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CHAPTER 13 Summary

Two-way analysis of variance is used to co
populations are classified acc
ANOVA assumes that the
means and the same standard
from each population.
As with one-way

calculated by taking averages of the cell m
ing is used to estimate the within

ANOVA separates the total v
The model variation is separate

the interaction.

The calculations are organized into an
P-values are used to test hypotheses ab

interaction.

Careful inspection of
effects and interactions. Plots are a useful aid.

CHAPTER 13 Exercises

For Exercises 13.1 and 1 3.2, see pages 679—680.

13.3 What's wrong? For each of the following,
what is wrong and why.

(a) You should reject the null hypothesis that there is no

Interaction in a two-way ANOVA when the AB F Statistic
is small.

(b) Sums of squares are
degrees of freedom.

(c) The test statistics for th
ANOVA have a chi-square d
hypothesis is true.

e main effects in a two-way
istribution when the null

(d) The sums of squares always add in two-way ANOVA.

13.4  Is there an interaction? Each of the following
tables gives means for a two-way ANOVA. Make a plot of
the means with the levels of factor A on the axis. State
whether or not there is an interaction, and if there is,

describe it.
(a)
Factor A
Factor B 1 2 3
1 11 16 21
2 6 16 26

explain

equal to mean squares divided by

ording to two factors.

-group variance.

the means is necessa

(b) Factor A
Factor B 1 2 3
1 10 15 20 ,
2 40 45 50 !
pd
(c) Factor’A
Factor B 1 2 3
1 10 15 20
2 50 45 49
(d) Factor A
Factor B 1 2 3
1 10 15 20
2 50 55 52

13.5 Describing a two-way ANOVA model. A 3 x 2
ANOVA was run with 5 observations per cell.

(a) Give the degrees of freedom for the F statistic that is

used to test for interaction in this analysis and the entries
from Table E that correspond to this distribution.

(b) Sketcha picture of this distribution with the
information from the table included.

(¢) The calculated value of this F statistic is 3.72. How

would you report the P-value?

mpare population means when .

populations are Normal with possibly different
deviation and that independent SRSs are drawn

€ans across rows and columns. Pool-

ariation into parts for the model and error,
d into parts for each of the main effects and

ANOVA table, F statistics and
out the main effects and the

Iy to interpret significant main
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(d) Would you expect a plot similar to Figure 13.1 to have
mean profiles that look parallel? Explain your answer.

13.6 Determining the critical value of F. For each of
the following situations, state how large the F statistic
needs to be for rejection of the null hypothesis at the

59 level. Sketch each distribution and indicate the region
where you would reject.

(a) The main effect for the first factor in a 2 x 4 ANOVA
with 3 observations per cell.

(b) The interaction in a 4 x 4 ANOVA with 2 observations-
per cell.

(c) The interaction in a 2 x 2 ANOVA with 51
observations per cell.

13.7 Identifying the factors of a two-way ANOVA
model. For each of the following situations,-identify both
factors and the response variable. Also, state the number
of levels for each factor (I and J) and the total number of
observations (N).

(a) A child psychologist is interested in studying how a
child’s percent of pretend play differs with gender and age
(4, 8, and 12 months). There are 11 infants assigned to
each cell of the experiment.

(b) Brewers malt is produced from germinating barley. A
homebrewer wants to determine the best conditions to
germinate the barley. A total of 30 lots of barley seed were
equally and randomly assigned to 10 germination
conditions. The conditions are combinations of the week
after harvest (1, 3, 6, 9, or 12 weeks) and the amount of
water used in the process (4 or 8 milliliters). The percent
of seeds germinating is the outcome variable.

(¢) The strength of concrete depends upon the formula
used to prepare it. An experiment compares six different
mixtures. Nine specimens of concrete are poured from
each mixture. Three of these specimens are subjected to
0 cycles of freezing and thawing, three are subjected to
100 cycles, and three are subjected to 500 cycles. The
strength of each specimen is then measured.

