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ANALYSIS OF VARIANCE

We now come to a very popular test with health and social science researchers. Analy-
sis of WAriance (ANOWAD Is popular because the resecarcher is able to compare several
different group=. rather than the independent 7 test which only compares iwo Sroupes.
AMNONWA is really quite an ingenious test in the way in which it allows statistical
decisions by analyzing components of thre variance of the groups Lo be companed.

There are several variations of this test. We will focus primarily on the “onc-way ™
AMNMOYWA In this chapter, but 1 will cover an extension of the test briefly at the end
of the chaprter. One-way AMNMOWA refers o the number of independent variables. fr
researcl, indeperndent variables are nowsn as “factors”” Theretore, it yvou hawve a
resecarch problem thar has several levels of one independent variable, vou can use
anc-sway AMNOYA o detect any differences among the sample groups.

Chapter 10 discusses “Factorial ANOYWAL which allows the rescarcher to analy=e
more than one independent variable. ““Facrorial™ refers to the fact that there are more
than one factor in the procedure. Thuas, if you have two independent variables, the
procedure would be known as tactorial AMNOWA, or a 23 ANOWA

A HYPOTHETICATL EXAMPLE OF ANOWVA
In Chapter &, I discussed an experiment I conducted on the effects of noise on hunman

learning. Since there were only two groups to compans in that example (high vs low
moise), T showed how the independent T rest could be used o test the null hypothesis.
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256 AMNALY SIS OF VARIAMNCE

When I conducted the actual experiment howewver, 1 compared four groups on their
rates of learning. Figure 9.1 shows the design of the experiment.

As wywou can see, there were four groups. three of which used different lewvels of
noise and one control group with no noise present. (Recall that T used white noise
in different magnitudes 1o distinguish the experimental groups.) The noise level in
group I[TI, 30 decibels, is comparable 1o guict conversation; 0 decibels 1s cquivalent
to normaal conversation:; 90 decibels is eguivalent to a larse commercial jet land-
ing just over a mile away. (Sustained exposure o 90 decibel noise could result in
hearing loss.}

There is (stilly only one independent variable (noise) in the experiment, hut now
there are groups in four levels of the independent variable. A 7 test wouuld be imap-
propriate because 1 would need to conduct six T rests to compare all the group results.
Why six T testsY Look at the comparisons in Figure 9.2,

Ewven it 1T had conducted all these T tests, 1T would have no idea of the “whola™
test result. T needed the AMOWA since it conducts cafl dhe cormprarisonys widfiin ifre
serrne procedure ar thre same rime. I necded one ““omnibus™ answer 1o the guestion
aof whether noise alfects human learming., IC this result rejecied the null hypothesis,
I could then proceed to dig further into the results to examine wirich of the groups
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Crovapy Corm prear isons
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Figure 9.2 The paired comparisons in the experiment with four groups.

THE MNATLURE COF AMNOSAS, 257

were different from the others and therefore may have been responsible for the owverall
aomnibus finding.

THE NATURE OF AMOWA

When a rescarcher conducts multiple (separate) tests on the same data in the research
s=tudy, the alpha crror “accumulates,” This is known as familvwise errmor since cach
comparison is part of the same “Tamily™ of tesis, Thos, although it is not this simple,
if wou have six tests and the alpha error 1s 005 for each. vou might have a .30 alpha
error (5 > 0.05) in the entire family of comparisons. The more tests you conduct, the
greater the likelihood that vou will make alpha errors. Thus, the owverall omnibus test
is compromised.

The ANOWA “conducts™ all these comparisons together by analyzing components
of variance and therefore limits familywise error. Wou have seen how the T ilest used
variance measures (i.e.. sum of sgquares (55)) 1o help dertect differences betweaeen wo
sample groups in Chapler 8, ANOYVA identifies three sources of variance:

o The variation that exists wirfedin ecach sample group
o The variation fefweernn each sample group and the overall (grand) maan
o The roral variance from all sources

Because the ANOWVA process analvzes all these sources of variance simulta-
neously, vou do not have o rely on multiple tests using the same data.
The null hypothesis in the hypothetical experiment would thus be

o @ py = py = Hy = py

Ml snacll s immmeblbharlrn mrmtmes sl @l Fmcc e e cen ssm e sn e e on e ess e s mess o s aemwe s
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lation; there is no difference between the group means. As yvou can see, there are a
variety of ways in which the null hypothesis could be rejected. The following repre-
sent two of several possibilities: All the groups could be from different populations
{the top example) or group 1 could e from a different population than group 2 and
groups 3 and 4 could differ (the botmtom examplea). There are several other possibilities:

o, 0 gy F e T s FE iy
0 py 7 M2 = Ha 7 py

If the means of the groups are markedly dissimilar to one another (in a statstically
significant sense), yvou could reject the overall null hypothesis and conclude that at
least one of the group means differs from the others. If vou are able to reject the mull
hypothesis, the ommnmibus AMNOWA result does not indicate swhich mean {or means) is
different from the others. Tn that event, you would perform a secondary test, called
a “post hoc comparison.” in order to identify which of the means were significantly
different rom one another. T will discuss this process alter 1T discuss the overall or
omunibus ANOWA Lest,

Z5H ANALY SIS OF YARIAMNCE
THE COMPONENTS OF VARIANCE

If vou recall the earlier chapters, yvou will remember that variance is a measure of the
dispersion of scores in a distribution. Variance is a “global™ measure of variation, so
I will refer to it instead of the standard deviation Canolther measure of dispersion) as
a way of determining how sample groups differ from one another. ook at Figure 9.3
to see how my experimental groups might be represented, using the noise experiment
I imntroduced earlier.

Figure 9.3 shows the sample groups arraved from left vo right on an X-axis measur-
ing the ““number of learning errors.” which is the dependent variable for this experi-
ment. Therelfore, the “no noise group™ shows lower values of learming errors than any
aof the other groups that represent different levels of leaming errors. Remember that
my experimental gquestion was whether noise atfected human learning. | operational ly
defined learning as the number of simple words recalled during a memorization task.
The experiment sought to see it different amounts of noise would decrease the number
of words recalled.

Figure 9.3 shows the three sources of variance in an ANOWA analysis. The Mour
venmpple growps have thelr o disfrifrarions, so all their scores “sprecad owe™ arowndgd
threir means. This s bnown as Switfiin variance™ (VYigimin ) Since thie varianoe is mea-
srred wirhin each sample disvriburion, Figure 9.3 also shows a “shadow™ distribution
that reprezents a total distribution if all the individual scores trom all the sample
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groups were thrown into one large distribution. T yvou were o measure Mfre wvorfcamoe
aorf” pfrerd fearge, comryposite distribotiorr, thiix o woeddd constitode the SCrotal o wvariancoe™
(Ve ¥- s you can see, the composite distribution has a mean value, indicated by

! 30 [10] [=10]
nolse decibe] decibel decibel
group QoD Group group

Grand Mean

Figure 9.3 The components of variance in A0SO

THE PROCTESS OF ADMNOYWA 259

=3

the dashed line. This total mean is known as the “grand mean.” Bermween variance
VW hermeen ) i85 Hire variarion bermnween each sample group mean and the grond niearr.

& Ve 15 the total variance of all individual scores in all sample groups.
& Viween 15 the variation between the sample means and the grand mean.
& Viithin 15 the variation of individoal scores within their own sample gsroups.

THE PROCESS (OOF AMNCOWYWA

In effect, the AMNOWA process determines whetfier rhe sammypsle rmeans vory foar enoagl

Frorr the grand mearn thar they cowld be said vo Be Ffrom differenry popolarions. What

makes this guestion difficult to determine is that within each group, the scores wvary

around their own srouo mean. It the sample croun means are close enoush to one
http://lib.myilibrary.com.ezproxy1.lib.asu.edu/PrintPages.aspx
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another, =single scores could lie within the area where the groups overlap making
group identification difficult for these individual scores.

Figure 9.4 shows wo possible resalts that illustrare the potential results of
ANOWA D The top pansl shows the results of an experiment in which the groups
arc o “squished together™ that the group variances are intermingled. That is, the
group meoeans are so close together that it would be difficult to conclude that they are
significantly different from the grand mean.

In the bottom panel. the group means are far enough apart that individoal
group variances do not have extensive overlap. That is. the variances wirfiin each

sample group do not confuse the distance Hervween the groups=s. If yvou have an actual
result like the one shown in the bottom panel, you would likely determine that the
sroup maeans are statistically different from one another. This might not be the case
in the top pancl.

Croup A group B group O group D

group A aroup B group grxup O
Figure 9.4 Different ANOWVA possibilities.

260 ANMALY SIS OF WYARIANCE

ANOWA seeks to determine whether the Vyogee, Wonld be large relarive ro the
Viarithin @45 it appears to be the case with the botom panel example. In the top example.
the Vygmin  Muddles the picture™ of how the groups relate to one another. It is for
this reason that within wvariance 1s often referred to in research (and in SPSSD’}) as
“error variance.”” If you want to understand how far apart the group means are from
the grand mean. the error variance {¥yqmind 2ets in the way.” When there is less
error variance. the distance between the gsroup means and the crand mean (i.e.. the
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VR rweend DPecomes easier to distinguish.

