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ANOVA Problems
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9. A company researcher examines the sales performance of n = 5 new employees at the 
real estate firm. To see if there is a significant trend toward improvement, the number of 
homes sold is recorded each month for the first 3 months of employment. The data are as 
follows:

a. Compute the mean number each month of sales that were made in each month.

b. Is there a significant change in sales performance with more experience? Test at the 
.05 level of significance.
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Between treatments F __ 5

Within treatments
Between subjects
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Total
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A company researcher examines the sales performance of n =
5 new employees at the real estate firm. To see if there is a sig-
nificant trend toward improvement, the number of homes sold
is recorded each month for the first 3 months of employment.
The data are as follows:
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a. Compute the mean number of sales that were made in
each month.

b. Is there a significant change in sales performance with
more experience? Test at the .05 level of significance.

The researcher examines the role of experience on sales perfor-
mance at another branch office. Again, a sample of n = 5 new
employees is studied, and the number of sales is noted for each
of the first 3 months of employment:

Month 1Person Month 2 Month 3
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c. Compute the mean number of sales that were made in
each month. Compare these values to those obtained in
part a.

d. Is there a significant change in sales across months? Set
the alpha level of .05.

6. Compare the results of the ANOVA for the first branch
office (part b) to those of the second branch (part d). Even
though the means are the same at each branch (part a ver-
sus part c), why are the results of the ANOVA so different?

A teacher studies the effectiveness of a reading skills course on
comprehension. A sample of n = 20 students is studied. The
instructor assesses their comprehension with a standardized
reading test. The test is administered at the beginning of the
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2. A psychologist would like to examine how the rate of presentation affects people's 
ability to memorize a list of words. A list of 20 words is prepared. For one group of 
subjects the list is presented at the rate of one word every 1/2 second. The next group gets 
one word every second. The third group has one word every 2 seconds, and the fourth 
group has one word every 3 seconds. After the list is presented, the psychologist asks each 
person to recall the entire list. The dependent variable is the number of errors in recall. The 
data from this experiment are as follows:

a. Can the psychologist conclude that the rate of presentation has a significant effect on 
memory? Test at the .05 level.

b. Use Tukey's HSD test to determine which rates of presentation are statistically 
different and which are not.
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when the questionnaire is administered. For the second sam-
plc, the psychologist wears a suit, and for the third sample the
psychologist wears a very "scientific" laboratory coat. The psy.
chologist records the number of errors made by each individ.
ual while completing the questionnaire. These data are as
follows:

Blue Jeans Suit Lab Coat
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Should the psychologist conclude that appearance had an
influence on the amount of attention people paid to the
instructions? Test at the .05 level of significance.

[\J A psychologist would like to examine how the rate of presen-
tation affects people's ability to memorize a list of words. A
list of 20 words is prepared. For one group of subjects the list
is presented at the rate of one word every 2—1 second. The next
group gets one word every second. The third group has one
word every 2 seconds, and the fourth group has one word
every 3 seconds. After the list is presented, the psychologist
asks each person to recall the entire list. The dependent vari-
able is the number of errors in recall. The data from this
experiment are as follows:

2—1 Second 1 Second 2 Seconds 3 Seconds
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a. Can the psychologist conclude that the rate of presentation
has a significant effect on memory? Test at the .05 level.

b. Use Tukey's HSD test to determine which rates of presen-
tation are statistically different and which are not.

*3. A psychologist would like to show that background noise can
interfere with a student’s concentration and therefore cause
poorer performance on complex mental tasks. A sample of 12
students is obtained, and the psychologist randomly assigns
these students to three separate groups. Each group is given a
standard problem-solving task. One group works on this task
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11. A psychologist is asked by a dog food manufacturer to determine if animals will show 
a preference among three new food mixes recently developed. The psychologist takes a 
sample of n = 6 dogs. They are deprived of food overnight and presented simultaneously 
with three bowls of the mixes on the next morning. After 10 minutes, the bowls are 
removed, and the amount of food (in ounces) consumed is determined for each type of 
mix. The data are as follows:

Is there evidence for a significant preference? level of significance.