(d) A company wants to compare four different training
programs for its new employees. Each of these programs
takes 6 hours to complete. The training can be given for

6 hours on one day or for 3 hours on two consecutive
days. The next 80 employees hired by the company will be
the subjects for this study.

13.8 Determining the degrees of freedom. For each
part in Exercise 13.7, outline the ANOVA table, giving the
sources of variation and the degrees of freedom.

13.9 The influences of transaction history and a
thank-you statement. A service failure is defined as any

service-related problem (real or perceived) that transpires
during a customer’s experience with a firm. In the hotel
industry, there is a high human component so these sorts
of failures commonly occur regardless of extensive
training and established policies. As a result, hotel firms
must learn to effectively react to these failures. A recent
study investigated the relationship between a consumer’s
transaction history (levels: long and short) and an
employee thank-you statement (levels: yes and no) on a
consumer’s repurchase intent.8 Each subject was
randomly assigned to one of the four treatment groups
and asked to read some service failure/resolution
scenarios and respond accordingly. Repurchase intent
was measured using a 9-point scale. Here is a summary of
the means:

Thank-you
History No Yes
Short  5.69 680
Long 7.53 7.37

(a) Plot the means. Do you think there is an interaction?
If yes, describe the interaction in terms of the two factors.

(b) Find the marginal means. Are they useful for
understanding the results of this study? Explain your
answer. ;

13.10 Transaction history and a thank-you statement,
cont. Refer to the previous exercise. The number of
subjects in each cell were not equal so the researchers
used linear regression to analyze the data. This was done
by creating an indicator variable for each factor and the
interaction. Below is a partial ANOVA table. Complete it
and state your conclusions regarding the main effects and
interaction described in the previous exercise.

Source DF SS MS F P-alue
Transaction history 61.445 '
Thank-you statement 21.810

Interaction 15.404

Error 160 759.904

13.11 The effects of proximity and visibility on food
intake. A recent study investigated the influence that -
proximity and visibility of food have on food intake.’ A-
total of 40 secretaries from the University of Illinois ]
participated in the study. A candy dish full of individually
wrapped chocolates was placed either at the desk of the
participant or at a location 2 meters from the participan
The candy dish was either a clear (candy visible) or
opaque (candy not visible) covered bowl. After a week
the researchers noted not only the number of candies
consumed per day but also the self-reported number

13,
. ell;’: The effect of humor. In advertising
used to overcome sales resistance and ;

A
candies consumed by each partici
table summarizes the m

values (reported minus actual):

pant. The following

-
Visibility
A
Proximity Clear Opaque
Proximate -1.2
Less proximate 0:5 _32

(a) Make a plot of the means an
t}'la:t you see. Does the pl
visibility and proximity?

13.12 Hypotension i

sedentary individuals?;:)(\lweg}g:gmce are (hyporen
often occurs after a single bout o
I?sts nearly two hours. This can
light-headedness, and possibly f:

f aerobic exercise and
cause dizziness,

is thought that endurance exerci
the degree of postexercise hypot
Il"zseagchers studied 16 endurance-trained and
16 rrslin entary Lnen and women.!0 The following table
arizes the postexercise g i i
stolic a
(mmHg) after 60 minutes of uy iy Drossure

se training can reduce
ension. To test this,

pright cycling:
_—
Group n x Std Err
Women, sedenta

, ry 8 1007

Women, endurance § 105.3 g g
Men, sedentary 8 1 14'2 3.
Men, endurance 8 1 10:2 2 §

(a) Makea plot similar to Figure 13.3 with the systolic

blood préssure
on the y axis and trainj
i : nin
* axis. Describe the pattern you see g level on the

(b) From the table, o

SSB = o7 sl ne can show that SSA — 677.12,

= 147.92, and SSE = 2478 where A is
nd B is the training level. Construct the
F statistics and degrees of freedom
clusions regarding main effects and,

