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1 Power Calculation using the Web VA 

Introduction 
 
In planning any research study, it is crucial that the design be sufficiently sensitive to detect 
effects of a size that the treatment is expected to produce.  Thus wise design requires 
statistical power and precision computations to ensure that effects that are expected have a 
high probability of being detected by the design.   
 
In designs that involve simple random sampling and assign individuals to treatments, 
power and precision calculations are straightforward.  Statistical power at a given 
statistical significance level is determined entirely by the effect size expected, the sample 
size, and (if covariates are used) the number and effectiveness of covariates in explaining 
variance in the outcome (measured by the R2 value).  Thus choosing a design with a given 
statistical power simply involves finding the sample size that yields that power given the 
effect size and, if covariates are used, the R2 value. 

 
However, not all research designs involve simple random sampling and assignment of 
individuals to treatments.  Education studies frequently sample students within schools, 
which is not simple random sampling but a form of two-stage cluster sampling.  Moreover 
experiments and quasi-experiments in education and the social sciences often assign intact 
groups of individuals (such as schools or classrooms) to treatments.  Such studies are 
called cluster randomized or group randomized studies.  In the experimental design 
literature, they are also called hierarchical experiments or experiments with groups as 
nested factors within treatments.  In other contexts they are called multilevel experiments 
to emphasize the multiple levels of sampling (first groups, then individuals within groups). 

 
Studies with group assignment arise for many reasons.  It may be impractical to assign 
individuals within the same group to different treatments (e.g., assign different students in 
the same classroom to different curricula or teaching methods).  It may be politically 
infeasible to assign individuals within the same group to different treatments (e.g., assign 
different students in the same school to different class sizes or resource regimes).  Finally, 
it may be theoretically impossible to assign different treatments to individuals within the 
same group (e.g., when the treatment is a whole school reform such as a management 
reform). 

 
The design of such studies poses challenges that are more complicated than studies with 
simple random sampling and assignment of individuals to treatments.  For example, cluster 
sampling reduces efficiency, so that a cluster sample has less information than a simple 
random sample of the same size. (The reduction in information, where information is 
defined as increased estimation error variance, is sometimes called the design effect in 
survey statistics.)  The reduction in efficiency of cluster sampling, combined with 
assignment of intact groups, means that studies with group assignment are less sensitive 
than studies with the same total sample size using simple random sampling and individual 
assignment.  Moreover, because studies with group assignment involve multilevel 
sampling, statistical power computations are more complex and conventional software for 
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computing power is not intended for these designs (and will not provide the appropriate 
calculations). 

 
For example, in multilevel studies with group assignment, statistical power depends not 
only on total sample size, but also on how that sample size is allocated across levels of the 
design.  A design that assigns 100 groups of 10 students each to treatments will have very 
different statistical power than a study that assigns 10 groups of 100 students each to 
treatments, even though they have the same total sample size of 1,000.   

 
The structure of the population variance decomposition (e.g., the proportion of total 
variation that arises between groups) also affects statistical power.  This decomposition is 
often summarized by an intraclass correlation (ICC), which is literally the ratio of between- 
group variance to total variance in the population.   

 
As in the case in individual assignment, the use of covariates also affects statistical power in 
designs with group assignment.  However, because group assignment with cluster sampling 
involves two levels of variation (group-level and individual within-group level), covariates 
can have effects on variation at either or both levels.  (This is explicit when multilevel 
statistical analyses are used.)  The effect of covariates depends on how much variation is 
explained at each level of the design and is usually summarized by the R2 value at each level 
(i.e., a group level R2 and an individual-level R2). 

 
Thus statistical power calculations in designs with cluster sampling and group assignment 
to treatments require knowledge not only of effect size and sample sizes at each level of the 
design, but also information about population variance structure (summarized by the 
intraclass correlation) and (if covariates are used) information about the effectiveness of 
covariates in explaining variation summarized by the R2 values at each level of the design.  
It is difficult to know (in the abstract and before a study has been carried out) what values 
of design parameters (intraclass correlations and R2 values) should be used to plan a study.   
The purpose of the Online Variance Almanac (Web VA) is to provide users with a resource 
for principled planning of research designs: empirical evidence from surveys of academic 
achievement on design parameters for planning research studies. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

3 Power Calculation using the Web VA 

The Web VA 
 
The Web VA allows users to access thousands of intraclass correlations and R2 values from 
different datasets, grades, subjects, and subsamples.  These values were obtained from 
analyses of four national surveys that used probability samples of students in kindergarten 
through 12th grade in U.S. schools.  The surveys included are listed in Exhibit 1.   
 

