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Mediating Factors Associated With Pedestrian Injury in
Children With Attention-Deficit/Hyperactivity Disorder

\

WHAT’S KNOWN ON THIS SUBJECT: Epidemiological data
suggest that children diagnosed with attention-deficit/
hyperactivity disorder—combined type (ADHD-C) have higher
pedestrian injury rates than their typically developing peers and
children with other developmental disabilities.

WHAT THIS STUDY ADDS: This study, among the first to
investigate why children with ADHD-C are at increased risk for
pedestrian injury, suggests that executive function might mediate
the relationship between ADHD-C and pedestrian injury risk. j

OBJECTIVE: Unintentional injury is the leading cause of pediatric mor-
tality. One leading cause of unintentional injury is pedestrian injury.
Children with developmental disabilities, particularly those with
attention-deficit/hyperactivity disorder—combined type (ADHD-C)
seemto have increased pedestrian injury risk. This study examined (1)
the differences in pedestrian behavior between children with ADHD-C
and normally developing comparison children and (2) the mediating
factors that might link ADHD-C with pedestrian injury risk.

PATIENTS AND METHODS: A total of 78 children aged 7 to 10 years (39
children with ADHD-C diagnoses and 39 age- and gender-matched typ-
ically developing children) participated. The main outcome measure
was pedestrian behavior, as measured in a semi-immersive, interac-
tive, virtual pedestrian environment. Key pedestrian variables related
to different aspects of the crossing process were identified: (1) before
the cross (ie, evaluating aspects of the crossing environment); (2)
making the cross (ie, deciding to cross and initiating movement); and
(3) safety of the cross (ie, safety within the pedestrian environment
after the decision to cross was made).

RESULTS: Children with ADHD-C chose riskier pedestrian environ-
ments to cross within (F, ;, = 4.83; P < .05). No significant differences
emerged in other aspects of the crossing process. Executive function
played a mediating role in the relationship between ADHD-C and the safety
of the cross.

CONCLUSIONS: Children with ADHD-C seem to display appropriate
curbside pedestrian behavior but fail to process perceived information
adequately to permit crossing safely. Pediatrics 2011;128:296—302
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Unintentional injury is the leading
cause of pediatric mortality, killing
more children aged 1to 18 years than
the next 20 causes of death combined.!
One leading cause of unintentional in-
jury is pedestrian injury. Approxi-
mately 12% of all pedestrian fatalities
occur among those aged 7 to 10 years.
Epidemiologic data suggest that chil-
dren diagnosed with attention-deficit/
hyperactivity disorder—combined type
(ADHD-C) have higher pedestrian in-
jury rates when compared with typi-
cally developing peers,2® as well as
when compared with children with
other developmental disabilities.*®

Although there is growing consensus
of a link between ADHD-C and pediatric
injury risk,%2 and between ADHD-C and
pedestrian injury risk,'® the causal
processes underlying this link remain
unclear."'2 Grossing streets safely re-
quires simultaneous engagement in
several cognitive and perceptual tasks
that may prove difficult for children
with ADHD-C because of their deficits
in attention, difficulty with self-
regulation, and common comorbid
symptomatology, such as oppositional
behavior problems. A striking com-
monality among the core deficits in
children with ADHD-C'® and the skills
required to safely cross streets'* is ex-
ecutive function, defined as a set of
abilities used to control behavior.

This study tested the pedestrian be-
havior of children with and without
ADHD-C in an interactive, semi-
immersive virtual pedestrian environ-
ment. The overarching objective was to
identify and understand the mecha-
nisms explaining why children with
ADHD-C may be at increased risk for
pedestrian injuries. There were 2 spe-
cific aims: (1) to investigate pedestrian
behavior of children with ADHD-C and
(2) to examine inattention, opposition-
ality, and executive dysfunction as po-
tential mechanisms explaining in-
creased pedestrian injury risk in
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children with ADHD-C. We hypothesized
children with ADHD-C would take more
risks in a simulated pedestrian envi-
ronment than would matched control
subjects. We hypothesized that all 3 po-
tential mechanisms would emerge as
mediators, but, given its prominence
in ADHD-C symptomatology and its im-
portance for safe pedestrian behavior,
we hypothesized executive dysfunction
would emerge as the most prominent
mediator of the relationship between
ADHD-C and risky pedestrian behavior.

