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power analysis (Type I apd Type II errors, and conventional effect
sizes) were revieved, and the studies evaluated for statistical
‘power. Using the .05 level of significance, the average power to,
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declare-significant findings), for medium effects the average power
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Abstract- °

4

In recent ‘years some behavioral sci 1sts have attempted’to-alert an& K
- 7~
sen//;iée researchers to the 1mp9;z£/; dlstlnct}on between statrshical 519- v
,,,,'/;/gzglcance and meaningfulneas of findings 1n~behav1oral research Moreover, !

they have attempted to 1mpress researchers w1th,the need to consider magnitudes.
of effects and statlstlcal power in-the deS1gn o£ tbelr studles. Despite these
attempts, 1t appears that the vast majprlty of studies in the social eciences' ‘
are planned, executed, and reported without any concern with issues ofi*substan-
tive meaningfuiness anq the etatieticel power of the cests being used.

Thé present paper was devoted to a stat}étical éower analysis of research
studies in special education reported'in Voluees\SQ and 40 of Exceétional
Children (l972-73,-l973e;45. After rev;ewiné the basic concepts involved

‘in such an‘analyeis,‘namely T§pé‘1 and Type II er;ors, and cthentichel éf%ect
’sizesk(i.e., small, medium, and larce), the éﬁglféhed research was scruticized

\‘for statistical power. It was found that the average power to detect small
effects was ~11; with only 5% of the tests having & better than 50~ 50 chanCe to
declare the findings as- belng significant at the .05 level of s1gn1f1cance. _Fbr-

v

,medium effects, the average power was .49 with 43% of the tests having a better

’

than 50-50 chance to declare the findings ae being siwnificant. For large

effects, the average power was .82 wfth 76% having a better than 50~50 chance.
/s N
The paper cohcludes wgth a summary and recommendations for mak;ng power

analysis an 1ntegra1 part of the research endeavor. - ¢
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el " 'statistlcal Power Analysis of

Research in Exceptioﬁal Children

Ll

-

Pespite the ,qfrpversy surrounding tests of significance and despite
) -~ . " 2
attempts to alert researchers to the need to Interpret results substantively,

-
h

ffhdinas are sziil'reported almost exclus%vexy in terms &f significance. As
is well known, given a large enough sample, any finding can be declared

statistically signifi&ant. Consequently, it'is‘important to distinguish

L~ c

between results that are statﬁgtlcally>srgnlflcant but not substantlvely

1mportant and results that are 1mportant but that are declared not significant
4 -

because of low power in ‘the statistical test used. -

4

Judbing.fromi;ublished research findings, most behavioiai researchers
. . ) ~ : : o v

[ Y * ‘g .
seem %o be éithgg/unaware or not boncerned with the important role of .statistical

power hna1y51s in the de51gn of resqareh (Brewer, 1372; ‘Cohen, 1962 Hopkins,
1973). -This frequentIy leads to 51téﬁtlons inswhich results that are sub~- ;

stnntively not meaningful are ﬂeclared to be statistically significant, or
‘ ) B . .

" ones in.khich meaningful results are declared to be statistically nonsignificant.

Either state of affairs is an unhappy one; the first being trivial, while the
i) . - .

second is *fraught with ambiguities or perplexitie%. " "It is unfortunate that

" failure tq-cdhfirm'hypotheses has become equated with experimental failure"

4]

(Millér-& Knapp, 1971, p: 7). - ’
\

Of the four factors that affect the powerﬂbf statistical tests (i.e.,

effect size, Type I error, TypeeII error, numbeyp of subjects), the most 1mpor- *

~

tant, but the one most often’ overlodked “1& the antlc;pated effect size (BS). . C—

.

"The ES is ‘the degree to which the phenomenon is pre in the pqpulatlon or

& i % Tl - N -
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the magnitude of the expected effect. Since it is rarely'the case that there

are no differences between groups on any variable and since any difference, no

matter how small, can be found to be significant if a large enough number of
subjects (N) is used, it is incumbent on the researcher to specify what

difference he will consider meaningful and to design his research so that.

when in fact a meaningful finding is obtained the\probability of declaring it

to be significant is high. The determination of the minimum ES to, be considered
i - z

.

meaningful'is based, among other things, on the nature of the research in the
. ! .