Exhibit 1:  Surveys providing values for the Web VA 

 
 The Early Childhood Longitudinal Program (ECLS) (http://nces.ed.gov/ecls/)  
 The Longitudinal Study of American Youth (LSAY) (http://lsay.msu.edu/) 

 The National Education Longitudinal Study (NELS) 
(http://nces.ed.gov/surveys/nels88/) 

 Prospects: The Congressionally Mandated Study of Educational Growth and 
Opportunity. (http://www2.ed.gov/pubs/Prospects/index.html)  

 

 
In analyzing the surveys to calculate the values available via the Web VA we considered the 
following: 
 

Achievement Domain. For each of these surveys we computed reference values for 
reading and mathematics achievement.   
 
Geographic Subgroups. For each of these surveys, we computed reference values 
for the entire nation and for geographic subgroups defined by region and by degree 
of urbanicity of the school location as defined by those surveys. 
 
School Subsample. For each achievement domain and geographic group, we also 
considered subsamples of schools defined by level of average achievement in the 
school and level of average SES in the school. 
 
Research Design. We computed design parameters for four different research 
designs.  One design used no covariates.  A second design used only a pretest on the 
same students one year (or in the NELS survey, two years) earlier.  A third design 
used only demographic variables as covariates: a composite measure of 
socioeconomic status, gender, and indicators of Black and Hispanic race/ethnicity.  
A fourth design included both pretest and the demographic covariates.   

 
A full discussion of the methodology employed to calculate the ICCs and R2 values reported 
here is contained in Hedges and Hedberg’s (2007) Intraclass Correlation Values for 
Planning Group Randomized Trials in Education.  Also reported in that 2007 article are 
values for the nation as a whole (all regions, all urbanicities).  The Web VA provides access 
to both the national values and values for specific subgroups (e.g., regions and 
urbanicities). 
  
 

http://nces.ed.gov/ecls/
http://lsay.msu.edu/
http://nces.ed.gov/surveys/nels88/
http://www2.ed.gov/pubs/Prospects/index.html
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Using the Web VA 
 
The Center for Advancing Research and Communications in Science, Technology, 
Engineering, and Mathematics (ARC) provides access to the Web VA via 
https://arc.uchicago.edu/reese/variance-almanac-academic-achievement.  Please follow 
these steps to utilize the Web VA resource to obtain reference values for computing 
statistical power in group randomized experiments.  
 

1) Click on the “Go to VA” arrow from the web page above or go directly to URL: 
https://arcdata.uchicago.edu/.  You will be taken to a web page like that shown in 
Exhibit 2. 
 
Exhibit 2:  Opening page of the Web VA resource 

              
 

2) If you would like to join our mailing list, please enter your e-mail address.  Providing 
this information is optional; if you prefer not to provide this contact information, 
click on “Skip to Search.” 

 
3) You will be asked to select filters for your query as shown in Exhibit 3.  After each 

selection, you will need to click on “Submit.” These filters are:  
o Subject  

 Mathematics Achievement 
 Reading Achievement  

 
o Region [of the U.S.] 

 All Regions 
 Midwest 
 Northeast 
 South 
 West 

https://arc.uchicago.edu/reese/variance-almanac-academic-achievement
https://arcdata.uchicago.edu/
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o Urbanicity 
 All Urbanicities 
 Rural 
 Suburban 
 Urban 

 
o Subsample 

 All Schools 
 Low Achieving Schools  
 Low SES Schools 

 
o Grade (Select a grade, from kindergarten through 12th grade from the drop-

down list) 
 

o Data Source (Depending upon the grade selected, one or more of the 
following data sources will be available to choose from, as shown in the table 
below) 

 Early Childhood Longitudinal Study (ECLS) Longitudinal Study of 
American Youth (LSAY) Cohort 1  

 Longitudinal Study of American Youth (LSAY) Cohort 2  
 National Education Longitudinal Study (NELS) Prospects Study of 