CALCULATIMN G AMNOYWA

The AMNOWA calculation compares Vg oo een 2 Yivithin- " hen Vg een is large rel-

ative tw Yiiihin. there is a greater likelihood thart the researcher can reject thie null

hypothesis. We can suggest a “conceptual equation”™ that expresses this relationship:
o= VHE[“‘I:I:I‘I

Vawithin

AMNONWA uses the F distribution as a comparison distribution for the relationship of
the berween-to-within variance. | introduced the F test in Chapter 8 when I discussed
how to test whether two sample variances were statistically egual. This same distri-
bution (see Figure S.16) can be used to determine where a calculated AMNOWA value
falls on the sampling distribution ot all possible samples. Aftter all, vou are still com-
paring variances. But in the AMNOWA test, vou compare between-to—within wvariance,
whersas in the equal variance test, You compars two sample variances.

The conceptual equation before thus expresses the relationship of between-to-
within variance as a point on the & distribution of all possible samples to determine
whether the sample group means are far enough from the grand mean that the cal-
culated /& ratio would fall in the exclusion area of the comparison distribution. TP a
rescarcher obtained an actual result like the bottom example in Figure 9.4, there would
be a greater likelihood that the F ratio (calculated ) would fall in the exclusion area
than if the top example was obtained.

Calculating the Variance: Using the Sum of Sguares (55)

The AMNOWA procedure helps the rescarcher identify and compare all the componenis
of variance present in the rescarch study, Therelfore, each of the variance componenis
must be calculated in order 1o make a statistical decision. The Sum of Squares (S5 is
uscd o measure the components. As T explained in past chaplers, 55 is a large number
when the scores of a distribution are spread out and a small number when the scores
are cloxze together.

In Chapter 8, 1 specified the formula to calculate 55

58 = > X7 — (Zx)

_Ii\-l'

Howu can use variations of this formuola o caloculate cach of the three sources of
VAariance,

CALCULATIMNG AMNONWA 261
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Calculating Components of Varinncece Using S5

Mowving from conceptual o computational definitions. you can identify these sources
as follows:

B8 =sum of squares of the total distribution of all individual scores (Vo0
B85S =sum of squares between the group means and the grand mean (Vg o.een?
BS 4 =sum of squares within each sample growup CWos min ?

Clalculating the three 55 wvalues is somewhat easicr when vou consider that the
total variation (Vo) is comprised of the between (Vaoiween? and within €000
variances. Theretfore,

and

T will introduce a simple (hypothetical) set of findings for my noise-learning ex per-
iment o demonstrate how o calculate these components. Then T will present an
cxample with real data. Table 9.1 shows the hypothetical data for the experiment.
The dependent variable is the number of learning errors.

Table 9.2 shows the data with appropriate sguarcs (o be used Lo calculate the sums
ol squares. The general S5 formula Mollows the data; then the calculations are shown
for cach variance component:

S5 = > X7 — (Zx)7

I

Calcufaling S5
)2 (zx)°
5 o N

(18 + 26 + 45 + 597
16

555, = (86 4+ 174 4+ 5089 4+ B89) —

1658 — 1369
2HEG

TABILE 9.1 Hypothetical Experimment Dbata

ool 3y Iecibels &0 Decibels D Decibwels
b r 12 1=
4 s 11 14
3 [ 10 18
o =5 12 12

http://lib.myilibrary.com.ezproxy1.lib.asu.edu/PrintPages.aspx

8/49



10/23/2017 Printer Friendly

262 ANMALY SIS OF WYARIANCE

TABLE 9.2 Hypothetical Experiment Data with Sguared Values

Contiol 30 Decibels &0 Decibels o Dxecibels
», 3,2 ., >, b M,z b >,
S 25 i 45 12 144 15 225
a8 16 5 25 11 121 14 196
3 L e 36 10 10 18 324
[} Elsl = Gl 1Z | = B 12 I
> 15 86 6 174 45 S0 S0 HEO

Calfculating 55 Calculating 555 uses a variation of the 55 formula, but the focus
15 on the deviaricaon of eaclh growp mean fror the grand meorr. Therefore., youa will
calculate “‘group means™ in wvariance terms and subtract the variance measures ftrom
the grand mean. Here is the formula:

as. _ (X)) (ZX)? (X)) | (Zx)? (X x)°

rr o oy g M

This equation looks intimidating, but if you look at it, the main ““pieces”” make

sense. As vou can see, a global mreasure of cach group™s mean I:E:'}_ ¥ results from
dividing the bqu'll‘l.d group sums by the group’™s sample size. Then, the grand mecan

measure [ =——— =Xy 1is subtracted from the total of the separarte group mean measures. T
shaded this p-::-rt:-::n of the equartion. so yvou can see the components clearly. There is
an important thing o note in this equation:

e = N

If wvou look carefully at the equartion. you will note that the separate group mean
measures have the “group sizes™ () as the divisor. The grand mean measure at the end
of the eguation has the total individual score size () in the divisor, This is bocause
the grand mean is calculated for all individual scores (& = 16), whereas the individual
group mean measures are divided only by the scores that make up that group C(all four
sample groups have m = 4):

SS, = (20X, }., szz}u (22 X5)" " (22 Xa)" —) (2 Xx)

1y o Fig FEq ratl

A ——— e e = I - R e P = - =

http://lib.myilibrary.com.ezproxy1.lib.asu.edu/PrintPages.aspx 9/49



10/23/2017

Printer Friendly

e L P L e, ] I3 1 . LIS 4+ 2+ 4D — D)
= T vt —Q= "= =2 16
= 81 4+ 169 4+ S06.25 4+ 870,25 (—) 1369
= 257.5
CALCULATING A MO 263

As wvou can see, 1 left the shaded portion in the eguations to show that this
portion is the same in the S5+ and 5355 formulas. It “represents™ the grand mean,
so 1ts walue will not change. In the 554+ formula, all the individual scores (X0
dewviate away trom the (grand) mean. Thus, the shaded portion of the formuala
shows that this is the value from which all the scores dewviate. ITn the S5, formula,
ithe shaded portion represents the grand mean as well. Here, each of the sample
group moeans are added (ogether and then subiracted from the grand mean. It oas
as if cach of the group means is reated as a single score, and vou are calculating
the wariance of the group means around the grand mean (Cwhich, of course, we are
actually doingg ).

Calcufaring 55,, From the previous equation. you can see that if you calculate 55
and 55 5. you can derive 55 - without additional calculations:

289 — 257.5

31.5

Creating a Data Table

Mo that you have calculated the key S5 walues, you can use a table to display the
resulis. As yvou will see in the steps ahead, this is a very helpful visual step and one
that both SPS5S5 and Excel use to display the ANOVA results. You should therefore
learn o use the table to keep all the calculated values in order and sec how AN A
results are reported by most all statistical software.

Table 9.3 shows the template you might use with the results thus far. As wowu can
see the table lists the sums of sguares calculated value=s for each “"source’™ of variance.
REemember that the 55 is a measure of variance based on the raw scores in the data file.

Lsing Mean Sqguares (WVIS)

Avs wvou recall, inferential statistics addresses the issue of how sample values represent
{or do not represent) population values. In the & and 7 tests, yvou learned to transforim
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sample values o points on a sampling distribution so that you could show how the
calculated sample ratico compares to all possible sample values.
Treat ANOWA results in the same way., AMNCOVA iy also an infereniicl process, sor
wverd wild wexve samprle valvwes to estimate poprlation valfues., You calculated the sample

TABLE 9.3 The AMOWVA Results Table

Source of YWariance 55 el S F ratio
Betwesn 257.5
Wit 31.5
Tiveal 280
254 AMNALNY SIS OF WARIANCE

{between, within, and total) variances using S5 values, so you neaed now to use these
values o estimatre population (between. within, and total) variances.

This process is akin to using sample values (5D) 1o create an estimate {5,) of the
population standard deviation (&) in the 7 iesi. In order to estimaite the population
standard dewviation, you had o use the sample standard deviation and “adjust™ it by
dividhing it by its degrees of frecdom (in the single sample ¥ iest, the dif= A — 1) so
that it would be a better estimate of the population parameter.

Wirdt AMNCIVA, vou use degrees aof freedowm o make each af the 55 values betrer
extirnares of population values, These estimates are known as ““mean squares’™ (WS
because they are created by dividing the S5 by degrees of freedom. much like »ou
create a mean by adding together the values in a sample and dividing by thee number
in the sample.

Degrees of Freedomy in AMNCOYWA

Fou can use the degrees of freedom to help estimarte population values since the size
aof the samples greatly affects the variancee estimates. By using degrees of frecdom in
order to obtain better estmates, vou Create mean squares that average out the variance
regardless of sample size. Here are the degrees of freedom for each 855 wvalue:

w df, (degrees of freedom for total S5) = N — 1 (A = the total number of individual
scores in all groups combaned )

e« (df, (degrees of freedom for between S5)= & — 1 (where & = number of sample
groups)

e df . (degrees of freedom for within S5 =M — &

R ¥ - ¥ - - - -~ r r ST e
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degrees aof freedorm. As you see, estimating the total variance uses 1 df since you use
the entire set of individual scores. Estimating the between variance uses another 1 df
since you use the set of sample means. Estimating the within variance uses several
more (depending on how many sample groups there are) degrees of freedom., since
the sample groups are separate ““seis™ of scores that deviate around their respective
ErOup moans,

Calculating Mean Sqguarcs (WIS)

Calculating MS wvalues is simple when vou look at the ANOWA table of values in
Table 9.3, Table 9.4 shows the MS values, which are derived mom dividinge the
58 wvalues by their respective degrees of freedomnm:

55, 2575
MSy = ar, — 3 = H5_H3
55, 31.5
MS,,, = ar. — 12— 2625
CALCIUULATING AMNOYWAS 265

TABLE 9.4 The AMNMOWVA Results Table with Caleculated WIS Yalues

Sowurce of Varianee 58 ol IS F ratic
Within 31.5 12 0 - &) 2.625

ou can note other features trom Table 9. 4:

e The between and within S5 values sum o the total S5 value.
The between amd within df values sum o the total df value.

o The M54 value is not included because it is not neseded to calculate the ANOWA
result.