4

10.

""11.

Is there a significant effect of area of stimulation on the latency
of adaptation? Set the alpha level to .01.

A psychologist has n = 7 subjects fitted with glasses contain.
ing prisms that make everything look upside down. The psy.
chologist has the subjects wear these glasses for 5 days to see if
they eventually learn to compensate for the inversion of their
visual field. On each of the 5 days, the subjects must assemble
a wooden puzzle, and the experimenter measures the amount
of time to completion (in seconds). The data are as follows:

Day

3
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Is there an effect of practice? Test at the .05 level of
significance.

A psychologist is asked by a dog food manufacturer to deter-
mine if animals will show a preference among three new food
mixes recently developed. The psychologist takes a sample of n
= 6 dogs. They are deprived of food overnight and presented
simultaneously with three bowls of the mixes on the next
morning. After 10 minutes, the bowls are removed, and the
amount of food (in ounces) consumed is determined for each
type of mix. The data are as follows:

Mix
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Is there evidence for a significant preference? Test at the .05
level of significance.

A psychologist performs an experiment to demonstrate a gen-
eralization gradient in instrumental conditioning. Pigeons are
trained to peek a key for food reward whenever a 1000-hertz
tone is presented. The animals are trained until they satisfac-
torily learn that the discriminative stimulus (the tone) signals
the availability of reward and until their response rates are
high and stable. The experimenter then tests the pigeons for
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5. A developmental psychologist is examining problem-solving ability for grade school 
children. Random samples of 5-year-old, 6-year-old, and 7-year-old children are obtained 
with n = 3 in each sample. Each child is given a standardized problem-solving task, and 
the psychologist records the number of errors. These data are as follows:

a. Use these data to test whether there are any significant differences among the three 
age groups. Use a = .05.

b. Use Tukey’s different.
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rat over a 1-month period. These data are analyzed by an
analysis of variance, and the results are reported in the follow.
ing summary table. Fill in all missing values in the table.
(Hint: Start with the df column.)

SS df MSSource

Between treatments 24 _.
Within treatments _ __ 2
Total _

8. A developmental psychologist is examining problem-solving
ability for grade school children. Random samples of 5-year-
old, 6-year-old, and 7-year—old children are obtained with n =
3 in each sample. Each child is given a standardized prob- '
lem-solving task, and the psychologist records the number of
errors. These data are as follows:

5-Year-Oids 6-Year-Olds 7-Year—Olds
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a. Use these data to test whether there are any significant
differences among the three age groups. Use a = .05.

b. Use Tukey’s HSD test to determine which groups are
different.

9. A researcher would like to know whether infants can be
affected by alcohol consumed by a mother during pregnancy.
A sample of 24 pregnant rats is obtained. The researcher ran-
domly divides these rats into four groups with n = 6 in each
group. All groups receive the same diet of rat chow but dur-
ing the last 2 weeks of pregnancy one group has 4-1 ounce of
vodka mixed with their food. The second group receivesz-l
ounce, the third group receives 1 ounce, and the final group
has no alcohol. One of the offspring of each rat is randomly
selected to be weighed at birth. The data were examined
using an ANOVA, and the results are summarized in the fol-
lowing table. Fill in all missing values.

Source 88 df MS
 

Between treatments
Within treatments
Total

40 _
1O F=_.__

introduction to Analysis of Variance

12. In a paired-associate learning task, subjects are required to learn pairs of words. The 
first word in each pair is called the stimulus word, and the second is the response word. On 
each trial, the experimenter presents the stimulus word and asks the subject to recall the 
correct response. If the subject fails, the correct response word is given, and the 
experimenter continues through the list. The dependent variable is the number of times the 
experimenter must go through the entire list before the subject can recall all response 
words perfectly. This task often is used to demonstrate the effectiveness of mental imagery 
as an aid to memory. In a typical experiment, subjects in one group are instructed to form a 
mental image combining the two words in each pair. A second group

is instructed to form a sentence that uses both of the words. A third group receives no 
special instructions. The data from this experiment are as follows:

Do the data indicate significant differences among the instruction groups? Test with 
alpha set at .05. 6

13

ability) for three groups of subjects: left-handed, right-
handed, and ambidextrous. The data from this study are as
follows:

Right-Handed Ambidextrous

2
Left-Handed

1
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Each score represents the number of errors during a series of
pitch discrimination trials.
a. Do these data indicate any differences among the three

groups. Test with a = .05.
b. Use the F-max test to determine whether these data sat-

isfy the homogeneity of variance assumption.

