care facility by out of pocket
• The lung cancer rates in California are lower than the rates in 

Texas.



Inferential Statistics and Hypothesis 
Testing

Inferential Statistics Concept
• The value of the sample mean will equal the population mean

(normal sampling distribution)



Sampling Distribution for Population 
Mean Equal to 1000

• 95% of all samples selected from this population will have a sample mean 
that falls within two standard deviations (SD) of the mean. It is therefore 
unlikely (less than a 5% probability) that we will measure a sample mean 
beyond 2 SD from the population mean .



• Suppose we read an article stating that children in the United States watch
an average of 3 hours of TV per week.

• Collect the data of time (in hours) that a group of 20 American children
(the sample), among all children in the United States (the population),
watch TV.

• Compare the sample mean we select to the population mean stated in the
article.



Hypothesis testing or significance 
testing 

• Hypothesis Testing is a
procedure, based on
sample evidence and
probability theory, used to
determine whether the
hypothesis is a reasonable
statement and should not
be rejected, or is
unreasonable and should
be rejected.



4 Important steps to proved stating that children in the 
United States watch an average of 3 hours of TV per 

week is true 
STEPS DEFINITION INTENDED TO CASE

1 Identify a hypothesis or claim 
that we feel should be tested.

Test the claim  children in the United States 
watch TV = 3 hours. 

2 Select a criterion upon which 
we decide that the claim being 
tested is true or not. 

If most samples close to or equal to  watch TV = 
3 hours the claim we are testing is true. 
Discrepancy between the sample mean and 
population is so big  the claim we are testing is 
likely not true

3 Select a random sample from 
the population and measure 
the sample mean. 

Select 20 children and measure the mean time (in 
hours) that they watch TV per week. 

4 Compare what we observe in 
the sample to what we expect 
to observe ifthe claim we are 
testing is true. 

Compare what we observe in the sample to what 
we expect to observe if the claim we are testing is 
true. 



Step 1: State the hypothesis
• Null Hypothesis
• Statement about a

population parameter, such
as the population mean,
that is assumed to be true.

• The null hypothesis is a
starting point. We will test
whether the value stated in
the null hypothesis is likely
to be true.

Presumption of innocence in a 
courtroom.



Reseach Statement

• Alternative Hypothesis
• Placing the burden on the researcher to conduct a

study to show evidence that the null hypothesis is
unlikely to be true.

• Keep in mind that the only reason we are testing
the null hypothesis is because we think it is
wrong. For the children watching TV example

Believe that children watch more than (>) or less 
than (<) 3 hours of TV per week. When we are 
uncertain of the direction, we can state that the 
value in the null hypothesis is not equal to (≠) 3 
hours.



Fact about Hypothesis

• Hypotheses must be statements about population
parameters, never about sample statistics.

• In most hypotheses tests, equality (=, ≥, ≤) will be
associated with the Null Hypothesis while non‐equality
(≠, , <) will be associated with the Alternative
Hypothesis.

• It is the Null Hypothesis that is always tested in attempt
to “disprove” it and support the Alternative Hypothesis.
This process is analogous in concept to a “proof by
contradiction” in Mathematics or Logic, but supporting a
hypothesis with a level of confidence is not the same as
an absolute mathematical proof.



Step 2: Set the criteria for a decision 

• To set the criteria for a decision, we state the
level of significance for a test.

• Level of significance, refers to the criterion of the
probability, based on statistic measured in a
sample. If the value stated in the null hypothesis
were true.

• The criterion or level of significance (α) is typically
set at 5%. When the probability of obtaining a
sample mean is less than 5% if the null
hypothesis were true, then we reject the value
stated in the null hypothesis.



α (alpha)

• This criterion is usually set at .05 (α = .05), and 
we compare the alpha level to the p value. 

• When the probability of a Type I error is less 
than 5% (p < .05), we decide to reject the null 
hypothesis; otherwise, we retain the null 
hypothesis.







 The alternative hypothesis determines whether to place the level of
significance in one or both tails of a sampling distribution.

 Sample means that fall in the tails are unlikely to occur (less than a 5%
probability) if the value stated for a population mean in the null hypothesis is
true.



