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Importance of power and precision analysis

Sample size planning is especially important in studies where statistical

methods will be used to analyze the data and there are costs associated

with the recruiting, measuring, or treating of participants.

If the sample size is too small, statistical tests may not detect important

effects (low power), and confidence intervals for measures of effect size

will be uselessly wide.

Using a sample size that is unnecessarily large is wasteful of a valuable

and finite human resource. A study that uses too many participants

could reduce the number of participants that are available to other

researchers.



Importance of sample size planning (continued)

Funding agencies usually require a justification of the proposed sample
size. An increasing number of journals now require authors to provide a
sample size justification as explained in the following journal policy
statements.

“State how the intended sample size was determined.” (APA Publication Manual)

“The Method section should make clear what criteria were used to determine
the sample size.” (New Statistical Guidelines for Journals of the Psychonomic
Society).

“Authors should indicate how the sample size was determined.” (Consolidated
Standards of Reporting Trails).



Why do journals want sample size justification?

Several studies have shown that most published behavioral science articles

should not have found “significant” results because the sample sizes were

too small to reliably detect the reported effect sizes. This suggests that the

reported effect sizes were inflated due to random sampling error because

inflated effect sizes are more likely to give p-values below the .05 level.

Sample size planning should reduce the number of underpowered studies,

which in turn should reduce the positive bias in reported effect sizes.



Illustration of effect size inflation 

Suppose the true d value (standardized mean difference) is equal to 0.
The following table gives the expected sample d value in studies where
p < .05.

Sample size per group                   Average |d|

10                                   1.15

20                                  0.78

30                                  0.62

40                                  0.53

80 0.37

These results illustrate how the reported effect size can be highly
inflated in small-sample studies.



Sample size for desired power

The independent-samples t-test is a test of H0: 𝜇1 = 𝜇2. The power of

this test is the probability of rejecting H0 assuming H0 is false.

The required sample size per group to test H0: 𝜇1 = 𝜇2 with a specified 

𝛼 value and with desired power is approximately 

𝑛𝑗 = 2  𝜎2(𝑧𝛼/2 + 𝑧𝛽)2/(  𝜇1 −  𝜇2)
2

where 𝛽 = 1 – power,  𝜎2 is a planning value of the average within-

group variance, and  𝜇1 −  𝜇2 is the anticipated effect size.



Sample size for desired power (continued)

An examination of this sample size formula

𝑛𝑗 = 2  𝜎2(𝑧𝛼/2 + 𝑧𝛽)2/(  𝜇1 −  𝜇2)
2

shows that larger sample sizes are needed for:

- a higher level of power (smaller 𝛽)

- a smaller 𝛼 value 

- a larger variance planning value

- a smaller absolute value of  𝜇1 −  𝜇2 (smaller effect size)



Sample size for desired precision

The independent-samples t-test can be supplemented with a confidence

interval for 𝜇1 − 𝜇2. The sample size requirement per group to obtain a

100(1 – 𝛼)% confidence interval for 𝜇1 − 𝜇2 is approximately

𝑛𝑗 = 8  𝜎2(𝑧𝛼/2/𝑤)2

where w is the desired width of the confidence interval.

Most APA journals now require authors to supplement their t-test results

with a confidence interval for a mean difference or a standardized mean

difference.



Sample size for desired precision (continued)

An examination of this sample size formula

𝑛𝑗 = 8  𝜎2(𝑧𝛼/2/𝑤)2

shows that larger sample sizes are needed for:

- a higher level of confidence

- a narrower desired confidence interval width 

- a larger variance planning value



Example:  Two-group t-test (power)

A planned study will compare the performance of 1-person and 3-person

teams on a particular type of writing task that must be completed in 30

minutes. The quality of the written report will be scored on a 1 to 10

scale. Based on a review of the literature, we set  𝜎2 = 5.0 and expect a

2-point difference in the population mean ratings. For 𝛼 = .05 and power

of .95, the required number of teams per group is approximately

size.test.mean2(.05, 5, .95, 2)

34



Example:  Paired-samples t-test (power)

A proposed longitudinal study will assess the 2-year change in mean response

on the Illinois Rape Myth Acceptance Scale (IRMA) among college men. A

sample of male students will complete the IRMA during their first quarter at

UCSC and then again during their junior year. A review of the literature

suggests that the SD of the IRMA scores is usually about 20 and a 2-year pre-

post correlation could be as low as .4. The researcher expects a 10-point

change in mean IRMA scores. With 𝛼 = .05 and power = .9 the required

number of first-year UCSC male college students needed is approximately

size.test.mean.ps(.05, 400, .90, 10, .4) 

53



Example:  2x2 within-subjects ANOVA (power)

A researcher is planning a 2 × 2 within-subjects experiment and wants
to test the two-way interaction effect (𝜇1 − 𝜇2 − 𝜇3 + 𝜇4) with power
of .95 at α = .05. After conducting a pilot study and reviewing previous
research, the researcher decided to set  𝜎2 = 15 and  𝜌 = 0.8. The
contrast coefficients are 1, -1, -1, and 1. The expected size of the
interaction contrast is 2.0. The required sample size is approximately

c = c(1, -1, -1, 1)

size.ci.lc.mean.ws(.05, 15, .8, 2, c)