In a paired-associate learning task, subjects are required to
learn pairs of words. The first word in each pair is called the
stimulus word, and the second is the response word. On each
trial, the experimenter presents the stimulus word and asks
the subject to recall the correct response. If the subject fails,
the correct response word is given, and the experimenter con-
tinues through the list. The dependent variable is the number
of times the experimenter must go through the entire list
before the subject can recall all response words perfectly.
This task often is used to demonstrate the effectiveness of
mental imagery as an aid to memory. In a typical experi-
ment, subjects in one group are instructed to form a mental
image combining the two words in each pair. A second group
is instructed to form a sentence that uses both of the words. A
third group receives no special instructions. The data from
this experiment are as follows:

No Instructions SentencesImages
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Compute the mean for each treatment. Draw a bar graph
of these means. (See Chapter 2 for assistance.)
Do the data indicate significant differences among the
instruction groups? Test with alpha set at .05.
Use Tukey's HSD test to determine which groups are
different.
In a few sentences, explain what happened in this study.

Introduction to Analysis of Variance
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6. It has been suggested that pupil size increases during emotional arousal. A researcher, 
therefore, would like to see if the increase in pupil size is a function of the type of arousal 
(pleasant versus aversive). A random sample of five subjects is selected for the study. Each 
subject views all three stimuli: neutral, pleasant, and aversive photographs. The neutral 
photograph portrays a plain brick building. The pleasant photograph consists of a young 
man and woman sharing a large ice cream cone. Finally, the aversive stimulus is a graphic 
photograph of an automobile accident. Upon viewing each stimulus, the pupil size is 
measured (in millimeters) with sophisticated equipment. The data are as follows. Perform 
an ANOVA and make a conclusion about the findings.

7

aversive). A random sample of five subjects is selected for the
study. Each subject views all three stimuli: neutral, pleasant,
and aversive photographs. The neutral photograph portrays a
plain brick building. The pleasant photograph consists of a
young man and woman sharing a large ice cream cone. Finally,
the aversive stimulus is a graphic photograph of an automobile
accident. Upon viewing each stimulus, the pupil size is mea-
sured (in millimeters) with sophisticated equipment. The data
are as follows. Perform an ANOVA and make a conclusion about
the findings.

Stimulus

Subject Neutral Pleasant Aversive
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Source 88 df M8

Between treatments 30 2 15
Within treatments 34 12
Between subjects 6 4
Error 28 8 3.5

Total 64 1 4

4.29

F(2, 8) = 4.29. For an alpha level of .05, the obtained F-ratio
fails to reach statistical significance. The null hypothesis can-
not be rejected. There is not sufficient evidence for an effect of
stimulus type on pupil size.

1. A social psychologist would like to examine the relationship between personal 
appearance and authority. A special questionnaire is prepared which requires very careful 
attention to instructions in order to fill it in correctly. Three random samples of college 
students are obtained. For the first group the psychologist dresses very casually (blue jeans 
and T-shirt) when the questionnaire is administered. For the second sample, the 
psychologist wears a suit, and for the third sample the psychologist wears a very 
"scientific" laboratory coat. The psychologist records the number of errors made by each 
individual while completing the questionnaire. These data are as follows:

when the questionnaire is administered. For the second sam-
plc, the psychologist wears a suit, and for the third sample the
psychologist wears a very "scientific" laboratory coat. The psy.
chologist records the number of errors made by each individ.
ual while completing the questionnaire. These data are as
follows:

Blue Jeans Suit Lab Coat
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Should the psychologist conclude that appearance had an
influence on the amount of attention people paid to the
instructions? Test at the .05 level of significance.