area under investigation, the investment of effort and money, and the‘®consequences
& : ¥ - -

of rejecting the null hypothesis. For example, in research on the differential

effects of different remedlatlon programs, the magnitude of the ES con51dered

3

mean1ngfu1 depends upon the relative efforts and costs involved in 1mp1eﬁéht1ng

I N

each of the programs, the pOSS1b1e 1mpact each program may have in{the area
-under study, as well as on related areas. Whi%e the decision about’the desired -

ES in a givenlstuQV is best made on the basis of theoretical and practical
L} ¥ 3 5, ' )

considerations, it frequently happens that the researcher does not have the

.
-

information necessary for a meaningful degision. . Under such circumstances,
- . . h

one may resort to.conventional criteria for ES. ' Cohen (1962, 1969), for example,

proposes that for an analysis of differenceg between groups, meaw differences

of one-guarter, one-half and one standard deviation he-Eoﬁsidered‘small,
. 14

-

medium and large effects fespectively. . ‘ .

As 1s known, the four factors affecting statistical power are 1nterre1ated,

‘

" and the selection of any three of them detéimlnes the fourth. Most ;eséarchers

+
»

-

seem to adopt the conventional levels of significance (e.g., ,05 or .0l) and

44

conougt'their study with whatever number of subjects is available to them.

ks

What_is called for, instead, is to specify, in addition to &, the ES and the
. v s . e !
o - - s
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“ohe to detect the maximum power available undg#,;

desired power of the test (i.e., 1—9). "The seriousness of'poteﬁtial error

v
.

determines how much power is necessary" (Miller & Knapp, 1971,~p.‘8)3 In
the event one is unable to meke such a determination, it has been suggested

that#g be set equal to .20, so that the probability of rejectiné a false null
hypothesis for the ES selected is 80% (C;hen, 1969). Having selected the
three‘factors mentioned above it i; possible to Ealculate the sample size
necessary. J . N

in an attemp£ to alert researchers to these problems, several surveys
have been conducted that have tfi;d to ascertain the power of representatibe
studies in the areas of\psychqlogy and education (Brewer, 1972; Cohen, 1962).

The present investigation was~desighed to study the statistical power of

studies in the area of special eHucation. .Specifically, Volumes 39 and 40

W

of Exceptional Children were reviewed and the poweY each had of detecting
small, medium, and large ES was calculateﬁr\fmhe\find{ngs were then compared

to those reported by Cohen (1962) and Brewer (1972).

- * v
. Procedures — :

~

For purposes of comparison, .it was necessary to impose standard conditions
’ B -

on the assessment. Since there was no evidence to indicate that a level of

" significance was set prior to the data .collection in ‘any of the articles, the e

.05 level of significance was.used-uniformly as has been done in the surveys . -

mentioned above. 1In addition, nondirectionality of hypotheses was assumed

.

throughout. In cases where total N's were reported without a bréakdown, it .

was assumed that there were eqﬁgl n's in each grouy, This procedure enables

(RS

P

timal conditions. Since - .

A

. ‘;3‘ L g 'Y
. e ¥ Tr}",‘.,,x‘,' i
“no méntion of ES was made in any of the artie ,kaqyf§wed, operational
N ' R iF#.Jr AT - v
BT A T [ J -

A

definitiong of small, medium, and large effec siﬁés:fdfgeach test we
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selected following Cohen (1969)- No attempt was ma?e to consgider other -

problems in research dekign.

. \ , '
The three statistical tests most prevalent in the two volumes under review

are t tests, analyses of variance (F tests), and correlational analyses (x).
Since other tests (e.g., éign tests) occurred only once or twice, this survey

\ s
1s limited to the above tdree. Of all the articles that used statlstlcal

tests; 35 conta1ned enough information to calcuiate the power of the tests for

the three ES. The remaining art1c1es e1ther used tests other than the three

under study or did not provide sufficient information. This was primarily due

to two ommissions: (a) no specification as to the exact nature of the test

used, and (k) insufficiert 1nformat10n as to the number of subjects. It should
be notedhthat this state of affairs not only Pprohibits post hoc power analysis,
it does not permit One to adequately interpret the results‘of‘the studies in |
.. questien. ) ' .
/ ) . . ) . . .

Of the 35 articles;.S employed 2 types of tests. When more than one "

@

type of test was used, separate power analyS1s was conducted for each. .

-

Median power for each of the distinct statistical tests in a given article was

" used in the tabulation of the results. - While other surveys report means .