ANOVA table with
:'md state your con
Interaction,

c
iyztcgfl'i}éebliesearchers also measured the before-exercise
K ?Qd pressure of the participants and looked at a
at incorporated both the pre- and postexercise

values. Explain why it is Ij
. y it is likely beneficial to i
oth measurements in the study. 19 Incorporate

humor is
timulate

ean difference between these two

d describe the patterns
Ot suggest an interaction between

pressure (hypotension)

ainting upon standing. It
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customer purchase behavi
avior. A rec i
at the use of humor as an ap * 0 offacy mont looked

; roach t i
feelings often associated witp ooy negative

i h web si 1
setting of their experiment ine trars: " The

h was an onlin
and they used a three-factor desig s oot

1, each factor wi
Iivels. They were humor (used, not used) rocr it two
(favorable, unfavorable), and out » process

unfavorable). For the hu St (vorable,
. . mor conditi
jokes of the day about skiing were used on thr 21

no humor condition, sta i
, standard pic
used. Two hundred and forty- .

a large Dutch universi ici
1ty participated i i
Each was randomly assigned g e e e

A to one of the eight ¢
ﬁgﬁ(;:clonsaT}}:e students were asked to booki ski?i?ment
Y and then rate their percej j
: : iv
satisfaction with the procesls3 eoyment and

- All responses w
® Proc ere
measured on a 7-point Likert scale, A summary of th,
results for satisfaction follows: i )

Treatment

tures of ski sites were
one business students from

= n x s
0 humor - favorable -
N uﬁfavorable outcornlezrocess 7304 07
0 humor - favorable -
Fayamer amrorabl process 29 536 047

No humor - unfavorable process - 26

N b autcome #5059
favorable outcomlzible process- 31 3,08 (.59
Humor -

e
e
e T
favorable outcom: process - 30 327 o071

B
(a) Plot the means of t
Po you think there is
Interaction in terms of

hc'a four treatments without humor
D interaction? If yes, describe the
the process and outcome factors.

}(llzl)rniiot])the mean.s of the four treatments that used
- Do you think there is an interaction? If yes

dESCI lbe th.e nter aCthIl m ter ms Of th.e pI ocess an.d

(c) The three
looking at the
and (b). If the
is different ac

-factgr interaction can be assessed by
tvxio 1'ntera-ction plots created in parts (a)
relationship between process and outcome

answer,

Il) 36‘1]:) ul;(;()ii;lg th; §tgn}(liard deviations. Refer to the
cise. Find the pooled estimate of
cis th
Ert:él;ardo de\/.1at10n for these data. What are its deegrees f
om? Using the rule from Chapter 12 (page 633) is?t
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. . ven?
(a) What can you conclude from the information given

. e
(b) What additional inforrnatl(?n woulgl you need to wri
a summary of the results for this study?

i n’s
13.25 Conspicuous consumption and me TS
testosterone levels. Itis argue':d that consp. uous
consumption is a means by w'hlch men (:OC)mrrsxtUdy e e
their social status to prospective mates. Une ady loo
at changes in a male’s testosterone le;;el in resfn e ata
nsu
i in his status created by the co
fluctuations in his s : nSUMptio
product.4 The produc’tsd consac(i;;:i i\;l;zzdan o pants
i an o .
urious sports car, an : : eip
b:re asked to drive either on am1 isolated hhgl;lt‘Zi}é o
table of cell means an
busy urban street. A . standa
deviyations for the change (post-pre) in testos

follows:

Location
Highway City
Car x s x s
Old sedan 0.03 0.12 —8?; 81:2;
New sports car  0.15  0.14 .

i S
(a) Make a plot of the means and desc.:nbe th§ ;I’la:tc)t:f\nwen
that you see. Does the plot suggest an interactio

location and type of car?

@

(b) Compute the pooled standard error, sp, assuming
equal sample sizes.

(c) The researchers wanted to test the following

hy?;);}’}zssizs{?erone levels will increase more in men who
?ZI;VIS(EI :nrelfl‘/\élfie\ing the new car, 'testoste.rone levels will
e e o can estosterone levels wil
g.i)cf::s?ﬁar;sdiivrlrr:fn who drive’ the old car on the

WI};E}(I)V:: ?c[he contrasts for each of these hypotheses.