PATIENTS AND METHODS

Participants

This matched case-control study was
conducted at the University of Alabama
at Birmingham Youth Safety Labora-
tory between December 2007 and Jan-
uary 2009. Participants in the ADHD-C
group were recruited from 3 local be-
havioral assessment clinics. Age-,
gender-, and ethnicity-matched con-
trol subjects who had no previous di-
agnoses (NO group) were recruited
from the community through flyers
and newspaper advertising. This study
was approved by University of Ala-
bama at Birmingham Institutional Re-
view Board. Written informed consent
(parents) and assent (children) were
obtained.

ADHD-C group inclusion criteria were
being age 7 to 10 years, having a clini-
cal diagnosis of ADHD-C and parent en-
dorsement of at least 6 inattentive and
6 hyperactive/impulsive symptoms on
the Disruptive Behavior Rating Scale,’
and, if on ADHD medication, foregoing
medication for 24 hours before partic-
ipation. Scientific consensus indicates
that testing children who are off their
medications best captures ADHD func-
tioning."®='® For the control group, in-
clusion criteria included being aged 7
to 10 years and having fewer than 3
ADHD symptoms endorsed by parents
on the Disruptive Behavior Rating
Scale. Exclusion criteria for both
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groups included having cognitive limi-
tations, learning disabilities, pervasive
developmental disorders, psychoses,
and physical disabilities, such as blind-
ness or wheelchair use that prohibited
valid participation.

Atotal of 49% of interested individuals
who were screened met eligibility cri-
teria and attended scheduled appoint-
ments for the study, yielding a total
sample size of 78 children aged 7 to 10
years (mean: 9.16 years [SD: 1.25]). A
total of 71% of the subjects were boys
(n = 56), reflecting gender disparities
in ADHD-C diagnoses. A total of 49%
(n = 38) of the subjects were African
American. There was 100% self-
reported compliance for not taking
ADHD medication for 24 hours preced-
ing the session.

Procedure

Participants completed a single 90-
minute session. Participants first
walked a 25-ft distance 4 times to as-
sess average walking speed. The
virtual-environment avatar was then
programmed to walk at an identical
speed. Next, participants completed a
set of 5 familiarization trials in the vir-
tual environment. Then, neurocogni-
tive testing was completed to assess
executive function, attention, and in-
hibitory control. Finally, children com-
pleted 10 simulated street crossingsin
the virtual environment. Parents si-
multaneously completed paper-and-
pencil questionnaires and were asked
in a semistructured interview format
about their children’s medication use.
Families received monetary compen-
sation, and children received a toy.

Independent Variables: ADHD
Status

ADHD status was confirmed through
parent report on the Disruptive Behav-
ior Rating Scale,”® a measure incorpo-
rating behavioral diagnostic criteria of
ADHD-C from the Diagnostic and Statis-
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tical Manual of Mental Disorders,
Fourth Edition'® and providing infor-
mation regarding the degree and ex-
tent of impairment of the child in the
home setting from the parents’ per-
spective. The Disruptive Behavior Rat-
ing Scale has good test-retest reliabil-
ity, internal consistency, and criterion
validity.”™ Children with 6 or more of 9
inattentive and 6 or more of 9 hyperac-
tive symptoms were included in the
ADHD-C group.

Mediating Variables: Underlying
Mechanisms

Attention

Attention was measured through the
Gonners’ Gontinuous Performance
Test 1,0 a computerized, visual-
performance task that requires par-
ticipants to respond repeatedly to non-
target figures and inhibit responding
when the target figure appears. Omis-
sion errors provide an index of inatten-
tive behavior. The measure has good
psychometric properties and validly
discriminates ADHD groups from con-
trol subjects.?0 Raw scores were calcu-
lated electronically for the number of
omission errors made and converted
to Tscores for analysis.

Oppositionality

Oppositionality was assessed through
parent report on the Disruptive Behav-
ior Rating Scale Oppositional Defiant
Disorder Subscale.! Eight statements
were rated and item scores totaled
(possible range: 0—24).

