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Overview

• When we have questions about the
effect of a treatment or intervention or
wish to compare groups, we use
hypothesis testing

• Parametric statistics are used in
hypothesis testing when the groups
being studied are normally distributed.

• The type of parametric statistic
discussed in this course is univariate,
that is, they are all focused on the
measurement of one variable.
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Overview (cont.)

• Hypothesis testing is used to
determine whether or not any
fluctuation in the dependent
variable is due to change in the
independent variable or simply due
to chance.

• The statistics employed in a study
are generally inferential, by making
a judgment on a population
parameter based on sampling data.
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A Review: 2 types of
Hypotheses
• research/scientific—includes the

following:
– declarative statement about what we

think should happen in our study
– an examination of variables that deter

the study
• statistical hypotheses: you have a

null and alternative—you accept
one and reject the other
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Central Limit Theorem

• Hypothesis testing is governed by
the Central Limit Theorem
Distribution of sample means from
random sample will be normally
distributed

• The more samples you have, the
closer your values get to the mean
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Central Limit Theorem

• If your sample is large enough,
outliers will not affect the
normalizing of the sample
distribution

• Sample size is not as important as
representativeness

• With a representative sample, the
Central Limit Theorem allows you to
generalize about the population
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A word about error

• When we compare groups in
hypothesis testing, we use the
means of each group to make those
comparisons.

• But does every member within a
group have a score represented by
the mean?
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A word about error

• Of course not

• So, we have error in our tests
• Accepting or rejecting the null hypothesis

is directly related to the amount of error
the researcher chooses to allow in the
study

• The allowance of error is, in part, a
subjective decision by the researcher(s).
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A word about error

• There are two types of error that we
will look at in hypothesis testing:
– type I error
– type II error
– Other types of error exist as well, such

as in the experimental design of the
research
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Type I error

• A type one error occurs when the null
hypothesis is rejected when it should
have been retained.

• In other words, the researcher
determined that statistically significant
differences existed between the groups
when they actually did not.

• The amount of type I error in a study is
identified as α (alpha).

• The researcher establishes the amount
of type I error allowed in the study.
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Type II error

• Type II error is conversely related to statistical
power (1 - β), the likelihood of rejecting the null
hypothesis given that the null hypothesis should
be rejected.

• A type II error occurs when the null hypothesis
is retained when it should have been rejected.

• In other words, the researcher determined that
statistically significant differences did not exist
between the groups when they actually did.

• The amount of type II error is identified as β
(beta).
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Type II error
• Type II error is conversely related to statistical power (1 -
β), the likelihood of rejecting the null hypothesis given
that the null hypothesis should be rejected.

• Put another way, statistical power is the likelihood of
finding statistically significant differences, given that
these differences actually exist.

• So, if the likelihood of making a type II error is 20%, then
statistical power is at 80%.

• It is important to note that a given study should have at
least .80 for statistical power (80% or 20% type II error).

• Studies that lack sufficient power are more likely to make
a type II error.

• The best way to avoid this problem is to have a sufficient
sample size. Usually, sample size of 15 for each group
suffices nicely (Kirk, 1995).
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Scenario

• A counselor working with adolescents
with anger management problems
designs an anger management strategy
to be used in group work. The counselor
wishes to know whether the strategy is
effective. So, participants are randomly
assigned to groups, half of the groups
receiving the new strategy and the other
half using the old method. Assuming
reliable and valid methods were used to
gather the data, the type of group
comparison may fit under parametric
univariate statistics.
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Error

• Type I and type II errors may occur for
several reasons.

• The participants in the sample may not
be representative of the population.
– If, for example, participants for the anger

management groups were all for patients in
a psychiatric hospital, the results of the study
may not be representative for the adolescent
population as a whole.