(d) This study actually involved each male p;lrélsc;gz‘gr;i .
in all four combinations. Half of them drove e s
ar ?1 he other half drove the sports car first. Exp afl‘1 »
leilep;[:afed-rneasures” design like this may be beneficial.

pLLEy,
o ts of peer pressure on
13.%}61ematic:};il$if£\e/:mentl.) Researcher.s werelz’l mte;elzi;i:i
¥nacornparing the relationship between high ac 11eve
| 12 mathematics and peer pressure across zi‘;i;eas here
countries.!® They hypothesized tl}at in co e e reer
i hievement is not valued h¥ghly, consid o P
D ay exist. A questionnaire was distribute .
pressureorlrc;syfrom three countries (Germany, Canad}a;t, ‘z;n
;:1:;,:12)‘.rOne of the questions asked students to rate ho

i d or teacher’s pet on a
fear being called a ner :
Z&Z?;?:Zale (1 = never, 4 = frequently). The following
taﬁle summarizes the response:

Country  Gender n X
Germany Female 336 igé
Germany Male 305 1. e
Israel Female 205 : .63
Israel Male 214 .9 ;
Canada Female 301 } '88
Canada Male 304 .

(a) The P-values for the interaction and t}éeorrizlgn effects
of country and gender are 0.016, 0.068, an ul.nma,lrize e
respectively. Using the table and P-yalﬁes, s

results both graphically and numerically.

(b) The researchers contend that Germany1 d]c))estﬁgt value
achievement as highly as Canada and Israeh. ilro e ey
results from part (a) allow you to address their p

hypothesis? Explain.

1 . Nt
(¢) The students were also asked to mldlzite iilgnc;fe

i i 6-point scale (1 = \

in mathematics on a
%ridiisufﬁcient). How might both response.:s?be used to
ad_dress the researchers’ primary hypothesis?

. . m.
13.27 The effect of c.hrm‘.nil:}rlx; g;; tn;;t;l::l Iel;g:tb:r?:he
t of chromium in _
3:;/ ilrrgoll::dy processes insulin. In an expilljlrtr;e‘l;te fdto
iened to study this phenomenon, four die ere fe

desigrl:zts There were two factors. Chromium 11a e
?eq\?e?s: 10\,;7 (L) and normal (N). The rats wellre ?n :1:;,1 edro
eat as much as they wanted (M) or the tloltah aseCOnd
they could eat was restricted (R). We ca dt e ond et
factor Eat. One of the variables measured was : oun

2’lfc o enzyme called GITH.!¢ The means for this resp
gaggble appear in the following table:

Eat
Chromium M R
L 4545 5.175
N 4425 5.317

jets, with
(a) Make a plot of the mean GITH for th(Ie;eI:—I dé?fst,he th
the factor Chromium on the x axis and G T o b
y axis. For each Eat group, connect the poi
two Chromium means.

ountof’
(b) Describe the patterns you see. Doe;1 Zhélfilrn;l gt
chromium in the diet appear to affect e O
Does restricting the diet rather than letting e rert
m?lech as they want appear to have an effect?

interaction?

(c) Compute the marginal means. Compute the
differences between the M and R diets for each level
of Chromium. Use this information to summarize
numerically the patterns in the plot.

13.28 Changing your major. A study of undergraduate
computer science students examined changes in major
after the first year.!? The study examined the fates of 256
students who enrolled as first-year computer science
students in the same fall semester. The students wers
classified according to gender and their declared major at
the beginning of the second year. For convenience we use
the labels CS for computer science majors, EO for
engineering and other science majors, and O for other
majors. The explanatory variables included several high
school grade summaries coded as 10 = A, 9=A— etic.

