
Copyright 2014 American Medical Association. All rights reserved.

Use of a Computerized Decision Aid for Developmental
Surveillance and Screening
A Randomized Clinical Trial
Aaron E. Carroll, MD, MS; Nerissa S. Bauer, MD, MPH; Tamara M. Dugan, BS; Vibha Anand, PhD, MS;
Chandan Saha, PhD; Stephen M. Downs, MD, MS

IMPORTANCE Developmental delays and disabilities are common in children. Research has
indicated that intervention during the early years of a child's life has a positive effect on
cognitive development, social skills and behavior, and subsequent school performance.

OBJECTIVE To determine whether a computerized clinical decision support system is an
effective approach to improve standardized developmental surveillance and screening (DSS)
within primary care practices.

DESIGN, SETTING, AND PARTICIPANTS In this cluster randomized clinical trial performed in 4
pediatric clinics from June 1, 2010, through December 31, 2012, children younger than 66
months seen for primary care were studied.

INTERVENTIONS We compared surveillance and screening practices after adding a DSS
module to an existing computer decision support system.

MAIN OUTCOMES AND MEASURES The rates at which children were screened for
developmental delay.

RESULTS Medical records were reviewed for 360 children (180 each in the intervention and
control groups) to compare rates of developmental screening at the 9-, 18-, or 30-month
well-child care visits. The DSS module led to a significant increase in the percentage of
patients screened with a standardized screening tool (85.0% vs 24.4%, P < .001). An
additional 120 records (60 each in the intervention and control groups) were reviewed to
examine surveillance rates at visits outside the screening windows. The DSS module led to a
significant increase in the percentage of patients whose parents were assessed for concerns
about their child's development (71.7% vs 41.7%, P = .04).

CONCLUSIONS AND RELEVANCE Using a computerized clinical decision support system to
automate the screening of children for developmental delay significantly increased the
numbers of children screened at 9, 18, and 30 months of age. It also significantly improved
surveillance at other visits. Moreover, it increased the number of children who ultimately
were diagnosed as having developmental delay and who were referred for timely services at
an earlier age.
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D evelopmental delays and disabilities are common in
children. Research has indicated that intervention dur-
ing the early years of a child’s life has a positive effect

on cognitive development, social skills and behavior, and sub-
sequent school performance.1-3 To ensure early identification
of developmental delays and disabilities, physician organiza-
tions, such as the American Academy of Pediatrics (AAP), have
called on pediatricians to institute a standardized approach for
the identification of developmental delays that includes de-
velopmental surveillance and screening (DSS).4-6

Developmental screening refers to the administration of
a standardized tool to aid in the identification of children at
risk for a developmental disorder.5 Developmental surveil-
lance, on the other hand, is “an ongoing process of monitor-
ing the status of a child by gathering information about the
child’s development and behavior from multiple sources,
including skillful direct observation of the child’s behavior
and elicitation of concerns from parents and relevant
professionals.”4(p 5)

Significant efforts have been made to address the implemen-
tationofDSSpracticeswithinprimarycaresettings.7 Despitesuch
efforts, these processes are still not routinely implemented, and
studies5,8-11 have found that, when screening occurs, it often does
not make use of standardized protocols or tools.

Numerous barriers exist to the successful implementation
of DSS practices within the primary care setting, including lack
of time and staff, logistical challenges in administering screen-
ing tools, inadequate reimbursement, and language barriers.10-13

Computerized clinical decision support systems (CCDSS) are a
promising strategy to overcome these barriers. Because CCDSS
involve the use of integrated systems that routinely store and
retrieve patient information, they can improve workflow by pro-
viding physicians with patient-specific recommendations based
on integrated data at the time and place of a patient visit.14,15

Although previous attempts have been made to automate the
process of developmental screening, these attempts have not
proved successful because the decision support was not inte-
grated with routine clinical care.14,15 The objective of this study
was to determine whether CCDSS integrated with routine care
could be an effective approach to improve standardized DSS
within primary care practices.

