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abstractBACKGROUND AND OBJECTIVES: Pediatric surveillance of young children depends on providers’
assessment of developmental milestones, yet normative data are sparse. Our objectives were
to develop new norms for common milestones to aid in clinical interpretation of milestone
attainment.

METHODS: We analyzed responses to the developmental screening form of the Survey of Well-
being of Young Children from 41465 screens across 3 states. Associations between
developmental status and a range of child characteristics were analyzed, and norms for
individual questions were compared to guidelines regarding attainment of critical milestones
from the Centers for Disease Control and Prevention (CDC).

RESULTS: A contemporary resource of normative data for developmental milestone attainment
was established. Lower developmental status was associated with child age in the presence of
positive behavioral screening scores (P , .01), social determinants of health (P , .01),
Medicaid (P , .01), male sex (P, .01), and child race (P, .01). Comparisons between Survey
of Well-being of Young Children developmental questions and CDC guidelines reveal that
a high percentage of children are reported to pass milestones by the age at which the CDC
states that “most children pass” and that an even higher percentage of children are reported to
pass milestones by the age at which the CDC states that parents should “act early.” An
interactive data visualization tool that can assist clinicians in real-time developmental
screening and surveillance interpretation is also provided.

CONCLUSIONS: Detailed normative data on individual developmental milestones can help
clinicians guide caregivers’ expectations for milestone attainment, thereby offering greater
specificity to CDC guidelines.

WHAT’S KNOWN ON THIS SUBJECT: Developmental
milestones are commonly assessed to support pediatric
surveillance and as part of developmental screening.
However, normative data for individual milestones are
sparse, and existing guidelines lack specificity.

WHAT THIS STUDY ADDS: Early development varies across
a range of child factors. A high proportion of children
pass milestones by the ages at which Centers for Disease
Control and Prevention guidelines indicate that parents
should “act early.” Normative data can help clinicians set
realistic expectations for milestone attainment.
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Evaluating young children’s mastery
of selected developmental milestones
is a standard element of pediatric
care.1–4 Organizations such as the
Centers for Disease Control and
Prevention (CDC) and Bright Futures,
a health promotion initiative led by
the American Academy of Pediatrics,
publish guidelines that include lists of
individual milestones and the ages at
which most children are expected to
pass. The CDC guidance goes a step
further by suggesting when parents
should “act early by talking to their
physician” if particular milestones
have not been reached.2

A range of evidence supports
assessment of developmental
milestones. For example,
developmental milestones are
commonly incorporated into pediatric
screening questionnaires, which are
widely recommended on the basis of
evidence supporting their accuracy in
detecting developmental delays.4

Evidence also supports the validity of
individual milestones as markers of
developmental status. Consistent
with recent evidence that early
childhood is a critical developmental
period for long-term health and
productivity,5–7 several large cohort
studies conducted in the United
Kingdom, Denmark, and Finland
report small-to-medium correlations
between the age at which children
attain specific developmental
milestones and a range of adult
outcomes. For example, evidence
suggests that parents’ reports of early
language skills, such as forming
sentences by 2 years, are associated
with adult IQ.8,9 Parents’ reports
of earlier standing, walking, and
talking have each been associated
with greater educational attainment
in adulthood,10 and age of walking
has been linked to sports
participation.11 Although correlations
are far too small to be diagnostic,
research supports the overall validity
of monitoring individual
developmental milestones in early
childhood.

Unfortunately, guidelines for the
assessment of developmental
milestones lack strong normative
data. For example, both Bright
Futures and the CDC report ages at
which “most children pass” specific
developmental milestones; however,
they do not define their terminology
(eg, Does “most” mean 50% or 99%?)
and do not cite sources of normative
data used to create their guidelines.
Both omissions are likely accounted
for by a gap in the published
literature. Despite growing
international interest in research on
developmental status,12 as
exemplified by World Health
Organization initiatives to assess
children’s developmental status
across the globe,13,14 few US studies
of the validity of screening
instruments reveal normative data by
question. Notable exceptions include
the Denver Developmental Screening
Questionnaire, Second Edition15 and
the developmental screening
component of the Survey of Well-
being of Young Children (SWYC)
(known elsewhere as the “SWYC
Milestones”).16,17

Our goal for this article is to address
this evidence gap. Based on analyses
of .40 000 screens across 3 US
states, our aims for this article are to
(1) report new age-based norms for
45 developmental milestones, (2)
analyze associations with child-level
variables, and (3) compare results to
CDC recommendations, thereby
helping to operationalize definitions
of when most children pass and when
parents should act early.