0

H

instead of medians, it is felt that the latter is preferable since it is not

: -
. affected by extreme cases. . e
. ) . y
. B ' Results and Discussjion . LT
' N 7 . s -

T%e_pou&;distributions for the ,/ﬁa and r anaiyses are presented in

* N A

Table 1. The results can be summarjzed as follows: The average/power for

small effects across the three t&pes of tests-used wis .11 with only 5% of
{ (8 »

the tests having a better than 50-50 chance of detecting such effects. For

-

~med1um eﬁfects the average poWer was .49 with 43% hav1ng a better than 50-50 CE

4 . -

chance. For Iarge effects, the average power was .82 with 76% having a better

-

N Q . - . . , ' .
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“than 50~50 chance of detectlng effects of this nitu

When comparing the present survey w1th the surveys by Cohen in the

Journal of Abnormal and Social Psychology (1962) and by {Brewer in the American

s

. r - .
Educational Research Journal (1972), it should be keépt ir mind that in :
b

each of the surveys the problem was approached in slightly different ways.

.

€ohen's analysis combined the different tests into one grouping which yielded .

o

a power. index for each article, regardless bf the anaiyses involved. The

- median power findings of his surveywere .17, .46, and .89 for small, medium, and
large effect$s respectively. Brewerréresented the data ¢lassified into the

various statistical tests he examined ' (F, t, and rf. In contrast with the

present survey, he analyzed the data without an article breakdown. Consequently,

there is no way of knowing the contribution of each :article to the 65era11

- ‘e

index reported. -The combined average power of Brewer's gurvéy was .14, .58,

§ 4 - ) ;5
]

and .78 for small, medium, and large ES respectively. Aléhbugh direct compari-

son cannot be made because of the somewhat differént procedures, it is

. )
- -

interesting to note that while the three surveys deal with differeBE/eontent

&«
areas, -their findings are generally very similar. The findings of these

. surveys do not portrayfan encouraging situation. On the average, only when
bl

.

large effects were being studied, do the research~artic1es have adequate power.

‘It .should be noted, however, .that large effect sizes are not generally

encountered in behavioral research. What is more important, however, is that

-
-

the power of the test in’the studie's reviewed was not determined by design
- i

but Ather by default. Moreover, this picture is probably favorably biased
due tqg th€seleét1v1ty1n acceptlng for publication articles that find 31gn1f1-
cant res%ﬂts. Thus, 1n research in general power is probably even 1ower than

1nd1cated 1n survegszsuch.as this. ’ T
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high reljabilities are not the nokm in behavioral research. This would lend.

- -
. of re;earch in special education. 1In our continued efforts to upgrade such

- ; . (
“ Schmelkin }

7
.

- Summary and Recommendations

There'are several approaghes to increasirg power:

(1) The.most obvious immediate remedy to the pfoblem of low power is

)

to increase the number of?subjects. Other factors held constant, this will.
. - . e

j [N < ’ -
result in increased power.' > 7

.

(2) Increasing the level of alpha will resuit in more power, however,
"alpha 'should not be set thoughtlessly, but should reflect a balance in

Type I-Type 11 error considerations" (Hopkins, 1973, p. 106).

] ~

(3) Research may be designed to increase the size of the effect under’

. ’

study rather than passively attempting to detect.whafever effect is obtained,
regardless of how small the- effect is (Cohén, 1973), ) . L -

(4) other things beiﬁg equal, a test of a directional hypothesis has more /

.

power than a nondirectional one. Directional tests, however; should be used

, - [
judiciously (Cohen, 1969): o . ! .
. o /./' ) . \ - . -
(5) Another important aspect is the reliability of the.measures. As
currently used, power analysis for the most part assumes high reliability.
/ - : - . N 4

To the extent that the measures ,are unreliable, power will be less than that

expected under optiméi condition (Clear& & Linn,‘1969). Neediess t?/fgy,

furtber support to the assertion that in reality power ig probably lower

than what was found to be in these sﬁrveys. . - *\ -
L] ‘ . T

In sum, the present survey indicated’g serious shortcoming in the design .-

-

research it is important, that censiderations of statistical power analysis

become an integral part of the training of researchers in our field, as well 1

.

as one of the criteria for the eyaluation of research reports submitted for

publication.

. R e 9 - \
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" 4 . Footnote A .

: lWhile r is not a test of significanéé but a measure of association, it

f
. . J -~

. was decided to treat it in a separate category for the purpose of diétinguisbing

-
.

12

studies reporting ®rrelations from those focusing on mean differehces, as

A ‘
«

. well as for comparijsons with other surve§s available in the literaturé.
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