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Abstract

Personality tests are usually designed to ensure reliability. However, to compare groups, you should instead
maximize power. Measure areas where groups differ, not areas where individuals differ. Also, avoid using tests
that removed items to maximize reliability — they may have removed the items with the largest group differences.

Reliability and Power Serve Ditferent Goals

Personality tests are usually designed using methods that guarantee adequate reliability (e.g., factor analysis,
corrected 1item-total correlations). Reliability is the ratio of true score variance to total variance (see Figure 1). To
get a high reliability coefficient we need high variability 1n true scores (so that people are different from each other)
and low variability in error scores (so that the observed scores are close to the true score for each person). When
the reliability coefficient 1s high, the test scores allow us to make relative comparisons between the test takers.

Reliability (Allen & Yen, 1979; Lord & Novick, 1968) is important 1f you want to distinguish between individ-
uals. However, to distinguish between groups (men and women, treatment and control, stimulus 1 and 2), you need
statistical power (Cohen, 1988). To obtain high power, you need large differences between the groups and little
variability within each group. See Figure 2. Psychologists often try to distinguish between groups, and thus they
need to know how to design and select tests that will result in high power.

To obtain high power, you should measure areas where groups differ. If you are unsure where they differ, use a
truly comprehensive measure. Do not use tests that were developed using methods that maximize reliability
(Stewart & Archbold, 1992, 1993). Such tests will omit areas that have little within-group variance in the develop-
ment sample; however, little within-group variation does not guarantee little between-group variation. Instead, use
tests that are truly comprehensive, or tests that where items were selected to distinguish between the groups of in-
terest. See Table 1.

To obtain high power, you should also use tests with strong validity. Subject Matter Experts can suggest the ar-
cas where the groups are most likely to differ, and can assist in designing the most valid measure. Open-ended
questions, interview, or behavioral observations may be more valid than written closed-ended questions. In some
circumstances, blood samples, MRIs, or other data collection methods may provide the most valid data.

Will Increasing Reliability Increase Power?

You may have heard that increasing reliability will increase power. This is incorrect. Many psychometricians
have discussed the relationship between reliability and power. After several decades of discussion, the consensus 1s
clear: Other things being equal, more reliability leads to more power. This position 1s epitomized by two quotes.
Humphreys and Drasgow (1989) conclude, “Increases in reliability—or its obverse, decreases in random measure-
ment error in the marginal distribution of the dependent measures in an experiment—always increase power for
fixed effect size” (p. 424). Similarly, Zimmerman, Williams, and Zumbo (1993) conclude, “there 1s no doubt of the
importance of augmenting reliability in experimental settings whenever possible” (p. 16). This has led many peo-
ple (and textbooks) to the over-simplification that greater reliability 1s associated with greater power. This conclu-
sion 1s false.

Let us examine the argument in more detail. Increasing test length will increase reliability if the new items are
similar to the existing items (Lord & Novick, 1968), and this increase in reliability will increase power (Cleary &
Linn, 1969; Williams & Zimmerman, 1989). However, there are other ways to increase reliability, which might or
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might not increase power. One method of increasing reli-  Fyoyre 2
ability 1s to eliminate some items in order to create a more N
homogenous test. For example, in a test of extraversion,
we can eliminate items that measure anything besides so-
ciability. Eliminating items can increase reliability, but X
this may or may not increase power. Imagine we want to
compare two groups. If the extra content 1s irrelevant to
group differences, removing those items will increase
power. But if those extra items capture important group
differences, eliminating them will probably decrease pow-

er. A second method of increasing reliability 1s to change

the construct that 1s being measured. If the new construct

has a weaker relationship with the phenomenon of inter-

est, the study might have less power even if the new meas-

ure has higher reliability.

Psychometricians have concluded that increases in re-
liability result in increases in power, other things being
equal. However, when researchers design experiments,
they do not need to keep other things equal. There are
many aspects of the test and the experimental design that
researchers can change in order to increase power, and be- A B
cause of this, tests with lower reliability can result in high-
er power. Other researchers have noted the fact that lower Group
reliability 1s sometimes associated with higher power: For
example, Humphreys (1991, 1993) and Humphreys and
Drasgow (1989) noted that a sample that has restriction of range may sometimes result in higher power, even though reli-
ability 1s lower. In Table 1, I explain how we can design and select tests to maximize the power of our studies.