Educational Growth and Opportunity Cohort 1  
 Prospects Study of Educational Growth and Opportunity Cohort 2  
 Prospects Study of Educational Growth and Opportunity Cohort 3 

 

Grade ECLS 
LSAY 

Cohort 1* 
LSAY 

Cohort 2* NELS 
Prospects 
Cohort 1 

Prospects 
Cohort 2 

Prospects 
Cohort 3 

K X             
1 X             
2           X   
3 X       X X   
4         X     
5         X     
6         X     
7   X         X 
8   X   X     X 
9   X         X 

10   X X X       
11     X         
12     X X       

*Math only 
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Exhibit 3:  Filter selection page of the Web VA resource 

                     
 

4) Once all the filters have been selected, click on ‘Submit’. This will lead you to a new 
web page that displays a formatted table with the design parameters of interest and 
a separate table of sample information as shown in Exhibit 4.  This page is formatted 
for easy printing.  The parameter selections entered to generate these tables are 
included in the titles and footnotes.   

 
 
  



 

 

7 Power Calculation using the Web VA 

 
        Exhibit 4:  Sample output from the  Web VA 

              
 
CAUTION: Even though the total sample sizes of these surveys are large, the sample sizes 
for some of the subgroups are rather small.  It is important to be sensitive to the sample 
sizes and particularly the standard errors of the design parameters here, which reflect the 
uncertainty of the estimates.   
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Stata® program for computing power using Web VA design parameters 
 
Hedges and Hedberg developed the program “RDPOWER”, available for use with Stata 11, 
to calculate statistical power using output from the Web VA. To install this program in Stata, 
follow these four steps. 
 

a) Launch Stata 11. 
b) Make sure you are connected to the internet with administrative privileges. 
c) Type “ssc install rdpower“. 
d) Stata will report when the program is installed. 

 
Following are examples for using RDPOWER to calculate statistical power using Web VA 
results.  With Stata open, you can also Type “help rdpower“ to learn more about the 
program’s features and to see additional examples. 
 
Example Power Analyses 
 
The Web VA gives parameters necessary to calculate statistical power for four designs:      
(1) design with no covariate (unconditional model); (2) design using pretest as a covariate; 
(3) design using demographic variables as covariates; and (4) design using both pretest 
and demographics covariates.  Looking again at the sample Web VA results presented in 
Exhibit 4 (Design Parameters of interest reproduced in Exhibit 5), following are 
instructions for calculating power using RDPOWER for each design in turn.  These results 
are based on 12th grade math scores from NELS, using all schools from all regions and all 
urbanicities.  For the following example, we will focus only on the intraclass correlation and 
R2 values reproduced below.   
 
Exhibit 5: Design parameters based on a national probability sample of Grade 12 Mathematics 
Achievement from All Schools in The National Education Longitudinal Study (NELS). (All Regions, All 
Urbanicities) 

   

Proportion of Variance 
Accounted for by 
Covariates (R2) 

Covariates Used 
Intraclass 

Correlation 

Standard 
Error of the 
Intraclass 

Correlation 

School Level 
Student 

Level 

None 0.2386 0.0109 -- -- 

Pretest (One school and one student 
level variable) 

0.0376 0.0051 0.9746 0.7985 

SES, race, gender (Four school and four 
student level variables) 

0.0686 0.0068 0.7817 0.1018 

Pretest, SES, race, gender (Five school 
and five student level variables) 

0.0341 0.0054 0.9764 0.8010 
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A design with no covariates (unconditional model) 
 
Suppose that the design being considered uses no covariates.  Let us calculate power for a 
two-level randomized design in which students are sampled within schools and treatment 
is assigned to schools (that is, treatment is at level 2).  The intraclass correlation value for 
this model (‘icc2’) is the ICC value in the first row (0.2396). To calculate power for 
detecting an effect size (a standardized mean difference or d-index ) of 0.25, with 8 schools 
per treatment and 25 students per school (8 * 2 * 25, for a total sample size of 400 
students), we type the following into Stata: 
 
rdpower crd2, es(0.25) n(25) m(8) icc2(0.2386) 

 
This command tells Stata to use the RDPOWER program to calculate power for a two-level 
cluster randomized design (‘crd2’), with an effect size (‘es’) of 0.25, with 25 students per 
cluster (i.e., ‘n’=25) and 8 clusters per treatment (i.e., ‘m’=8), with an intraclass correlation 
at level 2 of 0.2386 (i.e., ‘icc2’=0.2386).  Exhibit 6 shows the output from this command.  
This tells us that we have 0.1465 power with this design.  
 