METHODS

Participants

Participants included parents of
young children who completed
a developmental screening
questionnaire as part of routine
pediatric care in the states of Rhode
Island, Minnesota, and Massachusetts.
In the Rhode Island sample, de-
identified question-level data were

drawn from the central server of the
Child Health and Development
Interactive System, an electronic
system available for a licensing fee to
clinicians that presents and scores
screening questionnaires. Data were
available from 13076 patients who
completed 22 438 independent
screens at different ages at 33
pediatric practices that participated
in a screening initiative between July
24, 2014, and December 31, 2016.
For the Minnesota sample, de-
identified question-level data were
extracted from the electronic medical
record system at Essentia Health,
which conducted screening between
March 1, 2015, and March 15, 2017.
Data were available from 8985
patients who completed 17 667
screens.

The Massachusetts sample was
drawn from studies used to
standardize and evaluate the
accuracy of the SWYC’s
developmental screen. These studies
included original validation
samples17 as well as a new sample
from an evaluation of the
comparative accuracy of several
developmental-behavioral screening
instruments supported by the Eunice
Kennedy Shriver National Institute of
Child Health and Human
Development. For all Massachusetts
samples, parents were approached in
pediatric waiting rooms by research
assistants who described the study.
Parents who consented were asked to
complete a packet of questionnaires
that included the SWYC. Data were
available from 1459 patients and
1459 screens.

Measures

Analyses were focused on the SWYC
Milestones, which includes a series of
54 questions about developmental
milestones, 10 of which are
administered at each age of the
pediatric periodicity schedule up to
5 years of age.17 Initial research
suggests that the validity of the
SWYC’s developmental screen is
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comparable with that of other
evidence-based screening
instruments in English17 and in
Spanish.18 Because developmental
screens were available in our data set
for children beginning at 9 months of
age, we focused on the 45 SWYC
questions appropriate for children in
this age range. In addition, the SWYC
includes behavioral screeners (the
Baby Pediatric Symptom Checklist
[BPSC]19 and the Preschool Pediatric
Symptom Checklist [PPSC]20) as well
as a series of questions about social
determinants of health (SDoH), which
include parent depression, hunger,
child exposure to tobacco and
substance abuse, and family
discord.21

Analyses

To create new age-based norms for
developmental milestones, we used
item response theory (IRT) and
Mplus software version 8.1 to
estimate a graded response model, as
described in the original article on the
SWYC’s developmental screen.17

These analyses were conducted on
the combined sample from Rhode
Island, Minnesota, and Massachusetts,
but children born prematurely (,37
weeks’ gestation) were excluded.
Before combining samples, we
conducted tests of differential item
functioning (DIF)22,23 to determine if
milestones functioned in an
equivalent way across the Rhode
Island, Minnesota, and Massachusetts
samples. The IRT-based method we
use to calculate developmental
quotient (DQ) is flexible in that it uses
all available information but does not
require complete responses. Thus,
participants were included even if not
all milestone questions were
completed. For the full sample
(including those born prematurely),
IRT-model parameters were then
used to estimate DQ, which is defined
as the estimate of child age based on
all available developmental
milestones (ie, developmental age)
divided by chronological age.

Additional details are provided in the
Supplemental Information.

Next, regression analyses were used
to test whether DQ was associated
with available demographic variables
(race and/or ethnicity and Medicaid
status), with positive scores on the
BPSC and PPSC, and with a positive
sum score of SWYC family risk
variables (hereafter, cumulative
SDoH). Regression models included
only complete cases, adjusted for
repeated measures by child, and
interaction terms for each
independent variable and child age in
years. DQ standardized by age and
state as well as 95% confidence
intervals are displayed in Figure 1.