– Or, the sampling procedure could be biased,
such as the researcher unintentionally
placed adolescents with more severe anger
issues in the control group.
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Error

• While procedures exist to control for
type I error, type II error is largely
dependent on sample size. So,
which is worse, a type I or type II
error? If we look at the example,
consider the following examples:
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Error

• Scenario 1: The researcher determined
that the group with the new anger
management strategy had a statistically
significant increase their ability to
manage their anger. However, the
researcher made a type I error and the
group with the new strategy actually did
worse. Because the researcher was
unaware of the error, the researcher
publicized the findings and made a new
policy of implementing the new strategy
in to all anger management groups.
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Error

• Scenario 2: The researcher determined
that the group with the new anger
management strategy showed no
statistically significant difference in their
ability to manage their anger. However,
the researcher made a type II error and
the group with the new strategy actually
did much better. Because the researcher
was unaware of the error, the researcher
discarded the new method, and future
clients were never able to experience the
benefit of the new method.
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Error
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Steps to hypothesis testing

• There is a logical series of steps that are
employed in hypothesis testing that are listed
below and then explained in depth.

1. Identify the null and alternative hypotheses.
2. Establish a level of significance.
3. Select an appropriate statistic.
4. Calculate the test statistic and probability

values.
5. Evaluate the outcome for statistical

significance.
6. Evaluate practical significance.
7. Write the results.
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Identify the null and alternative
hypotheses
• The null hypothesis is the hypothesis

that is rejected or retained with inferential
statistics and is often the opposite of
what the researcher believes to be true.

• The alternative hypothesis is generally
the research hypothesis and is a
statement of what occurs if the null
hypothesis is rejected. Both the null and
alternative hypotheses are written in
statistical notation
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Identify the null and alternative
hypotheses

» o
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Null: Ho:

Alternative: H1:

   supports existence or lack of
Accountability

Evidence
Does not prove

Because inferential statistics are about a population, the
hypotheses are created using parameter statistics.
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Identify the null and alternative
hypotheses
• In hypothesis testing, the null hypothesis

is always tested.
• The null hypothesis indicates that there

are no differences between the groups. If
the null hypothesis is accepted
(retained), then no statistical group
differences were found.

• If the null hypothesis is rejected, then the
alternative hypothesis holds true,
statistical differences between the
groups.
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Establish a level of
significance

• The level of significance in a study
is directly related to the amount of
type I error allowed in a study.

• The researcher identifies an alpha
level, signified by α, the amount of
type I error the researcher is willing
to allow in the study.
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Establish a level of
significance
• In social science research, typical alpha

levels are around .05 to .01.
• Alpha levels can be larger or smaller. An

alpha level of .10 or .001 is not
uncommon.

• The decision to allow for more or less
type I error is subjective. Often,
researchers review the literature and
choose a level of significance based on
previous research.



R. S. Balkin, 2008 25

Establish a level of
significance
• Higher alpha levels, such as .05 or .10

allow for a greater chance of type I error
(5% or 10% respectively) and are
therefore considered more liberal tests of
statistical significance.

• Lower alpha levels, such as .01 or .001
allow for a reduced chance of type one
error (1% or .1% respectively), and are
therefore considered more conservative
tests of statistical significance.
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Establish a level of
significance
• After a level of significance is

established, a critical value can be
determined and a test statistic can be
calculated.

• Scores that are beyond the stated level
of significance and critical value are
considered to be statistically significant.

• The critical value changes because it is
based on the type of test statistic used,
the number of groups being compared,
and the number in the sample size.
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Establish a level of
significance
• This figure displays an alpha level of .05. On

the normal curve, this amount of type I error
can be divided in to two halves, known as a
non-directional test; statistical significance can
be found on either side of the normal curve. If α
= .05  then α/2 = .025 on either side of the
normal curve.
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Establish a level of
significance
• Scores that fall beyond standards scores of

-1.96 or +1.96 would be statistically significant.
• For right now, understand that scores that fall in

the middle 95% of the normal curve are not
statistically significant because the researcher
set the alpha level at .05, indicating a 5%
chance of type I error.

• Scores beyond that point, designated by α, are
statistically significant.

• Another way of thinking about it is if the
researcher has established a 5% type I error
rate, we can be 95% confident in the results.
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Establish a level of
significance
• This figure displays an alpha level of .05

for a directional test. In a directional test,
the researcher hypothesizes that a given
score will be either higher or lower than
the level of significance.
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Establish a level of
significance
• For example, the researcher decides to

implement a new anger management strategy
and is using a standardized instrument to
measure progress. If the researcher
hypothesized that a group receiving the new
anger management intervention is going to
demonstrate more progress than the population
to whom the measure was standardized, a
directional test would be used. This means that
the level of significance is placed to one side
and not divided between both sides of the
normal curve as shown in the figure on the
previous slide.