Here are the mean high school mathematics grades for
these students:

—_——

Major
Gender CS EQ o
Males 8.68 835 765
Females 9.11 93¢ 8.04

Describe the main effects and interaction using
appropriate graphs and calculations.
13.29 More on changi 8 your major. The mean SAT
Mathematics scores for the students in the previous
exercise are summarized in the following table:

-_—

Major
Gender CS EO o
_ &
Males 628 618 589
Females 582 63 543

Summarize the results of this study

plots and calculations to describe th
interaction.

using appropriate
e main effects and

13.30 Designing a study. The students studied in the
Previous two exercises were enrolled at a large Midwestern
university more than two decades ago. Discuss

how you would conduct a similar study at a college

or university of your choice today. Include a description
of all variables that you would collect for your study.

13.31 Trust of individuals and groups. Trust is an
essential element in any exchange of goods or services.

The following trust game is often used to study trust
€xperimentally:

A sender starts with $X and can transfer any amount
* < X to a responder. The responder then gets $3x and
¢an transfer any amount ¥ = 3x back to the sender. The

Chapter 13 Exercises 691

game ends with final amounts X — x +yand 3x -y for
the sender and responder respectively.

The value x is taken as a measure of the sender’s trust and *

the value y/3x indicates the responder’s trustworthiness,
A recent study used this game to study the dynamics
between individuals and groups of three.!8 The following

table summarizes the average amount x sent by senders
starting with $100.

Sender Responder x s

Individual  Individual 32 655 364
Individual Group 25 763 312
Group Individual 25 540 416
Group Group 27 437 424

(2) Find the pooled estimate of the standard deviation for
this study and its degrees of freedom.

(b) Is it reasonable to use a pooled standard deviation for
the analysis? Explain your answer.

(c) Compute the marginal means.

(d) Plot the means. Do

you think there is an interaction?
If yes, then describe it.

(e) The F statistics for sender, responder, and interaction
are 9.05, 0.001, and 2.08, respectively. Compute the
P-values and state your conclusions.
13.32 ﬂbﬂ Does the type of cooking pot affect iron
content? Iron-deﬁciency anemia is the most common
form of malnutrition in developing countries, affecting
about 50% of children and women and 25% of men. Iron
pots for cooking foods had traditionally been used in many
of these countries, but they have been largely replaced
by aluminum pots, which are cheaper and lighter. Some
research has suggested that food cooked in iron pots will
contain more iron than food cooked in other types of pots.
One study designed to investigate this issue compared
the iron content of some Ethiopian foods cooked
in aluminum, clay, and iron pots.!? In Exercise 12.49
(page 665), we analyzed the iron content of yesiga wet’, beef
cut into small pieces and prepared with several Ethiopian
spices. The researchers who conducted this study also
examined the iron content of shiro wet’, a legume-based
mixture of chickpea flour and Ethiopian spiced pepper,
and ye-atkilt allych'a, a lightly spiced vegetable casserole.
In the following table, these three foods are labeled meat,
legumes, and vegetables. Four samples of each food were
cooked in each type of pot. The iron in the food is measured
in milligrams of iron per 100 grams of cooked food. The
data are shown in Table 13.2 (page 692). éﬁ IRONCONTENT

(a) Make a table giving the sample size, mean, and
standard deviation for each type of pot. Is it reasonable
to pool the variances? Although the standard deviations
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Jron content

692

Type of pot

1.77 236 196 2.14
227 128 248 2.68
527 517 4.06 4.22

Clay

this is partially due to the

ike, .
vary more than we would like proceed with the analysis

small sample sizes and we will
of variance. |
(b) Plot the means. Give a short summary of htow the iron
content of foods depends upon the cooking pot.

s of variance. Give the ANOVA table,

degrees of freedom and P-values', and
the hypotheses about main

(¢) Runthe analysi
the F statistics with :
your conclusions re'gardlng
effects and interactions.

ious
13.33 Interpreting the results. Ref(ﬁ” to tl;ll?ﬁif:zou
erci is a statistically sig
exercise. Although there is foant
i i ink that these data supp
interaction, do you thin the e e
i d in iron pots conta
clusion that foods cooke ‘ nmore
ict(')or; than foods cooked in aluminum or clay pots? Discu

13.34 Analysis using a one-vlvay Al:ggﬁé-}::;i IEI% A

ise 13.32. Rerun the analysis a
E)i(te}l;(gsgroups and 4 observations per group. Report ts}ll:l .
:c]esults of the F test. Examine differences in means uesu%ts
multiple-comparisons procedure. Summarize your r
and compare them with those you obtained in

Exercise 13.32.