The & Ratio

In an earlier section of this chapter. 1 noted that the AMNOWA process determines
whetfrer fre sample means vary far enowgh from the grand mean rfiatr they conld
e saicd ro e Froen differenr popeelarionys. What wvou need in order to determine
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10/23/2017

Printer Friendly
this 15 a comparison of the wariation of the means from the grand mean (MW5Sg0.
relative to the variance within sach of the sample groups  that make the carlier
cslimate dificult to determine (MS 0.
Here is the formula for calculating the & ratio. Using the values from Table 9.4
the calculated F ratio for this example problem is

MSr 8583

— = 32.70
MS,  2.625

=

Avs vou can see, the M ratio compares the variation of the sample means around the
grand mean (M50 o the variation within each sample group (M5 0. T mentionad
before that the within variance measure is known as “error” just for this reason. TP
the sample group values did not wvary at all, it woonld be casy Lo see how far away the
sample means vary mom the grand mean! Consider the two panels in Figure 9.5,

The top panel of Figure 9.5 shows a hypothetical example of four sample groups
with almost no within variance. In this case, it is easy to see how distinct the group
means are and how clearly they differ from the grand mean. The bottom panel shows
just the opposite. There is =0 much within variance that it is almost impossible to
sec how distinct the group means are and how they vary around the grand mean. The
wilhin variance is essentially “noise™ and is therefore called error,

It 1s for these reasons that 1 said that the & ratio 1s a measure of the between wvari-
ation refarive ro the within variancoe., That 1s why the F ratio is simply comparing the
between to the within variation. When wvou divide the two, vou would anticipate a
much higher & ratio in the top panel than in the bottom panel since the divisor in the
F ratio would be much smaller in the top panel.

In the noise example, the between variance measure was 85 .83 and the within vari-
ance measure 2625, These represent quite differing variance measures! It is Fairly

20606 ANMALY SIS OF VARIANCE

Gr, Gz G.M. Gg Ga
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Figure 9.5 AMNOWA possibilities of groups with different within variances.

TABLE 9.5 The Final AMNOWVA Results Table

Source of YWariance 55 ot [ F raticy
Between 257.5 3 B5. 83 A2.70
WhAatham 31.5 12 2625

Tonadl 2EO 15 —_——

casy Lo assume that the resulting & ratio {(32.70) represents a situation where the sam-
ple group means are gquite spread out around the grand mean. The guestion 1s, how
far from the grand mean do the sample means have to vary betore they could be said
to represent different populations? This is the essence of the ANOWVA hvpothesis test.

Table 9.5 shows the final AMNOWVA table with the /M ratio included. The structure
of the table allows vou to “see™ how the calculation for the & ratio was performed. T
divided the between MS (B85 .83 by the within MS (2.625) 1o yvield 3270,

The F Distribution

Figure .16 shows that the F~ distribution does not appear to e similar to the &2 or T
distributions. Eemember I mentioned in Chapter 8 that the F distribution is a sampling
distribution of variances, not means. ITn the & test for equal variances. most group
variances howver around 1 when the variances are equal (since if we divide similar
variance measures, the ratio will be close o 104000,

CALCUTLATING AT 2067

TABLE 9.6 The F Table of Values Exclusion Areas

Critical (FExclfusiorn ) Valnes for thre PYsfribofion of &
df in fhe Numeraror (befweern)

Exclusion Level 1 | 2 | 3 | 4
— - I r—— I ~a - ———
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1 LB e} | ZLHD Z Al LAy
0.01 4052 4900 5403 5625
2 .05 15.51 19000 19,16 1925
0.01 o849 QO _(H) 90 17 09 25
_ 10 0.05 496 4,10 3.71 348
E 001 10 O3 7.56 6.55 5,00
E 11 0.05 4854 308 3.50 3.36
= 0.01 965 7.20 6.22 s5.67
i 12 0.05 4.75 3.88 3.4 3.2
= 0.01 933 6.93 5.05 5.4l
= 13 0.05 4.67 3.80 3.41 318
001 907 6. 70 5.74 5.20

Inm the ANOWVA test, you do nol compare Lwo group variances bot between-to-within
variance. YWhen you compare these measures, the resulting & ratio is often muoch
larger than 1. Thus, the F distrifruarion is dirvectional. Together with the fact that
variance measurces cannot be negative (they can be wvery small but not negative’),
the researcher needs o compare a calculated & ratio with a tabled value of & that
represents all possible samples of variance.

The &~ distribution is therefore the sampling distribution of comparison. & tables
ol values identifly the exclusion values at OL05 and G.01 probability, for example. The
table i1s complex because it takes into account the degrees of freedom of both the
between and the within measures since sample size 1s so critical to the analvses.

Table 9.6 shows a portion of the & table from the F table of values in the appen-
dices. In the noise example, the tabled wvalue of M ar 005 with df's for between
{3 — i the column) and within (12 — 1in the rows) variance measurcs identifies an
cxclusion value of 3.49 (shaded value) at the G005 level.! Thus, 3. 49 is the value on
the F distribution that defines the exclusion area. It the calculated & wvalue exceeds
this tabled wvalue, yvou can reject the null hypothesis. In this example. the calculated
F=32_70 far exceeds the abled walue of F~. Therefore, vou can conclude that the
finding (/"= 32_70) falls in the 0.05 exclusion area of 3.49 and is therefore not likelw
achance inding, p <005 (G.e., il is a statistically significant Gnding),

IMore that the table also includes the 00001 Tevel of exclusion along with the 0005 level for each oritical
value of & chosen.
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268 AMALYSIS OF VARIAMNCE

If the example values represented the data in my experimental study., I could reject
the null hyvpothesis, This would mean that, taken together, the means of the group
naise levels vary so greatly around the grand mean that the groups represent different
populations of students. =

EFFECT S5IXE

Like the other statistical analyses. yvou can create an effect size that shows the “im-
pact” of the independent (predictor) variable on the dependent (outcome)} variable.
In the case of my noise example. the effect size concern could be asked, “"how much
does the grouwping on thie independernr variable alflect the outcome measurae?” By this
question, I would be trying to determine how much noise impacts learning by mea-
suring how much the specific noise groupings (0, 30, 60, and 90 decibels) push the
sSroup outcoine measures (learning errors) apart.

So far, T have discussed effect size in terms of Cohen’s o measures where T ana-
Iyzed rthe difference berwesn two groups (independent T test) or between a group
and a population (single sample 7 west)y. The AMNMOWA determines the significance
of group ditferences by examining wvariance, SO0 youUu Can use @ variance measure to
express effect size.

The Greek symbol for eta square “# 1= the =symbol that refers to effect s1ze Iin
ATNONN A F e fery for Plhre proroprortiorr o varriorce i fRe owdoorme rmeasure expafonirneol v
ifrer gpronping on fhe indeperndens varicalbie. T discussed this in Chapter 8 with reference
Lo an clffect size formula for independent 7" Test (see “The Eta Squarced Method™ ), This
is an easy caloculation from the ANOWA table using the following formula:

P

o S‘Sﬂrztuﬁcn
P'r = —ee__——e

Thus, 89% of the variance in learning errors is due o assigning subjects o four
different noise levels, The effect siec is very large (only 10095 is possible, obwviowsly ),
but this is probably due to the Fact that T had very small sample group sizes (four per
group), and this is a hypothetical example.

How large is large? That is, how large does 5° have to be before yvou would say
it 15 ““meaningtful™? That 1s a guestion for which there are many answers! The reason

ZEv the way, the actual outcome of my experiment was interesting! [ found no significant differences
between the groups. My speculation as to why was thao L was using white noise rather than “real”” noise
flike different Kinds of music, street nodise, people velling, etc ). I didae’t take into sccount what thie subjects
werae used o {ice., thewy were all different coming in o the expaerimeni; sosne were used o soadwving with
musie and others weren™t, etc. ), and they were all tryvainmg really band to do weell on the rese.”” The rescarch
literature on this issue is very imteresting. My ondergracdboasie experimment as yet has nol waon any prases for
original rescarch?
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Learming Errors

MNoise Groups

Figure 9.6  YVenn diagram showing effect size.

it has many answers is that 1t depends on the sample sizes, number of groups, cetc.,
I alluded to power analysis in earlier chapters. Statisticians have constructed tables
that take into account factors that would have an impact on the size of the effect size
value. For example, there are tables for the (105 level of significance and the gsroup
size as considerations in judging effect size (see Cohen, 1988,

There are therefore many standards offered by statisticians and rescarchers for
judging effect size meaningfulness,. T end o take two approaches o this guestion.
First, I suggest the same guidelines I offered in Chapier 8 as benchmark comparisons:
G 01 Csmall), O.06 (medium)., and O, 14 (large). These are ballpark figures because the
next approach 1s the most cruacial.