Step 3: Compute the test statistic 

• The test statistic is a mathematical formula
that allows researchers to determine :
– Likelihood of obtaining sample outcomes if the

null hypothesis were true.
– The value of the test statistic is used to make a

decision regarding the null hypothesis.

For the children watching TV example

Suppose we measure a sample mean equal to 4 
hours per week that children watch TV. To make a 
decision, we need to evaluate how likely this sample 
outcome is, if the population mean stated by the 
null hypothesis (3 hours per week) is true. 



Step 4: Make a decision

Two decisions a researcher can make:
1. Reject the null hypothesis. The sample mean

is associated with a low probability of
occurrence when the null hypothesis is true.

2. Retain the null hypothesis. The sample mean
is associated with a high probability of
occurrence when the null hypothesis is true.



Standard for decision
• The more preferred method of making decisions is to 

calculate the probability of getting a result as extreme
as the value of the test statistic. This probability is 
called the p‐value

• The probability of obtaining a sample mean, given that 
the value stated in the null hypothesis is true, is stated 
by the p value. 

• The p value is a probability: It varies between 0 and 1
and can never be negative.

• In Step 2, we stated the criterion which is typically set
at 5%. To make a decision, we compare the p value to
the criterion we set in Step 2.



Important Concept of p-Value and 
Significancy

• The p value is less than 5% (p < .05), we reject 
the null hypothesis we reach significance. 

• The p value is greater than 5% (p > .05), we 
retain the null hypothesis we fail to reach 
significance. 



Comparing p‐value to α

• Both the p‐value and α are probabilities of getting
results as extreme as the data assuming Ho is true.

• The p‐value is determined by the data is related to
the actual probability of making Type I error
(Rejecting a True Null Hypothesis). The smaller the
p‐value, the smaller the chance of making Type I
error and therefore, the more likely we are to reject
the Null Hypothesis.

• The significance level α is determined by design and
is the maximum probability we are willing to accept
of rejecting a true Ho.



Two Decision Rules lead to the same decision.
1. If the test statistic lies in the rejection region, 

reject Ho. (critical value method)
2. If the p‐value < α, reject Ho. (p‐value method)



• The test statistic lies in the rejection region (the area to the right of the 
critical value).

• The p‐value (the area to the right of the test statistic) is less than the 
significance level (the area to the right of the critical value). 

• The decision is Reject Ho.



• Test Statistic does not lie in the Rejection Region.
• The p‐value (the area to the right of the test statistic) is greater than the 

significance level (the area to the right of the critical value).
• The decision is Fail to Reject Ho.



The Logic of Hypothesis Testing
(“proof by contradiction”)

• We assume Ho is true before observing data and design H1 to 
be the complement of Ho.

• Observe the data (evidence). How unusual are these data 
under Ho?
– If the data are too unusual, we have “proven” Ho is false: 

Reject Ho and support H1 (strong statement).
– If the data are not too unusual, we fail to reject Ho. This 

“proves” nothing and we say data are inconclusive. (weak 
statement) .

• We can never “prove” Ho , only “disprove” it.
• “Prove” in statistics means support with (1‐α)100% certainty. 

(example: if α=.05, then we are at least 95% confident in our 
decision to reject Ho.



Summary of Hypothesis Testing



Learning Check
1. For the following statement, write increases or

decreases as an answer. The likelihood that we reject
the null hypothesis (increases or decreases):

a. The closer the value of a sample mean is to the value
stated by the null hypothesis?

b. The further the value of a sample mean is from the value
stated in the null hypothesis?

2. A researcher selects a sample of 49 students to test
the null hypothesis that the average student exercises
90 minutes per week. What is the mean for the
sampling distribution for this population of interest if
the null hypothesis is true?



Making A Decision : Type Of Error



Alternative Decision

• Four decision alternatives regarding the truth and
falsity of the decision we make about a null
hypothesis:
1. The decision to retain the null hypothesis could be

correct.
2. The decision to retain the null hypothesis could be

incorrect.
3. The decision to reject the null hypothesis could be

correct.
4. The decision to reject the null hypothesis could be

incorrect.



Four outcomes for making a decision 



Decision : Retain The Null Hypothesis
Decision The correct decision The incorrect decision 

Process To retain a true null hypothesis.. To retain a false null hypothesis. 

Concept This decision is called a null result or 
null finding

This decision is an example of a Type II 
error, or β error.