[\J A psychologist would like to examine how the rate of presen-
tation affects people's ability to memorize a list of words. A
list of 20 words is prepared. For one group of subjects the list
is presented at the rate of one word every 2—1 second. The next
group gets one word every second. The third group has one
word every 2 seconds, and the fourth group has one word
every 3 seconds. After the list is presented, the psychologist
asks each person to recall the entire list. The dependent vari-
able is the number of errors in recall. The data from this
experiment are as follows:
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a. Can the psychologist conclude that the rate of presentation
has a significant effect on memory? Test at the .05 level.

b. Use Tukey's HSD test to determine which rates of presen-
tation are statistically different and which are not.

*3. A psychologist would like to show that background noise can
interfere with a student’s concentration and therefore cause
poorer performance on complex mental tasks. A sample of 12
students is obtained, and the psychologist randomly assigns
these students to three separate groups. Each group is given a
standard problem-solving task. One group works on this task

434 13 Introduction to Analysis of Variance  
Should the psychologist conclude that appearance had influence on the amount of 
attention people paid to the instructions? Test at the .05 level of significance.

8
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7. It has been demonstrated that when subjects must memorize a list off words serially (in 
the order of presentation) the words at the beginning and end of the list are remembered 
better than the words in the middle. This observation has been called the serial-position 
effect. The following data represent the number of errors made in recall of the first eight, 
second eight, and last eight words in the list:

a. Compute the mean number of errors for each position and draw a graph of the data.

b. Is there evidence for a significant effect of serial position? Test at the .05 level of 
significance. Based on the ANOVA, explain the results of the study.

9
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words in the middle. This observation has been called the
serial-position effect. The following data represent the number
of errors made in recall of the first eight, second eight, and last
eight words in the list:

Serial Position

Middle LastFirstPerson
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a. Compute the mean number of errors for each position and
draw a graph of the data.

b. Is there evidence for a significant effect of serial position?
Test at the .05 level of significance. Based on the ANOVA,
explain the results of the study.

The following data were obtained to compare three experimen-
tal treatments:

Treatments
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a. If these data were obtained from an independent measures
design, then could you conclude that there is a significant
difference among the treatment conditions? Test with
alpha set at .05.

b. If these data were obtained from a repeated measures
design, so that each row of scores represents data from a
single subject, then could you conclude that there is a sig-
nificant difference among the treatments? Test at the .05
level of significance.

c. Explain the difference in the results of part a and part b.

To determine the long—term effectiveness of relaxation training
on anxiety, a researcher uses a repeated measures study. A
random sample of n = 10 subjects is first tested for the sever-
ity of anxiety with a standardized test. In addition to this pre-
test, subjects are tested again 1 week, 1 month, 6 months, and
1 year after treatment. The investigator used ANOVA to evalu-
ate these data, and portions of the results are presented in the
following summary table. Fill in the missing values. (Hint:
Start with the df values.)

10. When a stimulus is presented continuously and it does not vary in intensity, the individual will 
eventually perceive the stimulus as less intense or not perceive it at all. This phenomenon is known 
as sensory adaptation. Years ago Zigler (1932) studied adaptation for skin (cutaneous) sensation by 
placing a small weight on part of the body and measuring how much time lapsed until subjects 
reported they felt nothing at all. Zigler compared cutaneous adaptation on the back of the hand, 
forearm, forehead, and cheek. Suppose a researcher does a similar study, comparing adaptation on 
the back of the hand, the lower back, the middle of the palm, and the chin just below the lower lip. 
A SOD-milligram weight is gently placed on the region, and the latency (in seconds) for a report 
that it is no longer felt is recorded for each subject. A sample of n = 9 subjects is used, and each 
subject is tested for adaptation in each of the four regions. The data are as follows:

Is there a significant effect of area of stimulation on the of adaptation? Set the alpha 
level to .01. 10

Type of Stimulus

1 2 3
Same Different Consonants
Color Color

Subject (msec) (msec) (msec)
[fl—M

180 220 190
198 233 201
174 218 187
185 221 193
207 240 209
191 215 189
198 235 193
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Compute the means for each stimulus type.9’

b. Perform an ANOVA to determine if there is an effect of
stimulus type on reaction time. Test at the .01 level of
significance.

c. In a few sentences, interpret the findings in light of the
ANOVA. What happened in the experiment?