Methods
Study Design
For the purposes of this study, we used an existing CCDSS de-
signed for use in pediatric primary care practices: the Child
Health Improvement Through Computer Automation (CHICA)
system. However, we refined CHICA to include the DSS algo-
rithm published by the AAP in 2006 by creating the CHICA DSS
module.5

We conducted a randomized clinical trial in 4 pediatric clin-
ics. Two of these clinics functioned as our control sites and used
the traditional CHICA system that did not include the DSS mod-
ule. The other 2 clinics functioned as our intervention sites and
used the enhanced CHICA system that included the DSS mod-
ule. We then compared surveillance, screening, and diagno-

sis of developmental disorders between the control and inter-
vention clinics. This study was approved by the institutional
review board of the Indiana University School of Medicine, and
informed consent was waived.

Although our intervention was aimed primarily at physi-
cians, the unit of randomization was the primary care clinic,
and the unit of analysis was the individual patient. The 4 clin-
ics were matched based on the number of physicians practic-
ing at each of the clinics before randomization and then block
randomized as pairs. We chose to randomize by clinic be-
cause contamination was a major concern.

Setting
This study was performed from June 1, 2010, through Decem-
ber 31, 2012, in 4 primary care pediatric clinics in the Eskenazi
Medical Group, the largest safety-net health system in India-
napolis, Indiana. These 4 clinics conducted approximately
88 000 pediatric patient visits during this time frame, with 84%
of the visits being supported by Medicaid.

Participants
Our intervention was aimed primarily at physicians. How-
ever, the outcomes of interest for our study are patient based.
Therefore, patients younger than 66 months were automati-
cally placed into the control or intervention group based on
which of the 4 clinics they attended (Figure 1). There were no
additional inclusion or exclusion criteria.

Intervention
The Traditional CHICA System
In 2004, CHICA was developed to support the provision of
well-child care and the care of a number of common chronic
conditions.16,17 It is unique in that, at each visit, the system uses
a library of Arden Syntax18,19 rules that gather data from the Re-
genstrief Medical Record System and CHICA record systems to
prioritize and then select 20 health questions that are printed
on a paper questionnaire or an electronic tablet for that family
to complete in the waiting room.20 The paper questionnaire,
called the Patient Screening Form, is scannable, and the an-
swers to the questions are stored in the electronic health rec-
ord. After the information is stored, a tailored worksheet is
generated for the physician to use during the visit. The work-
sheet includes up to 6 alerts, also prioritized, each with up to 6
check-box responses with which the physician can document
his or her response. The comprehensiveness of what CHICA
covers makes it useful at every clinic visit. Further details about
the CHICA system have been described elsewhere.16,18,20-28

The CHICA DSS Module
The CHICA system was operational at the 4 clinic sites before
the initiation of this study. In June 2010, we added the DSS mod-
ule to the CHICA system that was operating at the 2 interven-
tion clinic sites. Before activating the DSS module in the in-
tervention clinics, staff and physicians were informed that a
new functionality was being added to the CHICA system, which
is done any time new functionality is introduced to the sys-
tem. Staff and physicians of the intervention and control clin-
ics were not made aware that a clinical trial was under way.
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The overall flow of the CHICA DSS module is shown in
Figure 2 and mirrors the surveillance and screening algo-
rithm for DSS recommended by the AAP in 2006.5 The CHICA
DSS module had a number of components that we expected
would improve the screening and diagnosis of developmen-
tal disorders that are not included in the traditional CHICA sys-
tem:
1. Universal Screening: The CHICA DSS module was de-

signed to provide universal screening at 3 target well-child
care visits (9-, 18-, and 30-month visits) through the use of
the Ages and Stages Questionnaire 3 (ASQ-3) , which was au-
tomatically printed when the patient checked in for these
target visits.29 The ASQ-3 is a brief parent report measure
with 19 age-specific questions that span the age range of 4
to 60 months.5,30 The 4 clinic study sites were familiar with
and had licenses to use the ASQ-3 in clinical care.