R. S. Balkin, 2008 31

Establish a level of
significance
• 5% of the type I error rate is placed to one side of the

normal curve, not divided by both sides.
• For directional hypotheses, the null hypothesis is written

the same, but the alternative hypothesis identifies the
direction.

• From the previous example, the researcher hypothesized
that the group receiving the new intervention would have
a statistically significant higher score on a standardized
instrument. So, the null and alternative hypotheses would
be written with the following statistical notation:
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Select an appropriate statistic

variable that affects the outcome of the
dependent variable

tests hypotheses between two or more sample means
while controlling for anotherANCOVA

tests hypotheses between two or
more sample meansANOVA

tests hypotheses between two
sample means onlyt-test

tests hypotheses between a sample mean
and a population meanz-test

Purpose
Type of
test

Synopsis of Univariate
Parametric Tests
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Calculate the test statistic and
probability values

• .Each test statistic is computed from a fraction
• The numerator represents a computation for mean differences,

such as by comparing two groups and subtracting one mean
from another.

• The denominator is an error term, computed by taking in to
account the standard deviation or variance, and sample size.

• The numerator is an expression of differences between groups,
often referred to as between-group differences, the denominator
looks at error, or differences that exist within in each group,
often referred to as within-group differences.

• Mean differences between group differences
error error

error

sdifference

mean

error

sdifference

mean

error
s

21
µµ !
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Calculate the test statistic and
probability values
• So why does this computation work?
• Simply put, the numerator value expresses

differences between groups.
• In the previous example, it was hypothesized

that the experimental group had a higher
performance than the population group. Thus,
the mean score from the population was
subtracted from the mean score of the
experimental group. However, the mean score
in either group is simply a representative score
for many participants in each group. Each
participant in either group may have scored
above the mean or below the mean.
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Calculate the test statistic and
probability values
• Consider the following scores: 20, 18, 21, 18,

23, 20. The mean for this distribution is 20.
Some participants scored at the mean, and
some participants scored above or below it.

• The error term, in this case the standard
deviation, is approximately 1.90 representing
the average amount of error within the group.

• While the mean is a score representing group
outcome, the standard deviation is an error
signifying that some participants did not score
at the mean.

• Thus, a test statistic is computed by taking in to
account a score that represents the average
divided by a score that represent error.
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The Z-test

• Used to test whether
or not significant
differences exist
between a sample
mean and a
population mean.

• The standard error of
the mean represents
the error when
estimating the
population mean.

• Larger sample size =
less error

n
X

!
! =

X

X
z

!

µ"
=
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The Z-test

• Notice that the formula for the Z-test fits
the generic formula mentioned for all
statistical tests

X

X
z

!

µ"
=

Mean differences 
         error
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Z-test

• You are administering the Balkin
Assessment for Deviant Behavior
Of Youth scale (BADBOY). It has a
mean of 60 and a sd of 5. Your
class (n = 16) of emotionally
disordered children has a mean
score 66. Is this a significant
difference from the population?
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State the Null and
Alternative Hypotheses
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Null: Ho:

Alternative: H1:
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Identify Level of
Significance—directional or
Non-directional
• Test at the .05 level of significance

– 95% confidence
– 5% chance of type I error

• Non-directional
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Perform Z-test—Compute
Standard Error of the Mean

n
X

!
! =
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Perform Z-test—Compute
Standard Error of the Mean

25.1
16

5
===

n
X

!
!
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Perform Z-test:
Computation

X

X
z

!

µ"
=
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Perform Z-test:
Computation

8.4
25.1

6066
=

!
=

!
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X

X
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Accept or Reject Null:
Compute Z-crit

2.3261.6451.282directional

2.5761.961.645non-directional

levellevel

0.010.05
0.10

levelType of test

z-Critical Values for Rejection of Null Hypothesis
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Evaluating the z-test for
statistical significance
• The observed value, zobs = 4.80, is

greater than the critical value, zcrit = 1.96.
Therefore, the null hypothesis is
rejected. The scores from your class are
statistically significantly higher than the
scores from the population.

