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Abstract

Objective—Fewer than half of the nation's pediatricians conduct systematic surveillance of

young children's development. Because time and cost are among the barriers, our objective was to

create a brief set of parent-report questions about cognitive, motor, and language milestones that is

freely available and can be administered and scored quickly.

Methods—A team of experts developed candidate items after reviewing existing instruments and

prior research. We selected final items based on statistical fit to a graded item response model

developed and replicated in separate samples enrolled from primary care settings (n = 469 and

308, respectively). We then developed a 10-item form for each visit on the pediatric periodicity

schedule. Combining our initial samples with 395 families enrolled from referral clinics, we tested

these forms' concurrent validity with respect to the ASQ-3 and parent reports of developmental

diagnoses.

Results—A final set of 54 items displayed adequate fit to our statistical model regardless of race/

ethnicity, education level, and child gender. Beginning at 4 months, scores on 10-item forms

displayed consistent associations with the ASQ-3, and all but the 60-month form detected parents'

reports of developmental delay with adequate sensitivity and specificity.

Conclusions—The Milestones is one element of the Survey of Well-being of Young Children

(SWYC), a brief but comprehensive screening instrument for children under 5 years. The

Milestones is a set of evidence-based items with individual normative data that are appropriate for

pediatric surveillance. In addition, the scoring of 10-item Milestones forms may provide many

advantages of a first level developmental screening instrument.
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Surveillance and screening of young children's development is central to pediatric care.

According to the Centers for Disease Control and Prevention (CDC), as many as 1 in 6

children have a developmental disorder, including 0.5% who have autism, 0.7% who have

intellectual disabilities, 7.7% who have learning disabilities, and 3.7% who have

developmental delays.1 A separate study suggests that more than 12% of children under 3

years of age are likely to be eligible for the services provided under the Individuals With

Disabilities Education Act (IDEA).2

To identify children with these disabilities, the American Academy of Pediatrics (AAP)

recommends that every well-child visit include developmental surveillance. This process

often includes documentation of parents' reports using a checklist of age-appropriate

developmental milestones. Such checklists are recommended by Bright Futures and the

CDC, but to our knowledge, no systematic research has evaluated the reliability and validity

of each individual question, nor of their collective utility in detecting developmental delays

and disorders.

To address the need for a checklist of developmental milestones, we developed a new set of

validated questions for use in ongoing surveillance. Known as the Milestones, this

instrument is part of a newly developed, comprehensive, and freely available screening tool

for children under 5 years of age, the Survey of Well-being of Young Children (SWYC; see

www.theSWYC.org). In addition to the Milestones, the SWYC includes 3 other components

that assess social/emotional functioning,3,4 autism,5 and family risk factors.

Feasibility was a central goal in developing the Milestones checklists. Therefore, questions

were designed for parents to report directly about their child's accomplishments, ultimately

using a computer or a telephone. Questions are short and do not require specified materials

or pictures; reading level is low. Only 10 items are recommended at each age, thus

facilitating quick administration and scoring. Below we report on the development and the

initial validation of the Milestones checklists.

Methods

Overview

On the basis of a review of the literature and existing screening instruments, we created 174

new questions about developmental milestones for children through 5 years of age. We

collected data from parents about their child's attainment of these milestones. We developed

a standard procedure to select items and set clinical thresholds, and we used this procedure

to develop a 10-item form for each age on the pediatric periodicity schedule. The concurrent

validity and accuracy of these forms were tested using a sample of families enrolled from

primary care settings, referral clinics, and neonatal intensive care (NICU) follow-up clinics.

All procedures were approved by the Institutional Review Board at Tufts Medical Center.

Item Development

Our goal was to write items that could be easily and efficiently answered by parents from a

range of educational and cultural backgrounds in the context of a pediatric waiting room.

Thus we sought to write questions that were short, easy to read, salient to parents, and
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appropriate for children through 5 years of age. We began by identifying constructs common

across many existing sets of developmental tests and screening instruments; we created

additional items where necessary, including indicators of fine motor, gross motor, cognitive,

and language skills.