Finally, specific questions from the
SWYC’s developmental screen were
compared with questions
recommended by the CDC. For
questions with constructs that
overlapped with CDC milestones, we
estimated the proportion of children
expected to pass each SWYC
developmental question at the ages at
which the CDC states that most
children achieve each task and the
ages at which the CDC states that
parents should act early by talking to
their pediatrician if children do
not pass.

RESULTS

Available demographic variables are
summarized in Table 1, which also
includes national estimates from the
2010 US Census. Analyses to update
age-based norms for questions on the
SWYC’s developmental screen were
conducted on samples from Rhode
Island, Minnesota, and Massachusetts.
Although DIF between states was
detected, the magnitude of such
differences was small, and estimates
of DQ that were based on state-
specific parameters were nearly
identical to estimates that were based
on full-sample parameters. Therefore,
we concluded that although small
differences in item parameters were
present, DIF was clinically

nonsignificant with respect to DQs
and screening scores (see the
Supplemental Information for further
details). Therefore, summary
parameters derived from the
combined samples were used in
additional analyses, and in all primary
analyses, a common set of population
parameters was used to estimate
both norms and DQ.

Regression analyses revealed that
across states, linear trends of DQ by
child age differed with respect to
several variables (see Supplemental
Table 4). Figure 1 depicts DQ for each
year of child age (based on regression
models detailed in Supplemental
Table 5). Specifically, older age was
associated with lower DQ in the
presence of positive behavioral
screening scores (P , .01 for MN, RI,
and MA), cumulative SDoH (P , .01
for MN and RI), Medicaid (P , .01 for
MN and RI), male sex (P , .01 for MN
and RI), and African American or
“other” race (P , .01 for MN and RI).
However, results suggest that some
variables are associated with higher
developmental status for children
younger than 12 months, namely
Medicaid (P , .01 for MN and RI) and
African American or “other” race (P ,
.05 for MN and RI). Premature birth
revealed the opposite pattern, with
lower DQ for children younger than
12 months (P , .01 for MN and RI;
P , .05 in MA) and increasing trends
thereafter (P , .01 in MN).

We identified 31 CDC milestones used
to assess behaviors similar to those
assessed by 26 of the 45 questions
from the SWYC’s developmental
screen included in this study. In
Table 2, we report comparisons for
the CDC act early recommendation,
and in Table 3, we report CDC
guidelines for most children. Both
Tables 2 and 3 include norms for
SWYC Milestones questions,
calculated in 2 different ways: (1) by
scoring the item as a pass if the
parent reports that the child
“somewhat” or “very much” exhibits
the behavior described in the
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FIGURE 1
Moderators of developmental status by child age in months. DQ = age estimate on the basis of developmental milestones 4 chronological age (adjusted
for state). Although for clinical purposes, chronological age is typically adjusted for prematurity, for the purposes of this study, it was defined as the date
of screening minus the date of birth. Therefore, DQ, 1 suggests milestone attainment below expectations for age; DQ = 1 suggests milestone attainment
as expected for age; and DQ .1 indicates milestone attainment exceeding expectations for age.
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question and (2) by scoring the item
as a pass only if the parent reports
that the child “very much” exhibits
the behavior described. Overall,
a high percentage of children
achieved these milestones by the age
at which the CDC states that most
children pass, and an even higher
percentage of children achieved these
milestones by the age at which the
CDC states that parents should
act early.

Finally, age-based normative curves
for all SWYC milestones are included
in a Microsoft Excel file that
accompanies this article
(Supplemental Information; see
Supplemental Fig 2). With this file,
users can select an individual
milestone question from the SWYC
and inspect normative data presented
as both item characteristic curves
(which reflect the probability of each
response at each age) and percentiles
(consistent with the format adopted
by the Denver Developmental
Screening Questionnaire, Second
Edition). In addition, users can
inspect the degree to which expected
values based on SWYC norms (eg, the
expectation that 66% of parents will
report that their child “calls you
‘mama’ or ‘dada’ or similar name” by
12 months) correspond to observed
values at various ages in each sample
(eg, the proportion of parents who

actually report passing this
milestone). Known as calibration, this
correspondence is important for
understanding the degree of variation
that can be expected when milestones
are used in practice with different
populations. Overall, differences in
the degree of calibration between
milestones are notable, especially
between those for younger and older
children (see Supplemental Fig 3 for
an example of an older milestone in
which wider confidence intervals
indicate more variability in milestone
attainment). Note also that item
characteristic curves are based on
IRT parameters that correct for
estimated developmental status; thus,
some discrepancies between
observed values are to be expected
because developmental status varies
across samples.