• In research articles, statistics are
computed with the aide of statistical
software (i.e. SPSS, SAS). When results
are reported, they are compared to the
alpha level.
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Evaluating the z-test for
statistical significance
• For example, “There was a statistically

significant difference between classroom scores
and the population, z = 4.80, p < .05.

• The p refers to the probability of making a type I
error. If p is less than the predetermined alpha
level the researcher established, then
statistically significant differences exist.

• When a statistically significant difference exists,
it means that the results are  probably not due
to mere chance. In this case, there is 95%
chance (α = .05) that the results would be the
same if the study were replicated with a similar
sample.
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Comparing Two or More
Sample Means: Student’s t-test
and the F-test
• Often in social science research,

information regarding populations is
not readily available for
comparisons.

• The number of variables to consider
when investigating various
phenomena is vast and arbitrary.
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Comparing Two or More
Sample Means: Student’s t-test
and the F-test
• Unlike the z-test, which compares

the sample mean to the population
mean, Student’s t-test compares
two sample means and the F-test
(also known as ANOVA or Analysis
of Variance) compares two or more
sample means.
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Comparing Two or More
Sample Means: Student’s t-test
and the F-test
• When comparing samples, the researcher needs to account for

sample size and the number of groups being compared. As
sample size and group comparisons can differ from study to
study, so do the distributions. Thus, probability values under
the normal curve change (see below). Hence degrees of
freedom are calculated to provide an estimate of the normal
curve given the number of groups and sample size of each
group. There are various formulae for computing the degrees of
freedom, dependent upon the number of comparison groups,
sample size, and type of statistical test.
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Independent t-test

• Used to test whether or not significant differences exist
between two samples

• The standard error is a bit more complex, computed by
taking in to account the variances of both samples—the
pooled standard error. However, it still follows the same
generic formula: Mean differences 

•          error
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t-test

• So, assume that 25 graduates from a
counseling program in University A and 30
graduates from a counseling program in
University B take the NCE, and the graduate
programs wish to know which of the programs
are doing a better job in preparing their
students for the NCE. The mean score for the
25 students from University A was 120 with a
standard deviation of 10. The mean score for
the 30 students from University B was 125 with
a standard deviation of 15. So, is there a
statistically significant difference between the
two groups? Can it be stated with 95%
confidence that the difference in these scores is
outside the realm of chance? An independent t-
test is conducted to answer this question using
the means, standard deviations, and sample
sizes from the two groups.
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State the Null and
Alternative Hypotheses
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Null: Ho:

Alternative: H1:
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Identify Level of
Significance—directional or
Non-directional

• Test at the .05 level of significance
– 95% confidence
– 5% chance of type I error

• Non-directional
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Perform t-test—Compute
pooled Standard Error
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Perform t-test—Compute
Pooled Standard Error

43.379.11)07(.40.168
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Perform t-test: Computation
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Perform t-test: Computation

46.1
43.3
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Accept or Reject Null:
Compute t-crit
• We are performing a non-directional

test
• .05 level of significance (α = .05)
• Using Appendix B when  = .05

(non-directional),  t(53) = 2.008
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Evaluating the independent t-
test for statistical significance
• Similarly to the z-test, to determine

whether or not the observed score, tobs =
-1.46, is statistically significant at the .05
level of significance, the observed score
must be greater in magnitude than the
critical value, tcrit.

• In this example,
   |-1.46| < |-2.008|, so there is no

statistically significant difference
between the two groups.
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Evaluating the t-test for
statistical significance
• “There was not a statistically significant

difference between the two programs, t(53) =
-1.46, p > .05

• The p refers to the probability of making a type I
error. If p is greater than the predetermined
alpha level the researcher established, then
statistically significant differences do not exist.