A panel of 11 experts including psychologists, primary care pediatricians, developmental-

behavioral pediatricians, occupational therapists, and 8 parents of young children reviewed

this initial list of items, providing feedback on clarity, reading level, and relevance. In total,

this process resulted in a list of 174 new questions. Questions were screened for Flesch-

Kincaid reading level and rewritten if reading levels were over grade 6. The average reading

level for the final items was grade 2.7. For each item, response options were “not yet,”

“somewhat,” and “very much.”

Study Samples

Participants were parents of children from birth through 5.5 years recruited from 7 urban

practices and community health centers, 7 suburban practice groups, 2 developmental-

behavioral assessment clinics, 2 NICU follow-up clinics, 2 child psychiatry clinics, 2

occupational therapy clinics, and 1 speech and language clinic.

We enrolled 4 separate samples: for scale construction and initial validation, 469 families

from pediatric primary care practice groups (the primary care sample); 223 families from

referral clinics (the referral clinic sample), and 172 families from NICU follow-up clinics

(the NICU sample) For replication of item-level parameters, we enrolled 308 families from

pediatric primary care practice groups (the replication sample).

Procedures

Parents were enrolled in 1 of 2 ways. In settings with high patient volumes (including all

primary care and some referral clinics), research assistants approached parents in waiting

rooms, described the study, and asked them if they would be interested in participating. In

clinics with lower patient volumes (including NICU follow-up, developmental assessment,

and psychiatric clinics), eligible parents were identified from clinic records. Physicians

mailed letters to these parents describing the study and stating that unless they called a

dedicated opt-out voice mail number, a research assistant would contact them.

The enrollment process is depicted in Figure 1. Among families identified as eligible in

waiting rooms, 87% enrolled, and complete data were obtained from 78% of those enrolled

(or 68% of eligible parents). Among families identified from medical records, 59% enrolled

in the study, and complete data were obtained from 71% of those enrolled (or 42% of

eligible parents).

Assessments

Parents who enrolled were given a packet of questionnaires to complete in the office or mail

back. Packets included age-appropriate questions about cognitive, language, and motor

milestones (approximately 120 questions in samples enrolled for scale construction and

validation, and selected questions in the replication sample, as described below), the ASQ-3,
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demographic information, and questions about family risk factors and developmental

problems. Questions about developmental problems began, “To the best of your knowledge,

does your child have…” and included yes/no responses for “developmental delay” and

“autism or a pervasive developmental disorder.” The ASQ-3 is a well-validated parent-

administered instrument6,7 that assesses children's development in fine motor, gross motor,

communication, problem-solving, and personal-social domains. Following published

guidelines, a child is considered at risk if his or her score in any domain falls below a

threshold set at 2 standard deviations below the mean of the standardization sample. The

ASQ-3 assesses children up to 66 months of age through the use of 21 age-specific forms,

each with 30 primary multiple choice questions and 6 to 10 open-ended questions.

Statistical Analysis

Four sets of analyses were conducted using Stata version 128 and Mplus version 6.119 to

support selection of final questions, creation and scoring of age-specific forms, and

assessment of concurrent validity and accuracy. Age was calculated on the basis of expected

delivery date if the child was under 2 years of age and was born 3 or more weeks before the

expected date of delivery.

Following previous assessments of developmental landmarks, our analyses centered on the

use of a graded item response theory (IRT) model. In descriptive terms, the graded IRT

model assumes that the probability of attaining a “not yet,” “somewhat,” or “very much”

response to each milestone depends on the child's developmental age, which is not directly

observable (ie, is latent) but will be inferred (ie, predicted) from the model. Item

characteristic curves (ICCs) describe the probability of each response to each milestone as a

function of developmental age. Example ICCs for a single Milestones question are depicted

in Figure 2. When children are at younger developmental ages, parents are very likely to

respond “not at all” to this question, but this probability drops as children develop.

Conversely, parents are unlikely to respond “very much” when their children are at younger

developmental ages, but this probability rises with development. In contrast, the probability

of “somewhat” responses begins low, rises to a peak, and then descends at older

developmental ages. Further description of ICC parameters is included in the Appendix, as

are details of how we estimated our model in Mplus and checked model assumptions

(Appendices 1 and 2).