Power allows s to distingitish bebween groups

Conclusions

If we want to make relative comparisons between individuals, then it 1s beneficial to have a high Reliability Coeffi-
cient. But sometimes we have other goals. For example, if we want to obtain statistically significant results, we need
power. This paper describes how to design and select tests that will increase our power.
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Table 1

Maxipizing Reliability and Fower

To design a measure with high

E eliability

Power

Eationale

There should be vaniability among ordinary
people.

There should be differences between Group & and
roup B, or between two sets of scores for one group
(e.g., pretest vs. posttest).

Target constructs

mtudy areas were individuals differ.
Constructs selected by researcher.

=tudy areas where groups differ. If we don't know
where they differ, measure all areas (Ones &
Wiswesvara, 1996

Constructs selected by subject matter experts.

Mumber of Devel opment study includes alarge item pool. Devel opment study might include only a few measures.
MMeasuretments Experimental paychologists often include just a single
itetn .
Type of Uze written item s with closed-ended response Uze the best possible measures of desired constructs to
IMeasurements options. Items are similar but not 1dentical obtain high walidity. Measures might be closed-ended,
IMeasures are created by researchers. open-ended, behavioral obzervations, interviews, blood
sample, MEI, etc. Sometimes researchers use the
aggregate of multiple 1dentical measures (e.g., reaction
titnes).
Measures are created by researchers in consultation with
subiject matter experts.
standardize standardizing procedures will reduce vanation Eeducing unwanted (random) wvanation s between raters
atid increase reliabality. will increase power. Therefore, standardize rating
procedures. Be careful that vou only standardize
unwanted vanaton. Do not eliminate important content.
Logregate Increasing test length by adding 1tems with Increasing test length will increase power (Maxell, Cole,
sitmilar content will increase internal consistency Arvey, & Salas, 19910
(Cleary & Linn, 1969, Willlams & Zimmerman, Agoregate multiple measures (from multiple raters,
1389, oCCasions, oritems) to thcrease power (Lipsey, 19907
Devel optnent Large heterogene ous sample {often Theoretically based sampling. Often contrasts groups
sample undergraduates of general population) who are very different from each other "Within each
group, people are relatively homogenous. Sample sizes
are often modest
=tatistical Analyses are done at the level of indiwidual ttems, | Significance testing to determine 1f there are differences
analyses to determine which item s to retain. between two or more groups. Analyses may be done at

Analyses may include:

(a) calculating the correlation between the 1tem
atid the total scores from the rematning 1termns
(k) calculating the value of coefficient alpha
(Cronbach, 19510 when the item has been
removed from the test (o) using factor analysis
(Fabringar, Wegener, MacCallum , & Strahan,
1999 Harmon, 19760 to determine which items
are most closely associated with each other

(d) examining item -character stic curves

(Embretson & Eetze, 2000; Lord, 19800 to check

that scores on the item increase as the level of the
underlying trat increases

the lewvel of indiwvidual 1tetns or at the scale level.
Analyses may include

(a) t-tests or ANOWA: to determine whether groups
difter on indiwvidual itetns or scales

(b Hotelling s (1231) T-squared or discriminant
function analysis to determine if some linear
combination of the itetns or scales can be used to
distinguish between groups

(c) Eecetver operating characteristics (E.OC; IMetz,
1578) to determine which cut-off scores to use to
distinguish between groups, in order to maximize
sensitivity and specificity

Ttem selection

Dizcard items upon which there 1s little varability
in the denvation sample. Future studies will not
ke able to compare groups on these areas, because
these areas are no longer included on the test.

To create a comprehensive test, report whether groups
difter on each ttem (or scale), but keep all 1tems. To
create a test that has masmmum power for distingmshing
between two specific groups, discard items (or scales)
for which the groups did not differ, howewer, future
studies cannot use this test to compare other groups,
because some areas are no longer on the test.

Final Scale Either a single scale thatis internally consistent or | A set of items (or scales) that significantly distinguishes
multiple subscales that are each internally between the groups of interest.
consistent
FPubklished Eeports the methods used to design the study, Hypothesizes differences between target groups, based
development evidence of internal consistency (such as upon theory and practical expenence from subject
paper coefficient alpha or principle components matter experts. Ewvaluates those differences. The paper

analysis), and evidence of convergent validity
(thiz test correlates with another test of the same
construct). This paper has no practical
implications bevond “Eesearchers should use this
test in additional research.”

has theoretical and practical implications

Future research

Future studies usually use these same 1tems,
regardless of the purpose of their study.

Future researchers sometimes use the same 1tems
because the 1tems are theoretically meaningful and

distinguish between the target groups. Future
researchers sometimes modify the items and scales to

male thetn suitable to other groups.
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