DISCUSSION

We present normative data to
facilitate interpretation of
developmental milestones. Our
sample is diverse and broadly
representative, and tests of DIF
suggest that questions regarding
developmental milestones perform in
a similar way across the 3 states
included in our analyses. However,
associations between developmental
status and a range of child-level
variables suggest that overall

development is sensitive to the
different constellations of social
factors experienced by specific
populations. Consistent with previous
research, lower developmental status
was associated with age among
children with positive behavioral
screen results,24–27 SDoH,28–30 and
public health insurance.31 Similar
patterns were identified for boys and
for certain categories of race.
Unexpectedly, results also suggest
that some of these factors are
associated with parent reports of
better performance on developmental
milestones before 12 months of age. A
post hoc literature review revealed
previous findings that associations
between developmental delays and
SDoH become apparent in the second
year of life31,32 and that children from
certain disadvantaged populations
display advanced development
during infancy.33–35 Previous
researchers have hypothesized that
specific cultural practices that are
prevalent in these populations offer
the most plausible explanation for the
early attainment of certain
developmental skills.36,37 For
example, researchers have pointed to
early motor stimulation common to
some cultures as a cause of advanced
gross motor development. This
finding highlights the importance of
a comprehensive approach to
pediatric screening that does not
solely rely on developmental
questionnaires and that is also used
to assess behavioral risk and SDoH
starting at early ages.38

Regarding CDC milestones, parents in
our 3 samples reported that a high
percentage of children achieved
developmental milestones by the age
at which the CDC states that most
children pass and that an even higher
percentage of children achieved
developmental milestones by the age
at which the CDC states that parents
should act early. Although only
a subset of CDC milestones were
assessed, it is notable that only 3 of
the 13 motor milestones received an

TABLE 1 Sample Characteristics

Sample 2010 US Census
Estimate, %Rhode Island,

%
Minnesota,

%
Massachusetts,

%

Race and/or ethnicity
White 63.5 91.1 73.9 72.4
African American 8.5 3.4 13.2 12.6
Asian American 4.5 0.9 6.4 4.8
Native Hawaiian or Pacific

Islander
0.1 0.3 0.1 0.2

American Indian or Alaskan
native

0.6 1.8 0.0 0.9

Unknown or other 22.9 2.5 6.4 9.1
Hispanic 17.4 1.5 17.7 16.3

Child sex: female 49.0 48.0 47.6 48.9
Medicaid status 41.8 36.7 20.3 15.9

In the Massachusetts sample, child race and/or ethnicity was assessed by parent report. In the Minnesota sample, child
race and/or ethnicity was derived from the electronic health record. In the Rhode Island sample, child race and/or
ethnicity was not available, so parent race and/or ethnicity was assessed from birth records.
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act early recommendation, all of
which occurred at ages well after
90% of children pass. In contrast, 9 of
13 social, cognitive, and
communication milestones received
an act early recommendation, several
of which occurred at ages well before
90% of children pass. These
differences suggest that CDC
guidelines are likely to be more
sensitive to delays in the
development of social, cognitive, and
communication skills than to delays
in motor development.

Results also highlight the degree to
which responses to individual
milestones are sensitive not only to
parent beliefs about child
development but also to how
a passing response is defined. For
example, including somewhat

responses in our definition of a pass
substantially increased the
proportion of children who passed at
any given age. In contrast, restricting
passes to responses of very much (a
more conservative threshold)
decreased the proportion of children
who passed. Although the CDC offers
images and videos to help parents
understand most milestones, it does
not suggest a threshold for what
constitutes a pass. In practice,
thresholds are therefore likely to vary
among providers, often with
important consequences. Lower, more
generous thresholds (eg, awarding
a pass even if the child only
somewhat exhibits the behavior) are
likely to generate fewer false-positive
results, but they are also likely to be
less sensitive to actual developmental
delays. In contrast, higher, more

stringent thresholds (eg, only
accepting very much as a pass) are
likely to be more sensitive to
developmental delays but will also
generate more false-positive
results.39

Likewise, how milestones are
assessed likely influences results.
Each CDC milestone is used to
describe a particular behavior but
does not include a specific question
for parents. Although the CDC’s
inclusion of images and videos
suggests that observation is
encouraged, no specific guidance is
offered, for example, by asking
parents to rate the degree to which
their child can perform the skill
depicted in the video.40 This lack of
specificity may limit the impact of
information disseminated by the CDC.