2. Surveillance: On the patient screening form, parents were
asked simple questions related to whether they had any con-
cerns about their child’s development at every nontarget
well-child care visit. If a parent responded affirmatively to
any of the questions, the physician was notified on the phy-
sician worksheet, and a standardized screening tool was
printed for use by the physician. The physician worksheet
also provided a way for the physician to document the over-
all ratings of a child’s developmental status and specify de-
velopmental areas of concern.

3. Reassessment: The CHICA DSS module automatically
tracked those children whose parents had concerns or who
had borderline results on a previous ASQ-3 screening. For
these children, the CHICA DSS module would generate a new
ASQ-3 and prompt the physician to rescreen at subsequent
visits, consistent with AAP guidelines.

4. Recommendations: On the basis of established guidelines,5

the CHICA DSS module prompted physicians to refer chil-
dren with positive screening results for comprehensive
evaluation and services.

Data Collection
Data collection began 6 months after the DSS module was ac-
tivated at the intervention clinics. For the developmental
screening portion of our study, 180 patient records were ran-
domly pulled from the intervention clinics, and another 180
patient records were pulled from the control clinics, for a total
of 360 patient records. These records were divided equally be-
tween the 9-, 18-, and 30-month well-child care visits. We made
sure that patients selected for analysis at one visit were not in-
cluded for the analyses at the other visits. An additional 120
patient records (60 from intervention clinics and 60 from con-
trol clinics) were randomly pulled from the 4 clinic sites for the
developmental surveillance portion of the study. These rec-
ords could be for any visit as long as it was not one of the tar-
get visits. Consequently, there was no overlap between the pa-

Figure 1. Flow of Participants Through the Randomized Clinical Trial
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tient records reviewed for the developmental screening and
developmental surveillance portions of the study.

Data were obtained from the electronic health record, the
CHICA system, and manual paper record abstractions by
trained research assistants. To assess the reliability of medi-
cal record abstraction, a random sample of 20% of the rec-
ords were abstracted twice. The agreement on overall record
abstraction was 89%, with a κ of 0.75.

Outcome Variables
For developmental screening, our primary outcome of inter-
est was whether a standardized screening tool was adminis-
tered at the target visits (ie, 9-, 18-, and 30-month visits). Other
variables of interest for this portion of the study included the
percentage of standardized screens with a positive result for
a developmental delay at target visits, diagnosis of develop-
mental delay or disorder at any point after target visit, and age
at diagnosis.

For developmental surveillance, our primary outcome of
interest was whether developmental concerns were elicited

from parents at visits other than the target visits. Other data
collected for this portion of the study included physician docu-
mentation of developmental concerns separate from paren-
tal concerns, diagnosis of developmental delay or disorder at
any point after target visit, and age at diagnosis.

Sample Size Calculation
The primary outcome of interest was whether a child was
screened for developmental delay at target visits. For sample
size calculations, we used a rate of 25% in the control clinic.
We wanted to have at least a 60% screening rate in the inter-
vention clinics after implementation of the DSS module. Be-
cause patients were nested within clinics, we applied a con-
servative intracluster correlation estimate of 0.008, twice the
expected intracluster correlation of 0.004. Although we did not
anticipate much variability in the screening rate at the 4 study
clinics, we used 4 different rates (12%, 15%, 18%, and 21%) to
estimate intraclinic correlation. Using the χ2 test and setting
α at .05, we found the probability of detecting a statistically
significant difference in the proportion of children screened

Figure 2. Workflow of the Child Health Improvement Through Computer Automation Developmental Screening and Surveillance Module
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at the target visits (9-, 18-, and 6-month visits) between the in-
tervention and the control group of 90%, with an effective
sample size of 46 per group. However, the proposed sample
size had more than 99% power to detect a 35% absolute dif-
ference in screening rates.