Executive Dysfunction

Executive function deficits were as-
sessed through 3 subtests making up
the executive attention domain of the
NEPSY (a test battery assessing chil-
dren’s neuropsychological develop-
ment) 2! The 3 subtest scores were to-
taled and converted to a core domain
score. Psychometric properties are
strong.2?
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FIGURE 1
The virtual environment.

Control Variables

Demographic Information

Parents completed a questionnaire
acquiring demographic and house-
hold information. Parent education
and household income were used as
covariates.

Dependent Variables: Pedestrian
Measures

Virtual Environment

An interactive, semi-immersive vir-
tual pedestrian environment evalu-
ated children’s street-crossing be-
havior. The virtual environment was
previously demonstrated to validly
represent real-world behavior.?
Traffic on the virtual, bidirectional,
suburban road was displayed im-
mersively on 3 monitors. Partici-
pants stepped off a wooden curb to
indicate when they felt it safe to
cross (Fig 1). On stepping onto the
lower platform, a pressure plate re-
corded behavior patterns and an ava-
tar crossed the virtual street at
the participants’ previously recorded
walking speed. Participants judged the
safety of crossing the virtual road over
the course of 15 consecutive trials. The

first 5 trials provided baseline famil-
iarization data. Several measures
adapted from previous research?'-2
were computed to assess the safety of
the subsequent 10 crossings. These
variables have sufficient variability
among both child and adult partici-
pants.2+2 The first 6 indicators were
recorded electronically by the virtual
environment; the last indicator, atten-
tion to traffic, was coded by videotape
review.

Indicators of Crossing Behavior

Missed Opportunities

Missed opportunities were instances
when the rejected gap was less than or
equal to 1.5 times the participants’
crossing time.

Wait Time

Wait time refers to the average time
waiting to cross the street.

Attention to Traffic

Attention to traffic refers to the num-
ber of times participants looked left
and right, divided by the average time
waiting to cross the street.
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Gap Size Used

Gap size refers to the average tempo-
ral gap between vehicles within which
participants crossed the street.

Hits and Close Calls

Hits and close calls refer to the num-
ber of hits (instances when partici-
pants would have been hit by a vehicle
had they been on the actual road) and
close calls (instances when temporal
gap between participants and oncom-
ing vehicle was less than 1 second).

Time Left to Spare

Time left to spare refers to the latency
of safety after participants crossed the
street.

Start Delay

Start delay refers to the latency before
participants started to cross the
street, measured as the time between
the last car passing and the partici-
pants stepping off the curb.

Data Analytic Technique

Descriptive statistics were obtained
first to examine the distribution of
scores and to inspect kurtosis and
skew of distributions. An exploratory
factor analysis identified larger com-
ponents of pedestrian safety among
the 7 observed pedestrian variables.
Differences between groups on key de-
mographic variables were tested us-
ing x2. A series of analyses of covari-
ance, with socioeconomic status (SES)
as a covariate, were performed to ex-
amine differences between the groups
(ADHD-G versus NO groups) on the neu-
rocognitive tasks.

Multivariate analyses of covariance,
with SES as a covariate, examined dif-
ferences in performance in the virtual
environment between the 2 groups
(ADHD-C versus NO group) on the ag-
gregated safety scores resulting from
the factor analysis. The individual sub-
components of the key pedestrian
factors also served as dependent vari-
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ables to examine particular compo-
nents of pedestrian safety. Finally,
structural equation modeling was used
totest whether inattention, oppositional-
ity, and executive dysfunction mediated
the relationship between ADHD-C and pe-
destrian safety. The structural equation
modeling was performed with Mplus,
version 5.21.30 All other analyses were
conducted using SPSS, version 153" The
sample size was sufficient to detect me-
diumto large effect sizes in the analyses
of covariance and to obtain stable pa-
rameter estimates in the structural
equation model .32

RESULTS

Coding of attentiontotraffic inthe virtual
environment was conducted by 2 inde-
pendent researchers who viewed video-
tapes of 20% of the sample. Interrater
reliability was high (r> 99); differences
were resolved using data from the pri-
mary coder, who coded the full sample.