TABLE 2 CDC Act Early Recommendations and SWYC Normative Data

CDC Recommendation Parents’ Report

Act Early if Child By
Age,
mo

SWYC Milestones Question Very Much,
%a

Somewhat or
Very

Much, %a

Cognitive and communication milestones
Does not play games involving back-and-forth

play
9 Plays games such as “peek-a-boo” or “pat-a-cake” 49 90

Does not copy others 12 Copies sounds that you make 65 97
Does not say single words such as “mama” or

“dada”
12 Calls you “mama” or “dada” or similar name 66 91

Does not have at least 6 words 18 Names at least 5 familiar objects such as a ball or milk 82 97
Does not use 2-word phrases (eg, “drink milk”) 24 Puts $2 words together such as “more water” or “go

outside”
93 .99

Speaks unclearly 48 Talks so other people can understand him or her most of the
time

.99 .99

Cannot retell a favorite story 48 Tells you a story from a book or television 98 .99
Cannot give first and last name 60 Says his or her first name when asked .99 .99
Does not play a variety of games and activities 60 Follows simple rules when playing a board game or card

game
93 .99

Does not respond to own name 9 Looks when you call his or her name 87 .99
Motor milestones
Does not transfer toys from 1 hand to the other 9 Passes a toy from 1 hand to the other 96 .99
Cannot walk 18 Walks across a room without help .99 .99
Cannot jump in place 48 Jumps off the ground with 2 ft .99 .99
Bangs 2 things together 12 Holds 2 objects and bangs them together 98 .99
Walks alone 18 Walks across a room without help .99 .99
May walk up steps and run 18 Runs 85 97
Begins to run 24 Runs .99 .99
May walk up steps and run 18 Walks up the stairs with help 82 96
Walks up and down stairs holding on 24 Walks up the stairs with help 98 .99
Kicks a ball 24 Kicks a ball 89 .99
Makes or copies straight lines or circles 24 Draws lines 58 92
Climbs well 36 Climbs up a ladder at a playground 96 .99
Copies a circle with pencil or crayon 36 Draws simple shapes such as a circle or a square 48 94

a Response options for SWYC Milestones included not yet, somewhat, and very much.
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The CDC’s campaign has been shown
to increase parents’ reported
knowledge of and engagement with
child development,2,41,42 yet evidence
suggests that parents are often
unclear about how to act early,43 and
effects on early detection have not
been demonstrated. Greater
specificity regarding how milestones
should be assessed and what
thresholds are appropriate to
determine if a child passes (both of
which depend on detailed normative
data) may be an important ingredient
(alongside broader consideration of

when intervention is justified44) for
improving the impact of CDC
recommendations.

We note several limitations to our
study. Both norms and our regression
analyses of developmental status
represent average population-level
statistics from 3 US states.
Implications for individual children
requires clinical judgement,
especially for populations that are
substantially different with respect to
SDoH from those described here.
Whereas large sample sizes allow for

estimates of mean values within
narrow confidence intervals (defined
by SEs), actual population variance
(defined by SDs) is much larger. For
example, whereas a statement like
“healthy cheetahs are faster than
humans” is valid at both the
population and the individual level
(all healthy cheetahs are faster than
all humans), the same is not true for
the association between child sex and
development; that is, although the
average age at which girls pass
milestones appears to be younger
than the average age for boys, this (of