Statistical Analysis
Patient characteristics in the surveillance and screening com-
ponents of the study were compared between the control and
intervention groups using χ2, Fisher exact, and t tests. Logis-
tic and exact logistic regression models were used to assess as-
sociations between dichotomous outcomes and intervention
after controlling for sex, race, and type of insurance. Point es-
timates and 95% CIs on treatment effect were reported. A lin-
ear mixed-effects model was used to compare age at diagno-
sis after controlling for the same confounding factors as in the
previous models. We assumed the parents’ assessment of the
child’s development was independent of the clinic; there-
fore, the clinic was not considered a cluster in modeling this
outcome. However, all other models included the clinic as a
cluster to incorporate dependency among responses from the
same clinic, and the clinic was used as a random effect in the
models. The linear mixed-effects model used a logit link func-
tion to model the dichotomous outcomes. Finally, a linear
mixed-effect model that included clinic as a cluster was used
to model the age at diagnosis for developmental delay. SAS sta-
tistical software (SAS Institute Inc) was used for all analyses,
and P < .05 was considered statistically significant.

Results
For the developmental screening portion of our study, the char-
acteristics of the 360 study patients are given in Table 1. No
significant differences were found between the intervention
and control groups with respect to sex, type of insurance, and
age. A significant difference was found between the 2 groups

with respect to race based on differences in the clinic popu-
lations (P < .001). We controlled for race in all analyses.

The DSS module led to a significant increase in the per-
centage of patients screened with a standardized screening tool
at the target visits (85.0% vs 24.4%, P < .001). The odds of being
screened in the intervention group were 15.6 (95% CI, 6.9-
35.7) times the odds for a child in the control group. If screen-
ing occurred, however, the rate of a positive screen result was
similar between the groups (19.6% vs 18.2%, P = .57). This find-
ing implies that the number of children at risk for develop-
mental delay was similar between groups but that more chil-
dren were picked up in the intervention group because of
higher screening rates.

Although our study was not powered to detect differ-
ences in a full diagnosis of developmental delay, our results
indicated that a diagnosis of developmental delay was not sig-
nificantly more common in the intervention group (10.6% vs
6.7%, P = .52). However, the diagnosis of developmental de-
lay was made earlier in the intervention group than in the con-
trol group (mean age at diagnosis, 17.2 vs 27.9 months; P < .001).

For the developmental surveillance portion of this study,
characteristics of the 120 patients included are given in Table 2.
Again, a significant difference was found in the distribution
of race between the intervention and control groups (P < .001).
We therefore controlled for race in all analyses.

The CHICA DSS module led to a significant increase in the
percentage of parents who were asked about concerns regard-
ing their children’s development outside the target visits (71.7%
vs 41.7%, P = .04) (Figure 3). The odds of parents being asked
about child development for children in the intervention group
were 2.70 (95% CI, 1.05-6.84) times the odds for children in the
control group. When concerns were assessed, more concern
was noted in the control group than the intervention group,
although the difference was not significant (9.3% vs 16.0%,
P = .38). This finding suggests that parents were being as-
sessed in the control group only when there was a higher like-
lihood of a positive concern. The intervention had no effect
on whether physicians documented an assessment of devel-
opmental concerns (83.3% vs 81.7%, P = .52).

Table 1. Summary of Patient Characteristics for the Developmental
Screening Groupa

Characteristic
Control (n =

180)
Intervention

(n = 180) P Value
Sex

Male 89 (49.4) 83 (46.1)
.53

Female 91 (50.6) 97 (53.9)

Race

Black 164 (91.1) 51 (28.3)

<.001
Hispanic 11 (6.1) 117 (65.0)

White/Asian 4 (2.2) 11 (6.1)

Unknown 1 (0.6) 1 (0.6)

Insurance

Advantage or commercial 6 (3.3) 8 (4.4)

.02Self-pay 2 (1.1) 12 (6.7)

Medicaid 171 (95.0) 160 (88.9)

Age, mean (SD), mo 23.8 (6.5) 19.8 (5.1) .06

a Data are presented as number (percentage) of patients unless otherwise
indicated.

