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Design and Analysis of Group-Randomized Trials: 
A Review of Recent Practices

| Sherri P. Varnell, PhD, David M. Murray, PhD, Jessica B. Janega, MS, and Jonathan L. Blitstein, MSWe reviewed group-random-
ized trials (GRTs) published in
the American Journal of Public
Health and Preventive Medi-
cine from 1998 through 2002
and estimated the proportion
of GRTs that employ appropri-
ate methods for design and
analysis.

Of 60 articles, 9 (15.0%) re-
ported evidence of using ap-
propriate methods for sample
size estimation. Of 59 articles
in the analytic review, 27
(45.8%) reported at least 1 in-
appropriate analysis and 12
(20.3%) reported only inap-
propriate analyses. Nineteen
(32.2%) reported analyses at
an individual or subgroup level,
ignoring group, or included
group as a fixed effect.

Hence increased vigilance is
needed to ensure that appro-
priate methods for GRTs are em-
ployed and that results based
on inappropriate methods are
not published. (Am J Public
Health. 2004;94:393–399)

DURING THE PAST 25 YEARS,
increased attention has been de-
voted to exploring the impact of
intraclass correlation (ICC) in the
design and analysis of group-
randomized trials (GRTs) and to
identifying appropriate methods
for these trials. Despite this atten-
tion, periodic reviews of pub-
lished GRTs have found that
many investigators employed
methods that do not account for
the ICC properly.

A 1990 review of GRTs pub-
lished in medical and epidemio-
logical journals between 1979
and 19891 found that only 3
(19%) of the 16 reviewed arti-
cles accounted for ICC properly
in sample size calculations, and
only 8 (50%) accounted for ICC
in the analysis. A meta-analysis
of evaluations of 8 separate trials
of a school-based program to

prevent drug use reported that
only 2 (25%) accounted for ICC
in the analysis.2 Simpson et al.3

reviewed all GRTs published in
the American Journal of Public
Health and Preventive Medicine
between 1990 and 1993; they
reported that only 4 (19%) of 21
articles included power calcula-
tions and only 12 (57%) in-
cluded analyses that took ICC
into account. A more recent re-
view of community health inter-
ventions4 included 8 GRTs; only
1 (12%) reported taking ICC
into account properly in sample
size calculations, though 7
(88%) accounted for ICC in the
analysis.

In the meantime, methodolo-
gists have continued to focus at-
tention on valid methods for esti-
mating sample size and analyzing
data from GRTs; a summary of

the work published in the last 5
years is provided in another arti-
cle in this issue.5 However, no re-
cent review of published GRTs
has examined the effect of this
increased attention on the prac-
tices of investigators who con-
duct GRTs.

It is important to continue to
monitor the published literature
to determine the impact of recent
methodological developments.
Such reviews enable methodolo-
gists to determine the extent to
which issues of clustering are
recognized among investigators
and to identify areas that may
need further attention. They also
alert investigators to attend more
closely to the issues that they are
missing. The goals of this study
were to review GRTs recently
published in the American Jour-
nal of Public Health and Preven-
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tive Medicine, determine the ex-
tent to which authors provided
evidence of taking ICC into ac-
count properly in the design and
analysis, and compare our results
to prior reviews.

METHODS

We searched issues of the
American Journal of Public Health
and Preventive Medicine pub-
lished from January 1998 to De-
cember 2002, inclusive, select-
ing all articles reporting the
results of GRTs. These 2 journals
were chosen for review to make
possible a direct comparison to
the review by Simpson et al.3

GRTs were defined as studies
that randomized intact social
groups to study conditions but
obtained observations from indi-
viduals nested within groups; we
use the term group to designate
the unit of assignment and condi-
tion to designate the experimen-
tal condition to which the group
is assigned. Articles reporting the
results of studies in which groups
were not randomly assigned to
study conditions were excluded,
as were studies involving only
observations at the group, rather
than the individual, level, be-
cause these studies do not in-
volve group-level ICC. We also
excluded articles that did not in-
clude a clear statement indicating
that all groups were randomized
to study conditions, as well as ar-
ticles indicating that some groups
were randomized whereas others
were nonrandomly assigned to
conditions.

Each article was reviewed by
the first 2 authors and by at least
1 of the other 2 authors to deter-
mine whether the article included
sample size calculations and
analyses taking ICC into account
properly. In addition, because the
design of a large GRT is often de-

scribed in detail in a background
article that is cited in subsequent
publications, we reviewed any ref-
erences to sample size in back-
ground papers cited in the articles.