13.35 Examination of a dri]]ix.ng process. ?ﬁl:t sﬁz]lpes
in the manufacture of large ené;lrﬁ:s d1.”6','I‘q;111rtesols Ol e
i i i be drilled. The to
of very precise dimensions oo e e
i ed and are adjus
drilling are regularly examin 1 j to e
d specifications.
the holes meet the require ; .
T[}}iiltexamination involves measurer}rllent of thendillfla;r}llzt:lirzz S
illi dying the variatlo
drilling tool. A team studyl
t)};ethe drillged holes selected this measurement procedure

le cause of variation in the drilled holes. They

as a possib ) sment as one part of this
decided to use a designed expenre given in Table 13.3. The

inati the data a
examination. Some of - The
diameters in millimeters (mm) f)f five tools werflr.r(l)f(:)aA v
by the same operator at three times (8:00 A.l\lli., O.n eaéh ,
and 3:00 p.M.). Three measurements where taken on eact

‘ h ti on taking the measur
tool at each time. The pers : o
could not tell which tool was being measure;:lo, ;RM_UNG
measurements were taken in random order.” &%

(a) Make a table of means and standard deviations for
each of the 5 x 3 combinations of the two factors.

e [ weme |

240 217 241 234
241 243 257 2.48
369 3.43 3.84 372

Vegetables

1.30
1.82
2.92

1.03 153 1.07
155 079 1.68
245 299 2.80

Tool diameter data

Diameter (mum)

Tool Time
1 25.030 25.030 25.032
: 2 25.028 25.028 25.028
} 3 25.026 25.026 25.026
25.016
25.016 25.018
B ; 25.022 25.020 25.018
% 3 25.016 25.016 25.016
25.006
25.005 25.008
; ; 25.012 25.012 25.01;
3, 3 25.010 25.010 25.00
25.012
25.012 25.012
p ; 25.018 25.020 25.022
i 3 25.010 25.014 25.01
24.998
24.996 24.998
p ; 25.006 25.006 25.0(9)(9)
2 3 25.000 25.002 249

ith
(b) Plot the means and describe ho‘}};, the rlnetan;, a\;aery wit
i ect the tools to
tool and time. Note that we exp _ o hate
i i hese will be adjuste
:shtly different diameters. T \ . .
illelzigeg. It is the process of measuring the diameters thal

is important.

1t
(c) Use atwo-way ANOVA to analyze these dat]ters{?gfthe
the test statistics, degrees of freedom, and P-va

significance tests.

(d) Write a short report summarizing your results.

13.36 Examination of a d.ri]]ing p.rqcessé hcontmued.
Refer to the previous exercise. Multiply e:?l b sto
measurement by 0.04 to convert from m:) \1[ e the
inches. Redo the plots and rerun the AN e ofthe
transformed measurements. Surnmarlie :Ive D the
analysis have changed and what parts ha |

same. T DRILLING

liv

37 Do left-handed people . :

ggit-handed people? A study oj thlstg‘:f:(;lggxt p
£ 949 death records and con

32’2:?13111?12 handedness.2! Note that fhere are r;a:ill}ér 7

possible definitions of “left-handed.” The rese ;

examined the effects of different definitions on the results
of their analysis and found that their conclusions were not
sensitive to the exact definition used. For the results
presented here, people were defined to be right-handed if
they wrote, drew, and threw a ball with the right hand. All
others were defined to be left-handed. People were
classified by gender (female or male) and handedness (left
orright), and a 2 x 2 ANOVA was run with the age at
death as the response variable. The F statistics were 22.36
(handedness), 37.44 (gender), and 2.10 (interaction). The
following marginal mean ages at death (in years) were
reported: 77.39 (females), 71.32 (males), 75.00
(right-handed), and 66.03 (left-handed).