Table 2. Summary of Patient Characteristics for the Developmental
Surveillance Groupa

Characteristic
Control
(n = 60)

Intervention
(n = 60)

P
Value

Sex

Male 27 (45.0) 30 (50.0)
.58

Female 33 (55.0) 30 (50.0)

Race

Black 51 (85.0) 15 (25.0)
<.001

Hispanic/white 9 (15.0) 45 (75.0)

Insurance

Self-pay or
commercial

3 (5.0) 4 (6.7)
.70

Medicaid 57 (95.0) 56 (93.3)

Age, mean (SD), mo 17.2 (1.3) 14.2 (3.9) .12

a Data are presented as number (percentage) of patients unless otherwise
indicated.
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Once again, the study was not powered to detect differ-
ences in a full diagnosis of developmental delay. We found that
a diagnosis of developmental delay occurred after positive sur-
veillance in 20% of intervention children vs 8.3% of control chil-
dren (P = .62). No significant difference was found between the
2 groups in terms of age at diagnosis.

Discussion
This study found that the CHICA DSS module more than tripled
the use of standardized tools to conduct screening at target vis-
its (ie, 9, 18, and 30 months of age) as recommended by the
AAP guideline. Guidelines also recommend that surveillance
occur at all other ages,5 and the DSS module notably in-
creased the rates at which parents were asked about develop-
mental concerns. The surveillance aspect led to an increase in
the number of children diagnosed as having developmental de-
lay. The CCDSS intervention led to earlier detection of devel-
opmental delay (mean of approximately 8 months earlier). Be-
cause optimal outcomes of developmental delay depend on
early detection, this finding is a critically important finding,
although our study was not designed to detect changes in clini-
cal outcomes.

This study has limitations that warrant consideration. Pre-
viously existing practice differences could account for some
differences, although we have no reason to believe that such
differences existed. Use of the clinic as the basis of random-
ization could also lead to biases. However, the limitations and
advantages of randomizing at the patient, physician, and clinic

levels led us to decide that the clinic served as the best point
of intervention. Generally, all informatics interventions have
limitations as well. Some researchers believe they make phy-
sicians more reliant on external sources for quality care or leave
them exposed to legal risk if they ignore prompts. Such things
were outside the scope of this study, however. Generalizabil-
ity of a specific CCDSS is always an issue. Although most elec-
tronic medical records are not as sophisticated as the CHICA
system, many systems would allow programming with the al-
gorithms we used in this study. In addition, the CHICA sys-
tem has been created with open-source tools and is available
for installation into other systems.

Adherence to existing clinical practice guidelines can be dif-
ficult for pediatricians who are often overwhelmed with pa-
tients and constrained by time.31 Because of this, it is possible
for them to fail to properly and fully screen and document ev-
ery condition.32 The CHICA DSS module is unique in that it per-
mits us to insert guideline-based care subtly into existing clinic
practices, and by prioritizing when certain modules are used,
the system ensures that physicians and patients are not over-
whelmed. A holistic CCDSS, such as the CHICA system, has much
potential for introducing better evidence-based care and chronic
care management into busy practices.28,33-35

Our study found that a CCDSS, such as the CHICA system,
that performs surveillance and screens patients for the pres-
ence of developmental delay with a standardized screening
tool, coupled with personalized, evidence-based prompts to
physicians, significantly improved the rates of proper screen-
ing and time to diagnosis of children with developmental de-
lay. It also offered hope that management and referral of such
patients could be improved. Future research should focus on
determining whether these improvements are clinically sig-
nificant and can be replicated elsewhere and whether these
results can be applied to other chronic conditions.

Conclusions

Use of a CCDSS to automate the screening of children for de-
velopmental delay significantly increased the numbers of chil-
dren screened at 9, 18, and 30 months of age. It also signifi-
cantly improved consistent surveillance at other ages.
Moreover, it increased the number of children who ulti-
mately were diagnosed as having developmental delay and re-
ferred for timely services at an earlier age. More work is needed
to determine whether this system translates into improved out-
comes for children.
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