49



Example: Two-group test of proportions (power)

About 10,000 people in the United States may be wrongfully convicted
of serious crimes each year with many of these cases resulting from
mistaken eyewitness identification. A two-group experiment is planned
to compare simultaneous and sequential photo lineup procedures. We
will estimate the proportion of participants who correctly identify the
suspect in each type of photo lineup after viewing a 4-second
surveillance video of the suspect. After reviewing the literature on
eyewitness accuracy, we set  𝜋1 = .60 and  𝜋2 = .75. We want to test
H0: 𝜋1 = 𝜋2 with 𝛼 = .05 and power of .8. The sample size requirement
per group is approximately

size.test.prop2(.05, .60, .75, .80)

150



Example:  Two-group analysis of means (precision)

A study of achievement motivation will ask participants to play a ring-
toss game where they try to throw a plastic ring over a post. The
participants will choose how far away from the post they are when they
make their tosses. The chosen distance from the post is the dependent
variable. The independent variable is achievement motivation (high or
low) and will be manipulated by the type of instructions. The results of a
pilot study suggest that the variance of the distance scores is about 0.7
foot within each condition. The researcher wants the 95% confidence
interval for 𝜇1 − 𝜇2 to have a width of about 0.5 foot. The required
sample size per group is approximately

size.ci.mean2(.05, .7, .5)

88



Example:  Two-group standardized mean difference

(precision)

A researcher will compare two methods of treating homelessness-

induced PTSD in adolescents and will use a new measure of PTSD as

the dependent variable. Given the novelty of the new PTSD measure, it

is difficult for the researcher to specify a desired width of a confidence

interval for 𝜇1 − 𝜇2. However, the researcher expects the standardized

mean difference to be 0.75 and would like the 95% confidence interval

to have a width of about 0.5. The required sample size per group is

approximately

size.ci.stdmean2(.05, .75, .5)

132



Example:  2-group analysis of proportions (precision)

A researcher will show one sample of men and another sample of
women a 2-minute video of a married couple having an argument. Each
participant will be asked if the husband is being more reasonable or if
the wife is being more reasonable. The researcher wants a 95%
confidence interval for 𝜋1 − 𝜋2 that has a width of about .3. Using
planning values of  𝜋1 = .6 and  𝜋2 = .4, the required sample size per
group is approximately

size.ci.prop2(.05, .6, .4, .3)

82



Example:  Partial correlation (precision)

We want to assess the correlation between amount of violent video

playing and aggressive behavior in a study population of high school

male students. Hours of TV viewing and father’s aggressiveness will be

used as two control variables. After reviewing the literature, we decide to

use .5 as the planning value of the partial correlation. We want the 95%

confidence interval to have a width of about .3. The approximate sample

size requirement is

size.ci.cor(.05, .5, 2, .3)

101



Example:  Squared multiple correlation (precision)

We want to estimate the squared multiple correlation between a

measure of public speaking skill and two predictor variables in a study

population of college freshman. We believe the squared multiple

correlation will be about .3 and would like the 95% confidence interval to

have a width of about .2. The approximate sample size requirement is

size.ci.multcor(.05, 2, .3, .2)

230



Example:  2 x 2 ANOVA (precision)

We want to estimate a main effect (𝜇11 + 𝜇12)/2 – (𝜇21 + 𝜇22)/2 in a

between-subjects design with 95% confidence, a desired confidence

interval width of 2.0, and a planning value of 8.0 for the average within-

group error variance. The contrast coefficients are .5, .5, -.5, and -.5. The

sample size requirement per group is approximately

c = c(.5, .5, -.5, -.5)

size.ci.lc.mean.bs(.05, 8, 2.0, c)

32



Example: 2x2 ANOVA with covariates (precision)

In the previous example, the sample size requirement was 32 per group.
If it is not practical to obtain that many participants per group, the
sample size requirement can be reduced by including one or more
covariates in the design.

The sample size per group required to estimate the main effect in the
previous example with a covariate that correlates .5 with the dependent
variable is approximately

c = c(.5, .5, -.5, -.5)

size.ci.lc.mean.cov(.05, 8, 1, .5, 0, 2, c)

17



Example:  Interrater agreement (precision)

A sample of parole candidate files will be subjectively reviewed by two

expert raters, and each rater will assign an “Approve” or “Disapprove”

recommendation for each candidate. A 95% confidence interval for

Guilford’s G-index of agreement will be computed from the sample of

candidate files. Using a planning value of .8 for the G-index and a

desired confidence interval width of .2, the required number of files that

should be reviewed by both raters is approximately

size.ci.agree(.05, .8, .2)

139



Learning materials on CSASS website

• These PowerPoint slides

• eBook:  “Sample Size Planning for Behavioral Research”

• R functions for sample size planning



Thank you.

Questions or comments?