Selection of Final Questions

We used 3 criteria to choose final items from our 174 candidate items: response rate, item

fit, and differential item functioning. For response rates, we eliminated items with ≥1% of

missing data in our primary care sample. For item fit, we analyzed how well the graded IRT

model for each item fit our data using Hosmer-Lemeshow tests for multinomial data10 based

on estimates of developmental age calculated in Mplus. Lack of fit does not imply that the

construct underlying a given milestone is unimportant, only that the question used to assess

it is unreliable as administered and modeled (Appendix 3). For differential item functioning

(DIF), an item displays DIF if responses differ between 2 groups after controlling for

underlying traits. For example, if children have identical levels of gross motor development

but parents from 2 populations (eg, varying by race/ethnicity or socioeconomic status) differ
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in their likelihood of endorsing an item such as “my child can kick a ball,” then that item can

be said to display DIF. We used logistic regression techniques to test for DIF based on

parent education (high school or less vs more than high school), race/ethnicity (white/non-

Hispanic vs not), and child gender. Further detail regarding DIF tests is provided in

Appendix 4.

To analyze item fit on a normative sample, only participants enrolled from primary care sites

who had full-term births (≥37 weeks) were included. For an initial pass, all 174 items were

tested for response rate and item fit in the primary care sample. Items with adequate fit were

administered to and retested in the replication sample and, for additional statistical power, in

the combined primary care and replication sample. Items that displayed poor fit or DIF were

excluded, and a latent variable model was run with the remaining items to reestimate

developmental age for each participant.

Creation and Scoring of Age-Specific Forms

We developed and applied a standard procedure to create and score 10-item forms for each

visit on the pediatric periodicity schedule through age 5 years (ie, 2, 4, 6, 9, 12, 15, 18, 24,

30, 36, 48, and 60 months). Each form included items that varied in level of difficulty.

Because a primary goal of surveillance is to detect children with developmental delays, we

chose items beginning at 80% of the lower limit of the age range of the form. For example,

the least difficult item on the 18 month form has a median age of achievement (ie, scoring

“very much”) equivalent to 14.9 months, which is approximately 80% of 18 months.

For use in clinical settings, we developed 2 scoring approaches. The first scoring approach

requires a computer, while the second approach is amenable to hand scoring. Both

approaches offer estimates of developmental status, which is an estimate of delay based on

the ratio of developmental age and chronological age. Calculating the natural logarithm of

this ratio provides a continuous estimate of developmental status centered at zero, with

negative scores therefore indicating delay.

We set the clinical threshold for developmental status at −0.1625, which is equivalent to

15% delay (ln (0.85) = −0.1625). Because states that use percentage delay to determine

eligibility for IDEA services use thresholds ranging from 20% to 50% delay,11 this threshold

will enhance sensitivity, as is appropriate for a brief screening instrument.

Both scoring approaches yield continuous scores, to which clinical thresholds can be applied

to determine positive/negative screening status. The computer-based scoring approach is

based on maximum likelihood estimation and estimates developmental status directly based

on the child's age, parents' responses, and ICC parameters. The hand-scoring approach

requires summing responses and consulting a growth chart to determine whether the clinical

threshold is exceeded. Both scoring approaches use cutoff scores based on a 15% delay.
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Further detail regarding computer-based and hand-scoring approaches is provided in

Appendices 5 and 6.

Assessment of Concurrent Validity and Accuracy

To assess concurrent validity, we calculated point-biserial correlations between binary

(positive/negative) scores on the ASQ-3 and the continuous Milestones scores, including

computer-based and hand-scoring methods. Because standard methods for calculating

standard errors associated with point-biserial correlations are often biased,12 we estimated

95% confidence intervals using estimates across 250 bootstrap samples with replacement.

To assess accuracy in detecting developmental delays and disorders, we analyzed the ability

of 2 different screening instruments to predict parents' reports of diagnoses of developmental

disorders, including autism and developmental delay. First, we applied clinical thresholds to

computer-based and hand-scored Milestones scores and computed area under the ROC curve

(AUC), sensitivity, and specificity with respect to parents' reports of diagnoses of

developmental disorders. Second, we calculated the same statistics for the ASQ-3 with

respect to the same criterion. AUC was included as a summary index of accuracy that

includes both sensitivity and specificity. For all analyses of concurrent validity and

accuracy, we pooled data from across all 4 samples (including primary care, replication,

NICU, and referral clinic samples) to maximize statistical power.