We reviewed articles to deter-
mine whether authors included
evidence of taking clustering into
account in arriving at the number
of groups assigned to study con-
ditions, such as the expected ICC,
the group component of variance,
or the variance inflation factor
(VIF).6 If no such evidence ex-
isted, articles were reviewed to
determine whether the authors
claimed that variance was in-
flated to account for the expected
ICC, even if they provided no de-
tails on how it was done.

Because many articles pre-
sented more than 1 analytic
strategy, we reviewed each arti-
cle to determine whether all the
analytic approaches used to eval-
uate intervention effects were ap-
propriate, some were appropri-
ate, or none were appropriate for
GRTs. Also, each of the analytic
approaches reported by the au-
thors was recorded, along with
any justifications offered by au-
thors who reported inappropriate
analytic strategies. Disagreements
among reviewers on sample size
or analytic ratings were resolved
through roundtable discussion.

Murray7 and Donner and
Klar8 have provided an exten-
sive review of analytic methods
appropriate for GRTs; Murray et
al.5 have provided a review of
even more recent analytic de-
velopments. Table 1 presents
the criteria used to judge
whether analytic approaches re-
ported in each article were ap-
propriate. Methods considered
appropriate for GRTs included
but were not limited to mixed-
model regression approaches in-
cluding analysis of variance/
analysis of covariance (ANOVA/

ANCOVA) and random coeffi-
cients models, 2-stage analyses
(analysis on a summary statistic
computed at the level of the
group including randomization-
based tests), and generalized es-
timating equations. Because
each of these methods may be
applied incorrectly, we estab-
lished additional criteria for rat-
ing analyses as appropriately
applied; these depend on the
design of the study, the assump-
tions underlying the analytic
method, and the robustness of
the method to violations of
these assumptions. Mixed-model
analysis of variance/analysis of
covariance (ANOVA/ANCOVAs)
were considered appropriate if
variation at the condition level
was assessed against variation at
the group level, with degrees of
freedom (df ) based on the num-
ber of groups, and with 1 or 2
time points included in the anal-
ysis. If more than 2 time points
are included in the analysis of a
GRT, a random-coefficients
analysis preserves the nominal
type I error rate, whereas mixed-
model ANOVA/ANCOVAs may
not9; thus, mixed-model ANOVA/
ANCOVAs were considered in-
appropriate for GRTs with more
than 2 time points whereas ran-
dom-coefficient analyses were
considered appropriate. Two-
stage approaches were consid-
ered appropriate if the second
stage was conducted at the
group level with df based on the
number of groups. A general-
ized estimating equations ap-
proach was considered appro-
priate if the analysis included
40 groups or more, because the
type I error rate is unreliable
with fewer groups.9,10 Several
articles reporting less common
analytic methods referenced pa-
pers outlining these methods;
we reviewed those articles for

evidence that the analytic
method described was suitable
for the analysis of GRTs.

STUDY
CHARACTERISTICS

A total of 60 articles that met
the inclusion criteria were identi-
fied in the American Journal of
Public Health and Preventive
Medicine during the period Janu-
ary 1998 to December 2002,
inclusive.11–70 We also identified
and reviewed 27 background
papers referred to in the sample
of reviewed articles.16,30,71–95

Twenty-seven (45.0%) of the 60
reviewed articles were published
in the American Journal of Public
Health, and 33 (55.0%) were
published in Preventive Medicine.
Table 2 presents design charac-
teristics of the studies described
in the articles. The number of
GRTs published per year in
these journals more than dou-
bled since the earlier review by
Simpson et al.,3 from 5.3 per
year to 12 per year.

SAMPLE SIZE
CALCULATIONS

Overall, only 9 (15.0%) of the
60 papers reported an ICC, group
component of variance, or VIF
used for estimating the sample
size for the trial, either in the re-
viewed article or in a background
paper. Authors of an additional 3
(5.0%) articles claimed, either in
the reviewed article or in a back-
ground paper, that variance had
been inflated to account for the
expected ICC but provided no ev-
idence such as an ICC, variance
components, or VIF.