Exhibit 6:  Stata output from the RDPOWER program based on parameters for a design  
with no covariates 
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A design using pretest as a covariate  
 
In many situations pretest data are available for each student.  We have determined the R2 
values associated with entering a group-centered pretest score and the school average 
pretest score.  Important: In this model we have entered ‘1’ level 2 variable (‘l2vars’).  
 
Still using the intraclass correlation value from the unconditional model (in this case 
0.2386), we now enter the R2 values from the pretest covariate model (cells highlighted in 
yellow in Exhibit 5).  In this case, the between-school (i.e., the proportion reduction in error 
at level 2, or ‘pre2’) R2 value is 0.9746 and the within-school (i.e., the proportion reduction 
in error at level 1, or ‘pre1’) R2 value is 0.7985. 
 
Next we will calculate power for a two-level randomized design in which treatment is at 
level 2.  To calculate power for detecting an effect size of 0.25, with 8 schools per treatment 
and 25 students per school (for a total sample size of 400 students), type the following into 
Stata: 
 
rdpower crd2, es(0.25) n(25) m(8) icc2(0.2386) pre2(0.9746) pre1(0.7985) l2vars(1) 

 
This tells Stata to use the RDPOWER program to calculate power for a two-level cluster 
randomized design (‘crd2’) with an effect size (‘es’) of 0.25, with 25 students per cluster 
(‘n’=25) and 8 clusters per treatment (‘m’=8), with an intraclass correlation (‘icc2’) of 
0.2386, a ‘pre2’ score of 0.9746, a ‘pre1’ score of 0.7985, and using ‘1’ variable at level 2 
(‘l2vars’=1).  Exhibit 7 shows the output from this command.   This tells us that the power 
for this design is 0.9865.  
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Exhibit 7:  Stata output from the RDPOWER program based on parameters for a design with 
no covariates 

 
 
A design using demographic variables as covariates 
 
In many situations demographic data are available for each student.  In our demographic 
covariates model we have determined the R2 values associated with entering group-
centered demographic variables and their school averages.  Important: In this model we 
have entered ‘4’ level 2 variables (‘l2vars’).  
 
Still using the intraclass correlation value from the unconditional models (in this case ‘icc2’ 
of 0.2386), we now enter the R2 values from the demographic covariates model (cells 
highlighted in blue in Exhibit 5).  As shown in Exhibit 5, the between-school (i.e., the ‘pre2’) 
R2 value is 0.7817 and the within-school (i.e. the ‘pre1’) R2 value is 0.1018. 
 
Next we will calculate power for a two-level cluster randomized design (‘crd2’) in which 
treatment is at level 2.  To calculate power for detecting an effect size (‘es’) of 0.25, with 8 
schools per treatment and 25 students per school (for a total sample size of 400 students), 
type the following into Stata: 
 
rdpower crd2, es(0.25) n(25) m(8) icc2(0.2386) pre2(0.7817) pre1(0.1018) l2vars(4) 
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This tells Stata to use the RDPOWER program to calculate power for a two-level cluster 
randomized design (‘crd2’ ) with an effect size (‘es’) of 0.25, with 25 students per cluster 
(‘n’ = 25) and 8 clusters per treatment (‘m’=8), with a level-2  ICC (‘icc2’) of 0.2386, with a 
level 2 PRE score (‘pre2’) of 0.7817, a level 1 PRE score (‘pre1’) of 0.1018, and using 4 
variables at level 2 (‘l2vars’). Exhibit 8 shows the output from this command, which tells us 
that the power for this design is 0.3614.  
 
Exhibit 8:  Stata output from the RDPOWER program based on parameters for a design with  
no covariates 

 
 
 
A design using both pretest and demographics covariates 
 
In many situations pretest and demographic data are available for each student.  In our 
pretest and demographic covariates model, we have determined the R2 values associated 
with entering group-centered pretest and demographic variables and their school 
averages. Important: In this model we have entered ‘5’ level 2 variables.  
 