The second approach to the guestion 1s allowing the researcher to judge the
meaningfulness of the effect size by the nature of the problem studied. Ic wso ld
therefore have a lot to do with the subject. If T am studying a hypothetical research
guestion with very small sample sizes (as T did in the noise-learning example), T
weould not be very excited aboul a very large effcct size Cand in our study, OL89 Far
cxoceded the .15 guideline for “large effect size™). Howewver, il T am studying a new
drug that can lessen the death rate from AIDE, 1 would be scstatic to find an effect
size of .03 even though it might be judged ““small™ by the earlier benchmarks.

COne way o visually understand effect size as “"explainmed wvariance™ 1S o use Wenn
diagrams. Look at Figure 9.6, The top circle represents the outcome measure of learn-
ing errors. The bottom circle represents the noise groups. Effect size is representaed
in the portion of the top circle with diagonal lines. The 899% refers to the 5~ wvalue
ol .89, IF the top circle represcents all the variation of lecarming crrmors., T can reduce
that variance by 59% just by knowing the different noise conditions. That would only
leave 11% of the variance in leaming errors unexplained.
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POYST HOYWCE AMALY SES

If an AMNOWA analvsis results in the rejection_of the null hypothesis, the next con-
sideration is which specific group mean variation{s) from the grand mean might be
responsible for the overall size of the & ratio? Stated differently, are all the sample

ZT0 ANMALY SIS OF WYARIANCE

~
N T R
r

GE Gg G_q_

Figure 9.7 Post hoo test possibilities.

means similar in producing learning errors (obwviously not since we rejected the null
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hypothesis), Or are some group means much more responsible for atfecting the §
ratio?” What configuration of group mean differences affecied the overall & ratio™
Figure 9.7 shows two possibilities of group differences thal might produce a sig-
nificant F ratio. The top panel shows that the first three noise level groups are sumilar
in prooducing learning errors, but the subjects in the fourth noise level are much more
likely to produce learning errors than the other three. The bottom panel of Figure 9.7
shows that the first two groups are similar, but both are very different from the third
and tourth groups Cwhich are similar to one another). There can be other combinations
of indings as well.

“NWarieties” of Post INMToc Analyvses

Post hoo analyses look al group comparisons wilthin the overall A™SNOWA (significant)
result to detect where sample group comparisons may be 2o large that they cannotl be

POST HOC ANMNALY SES 271

said to belong to the same population. The process is similar to individual 7 tests of
pairs of samples within the owverall AMNOWA study. If you recall, I mentioned earlier
in this chapter that my AMNOVA study would consist of six separate 7 tests it T wanted
o conduct paired comparisons. Since T could not do this without creating family-
wise error, | performed the ANOWVA test which compared all the sources of variance
al once,

After the overall (omnibus) test of ANOWA Is found o be significant., wou must
“return” to the mmitial guestion about which paired differences may be responsible for
the ANOWA result. Im order to avolid familywise error with the paired comparisons,
statisticians hawve created processes for identifying paired sample differences that
lLimat the overall crror measures. Many are specially designed 1o Gt specific rescarch
designs. Here are some examples of procedures used Ffor “unplanned™ comparisons
{paired comparisons not identified before the study):

e Scheffe’s test — A conservalive post hoc analysis that works well with unewven
group sizes and uses stricter decision criteria.

o Tukewv’'s HSIDY — This Honestly Significant Ditference procedure is used when
the rescarcher wants o compare all possible pairs of samples.

o [Dunnett — This test is used only with single comparisons, usually comparing a
control and experimental group(s).

There are several other post hoc analyses available for use depending on the nature

of the rescarch issues. I will demonstrate the mosi common post hoc analysis For

unplanned comparisons, Tukey’™s HED. Statistical programs such as SPSS provide

results tor this and other post hoc analyvses, =0 vou can expand vour range of under-
http://lib.myilibrary.com.ezproxy1.lib.asu.edu/PrintPages.aspx 19/49
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standing and expertise of post hoc analyses as yvou pursue further research.

The Post TToce Analysis Process

The general process rescarchers follow alter concluding that the omnibus (overall)
AP pest is significant is as follows:

1.
2.
3

4.

Calculate the Tukey HSID critical valoe,

Create o comparison table that includes all the group means.

Compare each mean difference to the critical HSD value to determine which
of the pairs are significanily different from one another.

Conclude the post hoc analwvsis with a general summary of resulis.

Tukey s HSITD (Range) Test Calculation

This test is also called Tukey s Range Test since it regquires the use of the ““Studentized
Eange Table™ {(shown in the appendix) to help identity a critical value of compari-
son. In essence, the HST» ixv o oridicoad varlne of excolusicon since it is based on a set of
probabilities that define extreme values on a distribution that takes into account the
degrees of recdom in the overall study and the noumber of groups in the analysis.

27z

Thus.

AMALNY SIS OF VARIANCE

tfiis approach uses a formola fo derermine e valuwe bevond which tfhe paived

group differences in rhe srudy wonld be considered exrreme.
The Tukey HSD» formula is as follows:

The “pieces”

MS,,.
HS5D = q[ﬁ.an]{:} T

-

of the formula are the followinge:

HSI? is the calculated point on the comparison distribution that identifies
extreme wvalues: any test value that is calculated to be larger than this value is
considered extreme and would result in the rejection of the hypothesis that a
specific pair of group means was cgual,

FiRangey 15 the value obtained in the Studentized Range Table that helps to estab-
lish the exclusion value. 1 will use the example of the 005 level of exclusion,
but vou can establish the value tor (0.0}]1 or other levels of exclusion. It T do not
specify otherwise in the examples that follow, you can assume I am using the
005 level.

http://lib.myilibrary.com.ezproxy1.lib.asu.edu/PrintPages.aspx
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= MS,, is the Mean Square wilthin wvalue found in the AMNMOWA table. In the
crample carlier it is equal o 2625, Recall that T mentioned that the AADNONS
within measures were known as “‘error.”” Thus, 1n the formula, the error measure
is “"adjusting™ the critical value of exclusion. If the error is large. it will have a
marked impact on the exclusion area.

= 2 is the group size used in the comparison(s). Tn my example, all the groups
were =<4, Thus, you can usc this formula o establish a single HSID critcal
value for cach of the six paircd comparisons.

e If the sample group sizes are unegual. vou would nesed to create more than one
HSI» value for the paired comparisons. The SPSS program adjusts for unegual
Eroup sizes.

UUsing the range table is straightforward if you remember that it is adjusted based
on the AMNOWVA error measuare Cwithin group MMS). Table 9.7 shows a small part of a
Range Table (sece the appendix Flor the complete table) 1o give youw an example of how
to use 1t.

As wou recall, 1 had four noise groups in the experiment, and the MS - degrees of
frecdomm was 12 (see Table 9.5). Based on these values, I shaded the relevant columns

TABRBLE 9.7 Example of Values from a Stodentized Range Table
Mumber of Sample Groups
MS,, dr 2 3 4 5 5 7 =
F3.115 3822 4. 258 4.5TF5 4. 824 503 5.203

3057 3.736 4.152 4.454 4691 4. BRES

POST HOOC AMNALYSES 273

and rows in the Range Table in Table 9.5, The number of sample groups is the =47
column. and the M3y, df is the 127 row. Where these intersect is the g g, e, value
used in the HS5ID calculation:

S
e

= HSI» = 4 24/ %

= 3.40

L

HSED» = E.?(_Rangl::l
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Mean Comparison Table

Once the HSID critical wvalue is calculated, vou can proceaed to examine how the gsroup
means differ. If you refer to Figure 9.2, vou will see the six group comparisons that
are necessary when there are four sample groups. Tn order 1o see what the group
differences are between the paired groups, it is a simple matter of subtracting the
group meoeans. Table 9.8 lists the means of cach of the four sample groups.

You could calculate the six paired sample differences by subtracting each pair of
means as tollows:

M, A, = —2.00
A, —Af, = —0O.TS
A N, = — 1025
My Ay = —4. TS
M —Ad, = —H.25
A, —AS, = —3 .50

Iroing the comparisons this way would wvield the appropriate paired mean dar-
ferences. MNotice in the list, however, that il you subtract the higher group moecans
fe.g., ML) from the lower (e g.. M), the values are negative. In these paired compari-
s0n tests, you are interested only in the magnitunde of the difference. not the sign. You
can interpret the owverall results by referring to the size of the means. but the paired
tesis do not use the sign. Therefore, you can subtract the smaller group means Trom
the larger 1o gel positive values,

TABILE 958 The Carowps

Mleams
Crptr i s Mecns
It 4. 50y
% I o, S0
% 11.25
% I 14.75
274 AMNMALY SIS OF WVARIANMNCE

TABLE 9.9 MNatrix of Group NMeans
M, (4.5) Mo (6.5) M, (11.25) ML, (14 TS
(<4.5) - 2.00 G, 75 1025

% |

1

http://lib.myilibrary.com.ezproxy1.lib.asu.edu/PrintPages.aspx

22/49



10/23/2017

Printer Friendly
M., {6.5) ——= 4. TS 85.25
ML, (11.25) -6.75 -—- .50k
B, (14.75) -

Aanother method for doing this is o create a “mairix™ of group means. A matrix is
simply a table constructed of rows and columns. You will see arrays of data in mMatrix
form later in the book, so it is a good idea to use them o display data. SPSS wuses
makrix array s for some outputs including the post hoc analysis.