Description This is usually an uninteresting 
decision because the decision is to 
retain what we already assumed: 
that the value stated in the null 
hypothesis is correct.

Decided to retain previous notions of 
truth that are in fact false. While it’s an 
error, we still did nothing; we retained 
the null hypothesis. 

Action in 
Design

For this reason, null results alone 
are rarely published in medical
research.

We can always go back and conduct 
more studies.

Type II error, or beta (β) error, is the probability of retaining a null hypothesis that is
actually false.



Decision The correct decision The incorrect decision 

Process To reject a false null hypothesis To reject a true null hypothesis

Concept There is always some probability 
that we decide that the null 
hypothesis is false when it is indeed 
false. It is called power because it is 
the decision we aim for. 

This decision is an example of a Type I
error, or α error.

Description Deciding to reject a false null 
hypothesis, then, is the power, 
inasmuch as we learn the most 
about populations when we 
accurately reject false notions of 
truth.

A researcher who makes this error 
decides to reject previous notions of 
truth that are in fact true. 

Action in 
Design

This decision is the most published 
result in behavioral research.

To minimize making a Type I error, we 
assume the null hypothesis is true 
when beginning a hypothesis test.

Decision : Reject The Null Hypothesis





Power, Alpha, and Beta
Power is probability that we decide that the null hypothesis 
is false when it is indeed false. (power of the decision-
making process).

• Alpha is probability of committing a Type I error that we will 
allow and still decide to reject the null hypothesis.

• Set stating a level of significance for controlling type I error 
(symbolized as α)

Beta is the probability of failing to reject the null hypothesis
when it is actually false. (symbolized as β)



Examples

• Bus brake pads are claimed to last on average
at least 60,000 miles and the company wants
to test this claim. The bus company considers
a “practical” value for purposes of bus safety
to be that the pads last at least 58,000 miles.
If the standard deviation is 5,000 and the
sample size is 50, find the power of the test
when the mean is really 58,000 miles.
(Assume α = .05)







Deals with errors



1. What type of error do we directly control?
2. What type of error is associated with

decisions to retain the null?
3. What type of error is associated with

decisions to reject the null?
4. State the two correct decision that

researcher can make!

Learning Check



QUESTIONS?



Testing A Research Hypothesis Using Z Test



Basic Concept 

• The test statistic we use depends largely on
what we know about the population.

• When we know the mean and standard
deviation in a single population, we can use
the one–independent sample z test

The one–independent sample z test is a statistical 
procedure used to test hypotheses concerning the mean 

in a single population with a known variance



Basic Concept cont’

• Recall that we can state one of three 
alternative hypotheses: A population mean is 
greater than (>), less than (<), or not equal (≠) 
to the value stated in a null hypothesis. 

• The alternative hypothesis determines which 
tail of a sampling distribution to place the 
level of significance 



NONDIRECTIONAL, TWO-TAILED 
HYPOTHESIS TESTS (H1: ≠)

Nondirectional tests, or two-tailed tests, are 
hypothesis tests where the alternative 

hypothesis is stated as not equal to (≠). The 
researcher is interested in any alternative from 

the null hypothesis.



Clinical Problems

• Templer and Tomeo (2002) reported that the
population mean score on the quantitative portion of
the Graduate Record Examination (GRE) General Test
for students taking the exam between 1994 and
1997 was 558 ± 139 (μ ±).

• Suppose we select a sample of 100 participants (n=
100). We record a sample mean equal to 585 (M=
585).

• Compute the one–independent sample z test for
whether or not we will retain the null hypothesis (μ=
558) at a .05 level of significance (a = .05)!



H0: μ= 558 Mean test scores are equal to 558 in the
population.

H1: μ ≠ 558 Mean test scores are not equal to 558 in the
population.

STEP 1 : State the hypotheses. The population mean is 558 , and 
we are tes ng whether the null hypothesis is (=) or is not (≠) 
correct:

Answer Steps



A critical value is a cutoff value that defines the boundaries 
beyond which less than 5% of sample means can be obtained 
if the null hypothesis (H0: μ= 558 ) is true.
Sample means obtained beyond a critical value will result in a 
decision to reject the null hypothesis. 