ANALYSIS

We excluded 1 article pub-
lished in Preventive Medicine from
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TABLE 1—Common Analysis Options for Group-Randomized Trials and Conditions for Appropriate
Application

Method Appropriate Application in GRTs

Mixed-model methods

Repeated measures ANOVA/ANCOVA 1 or 2 time points

Random-coefficients approach > 2 time points

Generalized estimating equations

With small-sample correction < 40 groups included in analysis

With no correction ≥ 40 groups included in analysis

2-stage methods (analysis on group means or other summary statistic) Applied at level of unit of assignment

Post-hoc correction based on external estimates of ICC Validity depends on validity of external estimates

Analysis at subgroup level, ignoring group-level ICC Not appropriate for GRTs

Analysis at individual level, ignoring group-level ICC Not appropriate for GRTs

Note. GRT = group-randomized trial; ANOVA = analysis of variance; ANCOVA = analysis of covariance; ICC = intraclass correlation.

the analytic review because the
authors did not provide enough
detail to determine whether the
analytic strategy was appropriate.
Table 3 presents the number and
percentage of the 59 remaining
articles that reported only appro-
priate methods; some appropri-
ate and some inappropriate
methods; or only inappropriate
methods. Note that percentages
within subsections of Table 3
may not add to the subsection
total, because the categories
were not mutually exclusive.

Among the 27 articles se-
lected from the American Journal
of Public Health, 18 (66.7%) re-
ported only analyses taking ICC
into account properly, 5 (18.5%)
reported some analyses that took
ICC into account properly and
some that did not, and 4 (14.8%)
reported only analyses that did
not take ICC into account prop-
erly. The 32 Preventive Medicine
articles reviewed included 14
(43.8%) that reported only
analyses that took ICC into ac-
count properly, 10 (31.3%) that
included some analyses that took
ICC into account properly and
some that did not, and 8
(25.0%) that reported only

analyses that did not take ICC
into account properly.

Of the 15 articles that re-
ported a mix of appropriate and
inappropriate methods, 2 re-
ported methods judged to be in-
appropriate that did not fall into
any of the previously identified
categories. One article reported a
test of the intervention effect in a
stratified analysis with an error
term based on group variance
rather than variance attributable
to the interaction of the group
and the stratum. Another article
reported an analysis using df
based on the number of groups
for tests of the main effects, but
used individual df for interaction
terms.

Nineteen papers (32.2%) re-
ported using analytic methods
that ignored the group entirely,
that included the group as a
fixed effect, or that were con-
ducted at a subgroup level.
Among the 27 articles we re-
viewed from the American Jour-
nal of Public Health, 7 papers
(25.9%) reported 1 of these ana-
lytic methods, whereas the corre-
sponding figure among the 32
articles reviewed from Preventive
Medicine was 12 (37.5%).

DISCUSSION

It has been 25 years since
Cornfield first drew attention in
the public health literature to the
unique design and analytic issues
presented by GRTs.96 Since then,
an ever-increasing number of pa-
pers have appeared presenting
comparisons of analytic methods,
methods for sample size estima-
tion, and reviews of published
GRTs. Recent books on the de-
sign and analysis of GRTs have
offered a comprehensive over-
view of relevant methods.7,8 At
the same time, analysis software
that accommodates data struc-
tures common to GRTs has be-
come more readily available and
more user-friendly. Thus, many
of the barriers that in the past
may have prevented investigators
from properly designing and ana-
lyzing GRTs have been removed.
The purpose of this review was
to determine the extent to which
investigators have employed ap-
propriate design and analytic
strategies in recent publications,
to describe the appropriate and
inappropriate strategies used, and
to compare the results with those
of previous reviews.

The results of our review of
methods used for sample size esti-
mation were discouraging. In the
entire sample of studies, less than
one fifth provided clear evidence
of sample size estimation taking
ICC into account. Although it is
possible that many of these stud-
ies performed such power calcula-
tions but did not report them, 27
(45.8%) of the reviewed studies
had fewer than 10 groups per
condition. Of the 27, only 1 re-
ported evidence of estimating
sample size using methods appro-
priate for GRTs. Thus, it is also
likely that many investigators re-
porting small GRTs planned their
study without considering issues
of sample size carefully.

The proportion of articles re-
porting an ICC, a group compo-
nent of variance, or the VIF
(15.0%) was lower than that re-
ported by Simpson et al.,3 who
found that 6 (29%) of their 21 ar-
ticles reviewed reported that infor-
mation. It is important that investi-
gators who design and analyze
GRTs make available the ICC esti-
mates from their studies because
it continues to be difficult for in-
vestigators to find estimates of
ICCs to use in the planning stages
of studies. The reporting of ICC
estimates, whether in a main re-
sults paper or in a separate design
or methods paper, should be com-
mon practice. Many such articles
that focus on reporting ICC esti-
mates and offering unadjusted
and adjusted estimates have been
published (see reference 5), but as
our review shows, a large propor-
tion of the investigators who could
make estimates available do not.