Table 9.9 shows the group means in a matrix display. Previously, T calculated the
difference of Af, and A, to be —6.75. T placed this value in the matrix under column
Ad ) and row Af,. Thus, when T subtract 11.25 from 4.5, T get —6.75.

Howewver, T can obtain positive values by subtracting the lower mean values from
the higher. 1 have shown these values in the table. For example, subtracting 4.5 (A, )
from 11.25 (450 results in a value of G. 75, which is located in the Ad; column and the
Ad row. MNotice that the matrix s symmetrical. The same wvalues will appear in the
lower ““triangle™ that appear in the upper “triangle™ (I shaded the upper triangle) in
Table 9.9, 1 lefit the —6.75 in both the lower and upper triangles 1o show the symmetry
of the table.

Compare Mean Difference Values from HSDy

The next step in the post hoc analyvsis is to compare the group mean differences (from
Table 9.9) o the HS5T» value of 3 40, If any of the group mean differences exceed the
HSE[D» value, vou would consider those two means sigrificansfy different. As you can
see from the table, all the mean pairs exceed HSD except the A, — A, difference
(200,

Post Hoc Summary

The ANMOWA post hoc analysis showed that all paired comparisons showed significant
differcnces except the group 1 (control groupi—sroup 2 (30 decibels) comparison.
Figure 9.8 shows how the groups might be arraved to yvield this finding.

ASSTUMPTIOMNS OF AMNOWA

Avs with the other statistical tests T discussed, the researcher needs to assess whether
the conditions of the data are appropriate for the AMNOWA test. Here are the primary
assumprions, although AMNOWA is also somewhat robust with respect o slight varia-
tions of assumptions:
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‘33 Gd

Figure 9.8 The post hoo summary for the example.

Population is normally distributed .

Population variances are equal. This assumption refers 1o the variance of each
aof thee sample groups. You should make sure that the groups (in our case the
noise conditions) have egual variance on the outcome mMeasure (Iin Our casdc,
learning errors). (This is the homogeneity of variance assumption.’)

Samples are independently chosen.

Interval data on the dependent variable.

ADDITIOOMAL CONSIDERATICOONS WIEITEH A MNOYWA

T will have more to say about these procedures, but here are some things to keep in
muind if you use one-way MO

1.

ou can still use AMOWA (“the F test™) even it the siudy only uses two group
means. In this case, remember that there is a relationship between & and T such
that F = 7=,

The cffcct size is critical, as yoou learned with the other tests T cowvered.
You learned to calculate 52 which indicates the strength of the effects
aof F. Effect size is always calculated. even it the omnibus & test does not

result in the reject of the null hypothesis. Simply becaunse a stady finding
is (or is not) statistically significant does not indicate how muoach of a
practical impacr it has. Srarisrical significance and effect size are seprarafe
CORSEAde R rions.,

ANOWA like the T test can be used in experimental contexts (where vou con-
sciously change the wvalue of an Independent variable to see what eftects this
has on a dependent variahled and for post facto situations (where vou simply
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Iry o determine il there arc existing dilfferences among several sample groups

276 ANMALY SIS OF VARIANCE

withowut changing the value of the independent wvariable). In my example of
noise and learning, I used ANOWA experimentally, since I directly ““manipu-
lated™ or changed the value of the independent variable (noise lewvel), to see it
this affected the dependent variable (errors in learming performance’).

4. Be sure to meet the assumptions of the test before you use it:
= Populations are normally distributed.
= Population variances are equal.
e Independent selection.
e Interval data on the dependent variable.

TITE ITYPOTITESTES TEST: INTERPRIETING AMOWVA RESULTS

This scction prescnls another example of AMNOWVA showing the complele process
of analysis and hypothesis testing., Althoowgh it 1s a hypothetical example, it refllects
recent questions abowt the impact of sleep deprivation on health. Table 910 presents
the data for health measures (diagnosis report with higher numbers indicating betwer
health) according to three hourly amounts of sleep. There are obwviously categories
of sleep other than &, 7. or 8 howrs, but this study treats sleep as a categorical inde-
pendent variable since the &, 7, and 8 represent self-reported sleep amounts. In an
actual study, you might measure sleep as a continuous variable. I am wusing the cat-
egories here as an example of ANOVA. In the extended example that follows, T
will use Excel and SPSS to analvze the guestion, “does different amounts of slesp
aftfect health?™”

ARE THE ASSUMNMPTIONS MET?

Before proceaeding to the manual calculations for this example problem. you need
to examine the assumptions for ANOWVA,. Are the data appropriate for the one-—way
ATNON AP

TABLE 9.1 The Data for Omne-Vwaw
AMNOYVA Example

SLEE™
& Hrs. T Hrs. H Hrs.
HEALTH 4 13 12
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1Cy 11 13
8 11
L& L& 1w
z = 17
<4 < o
ARE THE ASSUMPTIONS MET? 27T

Is Population Normally Distribouted?

Acs vwou recall from Chapter 3. T mentioned that skewness and kurtosis are good indica-
ors to help assess normal distribations. For ANOWVA . vou necd to make sure that the
oultcome data are normally disiributed For cach of level of the independent variable.
In this case, there are three independent variable levels: &, 7, and 8B hours of sleep.
Acre the health data normally disributed? Use the results in Figure 9.9 to check this
assumption.

The Excel ougput in Figure 9.9 indicates that all three groups are fairly normally
distributed as determined by the similarity of mean and median values. The skewness
and kurtosis Hgures appear wilthin boundaries of normal. Use SPSS 1o investigale the
skewness and kurtosis further since the standard errors are reported for skewness and
kurtosis. Figure 9. 10 shows the descriptive values that include skewness and kurtosis
standard errors (using ““Analyze — Compare Means — Means™ ), and Figure 9.1 1 shows
the histograms for the groups.

As you can see. skewness and kurtosis for all groups of sleep are within bounds
when the Sk and Ku values are divided by their standard errors, The histograms in

i FFew T e & s

Mlleam 5.67 S M 12000
Standard Error 1.20x I .<bin 1.15
Bl e=tlizan 5.0 Q.50 11.50
Pl ] e A M
Standard

Dreviation 2.0k 358 2.83
Sample YWarianoe 567 L2 Hdb = 00
Kurto=sis —, B —1.72 1.7
Skewvwness .22 —AES 1.1
Fange ] k= =
Dl indsriieey 2 — 9
DAl ey (0] 13 17
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Figure 9.9 The descriptive output ( Excel) to test the normal distribution assumpticon.
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Figure 9. 10 SPSS57 descriptive output for normal distribution assumption.
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Figure 9. 11 SPSS™ graphs for FR groups.
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Figure 9.1 1 show differences between the groups but due to low sample size are not
definitive ““evidence™ of normal distributions.

It the researcher determined skewness and kurtosis values were excessive., they
could make a number of choices:

o Choose not to use S NN A
Transtform the outcome measure so it contforms to normal bounds.

o EFExamine and possibly eliminate the outliers which may change the distribution
configuration, according to some rescarch criterion.

= Procood with the analysis and note the concerms in the conclusions.,

By the way., I used the “Analyze — Compare Means — MMeans™ menus in SPSS
to generate the wvalues in Figure 910, T could have used the “Analyze — Drescriptive
Sratistics — Freguencies™ menus as T have in past chapters, but T wanted o show this
useful function. Figure 9.12 shows the menus and choices for this procedure. List the
dependent variable on the “Means™ menu (under “Dependent Lisc™ ), and specify the
groups of the independent variable (SlecpHours™ in this example) in the “Indepen-
dent List” window. As you can see, | specified means. kurtosis, skewness, standard
errors, etc., for the SleepHours groups.

ARE THE ASSUMPTIHONS MET? 2T

Ele Ecwl s Dets  Jreesfoes  Srosbirs  (Deeet ekt Deapsdtes  (URiSees  Aadcioges Wleolows  [Hew
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Figure 9. 12 The SPSS™ means procedure.

Auore the Variances Eqgual?

This second assumption is important for AMNOWS sinee it relies on comparisons of
variance measures. Excel does not have a good way to assess equal variances for mual-
tiple group=s. As we saw in Chapter 11 with the T test, Excel’s “F-Test Two-Sample
for Wariances™ analysis tool is very helpful for two sample groups, but not more than
two, In Chapter 8, I discussed the SPSS Levene’™s lest output that is included with
the ¥ test. Yow can use the same process o lest Por egqual variances in the ANONA

sample groups. In the sections that follow, 1 will examine the Levene’s test results for
A NN A

Avre the Samples ITndependently Chosen?

This assumption is met if the subjects identified 1o provide (slecp howurs and healih)
data were randomly chosen and not placed in groups due to any strocturally linking
criteria. The result would be that the group=s are occupied by different subjects without
any relationship between them.

Z80 AMALY SIS OF YARIANCE

IDNDoes the Dependent Variable Consist of Tnterval Data?

This assumption is met. Health scores are presumably interval data resulting tfrom a
standardized diagnosis instrument {since this is a hypothetical study .

Mianual Calculations

Before 1 demonstrate SPS5 and Excel procedures, 1 will show the manwual calou-

lations for comparison. Table 9.1 1 shows the data with key sums for the ANOWS
calculations.
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Fou can use the formulas T presented earlier to “populate™ the AMNMOWA sumumary
table. The calculations for S5, S55, and S5 ;- follow., Table .12 shows the values in
the completed ANOWA summary table.