To aggregate key pedestrian variables
into overarching constructs, an explor-
atory factor analysis was used. Using
principal axis factoring with oblique
rotation, 2 factors were extracted
from the 7 variables: before the cross
(ie, evaluating the environment before
making the decision to cross) and
safety of the cross (Table 1).

These 2 factors explained 67% of the
total variance. Start delay loaded on
both factors and so was separated
as athird factor: the cognitive/motor
component of the pedestrian experi-
ence, labeled “initiating the cross.”
The 3 summary scores were computed
by standardizing and averaging vari-
ables contributing to each factor. For ex-
ample, as displayed in Table 1, the
“safety of the cross” score was calcu-
lated by standardizing and averaging 3
variables (gap size used, hits and close
calls, and time left to spare).

Groups were matched, identically, by
gender and race/ethnicity. x? tests
were used to detect differences, if any,

ARTICLES

TABLE 1 Summary of Exploratory Factor
Analysis Results for Pedestrian
Variables Using Principal Axis
Factoring (N = 78)

Pedestrian Variables

Factor Loadings

Before the Safety of

Cross the Cross
Missed opportunities 0.692 0.15
Wait time 0.832 0.22
Attention to traffic —0.412 0.25
Gap size used 0.25 0.692
Hits and close calls 0.02 —0.872
Time left to spare —0.14 0.812
Start delay —0.41 0.53

Oblique rotation was used.
a Factor on which each respective pedestrian variable was
loaded.

between other demographic variables.
Participants with ADHD-C came from
lower-income households (y? = 27.43;
P < .001; 66% of those with ADHD-C
were in the lowest income bracket
compared with only 1% of control
subjects) and had mothers who were
less educated (x2 = 19.27; P < .001;
44% of mothers in the ADHD-C group
were high school graduates or less
compared with 10% of mothers inthe
control group). Because the correla-
tion between family income and
mother’s education was high (r =
0.69; P < .001), the 2 measures were
standardized and averaged to yield
an estimate of SES. This SES index
was included as a covariate in subse-
quent analyses.

A series of analyses of covariance
were performed to examine differ-
ences between the groups (ADHD-C
versus NO group) on the neurocogni-
tive tasks (SES was covaried). As ex-
pected, children with ADHD-C demon-
strated greater executive dysfunction,
greater inattention, and more opposi-
tionality than matched control sub-
jects (Table 2).

Specific Aim I: Investigate
Pedestrian Behavior of Children
With ADHD-C in Virtual Reality

Results of the multivariate analyses of
covariance model indicated that chil-
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TABLE 2 Mean (SD) and Between-Group Comparisons on Mediators denced by the smaller traffic gaps se-

ADHD Group,  NO Group, Foodaf P lected to cross within and the shorter
Mean (SD) _ Mean (SD) amount of time left to spare upon
NEPSY executive domain 85.89 (19.42) 103.38 (1232) 456 72 .04 006 .
Continuous Performance Test omission Tscore ~ 67.95 (31.75)  48.55 (6.70) 521 72 .03 007 reachlng the Other end of t_he CPOS_S
Disruptive Behavior Rating Scale oppositionality  15.00 (6.43) 218177 8459 76 .00 054  walk Children with ADHD-C did not dif-

fer from matched control subjects on
evaluating the pedestrian environ-
ment or initiating the cross of the

SES served as a covariate. dfindicates degrees of freedom; m?, partial eta squared.

TABLE 3 Mean (SD) and Between-Group Comparisons on Key Pedestrian Variables (N = 75)
ADHD Group, NO Group, F P n?

Mean (SD) Mean (SD) street.

Before the cross® —0.03 (0.62 0.02 (0.76) 0.04 84 0.00 Overall, children with ADHD-C dis-
Waittime,s 12.75 (8.86 16.39 (12.57) 0.10 76 0.00 played appropriate curbside pedes-
Missed opportunities, count? —0.02 (1.03 0.01(0.99) 0.34 .56 0.01 . . .