• When a statistically significant differences do
not exist, it means that the results are probably
not due to mere chance. In this case, there is
95% chance (α = .05) that the results would be
the same if the study were replicated with a
similar sample.
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Dependent t-test

• Used to test whether or not significant
differences exist between two paired samples

• The standard error takes in to account the
variances of both samples and the correlation
between the two groups
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Dependent t-test

• So, assume that 25 clients from a counseling
center at a university are administered the
Beck’s Depression Inventory-II (BDI) upon initial
screening and three months later. The
counseling center wishes to know whether or
not clients with depression are doing better
after three months of counseling. The mean
score for the 25 clients at the initial screening is
35 with a standard deviation of 12. The mean
score for the 25 clients after three months is 26
with a standard deviation of 10.  The correlation
between the two administrations is r = .93. So,
is there a statistically significant difference
between the two scores over time? Can it be
stated with 95% confidence that the difference
in these scores is outside the realm of chance?
A dependent t-test is conducted to answer this
question.
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State the Null and
Alternative Hypotheses
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Null: Ho:

Alternative: H1:
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Identify Level of
Significance—directional or
Non-directional
• Test at the .05 level of significance

– 95% confidence
– 5% chance of type I error

• Non-directional
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Perform Dependent t-
test—Compute pooled
Standard Error
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Perform t-test—Compute
Pooled Standard Error

91.832.
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Perform Dependent t-test:
Computation
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Perform Dependent t-test:
Computation
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Accept or Reject Null:
Compute t-crit
• We are performing a non-directional

test
• .05 level of significance (α = .05)
• using the table in Appendix B when

= .05 (non-directional), t(24) =
2.064.
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Evaluating the dependent t-test
for statistical significance

• To determine whether or not the
observed score, tobs = 9.89, is
statistically significant at the .05
level of significance, the observed
score must be greater than the
critical value, tcrit. In this example,
9.89 > 2.064, so there is a
statistically significant differences
between the two groups.
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ANOVA

• An Analysis of Variance uses an F-
test to identify significant
differences between two or more
groups.

•  Why not conduct repeated t-tests?
Each statistical test is conducted
with a specified chance of making a
type I–error—the alpha level.
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ANOVA
• For example, a researcher wished to use a self-efficacy

screening measure on students in a math class.
Research has shown that higher levels of self-efficacy
are related to better performance. Students are randomly
placed in four groups. Group 1 receives a lecture on
enhancing self-efficacy. Group two receives a lecture and
experiential exercise on self-efficacy. Group 3 receives
an experiential exercise only. Group 4 is a control group.
So a self-efficacy measure is administered to four
different math classes. If t-tests were used to conduct the
analysis and a level of significance was set at , then six
separate t-tests would need to be conducted: (a) Group 1
to Group 2, (b) Group 1 to Group 3, (c) Group 1 to Group
4, (d) Group 2 to Group 3, (e) Group 2 to Group 4, and (f)
Group 3 to Group 4.
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ANOVA

• The problem with conducting multiple t-
tests is that type I error is multiplied by
the number of tests being conducted.

• Hence, if a researcher conducts six t-
tests with an on the same data, the
chance of having a type I error among
the six tests is 30%, a rather large
likelihood of identifying statistically
significant differences when none
actually exist.
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ANOVA

•  When considering that research can
help in identifying what models may be
helpful to clients, one would need to be
extremely cautious in implementing best
practices when there is a 30% chance of
being wrong.

• Rather than conducting several t-tests,
an ANOVA could be conducted to
identify statistically significant differences
among all the groups at the .05 level of
significance—only a 5% chance of type I
error!
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ANOVA

• ANOVA may be used when more
than one independent variable is
examined, such as wanting to know
the difference in depression scores
based on sex and ethnicity.

• This is known as a factorial ANOVA
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ANOVA

• ANOVA may also be used when
more than one dependent variable
is used in a study.

•  This is known as
MANOVA—multivariate analysis of
variance

• Correlation designs also use F-
tests, such as when we want to
know the relationship between
variables (i.e. regression).



R. S. Balkin, 2008 78

ANOVA

• Results for F-tests are reported
similarly to t-tests.

• F(3, 52) = 4.86, p < .05 would
indicate a statistically significant
difference among four groups.