8, When a stimulus is presented continuously and it does not
vary in intensity, the individual will eventually perceive the
stimulus as less intense or not perceive it at all. This phenome-
non is known as sensory adaptation. Years ago Zigler (1932)
studied adaptation for skin (cutaneous) sensation by placing a
small weight on part of the body and measuring how much
time lapsed until subjects reported they felt nothing at all. Zig-
ler compared cutaneous adaptation on the back of the hand,
forearm, forehead, and cheek. Suppose a researcher does a
similar study, comparing adaptation on the back of the hand,
the lower back, the middle of the palm, and the chin just
below the lower lip. A SOD-milligram weight is gently placed
on the region, and the latency (in seconds) for a report that it
is no longer felt is recorded for each subject. A sample of n = 9
subjects is used, and each subject is tested for adaptation in
each of the four regions. The data are as follows:

Area of Stimulation

Back of Lower Middle Chin Below
SUblect Hand Back of Palm Lower Lip
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3. A psychologist would like to show that background noise can interfere with a student’s 
concentration and therefore cause poorer performance on complex mental tasks. A sample 
of 12 students is obtained, and the psychologist randomly assigns these students to three 
separate groups. Each group is given a standard problem-solving task. One group works on 
this task under quiet conditions, one group works with soft background music, and the 
third group works with a loud radio tuned to a popular rock station. For each student the 
psychologist measures the number of errors on the task. The results from this experiment 
are summarized as follows:

Can the psychologist conclude that the background noise had an effect on performance? 
Test at the .05 level of significance.

11
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under quiet conditions, one group works with soft back-
ground music, and the third group works with a loud radio
tuned to a popular rock station. For each student the psycholo-
gist measures the number of errors on the task. The results
from this experiment are summarized as follows:

Quiet Soft Music Loud Music
 

n=4
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n=4 n—_4
T:4

33:2 38:4

Can the psychologist conclude that the background noise had
an effect on performance? Test at the .05 level of significance.

, A psychologist using an independent measures experimental
design to compare different teaching methods reports an F-
ratio of F = 3.87 with df = 3, 28.
a. How many teaching methods (treatments) were being

compared?
b. How many subjects participated in the total experiment?
c. Were there significant differences among the teaching

methods?

Use an analysis of variance with or = .05 to determine
whether the following data provide evidence of any signifi-
cant differences among the three treatments:

Treatment 1 Treatment 2 Treatment 3
 

n=4

T=2

88:13

n=5
T=1O

88:21

n=6 N=15
T=18 (3:30

88:26 2X2=135

. A psychologist administers an art appreciation questionnaire
to a group of five science students and a group of five E_nglish
majors. The average score for the science students was X = 6
with 88 = 200, and the average score for the English majors
wasX_ = 8 with 88 = 120.
a. Use an analysis of variance to determine whether or not

these two populations differ significantly in art apprecia-
tion. Use OL = .05.

b. Use a t test to compare the two groups. You should find
that F = 12.

A pharmaceutical company has developed a drug which is
expected to reduce hunger. To test the drug, three samples of
rats are selected with n = 10 in each sample. The first sample
receives the drug every day. The second sample is given the
drug once a week, and the third sample receives no drug at all.
The dependent variable is the amount of food eaten by each
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4. A psychologist administers an art appreciation questionnaire to a group of five science 
students and a group of five E_nglish majors. The average score for the science students 
was X = 6 with 88 = 200, and the average score wasX_ = 8 with 88 = 120 for the English 
majors

a. Use an analysis of variance to determine whether or not these two populations differ 
significantly in art appreciation. Use alpha = .05.

b. Use a t test to compare the two groups. You should find that: ! = #$.
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