TABLE 9.11 The ANOWVA Example Database witl
Caleculation Values

SLEEFPF HOURS

=X 34 S T2

(N2 1.156 291 S.184

MEANS S.67 =L 12 Chy

TABLE 9.12 The Completed AMNOWVA Summary Table for
the Extended Examuple

Source of Yariance 55 ot Bt F ratic
Between 1204477 2 0223 G131
Wiithim 147 33 15 QHEZ2
Toal 267.78 17 —_—
ARE THE ASSUMPTIONS METT? 2581

Calculating S5+ (S5, =267.78
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S8y = > x* — _{Ex}z

it

(34 + 54 4+ 72)°
18

(236 4+ 550 + 904 —

= 16901422 272

Calculating 555 (55, = 120.447):

(=x)° | (X)) | (EX)°  (ZX)°

"y " g M

- =
1156 | 2916 , 5184 (34 4+ 54 + T72)

o L o ( 15

= 192667 + 486 + 564 (—) 1422.22

SS, =

Calculating 554 (55, = 147.333)

26778 — 120.447

The hyvpothesis test:

MNull hypothesis: Mg p) = g = pay = ga,.
Adternate hyvpothesis: A 0 ey 25 w25 e = peg-
Critical value of exclusion: Fg s 2 5, = 3.08.

Calculated &: &.131.

Drecision: Reject the null hypothesis.

This test is significant al or beyond p =005, The calculated & ratio was so large
it surpassed the .05 exclusion value of 3.68 and therefore lies in the extreme
portion of the comparison distribution.

Imterpretation: The ommnibus test indicates that different sleep hour groups show
different mean health values. Health increases as the hours of sleep increase.
Effcct size: - = .45,

The effect size is an easy caloculation using the ANOWA summary table of values.
Avs the calculation indicates, 453 % of the variance in health values is accounted for by
the different hours of sleep groupings. This value far exceeds the (1L.15 guideline for
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282 AMATLY SIS OF WARIAMCE
a high effect sire indicating a strong influence of sleep on health.

= SSHEI“'\-EK:I‘I
]T = ——
55 Lozl

120 444
267.TTH

Post TToc Analyvsis

Using the Tukey Range test, you can create the HSD critical comparison value Lo
compare the mean differences of health by groupings of sleep. The Tukey Range
table ot values identifies g g.gee; = 307 . I identified this value in the table by viewing
the groups = 3 column and the M5, df row = 15. (Recall that this formula requires
the sample sizes to be equal.)

nMS [YE]

Cy

R et .
= 3.67 _—
&

= 4 T

HSD = i Range)

Table 9.1 3 continues the post hoo analvsis by presenting group mean differences (o
compare with the HSI» value. As wou can see, sleep group 6 is significantly different
from sleep group % since the mean difference (6.33) exceeds the HSD value of <4 7).
T highlighted this difference in the table by placing an asterisk next to the significant
wvalue. Sleep groups for & and 7 hours and groups for 7 and 8 hours did not significantly
differ from one another.

Figure 9.11 shows how these group means appear as you examine the histograms
for each group. Figure 9.13 shows the groups graphed together. You can see that the
health values are comparatively highest tor the 8 hour sleep group.

USING SPSS® AND EXCEL WITH ONE-WAY ANOWVA

The manual calculations for the ANOWA problem can be checked by using the SPSS
and Excel programs for the one-swoay A0 A

TABLE 9.13 The Group MNMoan D¥fference ZWiatrisx

G Hrs. (5.67) T Hrs. (9 0Ky 85 Hrs. (1 2.40M0)
G Hrs. (5.67) —_— 3.33 6.33%

T Hrs. (9 Oy - 30
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LISING SPSS™ AMD EXCEL WITH OMNE-WAY A RO 283

. Heatth Indicators for Different Howurs of Sleep

15
14

10
1 =2 3 < 5 =]

m S Hours T Hours m 8 Hours

w

N &

Cigure 9 .13 Three indicators of health by &, 7, or 8 hours sleep.
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Figure 9.14 The SPS5™ menu options for accessing the one-way ANONWA,
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SPSS™ Procedures with One-Way ANOWVA

The onc-way ANOWA procoedure in SPSS is casy 1o ereate and thorough in what at
reports. Figure 9. 14 shows the menu choices for the one—way ANOWVA procedure. As
YWOou can see, it 15 in the same menu group that includes the single sample 7 test and
the independent samples T test, which T discussed in previous chapters. This menu
also includes the Means procedure T used before 1o create the descriptive data for the
three SleepHour groups.

ZR4 AMNALY SIS OF VARIANCE

Figure 9.15 The one-way ANOWA specification window s,
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Figure 9.16 The post hoc choices from SPSS™ one-way AMNONWA

When wou sclect the one-way ANOVA procedurs,. the window shown  in
Figure 215 appears that allows the researcher to specify the analysis. As wou can
=g, | specified the Health wvariable as the outcome measure and SleepHowurs as the
grouping variable (“"Factor™). The buttons on the top right of the screen can be used
for further specification.

Figure 916 shows the choices available from scelecting the “*Post Hoc™ bution
from the one—way AMNOWVA menu., As you can sce, the meno lists several post hoc
praocedures available for inclusion in the analysis. 1 selected the Tukey procedure
to demonstrate the results alongside the manual calculations of the Tukew Range
Test. Notice that the post hoo procedures are “‘grouped™ according to whether egual
variances (of the SleepHour sample groups) are assumed or not. There are post hoo
procedures available if youw find the group variances o be unegual.

LISING SPSS™ AND EXCEL WITH OMNE-WAY A RO ZRS

- Statistics

o O S
I ity of varance test
1 Brown-Forsythe
1 Welch

[ Means plot

- Missing Values -
B Exclude cases analysis by analysis |
2 Exclude cases listwise

sl G | ]

Figure .17 Optons for SPSS one-weay AN A

I s it v
Health
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Figure 9.18 The descriptives report in SPSSY one-weay A MNOWA

If ywouw select the ““Oprions™ button from the one-way ANOYA meno (Figure 9.15),
you can sclect several important procedures to use in the analysis, Figure 9,17 shows
these choices. As you can see. 1 chose “"Descriptive” procedures to derive the group
means and related data and the “"Homogeneity of wvariance test”” option which will
produce Levene’s test tor equality of variance. Thi=s test allows the researcher to assess
the equal variance assumption for one-way ADMOWA that T discussed in the earlier
scction on the assumplions Gor A0

Figures 918921 show the oulpul resulting from these specifications. The
descriptive values are reported in Figure 9. 158, and Figure 919 follows with Levene’s
test results.

A yvou see, the Levene's test was nof sigrificant since the “"Sig.” reported is
A =0.543. Therefore, the test statistic did not land in its exclusion region, or it would
have reported a much smaller chance probability (i.e., p < 0.05). Since Levene’s test
was ol significant, the slecp groups can be considered o have eqgual variance in

286 ANALY SIS OF YARIAMNCE
Test it Vari
Heailth est of Homogenaity of Variances
Lewvana Statistic oif1 df= Sig.
536 = 15 543

Figure 9.19 The Levene's test results in SPSS™ One-weay S INONA,

ANO A
Health
Sum of Sqguarcs ot Mhcan Sguare F S
Between Groups 120,442 . ol 222 Go131 AL
W athan Groups 147 . 5353 15 E2Z
T onal ZOT.TTH 17
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Figure 9. 200 The SPS5™ one-way AMNOWA summary tahle,
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I SlespHours LI SkespHours BMlean Drifference (1-1) Sl FErmar Sim. T.orwer Paand LIprer Board
o Homms T Hours —5. X533 1. 500 . 15 —= 5 157
= Hamars —_noana” LI L [ ] —1 0.5 —1 .53
T Hiours & Hauars %.E33% 0. R B Reln ] —0.37 ®.O3
= Hars — . KM 1 HOpe ES3 —F.7Ch 1.3
B Flisurs & Blimars AR 1.HCp Ry 1.65 11.013
T Hsuars . 0NN 1. Rl LES5E — 0.7 770
= Tl mean difference is sipmnidican at the 005 lewel

Figure 9.21 The Tukey post hoc results in the SPS5™ one-way AMNMOWA procedure.

their health scores, That is, since the test was not significant, the null hypothesis
of egual variances among sample groups was mor rejected. This is the finding that
confirms the equal variance assumption is met for one-way AMNOWA and thart allows
the resecarcher to continue with the AMNOWA analvsis.

Fif Fevene s text woreldd frcve shuovwn o significant resolr, the “Sig”" valuwe wordldd e
srraller tfrar (OLO5, indicarting thar its calcwlared resr value wowld have fallen in the
exciusiorn arveda. Under this circumstance, the rescarcher would need 1o decide how wo
procesd since one of the ANOWA assumptions would not have been met.

The next panel of the results is the ANOWA summary table shown in Figure 9.2
This table is identical to the summary table based on the manual calculations earlier
with one additional colummn. The “Sig."”” colummn (L0171 1) indicates that the calcalated &
value exceeds the F table cutoff value (3.68) and is therefore considered significant.

LISIWNG SPSS™ AND EXCEL WITH OMNE-WAY A WO 28T

SPSS5 calculates the exact probability of a finding (G011 1), but vou can report the
significance on the hypothesis test as “p = L0577 since this is an indication that the
overall exclusion lewvel of .05 is exceaeded.