The results of the review of
analytic methods were mixed.
The percentage of articles re-
porting only appropriate analytic
methods (54.2%) was slightly
lower than the 57% found in the
review by Simpson et al.3 How-
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TABLE 2—Characteristics of Studies Described in the 60
Reviewed Articles

Articles

Characteristic No. %

Number of study conditions
2 51 85.0
3 6 10.0
≥ 4 3 5.0

Matching or stratification in design
Matching 22 36.7
Stratification 18 30.0
Matching and stratification 7 11.7
Randomization without matching or stratification 13 21.7

Type of group
Schools or colleges 17 28.3
Worksites 11 18.3
Medical practices 9 15.0
Communities, neighborhoods, or postal networks 9 15.0
Housing projects or apartment buildings 3 5.0
Churches 3 5.0
Other 8 13.3

Number of groups per condition
1 group 3 5.0
2–3 groups 5 8.3
4–5 groups 7 11.7
6–12 groups 20 33.3
13–25 groups 18 30.0
> 25 groups 7 11.7

Number of members per group
< 10 members 8 13.3
10–50 members 19 31.7
51–100 members 16 26.7
> 100 members 17 28.3

Number of time points
1 time point 2 3.3
2 time points 34 56.7
3 time points 17 28.3
4–9 time points 6 10.0
Number of time points varies within study 1 1.7

Design
Cohort 38 63.3
Cross-sectional 13 21.7
Combination of cohort and cross-sectional 9 15.0

Primary outcome variables
Smoking prevention or cessation 17 28.3
Dietary variables 12 20.0
Health screening 7 11.7
Alcohol, drug, or combination of alcohol, tobacco, drugs 5 8.3
Multiple health measures 5 8.3
Sun protection 3 5.0
Preventing physical or sexual abuse 2 3.3
Physician preventive practices 2 3.3
Workplace health and safety measures 2 3.3

Other 5 8.3

TABLE 3—Results of the Review of Analytic Methods

No. (%)
Criteria (n = 59)

Articles reporting only appropriate methods 32 (54.2)

Method

Mixed-model methods with baseline measurement as covariate 10 (16.9)

Mixed-model ANOVA/ANCOVA approach with 1 or 2 time points 9 (15.3)

GEEs with ≥ 40 groups 2 (3.4)

2-stage analysis (analysis of group means or other summary 12 (20.0)

statistics)

Articles reporting some appropriate and some inappropriate methods 15 (25.4)

Appropriate methods

Mixed-model methods with baseline measurement as covariate 6 (10.2)

Mixed-model ANOVA/ANCOVA approach with 1 or 2 time points 4 (6.8)

GEEs with ≥ 40 groups 2 (3.4)

2-stage analysis 3 (5.1)

Inappropriate methods

Analysis at an individual level, ignoring group-level ICC 9 (15.3)

Analysis at a subgroup level, ignoring group-level ICC 1 (1.7)

GEEs or other asymptotically robust method with < 40 groups 3 (5.1)

Other 2 (3.4)

Articles reporting only inappropriate methods 12 (20.3)

Method

Analysis at an individual level, ignoring group-level ICC 6 (10.2)

Analysis at a subgroup level, ignoring group-level ICC 3 (5.1)

Analysis with group as a fixed effect 1 (1.7)

Mixed-model ANOVA/ANCOVA approach with > 2 time points 1 (1.7)

GEEs with < 40 groups 5 (8.5)

Note. GEE = generalized estimating equation; ANOVA = analysis of variance;
ANCOVA = analysis of covariance; ICC = intraclass correlation.