TABLE 3 CDC Guidelines for Most Children and SWYC Normative Data

CDC Recommendation Parents’ Report

Most Children By
Age,
mo

SWYC Milestones Question Very Much,
%

Somewhat or Very
Much, %

Cognitive and communication milestones
Babbles with expression and copies sounds he or

she hears
4 Copies sounds that you make 6 51

Copies sounds and gestures of others 9 Copies sounds that you make 44 93
Responds to own name 6 Looks when you call his or her name 63 97
Plays “peek-a-boo” 9 Plays games like “peek-a-boo” or “pat-a-cake” 49 90
Plays games such as “peek-a-boo” and “pat-a-cake” 12 Plays games like “peek-a-boo” or “pat-a-cake” 80 98
Says “mama” and “dada” and exclamations such as

“uh-oh!”
12 Calls you “mama” or “dada” or similar name 66 91

Follows simple directions such as “pick up the toy” 12 Follows directions such as “Come here” or “Give me
the ball”

41 94

Follows simple instructions 24 Follows directions such as “Come here” or “Give me
the ball”

.99 .99

Says several single words 18 Names at least 5 familiar objects- such as a ball or
milk

82 97

Says sentences with 2–4 words 24 Puts $2 words together such as “more water” or “go
outside”

93 .99

Talks well enough for strangers to understand most
of the time

36 Talks so other people can understand him or her most
of the time

90 .99

Starts to understand time 48 Uses words such as “yesterday” and “tomorrow”
correctly

79 98

Tells stories 48 Tells you a story from a book or television 98 .99
Plays board or card games 48 Follows simple rules when playing a board game or

card game
73 98

Motor milestones
May be able to roll over from tummy to back 4 Rolls over 27 78
Begins to pass things from 1 hand to the other 6 Passes a toy from 1 hand to the other 75 97
Can get into sitting position 9 Gets to a sitting position by himself or herself 78 94
Pulls to stand 9 Holds 2 objects and bangs them together 59 84
Bangs 2 things together 12 Holds 2 objects and bangs them together 98 .99
Walks alone 18 Walks across a room without help .99 .99
May walk up steps and run 18 Runs 85 97
Begins to run 24 Runs .99 .99
May walk up steps and run 18 Walks up the stairs with help 82 96
Walks up and down the stairs holding onto the

railing
24 Walks up the stairs with help 98 .99

Kicks a ball 24 Kicks a ball 89 .99
Makes or copies straight lines or circles 24 Draws lines 58 92
Climbs well 36 Climbs up a ladder at a playground 96 .99
Copies a circle with pencil or crayon 36 Draws simple shapes such as a circle or a square 48 94
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course) does not imply that all girls
develop more rapidly than all boys.
Furthermore, we urge caution in
drawing causal inferences from our
observational data, particularly
regarding social factors (such as race
and public insurance) that are
multicausal and in which unmeasured
confounders likely play a significant
role.

Moreover, in our analyses, we do not
directly evaluate the validity of CDC
recommendations. Lacking a valid
and measurable outcome, we are
unable to estimate the sensitivity and
specificity of CDC recommendations.
Instead, our presentation of norms
offers a more detailed perspective
on the proportion of children who
can be expected to pass specific
milestones at different ages.
Although these results do not
provide explicit quantitative data
on accuracy, they do provide
important context for assessing
developmental progress.

Finally, although the sample is large,
results are limited to children who
present for pediatric care in 3 US
states and to the limited number of
milestones that are assessed by using
the SWYC’s developmental screen.
Associations between developmental
status and social factors suggest
significant heterogeneity in child

development, implying that
population-level means are best
conceptualized as guidelines rather
than strict standards. We urge
investigators who have access to
large representative data sets that
include other developmental
assessment instruments (in
particular, companies that own and
market such assessment tools) to
conduct analyses of DIF and to
publish detailed normative data at the
question level.

CONCLUSIONS

Given their important role in
pediatric care for young children, we
suggest that assessment of
developmental milestones deserves
greater attention. In particular,
clinicians would benefit from
guidelines that are accompanied by
normative data to help interpret and
act on surveillance of milestones, and
developmental screening should
include assessment of behavioral risk
and SDoH to contextualize results.
The data visualization tool developed
from this analysis offers clinicians
age-based normative data to facilitate
interpretation of individual
milestones, and the results of our
regression analyses offer insights into
how these norms are likely to differ

across communities that vary on
a range of relevant variables.
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