Results

Sample characteristics are displayed in Table 1. Across all 4 samples, the majority of

respondents were mothers (82% to 91%). Demographics were similar across the primary

care, referral clinic, and NICU follow-up samples. Most respondents had completed college

(53% to 56% across samples), but family incomes varied, with 30% to 35% across samples

making less than $50,000 per year. These samples were also diverse with respect to race and

ethnicity, with 29% to 33% reporting minority race or Hispanic ethnicity (for comparison,

23.9% of Massachusetts residents and 36.3% of US residents reported minority race or

Hispanic ethnicity in the 2010 census). In contrast, the replication sample included a larger

proportion of families of lower income and education. In this sample, only about a third of

respondents had completed college, 50% of families reported income under 50,000 per year,

and 51% reported minority race and/or Hispanic ethnicity.

Selection of Final Questions

Of the 174 items tested in the original primary care sample, 96 displayed adequate fit and

were administered to the replication sample. Of these, 54 items displayed adequate fit and

lack of evidence of DIF. Table 2 presents model parameters and expected age in months at

which 25%, 50%, and 75% of parents report “very much” for these milestones based on the

full sample of participants enrolled from primary care sites who had full-term births (≥37

weeks). The 42 items eliminated in the final stage of this process were eliminated for a

variety of reasons. Some may represent type 1 errors, while others may reflect constructs

that can be reliably assessed using different administration methods. Thus, these items are

presented in Appendix 7, as they may be useful for the development of future assessments.
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Creation and Scoring of Age-Specific Forms

Table 2 displays assignment of items to forms. Twelve age-specific forms were created

using the method described above, with one exception. Because of the comparatively small

number of items appropriate for older children, the least difficult items for the 60-month

form begin at age 34 months rather than 48. Thus, the items on the 60-month form are much

easier overall than are the items on other forms. Developmental status and residual total

score were calculated as described above, and a clinical threshold equivalent to a 15% delay

was applied to yield a binary screening result. In our study, 21.8% (95% confidence interval,

18.4 to 25.6) of children enrolled from primary care settings scored positive on the

Milestones and 19.0% (95% confidence interval, 15.6 to 22.4) scored positive on the

ASQ-3. In comparison, a recent study found that 15.8% of a community sample of children

scored positive on the ASQ-3,13 suggesting that our sample may have higher rates of

developmental problems.

Assessment of Concurrent Validity and Accuracy

With the exception of the 2-month form, point–biserial correlations between the ASQ-3 and

continuous Milestones scores based on computer-based scoring and hand scoring were

moderate to large for all forms (ranging from 0.40 to 0.70, and all 95% confidence intervals

>0.25) (Figure 3). Results for hand scoring closely approximated results for computer-based

scoring.

Figure 4 displays AUC, sensitivity, and specificity for the Milestones (both computer-based

and hand-scoring methods) and the ASQ-3. Analyses of 2-month and 4-month forms were

omitted because reports of developmental delays were rare at these ages (0 and 1 reports,

respectively). Confidence intervals for sensitivity are large through 18 months because of

comparatively low numbers of children with delays (4 to 9 per age group). AUC fell above

70% for all Milestones forms except at 9 and 60 months, and for all ASQ-3 forms except at

30 months. Results for sensitivity followed a similar pattern, except ASQ-3 forms also fell

below 70% at 18 months. Results for specificity all fell above 70%, with the exception of

the 60-month Milestones form and the 9-month ASQ-3 form.

Discussion

The Milestones is a set of 54 parent-report questions focusing on children's motor, cognitive,

and language development through 5 years of age. All SWYC Milestones forms are

available with scoring instructions online (www.theSWYC.org). Individual items

demonstrated expected relationships to age in 2 primary care samples, and their functioning

was not strongly influenced by race/ethnicity, parent education, or child gender. There are 2

potential uses of these validated 10-item forms: surveillance and first-level screening. The

individual items included on each of the 12 forms are valid for ongoing developmental

surveillance.