STEP 2 : Set the criteria for a decision. The level of significance is 
.05, which makes the alpha level α = .05. (standard normal 
distribution)
We will locate the z scores in a standard normal distribution 
that are the cutoffs, or critical values.

In a nondirectional,
the area is placed in the

upper and lower tail



Critical values for one tailed and two tailed tests at three 
commonly used levels of significance



The critical values (±1.96) for a nondirectional (two-tailed) test 
with a .05 level of significance. 



• The test statistic for a one–independent sample z test is called
the z statistic.

• The solution of the formula gives the number of standard
deviations, or z-scores, that a sample mean falls above or
below the population mean stated in the null hypothesis. We
can then compare the value of the z statistic, called the
obtained value.

STEP 3 : Compute the test statistic. 



SD 

z statistic  



• STEP 4: Make a decision. To make a decision, we compare the
obtained value to the critical values. We reject the null
hypothesis if the obtained value exceeds a critical value.
Figure 8.5 shows that the obtained value (Zobt = 1.94) is less
than the critical value; it does not fall in the rejection region.
The decision is to retain the null hypothesis



DIRECTIONAL, LOWER-TAIL 
CRITICAL HYPOTHESIS TESTS (H1: <)

With the same clinical problems we
hypothesize that students at this school will
score lower than the general population

STEP 1 : State the hypotheses. The population mean is 558, and 
we are testing whether the alternative is less than (<) this value:

H0: μ= 558 Mean test scores are equal to 558 in the
population at this school.l

H1: μ < 558 Mean test scores are less than 558 in the
population at this school.



STEP 2 : Set the criteria for a decision. The level of significance is 
.05, which makes the alpha level a = .05. Since this test is a 
lower-tail critical test, we place the critical value the same 
distance below the mean: The critical value for this test is z = –
1.645. 

STEP 3 : Compute the test statistic. The probability is less than 
5% that we will obtain a sample mean that is at least 1.645 
standard deviations below the value of the population mean 
stated in the null hypothesis.



The critical value (-1.645) for a directional (lower-tail critical)
test at a .05 level of significance. When the test statistic is less
than -1.645, we reject the null hypothesis; otherwise, we
retain the null hypothesis.



STEP 4: Make a decision



With the same clinical problems we
hypothesize we hypothesize that students at
this elite school will score higher than the
general population

STEP 1 : State the hypotheses. The population mean is 558, and 
we are testing whether the alternative is greater than (>) this 
value:

H0: μ= 558 Mean test scores are equal to 558 in the
population of students at the elite school

H1: μ > 558 Mean test scores are greater than 558 in the
population of students at the elite school.

DIRECTIONAL, UPPER-TAIL CRITICAL
HYPOTHESIS TESTS (H1: >)



STEP 2 : Set the criteria for a decision. The level of significance is 
.05, which makes the alpha level a = .05. Since this test is a 
upper-tail critical test, we place the critical value the same 
distance below the mean: The critical value for this test is z = 
1.645. 

STEP 3 : Compute the test statistic. The probability is less than 
5% that we will obtain a sample mean that is at least 1.645 
standard deviations above the value of the population mean 
stated in the null hypothesis.



The critical value (1.645) for a directional (upper-tail critical)
hypothesis test at a .05 level of significance. When the test
statistic exceeds 1.645, we reject the null hypothesis;
otherwise, we retain the null hypothesis.



STEP 4: Make a decision



Learning Check
1. Is the following set of hypotheses appropriate for a directional or

a nondirectional hypothesis test?
H0: μ = 35
H1: μ ≠ 35

2. A researcher conducts a one–independent sample z test. The z
statistic for the upper-tail critical test at a .05 level of significance
was Zobt = 1.84. What is the decision for this test?

3. A researcher conducts a hypothesis test and finds that the
probability of selecting the sample mean is p = .0689 if the value
stated in the null hypothesis is true. What is the decision for a
hypothesis test at a .05 level of significance?

4. Which type of test, one-tailed or two-tailed, is associated with
greater power to detect an effect when the null hypothesis is
false?



Different Problems With Same 
Principal Solution



• Assumptions
– Population is normally 

distributed
– Calculate standardized sample 

mean
• t test statistic

n
s

xt 0

error standard
 valuenullmean sample 






Testing mean -  unknown



Example

What is normal body temperature? Is it actually  
37.6oC (on average)?