Still using the ICC value from the unconditional models (in this case 0.2386), we now enter 
the R2 values from the pretest and demographic covariates model (cells highlighted in 
orange in Exhibit 5).  In this case, the between-school (i.e., the ‘pre2’) R2 value is 0.9764 and 
the within-school (i.e., the ‘pre1’) R2 value is 0.8010. 



 

 

13 Power Calculation using the Web VA 

 
Next we will calculate power for a two-level cluster randomized design in which treatment 
is at level 2.  To calculate power for detecting an effect size of 0.25, with 8 schools per 
treatment and 25 students per school (for a total sample size of 400 students), type the 
following into Stata: 
 
rdpower crd2, es(0.25) n(25) m(8) icc2(0.2386) pre2(0.9764) pre1(0.8010) l2vars(5) 

 
This tells Stata to use the RDPOWER program to calculate power for a two-level cluster 
randomized design (‘crd2’), with an effect size (‘es’) of 0.25, with 25 students per cluster 
(‘n’=25) and 8 clusters per treatment (‘m’=8), with a level 2 intraclass correlation (‘icc2’) of 
0.2386, a level 2 PRE score (‘pre2’) of 0.9764, a level 1 PRE score (‘pre1’) of 0.8010, and 
using 5 variables at level 2 (‘l2vars’=5).  Exhibit 9 shows the output from this command.  
This tells us that the power for this design is 0.9834.  
 
 
Exhibit 9:  Stata output from the RDPOWER program based on parameters for a design with no 
covariates 
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Sources for more information 
 
For more information on power analysis in designs with cluster sampling and group 
assignment, see:  
 

Hedges, L.V., and Hedberg, E.C. (2007). Intraclass Correlations for Planning Group-
Randomized Experiments in Education. Educational Evaluation and Policy Analysis, 
29, 60-87. 
 
Hedges, L. V. & Rhoads, C. (2009). Statistical Power Analysis in Education Research 

(NCSER 2010-3006). Washington, DC: National Center for Special Education Research, 

Institute of Education Sciences, U.S. Department of Education. This report is available on 

the IES website at http://ies.ed.gov/ncser/pubs/20103006/pdf/20103006.pdf  

 
Raudenbush, S.W. (1997). Statistical Analysis and Optimal Design for Cluster 
Randomized Experiments. Psychological Methods, 2, 173-185. 
 
Raudenbush, S.W., and Liu, X. (2000). Statistical Power and Optimal Design for 
Multisite Randomized Trials. Psychological Methods, 5(3): 199-213. 
 
Schochet, P. (2008). Statistical Power for Random Assignment Evaluations of 
Education Programs. Journal of Educational and Behavioral Statistics, 33,62-87. 

 
 
For more information on the data sources used to estimate these design parameters see: 
 

Miller, Jon D.  Longitudinal Study of American Youth, 1987-1994, and 2007 
[Computer file]. ICPSR30263-v.1.  Ann Arbor, MI:  Inter-university Consortium for 
Political and Social Research [distributor], 2011-04-01. doi 10.3886/ICPSR30263. 
 
U.S. Dept. of Education.  Prospects: The Congressionally Mandated Study of 
Educational Growth and Opportunity. 
http://www2.ed.gov/pubs/Prospects/index.html 
 
U.S. Department of Education.  Institute of Education Sciences.  National Center for 
Education Statistics.  Early Childhood Longitudinal Study (United States): 
Kindergarten Class of 1998-1999, Kindergarten-Eighth Grade Full Sample 
[Computer file].  ICPSR28023-v1.  Ann Arbor, MI:  Inter-university Consortium for 
Political and Social Research [distributor], 2011-05-27. doi 10.3886/ICPSR28023. 
 
U.S. Department of Education.  National Center for Education Statistics.  NATIONAL 
EDUCATION LONGITUDINAL STUDY:  BASE YEAR THROUGH THIRD FOLLOW-UP, 
1988-1994 [Computer file]. ICPSR version.  Washington, D.C.:  U.S. Department of 
Education, National Center for Education Statistics [producer], 1996.  Ann Arbor, MI:  
Inter-university Consortium for Political and Social Research [distributor, 1999. doi 
10.3886/ICPSR06961. 

http://ies.ed.gov/ncser/pubs/20103006/pdf/20103006.pdf
http://www2.ed.gov/pubs/Prospects/index.html
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For questions regarding these instructions, or comments on the Web VA, please contact 
ARC at arc-info@norc.org. 
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