(a) For each of the F statistics given, find the degrees of

freedom and an approximate P-value. Summarize the
results of these tests.

(b) Using the information given, write a short summary
of the results of the study.

13.38 A radon exposure study. Scientists believe that
exposure to the radioactive gas radon is associated with
some types of cancers in the respiratory system. Radon
from natural sources is present in many homes in the
United States. A group of researchers decided to study the
problem in dogs because dogs get similar types of cancers
and are exposed to environments similar to those of their
owners. Radon detectors are available for home
monitoring, but the researchers wanted to obtain actual
measures of the exposure of a sample of dogs. To do this,
they placed the detectors in holders and attached them to
the collars of the dogs. One problem was that the holders
might in some way affect the radon readings. The
researchers therefore devised a laboratory experiment to
study the effects of the holders. Detectors from four series
of production were available, so they used a two-way
ANOVA design (series with 4 levels and holder with 2,
representing the presence or absence of a holder). All
detectors were exposed to the same radon source and the
radon measure in picocuries per liter was recorded.?? The
F statistic for the effect of series is 7.02, for holder it is
1.96, and for the interaction it is 1.24.

(a) Using Table E or statistical software, find
approximate P-values for the three test statistics.
Summarize the results of these three significance tests.

(b) The mean radon readings for the four series were 330,
303, 302, and 295. The results of the significance test for

series were of great concern to the researchers. Explain
why.

13.39 A comparison of plant species under low water
conditions. The PLANTSI1 data set gives the percent of

- nitrogen in four different species of plants grown in a

laboratory. The species are Leucaena leucocephala, Acacia
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saligna, Prosopis juliflora, and Eucalyptus citriodora. The
researchers who collected these data were interested in
commercially growing these plants in parts of the country
of Jordan where there is very little rainfall. To examine
the effect of water, they varied the amount per day from
50 millimeters (mm) to 650 mm in 100 mm increments.
There were nine plants per species-by-water combination.
Because the plants are to be used primarily for animal
food, with some parts that can be consumed by people, a
high nitrogen content is very desirable. ?i”"’ PLANTS1

(a) Find the means for each species-by-water
combination. Plot these means versus water for the four

species, connecting the means for each species by lines.
Describe the overall pattern.

(b) Find the standard deviations for each species-by-
water combination. Is it reasonable to pool the standard
deviations for this problem? Note that with sample sizes

of size 9, we expect these standard deviations to be quite
variable.

(c) Run the two-way analysis of variance. Give the results

of the hypothesis tests for the main effects and the
interaction.

13.40 Examination of the residuals. Refer to the
previous exercise. Examine the residuals. Are there any
unusual patterns or outliers? If you think that there are
one or more points that are somewhat extreme, rerun the
two-way analysis without these observations, Does this
change the results in any substantial way? PLANTS1

13.41 Analysis using multiple one-way ANOVAs.
Refer to Exercise 13.39. Run a separate one-way analysis
of variance for each water level. If there is evidence

that the species are not all the same, use a multiple-
comparisons procedure to determine which pairs of
species are significantly different. In what way, if any, do
the differences appear to vary by water level? Write a
short summary of your conclusions.

13.42 More on the analysis using multiple one-way
ANOVAs. Refer to Exercise 13.39. Run a separate
one-way analysis of variance for each species and
sumimnarize the results. Since the amount of water is a
quantitative factor, we can also analyze these data using
regression. Run simple linear regressions separately for
each species to predict nitrogen percent from water. Use
plots to determine whether or not a line is a good way to
approximate this relationship. Summarize the regression
results and compare them with the one-way ANOVA
results. % PLANTST

13.43 Another comparison of plant species under low
water conditions. Refer to Exercise 13.39. Additional
data collected by the same researchers according to a