ever, this comparison is not en-
tirely fair because our review
employed more stringent criteria
for evaluating analytic methods
as appropriate, based on the re-
sults of methodological work
published after the review by
Simpson et al.3 In particular, we
evaluated as inappropriate the
use of generalized estimating
equations and other asymptoti-
cally robust methods with few
groups per condition and mixed-
model repeated-measures analy-
sis of variance with more than 2
time points, whereas Simpson et
al. did not. Of the 59 papers in-
cluded in the analytic review, 40
(67.8%) avoided methods con-

sidered inappropriate at the time
of the review by Simpson et al.,
suggesting that awareness of the
problems associated with those
methods improved over the last
10 years. At the same time, we
were surprised to find that 19
(32.2%) of the studies we re-
viewed reported analyses consid-
ered inappropriate 10 years ago.
Clearly, some investigators, re-
viewers, and journal editors have
still not heard or accepted the
long-standing warnings against
analysis at an individual or sub-
group level that ignores the
group-level ICC, or an analysis
that includes the group as a
fixed effect. And certainly some
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investigators, reviewers, and
journal editors are not familiar
with the more recent develop-
ments that have identified other
inappropriate methods. One
method for ensuring a more
careful screening of the design
and analytic methods reported
in published GRTs would be to
require a review for the journal
by a statistician or methodologist
familiar with the unique analytic
challenges presented by GRTs.
Such measures are clearly
needed, as reviews of appropri-
ate methods and of published
GRTs have not resulted in sub-
stantial change since the review
by Simpson et al.3

The articles in our review that
employed inappropriate analytic
strategies generally did so with-
out mentioning issues of cluster-
ing, although some did acknowl-
edge clustering issues and
offered justifications for ignoring
them. One article that reported
appropriate methods as well as
inappropriate methods stated
that the analyses ignoring group
were performed because “indi-
vidual variation in biological at-
tributes could obscure important
clinical changes in the school-
level analyses as a result of re-
duced statistical power.”15 We
don’t disagree with the state-
ment, but we would disagree
with its use as justification for an
analysis that is likely to carry an
inflated type I error rate. The 2
“penalties” of GRTs, variance in-
flation and limited df, simply can-
not be avoided.96,97 Investigators
should consider in advance
whether the number of groups is
adequate to permit the compar-
isons of interest, and if it is not,
they should adopt methods to
improve precision, likely to in-
clude adding more groups.

Another article that reported
both appropriate and inappro-

priate methods gave as their jus-
tification that ICCs such as
0.024, 0.026, and 0.083 were
“very small.”50(p158) This claim
ignores the fact that variance in-
flation in a GRT depends on
both the ICC and the average
number of members per
group.96 Ignoring an ICC as
small as 0.001 can be danger-
ous if the number of members
per group is large; similarly,
even with as few as 10 members
per group, an ICC of 0.08 can
inflate type I error rates beyond
the nominal level.

One paper reported an appro-
priate analysis that yielded a
negative estimate for the ICC for
the outcome variable of interest.
The authors concluded that be-
cause the group component of
variance was estimated as nega-
tive, the “true” value of the
group component should be
zero, and they then reported
analyses that ignored the group,
with df calculated based on the
number of members. Intuitively,
this idea makes sense, because
variances are squared quantities
and cannot theoretically be neg-
ative. However, if the true value
is zero and estimates are nor-
mally distributed around the
true value, the estimate would
be expected to be negative ap-
proximately half the time. Some
argue that negative estimates
should be set to zero, but simula-
tion studies have demonstrated
that this practice depresses
power.9,97,98 A negative variance
component will result in a nega-
tive ICC and a VIF that is less
than 1. The variance for the ap-
propriate analysis will actually
be larger, then, if variance com-
ponents are constrained to be
zero than if they are allowed to
be estimated as negative. We
considered the choice to set the
group component of variance to

zero to be a conservative strat-
egy but judged the analysis over-
all to be inappropriate because
the investigators used df based
on the number of individuals.
This choice is appropriate when
individuals are randomized to
study conditions, but in this case,
identifiable social groups were
assigned to study conditions, and
df should be based on the num-
ber of groups.96 That distinction
will not materially affect the out-
come when there are a large
number of groups assigned to
each condition so that df based
on groups are large, but it will if
the number of groups per condi-
tion is small.

Three articles in our sample
described studies that random-
ized only 1 group to each study
condition. This design presents
an analytic challenge without a
satisfactory solution in that the
group is confounded with the
condition; thus, a proper test of
the intervention effect is not
possible. The authors of these
articles offered no justification
for employing such a problem-
atic design.

SUMMARY

The number of published
GRTs continues to increase, as
evidenced by our identification
of 60 articles in 5 years, com-
pared with the 21 articles found
in 4 years in the review by Simp-
son et al.3 Given this increase,
and the expense and effort re-
quired to design and implement
GRTs, it is imperative that inves-
tigators employ appropriate de-
sign and analytic methods. It is
also imperative that reviewers
and journal editors do a better
job of screening submissions to
prevent publication of GRTs that
employ inappropriate analytic
methods.
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