SPSS does not routinely produce n” but vou can confirm the effect size is the
same as our manual calculation (7 = 0.45) by dividing the appropriate values from
the AMOWA summary table. The same interpretation follows: 459% of the variation in
health is accounted for by grouping sleep into these three categories.

The final panel of the SPS55 ourput is the post hoc analv=is specified in Figure 9. 16,
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The results are shown in Figure 9. 21. T highlighted the row showing the significant
difference between the © and 8 hours of sleep groups. The first row of data compares
the & and 7 hour groups with the result of no difference (Sig. = 0. 190),. The second
o compares the & and ® hours of sleep groups indicating a significant difference
(Sig. =0.009). The additional columns show the results of the paired comparisons.”

The Tukey report in Figure 9.21 is arranged a bit ditfferently than the group mean
matrix T presented previously. However, you can see that both negative and positive
values are reported depending on which value is reported first. As with my matrix,
the interpretation of the values depends on the context of the rescarch question. Tn
thiz studw, the group means indicate mean health values of respondents in the &, 7,
and 8 hour sleep groups. Positive values indicate higher health values, so you might
use the positive values from the table in a summary report it the group means {(see
Figure 9. 18) support this finding.

General Linear Model (GILM) Approach to Analveing A NOYA

SP55% provides another method ftor calcualating AMNOWVA (including one-way
ANOWVAY., The General Linear Model (GLM) i=s a way of calculating the linear
relationships among independent variables and a dependent wvariable (univariate)
ar multiple dependent variables (multivariate) through a set of related procedures.
I will discuss the SPSS GLM to analvze AMNOWA procedures in the next chaprer
(addressing Factorial ANOYAL. Yoo can use the GLM process for one—way ANONA
analyses, but the one—way procedure I outlined sarlier is a simple way to understand
the ANWOWA results.

Excel Procedures with Ome-VYWay AANONWA

In order to use one-way ANOWA in Excel,. the data need to be arrayed like the data
table in Table 9. 10. Show three columns, one for each of the sleep hour groups, and
propulate the rows with health values for each of the respondents.

Simply select the entire set of data, including the labels in the fArst row, and use
the “Data — Data Analysis™ menus 1o bring vouw o the screen shown in Figure 922,
Avs you can see, there are three choices for ANOWA . The one-way SAMNOWSA uses a
single factor (one independent variable), =0 the top choice 15 the option you need for
the analy=sis.

Itlone that the onrtprt cloes mol spescily the HST value of comparison (4700 bur indicates sigmificant groap
differences by imcluding an =%

Z88 ANMALY SIS OF YARIANCE

e ey
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Anahyrsis Tooks

: Singie Factor
Aunowa: Two-Factor With Replication
Anowva: Two-Factor Without Replication
Cormelation

Covarnance

Descriptive Statistics

Exponential Smoothing

F-Test Twoa-Sample for Varances
Faowurrer Analysis

HESHo grannm

Figure 9.22 The single tactor ARMNOWA menu option in Excel.

Anova: Single Factor

Gl'_l'..ﬂll';'.ﬂ' CFJEIFEJ' _';dl!" A'I:E!'rl’u&'f-." VIIJ—E-I'I?EI:'.T—."

6 Hours o a4 S.67 ®.a7

7 Howurs o 54 @O0 1Z.80

8 Hours - T2 12,00 B O

SN A

Source of o AaF AN s Fovalue F erir
Vermrertdarm

Bertween Ciroups 120 444 = 222 G131 o0 1 R
Within Groups 147 3335 1S woE22

Tortal 267 TTH 17

Figure 9.23 The Excel single factor ANOWA outpat,

W hen yvou ran this procedure (atrter specifyving the location of the data in a separate
screend. Excel returns the output shown in Figare 923, The top panel is the descriptive
statistics showing the means and variances of health values for cach sleep hour sroup.
The “MAverage™ column is helpful when you create the mean difference maitrix for the
post hoo analysis.

The bottom pancel of Figure 9.23 zshows the ANOWA summary table. This 15 the
same table yvou created by manual and the same as the SPS55S summary table. It shows
the sources and measures of variance and the calculated & ratio (. 1310, Excel also
reports the exact probability of the & ratio like SPSS in the “P-value™ colurmmn,

The 8 crit™ (or, critical valoe for &) value in the summary table indicates the point
wvalue on the F distribution that defines the exclusion area. The calculated F ratio of
G131 well exceeds this value {(3.682), resulting in the p-value less than (L0005,

MNMotice that the Excel output does not includs information about effect size. How-
ever., you can calculate eta squared n? easily from the summary table as vou did in
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MNOM-PARAMETRIC ANOWA TESTS: THE KRUSEAL-WALLILS TEST 289

the manual calculations. Recall that »7 = (.45 calculated as follows:

e SSE-’:‘I’W‘ECI‘I
"y e e——

Because the omnibus test was significant (i.e., the null bypothesis is rejected). wouw
can perform the post bhoe analvsis, However, no provision is made in Excel 1o create
the post hoc analysis. You can perform it as you did in the manual calculations or
using SPSS5.

TITE NEEIY FOR DEACGMNOSTICS

Every rescarcher knows that real data can be problematic. Mot all sample group data
conform to perfect distributions. Sometimes, even small discrepancies in the data or
data entry erraors can hawve a huge effect on the results of an analysis. Ordinarily, T
inclade a section on “*IHagnostics™ when T write about statistical procedures {e.g. . see
Abbotr, 20100 because this is such an important, bur often overlooked, consideration.
T will discuss these issues as we encounter them in this text.

Before you begin an analysis, pay attention to the assumptions fior the procedure
you are using., and examine the data to ensure there are no issues that may lead o
invalid resules. Simply looking at the darta can sometinees identity potential problems
fexcessive values, missing daga, etc.). Wou may be surprised what yvour eves pick up
that the analvses do not!

Ofiien, a few or even a single extreme case can dramatically alffect results, I wou
dentity extreme cases wywou are faced with the guestion of what to do. Should wou
eliminate the case(s)? Transform the cases to a mean wvalue? Or leave the case if
yvou are assured that it is a wvalid score? There can be a fine line Demmvesn using
cdicgrosiic proceduares fo eliminarte coases fhor shocld Be elivmingared cnd  simyply
elfmrincaring  cases becoapse 6 makes the reselis BGerter! Keep or eliminate cases
based on the nature of the study and the research study suidelines.

The rescarcher is ultimately in charge of the nature of the research and producing
meaningful results. Statistical procedures can help to make sense out of data and help
to make statistical decision=s, but the researcher is ultimately the most important part
ol the process Ffor conducting a siudy and making conclusions.

MNON-PARAMETRIC AMNMOVA TESTS: THE KRUSKAL-—"WAILLIS TEST

As I discussed in Chapter &, there are non-parametric tests that correspond to the
mAarAarmerric reers rthoar T oomwver in rhis ool © e of the fmarallal7 non-naramerric resre Fove
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the independent sample ¥ Test is the Mann—vWhimey L7 that T discussed in Chaprer 8.
There arc non-parametric tests that are similar to the ANONWA Lest as well.

290 AMALY SIS OF YARIANCE

TABLE 9.14 Hypothetical Data
for Kruskal—Wallis Test

The Kruskal—Wallis test is one of the parallel non-parametric tests for one-—way
ANONA L Like the Mann—"Whiiney L7, this test uses ranks and determines whether
groups of dependent variable ranks are different from one another.

The data in Table 9. 14 are hypothetical data that compare ecase-of-use ratings of
three ivpes of glucose meters by a sample of 12 patients recently diagnosed with type
11 diabetes. Ratings are based on a scale of 1—-10 with a value of 10 being the easiest
o use.

Like the ANOWA test, the research question is whether the ratings of the three
meter groups are equivalent or statistically different. The Kruskal—Wallis test uses
ranks o make the determination since the case-of-use ratings are subjecrive.

Using SPSS 1o specifly the Kruskal-Wallis test is a similar process o the one 1
usecd for the Mann—Whiltney L5 in Chapier 8. Figure 8.27 (sce Chapler 8) shows the
process for choosing the Mann—%Yhitney LF test. You use the same menu selection for
the Kruskal—Wwallis test except that vou choose K Independent Samples™ rather than
“Two Independent Samples™ since Kmiskal—Wallis tests the differences among more
than two Sroups.
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When yvou chooase this option, you will see the window in Figure 9 .24 As yvou can
see, I specified *"Usage™ variable as the test variable (dependent variable) and entered
the three “MMeter™” groups in the ““Grouping Varable™ windosw. Notice that you can
choose other tests of this type in the “Test Type™ box, but 1T will only show the resulis
for the Kruskal—vWallis test.

Figure 9.25 shows the result ourput for the Kruskal—Wallis test in owo panels. The
top panel shows the mean ranks by meter group and the bottom panel shows the
test statistics that determine whether there are significant differences in ease-of-use
ratings berween the meter groups. As you can see from the resulis. T can reject the null

hyvpothesis at the < 0007 level. There are significant ease-of-use rating differences
between the meler groups,

MNMOM-PARAMETRIC ANOWVA TESTS: THE KRUSEAL-—"WALLIS TEST Zz91

Test Wariable List:
&t Usage

Groupeng WVariable:

|I‘-'Ie1;e:r-|,"l 3)

Define Range

- Test Type
& Fruskal-Wallhs H [ Median
] Jonckheere-Terpstra

Figure 9.24 The specification window for the Kruskal—Wallis test.