Our results offer initial support for the validity of 9 of the 12 Milestones forms as first-level

screening instruments. For the 3 remaining forms, we suspect that different solutions are

needed. The 60-month form would benefit from the addition of more difficult items
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appropriate for older children, assuming that such items met similar standards of reliability

as reported here. We hypothesize that the 2-month form requires greater precision in the

measurement of age associated with each milestone, because for newborns, differences in

developmental status are apparent over days rather than months. We therefore recommend

caution in interpreting results of the 2- and 60-month forms. In contrast, we have no reason

to believe that the validity of the 9-month form is any different than that of other Milestones

forms. The items met the same standard of reliability, the confidence intervals include

acceptable values for sensitivity and specificity, and multiple testing often results in isolated

negative findings. Notably, despite the strong record of research supporting its validity, the

30-month form of the ASQ-3 also demonstrated lower sensitivity than expected in this

study. We strongly recommend (and plan to conduct) further study of all Milestones forms

in a variety of different geographic, cultural, and socioeconomic populations.

We note several limitations shared by our studies of other components of the SWYC.3–5 We

enrolled a convenience sample of English-speaking parents who brought their children to

pediatricians' offices or to developmental specialists in the greater Boston area. Our

enrollment sites included both primary and secondary care sites with varied practice models,

and clienteles with varied socioeconomic status and ethnic backgrounds. Our findings

generalize best to similar practice arrangements. In addition, we were not able to enroll all

parents who sought pediatric care for their children. In-person recruitment from primary care

sites was more successful than our reliance on mailed and telephone contact with parents of

children seen in specialty settings. Similar to screening rates in previous studies,14,15 68% of

eligible parents identified from waiting rooms enrolled and completed study materials.

Among families identified through medical records, 42% enrolled and completed study

materials. In both cases, reasons for nonresponse could not be determined, and it is possible

that factors such as parents' difficulty with literacy and/or English played a role. In addition,

limited resources precluded conducting structured diagnostic interviews, and we therefore

utilized a validated screening instrument and parents' reports of existing diagnoses as our

criterion variables. Further research on the Milestones and the other components of the

SWYC is in process that includes structured clinical assessments as the criterion.

Other limitations are unique to the Milestones checklists. For example, to ensure that all

items are reliable, we adopted stringent selection criteria that included multiple tests of item

fit and differential item functioning. This procedure may have led us to exclude some items

that assess important constructs but do not appear to be reliably assessed by parent report

(eg, joint attention). In addition, although overall estimates of developmental status from 10-

item Milestones forms show promise for identifying children who may benefit from further

evaluation, we advise cautious interpretation16 because a single summary estimate of

developmental age may obscure differences in the sequence and rate of development of fine

motor, gross motor, language and cognitive skills. Because questions that tap different

dimensions are found across ages on the 12 Milestones forms, repeated administrations for

each child will offer the opportunity to further investigate the dimensionality of the

Milestones checklists, both in longitudinal research and in clinical practice.

The AAP recommends surveillance of children's development at every well-child visit as

well as periodic formal developmental screening.17 The SWYC Milestones offers a set of
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evidence-based items with individual normative data that can be administered repeatedly as

children grow. Especially if it is used as part of the more comprehensive SWYC, it can be

thought of as a surveillance tool. In addition, by offering a scoring procedure for 10-item

forms, the Milestones provides many of the advantages of a first level developmental

screening instrument. We recommend that a score above the threshold should be followed

up by further investigation—by interviewing a parent, observing the child, and/or

administering a more detailed validated developmental screening instrument like the ASQ-3.

We present initial results supporting reliability and validity, and further research is clearly

needed, including replication of initial findings, collection of normative data from larger

representative samples, and study of implementation. Extensions amenable to study include

implementation in electronic health records and use in settings beyond primary care

pediatrics, such as early childhood education and home-visiting programs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What's New

The Milestones, a component of the Survey of Well-being of Young Children (SWYC),

is a brief surveillance instrument of cognitive, motor, and language development. It is

free, designed for use in primary care, easy to read and score, and may be incorporated

into electronic medical record templates.
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Figure 1.
Enrollment.
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Figure 2.
Item characteristics curves for the question, “Does your child name at least one color?”
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Figure 3.
Point biserial correlations with ASQ-3.
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Figure 4.
Accuracy of Milestones electronic scoring, Milestones hand scoring, and ASQ-3 in detecting parents' reports of developmental

delays and disorders.
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Table 2
Final Item Parameters, Ages of Attainment, and Assignment to Forms
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