State the null and alternative hypotheses

H0: μ = 37.6oC

Ha: μ  37.6oC



Example Normal Body Temp (cont) 
Data: random sample of n = 18 normal body temps

37.2 36.8 38.0 37.6 37.2 36.8 37.4 38.7 37.2
36.4 36.6 37.4 37.0 38.2 37.6 36.1 36.2 37.5

Variable n Mean SD SE  t P
Temperature 18 37.22 0.68 0.161 2.38 0.029

n
s

xt 0

error standard
 valuenullmean sample 






Summarize data with a test statistic



STUDENT’S t DISTRIBUTION TABLE
Degrees of 
freedom

Probability (p value) 
0.10 0.05 0.01

1 6.314 12.706 63.657
5 2.015 2.571 4.032
10 1.813 2.228 3.169
17 1.740 2.110 2.898
20 1.725 2.086 2.845
24 1.711 2.064 2.797
25 1.708 2.060 2.787
 1.645 1.960 2.576 



Example Normal Body Temp (cont) 

Find the p-value
Df = n – 1 = 18 – 1 = 17
From SPSS: p-value = 0.029

From t Table: p-value is 
between 0.05 and 0.01. 

Area to left of t = -2.11 equals 
area to right of t = +2.11. 

The value t = 2.38 is between 
column headings 2.110& 2.898 in 
table, and for df =17, the p-values 
are 0.05 and 0.01.

-2.11 +2.11 t



Example Normal Body Temp (cont) 

Decide whether or not the result is 
statistically significant based on the p-value

Using a = 0.05 as the level of significance 
criterion, the results are statistically significant
because 0.029 is less than 0.05. In other words, 
we can reject the null hypothesis.

Report the Conclusion

We can conclude, based on these data, that the 
mean temperature in the human population 
does not equal 37.6.



• Involves categorical variables
• Fraction or % of population in a category
• Sample proportion (p)

sizesample
successesofnumber

n
Xp 

n

pZ
)1( 







 Test is called Z test 
where: 

 Z is computed value
 π is proportion in population  

(null hypothesis value)
Critical Values:  1.96 at α=0.05

2.58 at α=0.01

One Sample Test For Proportion



Example

• In a survey of diabetics in a large city, it was
found that 100 out of 400 have diabetic foot. Can
we conclude that 20 percent of diabetics in the
sampled population have diabetic foot.

• Test at the a =0.05 significance level.



Solution

Critical Value: 1.96

Decision:
We have sufficient evidence to reject
the Ho value of 20%
We conclude that in the population of
diabetic the proportion who have
diabetic foot does not equal 0.20Z0

Reject Reject

.025.025

= 2.50
Ho: π = 0.20

H1: π  0.20
Z =

0.25 – 0.20
0.20 (1- 0.20)

400

+1.96-1.96



Population Distribution Effect



Hypotesis Testing Type Purpose Other Condition

Z test 

Single 
proportion

test a hypothesis on 
a specific value of the 
population proportion

t-test for single 
mean, when the 
standard deviation is 
uknown.

1. Measure normal 
distribution
2. Large samples
(n≥30) 
3. Standard deviation 
is known

Difference of 
proportions

test the hypothesis 
that two populations 

have the same 
proportion.

chi square test for 
measure nominal

Single mean test a hypothesis on a 
specific value of the 
population mean.

t-test for single 
mean, when the 
standard deviation is 
uknown.

Single variance test a hypothesis on 
a specific value of the 
population variance.

paired t-test , when 
the standard 
deviation is uknown.

Testing equality 
of variance

test the hypothesis of 
equality of two 
population variances 
when the sample size of 
each sample is 30 or 
larger.

F test, when the 
sample size of each 
sample is 30 or less.



EFFECT SIZE

• For a single sample, an effect is the difference 
between a sample mean and the population mean 
stated in the null hypothesis. 

• In hypothesis testing, an effect is insignificant when 
we retain the null hypothesis; an effect is significant 
when we reject the null hypothesis.

• Effect size is a statistical measure of the size of an 
effect in a population, which allows researchers to 
describe how far scores shifted in the population, or 
the percent of variance that can be explained by a 
given variable



Distinguishing characteristics for significance 
testing and effect size



QUESTIONS?