Ranlks
Mleter P Pde=an Rank
Lisage 1.0 4 Lk 54k
2000 <4 2.63
3000 + &, .58
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Taemuil I 12 I I

Test Statistics™D

Usage
Chi-Squans 9.TEE
df 2
Asvomp. Sig. W T

a. Kruskal Wallis Test
b, Grouping YWariable: MMerer

Tigure 925 The output for the Kroskal—Wallis test.

292 AMNALY SIS OF VARIAMNCE

TABLE 9.15 The Paired Comparison

Results
Blann Whitney U Sig.
Groups 1 - 2 OO
Groups 1 - 3 Oy
Groups 2 - 3 o2y

Like ANOWA G there are significant differences between the different grouprs., you
may wish o conduct post hooc analyses 1o sec how the groups dilflfer, One way of doing
this is o conduct separate MMann—VWhitney L5 tesis for all comparisons. In this case,
there would be three paired comparisons (i.e., meter groups 1 and 2, groups 1 and 3,
and groups 2 and 3). If you choose to use this procedure, use the SPSS Mann—Whitney
L procedure separately on the three comparisons.

A5 T explained with the post hoo process in ANOWA, conducting three separate
Mann—Whitney L7 tests may result in a problem since this would compound the over-
all alpbha error. However, you can still use this process by using a *“correction”™ o the
alpha exclusion area. The Bonferroni method specifies that you can divide the overall
alpha level (D.05) by the number of paired comparisons in order (o create an appro-
priate target significance arca for cach. Since there are three comparisons., using the
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005 lewvel of signilicance, this technigue would specify a new region of rejection at
o= 00167 (00553 =0017) for the comparisons.

This procedure creates a conserviative estimate of the significance of paired com-
parisons. In the current example, the overall Kruskal—Wallis results indicated o sig-
nificant finding at - Q.07 I yvou were to conduct all three comparisons using the
exclusion values betore (0.0 1 7). vou would find the results shown in Table 9.15. As
o can see, the first two comparisons were significant at g < 0017 TF yvou were monrs
selective in the comparisons, you could specify only one or poassibly two comparisons,
but kreyond this, vou would not have confidence in the differences.

There are other methods for creating correcied rejection regions Ffor paired com-
parisons. The Bonferroni method is very conservative: other methods might show that
the final comparison (groups 2—3) was also significant.

One further warning is in order for both the Mann—Whitney L5 and Kruskal—YWallis
tests. If you have several tied ranks, the results may be somewhat compromised, but
the SPS5 program will help to account tor this.

TERMS AND COMNCEPTS

AW AC The ANalysis OfF WATriance test that assesses the extent
toy which the variance between group means and the
grand mean of a distribution is large relative o the
variance of individual scores of different sample
oroups. This test 1s typically used with thiree or maore
sample groups.

DATA LABR AND EXAMPLES (WITH SOLLUTTIOCNMN S 293

Bonferroni method: S pairwise comparison procedure that divides the
overall alpha lewvel ((1L053) of a test by the number of
paired comparisons in order to create more
conservative target significance areas for each.

F Test: The statistical test comparing the between and within
variances in an ANCOWVA west. The caleculated ratio of
between-to-within variance is compared to the
exclusion values of the A distribution.

Familywise error: The inflation of alpha error due to conducting mualtiple
post hoc comparison tests,
Kruskal—Wallis test: The non-parametric test comparable (o ANOWVA based

on rankfordinal data.
Levene's test: The statistical test assessing the assumption of
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homogeneity of wvariance.

Post hoc analvses: Individual comparison tesis conducted among sample
group values subseqgquent o a sigmificant A NONWA
Anding.

Yariance betweem: The variation of group means arcund the gramnd mean
in an AMNOWVA analysis.

Wariance total: The total variation {(betwween amd withind in an ATNOWAS

analysis resulting from all individual scores varying
around the grand maean.

YWariance withiim: The wvariation of scores around their own group meeans
in an ANOWA analysis. Also known as “errnor.””

IDATA AR ANI EXAMPILES (WITII SOLLUUTIOMNS )

Problem 1

Calculate the one-way AMNMNOVA by manoval on the following values, conduct the
hypothesis test, calculate effect size, and perform the post hoo analvsis if warranted:

Group A 5, 9,6, B, 7
Group B: 1.4, 3,2, 2
Group C: Q@ 5, 9.4, 4

Problem 2

The data in Table 9. .16 shows the (hypothetical) self-reported blood sugar levels
of workers who are paid in three different waws: by salary, by hourly, and by
commission. Is there a dilference in blood sugar readings among the different
payment methods? Conduct all appropriate tests with the data in Table 916
(1f warranted ).

294 AMALY SIS OF VARIAMNCE

TABLE 9216 Blood Sugar: Pay
Miethodd Dk

Blood Sugar Level (Self-Reported)
Salary Hourly Comurmission
TE Shp =58
o0 1S o2
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IDATA LADR: SOLTUTIOMNS
FProblem 1
Calculate the one-way ANOWAS by manual:
SS, 67.60 MS, 33.8 | Fratio  9.657143
55 42000 NS - 3.5
55, 109 o
Conduct the hypothesis wesi:
F ratic b= ST
Decisionnm Reject the null hypothesis, p < 0.05

Calculate effect size:ss = 67.6/109.6 =0.617. This is a large effect size. 61.7% of
the variance in the values is accounted for by the three groupings (A B, C).

Perform the post hoo analysis il warranted:

MS

HSD = granger \f ——= = 3.77 (0.775) = 2.92

rr

Findings: Group B is different from both groups A and O groups A and O are not

different from each other (see Table 9.17]).

DATA LABR: SOLLUITIONS
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TABLE 9.17 FPost Hoc Analysis forr Problemn 1

Group A (7 AN I Group B (2.4400)
Group A (7000 - 460 .20
Growapy B (2,40 _—— 4

Group O (6. 80) —

Carop O (G S0

Problemy 2

Auare the assumptions met for AMNOWVAT? Normal distributiom of groups.The
pancls of Figure 9.26 show that skewness and kurtosis are within normal
bounds (pancel 1) and that the K—5 and 5—/W are both non-significant (panel 2}

Are the assumptions met for ANNOWVA? Egual variance across groups.Pancl 3
of Figure 9.26 shows that results for Levene’™s test are non-significant (panel 3)

indicating equal wvariance in groupes.

Hepart
=0
SHad. Erroar ad
Fuxmmena Ffean Kurtis=i= S, Brmor ol Kurtasis Skewoess Skewrmess
Salary =210 — LS L. 3354 i kil
Hemarly 108 50 1. 2= I.354 L1a? HLRT
ClorEmisE s =920 1. 783 L3354 —.7ia3 BET
Taanl Q327 1024 HE3 T4 42T
el ol Marmsalily
Folmoparsy - Srmirmos 2 Shaparo-Wilk
Faymment Semictic dF Rip Scarisaic dF sim
Thraud Saluary i n Y 10 Reinin o2q [} 438
Hiosurly LAG 10 eid LN} =N R | LCH =i
O S L Retdn 1o Retd 0] Ret i Ich 1=
Thi= i= o kvarer bvmand of rhe tnes significonoe
a. Lillielors Significamnce Correcbion
West of Homeaogemeity of Varismees
T ewvene Sadistic adf [ [ Rig
R kocd Raced on Flean 7RI = 27 =
Based on Median 2 3449 z = 113
Based oon Bledian and with adjusted dr e T x Z2OEFTE 12>
Baszed on trimmoreed meean T4lS =z 27T L4 e

Figure 9.26 The data to check for normal distribation.
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B Lo ANV
Sum of Squares «lF Pedean Sguare F S
Betweaen Groupes ATIRZ2 WOT x IHOG. 433 | LT AN
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Total L339 HeT 20

Diependend Wariakbbe:
Tukew HSI

Figure 9.27 The ANOWA results for Problem 2.

Eboaod

Aluwlnipls Comgearisomns

o5 Confidemsos Irderesl
i Faymerd 1) Paymerd PAcam DHifference (1-0) Sad. Errnosr Sim. Toower Hamand TIpper Bownd
Salary Hourily — 2, &4 e L k] e e T4 | —15 .50
o s s —F. a0 4. S 2506 — 15 0 3 .80
Hourly Salary T 4. 50t LEHTE] 15.50 AT .30
L D L T T T [ e o 4 Hol SO Hoanl b 20
oy i = siom Ralorme T E M- v 256G —3_RiLl IR a0
Hom iy et P g . ] LEATH] — 510 200 -H 40

* . The mezan difforencs is significand ai che (003 level

Figure 9.28 The post hoo aanalysis for thie A TSNOWA resalt.

Aare the assumptions met for AMNMOWVA? Assumptions #3 (ondependent selection)

and #4 (interval data) are meit.
AMNMOWVA results?Figure 927 shows the resulis for the ANOWVA (est. Based on the
analysis (A= 19.33), regect the null hy pothesis, p < 0,05,
Effect size?n”® = 3732 B867/M330 867 =0.589

= [ arge eftect size.

- 58. 9% of the variance in blood glucose reading 15 accounted for by the method
of payment Tor waork.
Post hoce analvsesTFigure 928 shows the Tukey post hoo analysis. The resulis
mmdicate that hourly payment indicates the highest mean blood reading and that
it is significantly different from payment by either salary or commission.
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