Attention to traffic, per min 33.18 (752 35.17 (6.90) 0.55 46 001  trian behavior. They waited before
Initiating the cross? 0.15 (0.96 -0.15 (1.05) 1.13 29 0.02 crossing, looked left and right just as
Safety of the cross? —0.27(0.95) 0.31 (0 65) 483 .03 0.06 the”‘ typlca“y deve|0plng Same_age

Gap size used, s 9.24 (1.63) 10.31 (0.97) 7.10 .01 0.09 ) )

Hits and close calls, per 10 trials® —0.17 (1.10) 0.23 (0.84) 0.59 45 0.01 counterparts, and missed approxi-

Time left to spare, s 3.32 (1.10) 3.94 (0.89) 5.16 .03 0.07 mately the same number of opportuni-

SES served as a covariate. n? indicates partial eta squared.

azscore.

dren with ADHD-C crossed when it was
less safe to do so (F,,, = 4.85 P <
.05). However, children with ADHD-C
evaluated the crossing environment
before crossing and initiated the cross
in a way similar to typically developing
children (Table 3).

Among the subcomponents of the safety-
ofthe-cross factor, compared with nor-
mally developing children, the children
with ADHD-C chose smaller gaps to cross
within (F,,, = 7.10; P < .05) and had
significantly less time to spare upon
reaching the end of the crosswalk until
the next car crossed (F,,, = 5.16; P <
.05). There were no other statistically sig-
nificant differences among the subcom-
ponents (Table 3), suggesting that chil-
dren with ADHD-C may engage in most,
but not all, pedestrian activities in a
manner similar to typically developing
children.

Specific Aim II: Examine
Inattention, Oppositionality, and
Executive Dysfunction as Mediating
Mechanisms to Explain Increased
Risk of Pedestrian Injury in
Children With ADHD-C

Results of the mediation analysis re-
vealed that ADHD-C predicted all 3 po-
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tential mediators (inattention, opposi-
tionality, and executive dysfunction),
but only executive dysfunction was
related to lower safety of the cross.
The direct link from ADHD-C to the
outcome was no longer significant,
suggesting that executive dysfunc-
tion fully mediates the association
between ADHD-C and unsafe pedes-
trian behavior. Standardized esti-
mates for all tested paths are re-
ported in Fig 2.

DISCUSSION
Children with ADHD-C chose to cross

ties for safe crossing. This suggests
that children with ADHD-C display ap-
propriate curbside behavior before
crossing and perceive the street envi-
ronment in a manner similar to typi-
cally developing peers. However, at
some point in the decision-making pro-
cess, things go awry, which results in a
more dangerous crossing environ-
ment. It seems that children with
ADHD-C are moving their heads left and
right to determine (or assess) the en-
vironment’s safety but are failing to
process the information in a manner
that enables them to cross safely. Of
interest, similar findings have been re-
ported in driving literature, where

when it was less safe than their  drivers distracted by cell phone con-
matched control subjects, as evi-  versationslookleftand right appropri-
0.30° Inattention [ """+, 015
0.81° 0.17 A Safety of
Group > Oppositionality .................. I cross
. -0.28° 0.28 -
"“., Executive ‘a""
"~.,~ dysfunction o

0
.
.
0
™
“
.
.,
ean

FIGURE 2

o
.
8
o
X
x
.

s

.
.
.t
......

Results of the mediation analyses. All paths were adjusted for SES. Standardized estimates are

reported. 2P < .05. Dotted lines signify P> .05.
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ately but fail to process the perceived
visual information.3®

Three proposed mediators to explain
why children with ADHD-C might not
properly process the information nec-
essary for safe street crossing were
considered: executive function; inat-
tention; and oppositionality. Although
each of the 3 proposed mechanisms
were related to ADHD-C diagnosis and
the result of the crossing, only execu-
tive function acted as a mediator when
entered into a simple mediation
model. Thus, executive dysfunction
may explain, in part, performance
decrements in pedestrian behavior
among children with ADHD-C.

Crossing the street safely requires the
ability to plan and to inhibit responses
such as darting into the street under
unsafe conditions,' both abilities con-
trolled by the executive system and
shown as central impairments in chil-
dren with ADHD-C."3 Also core to execu-
tive functioning—impaired in children
with ADHD%% s the ability to manage
time successfully. Timing is critical to
safe pedestrian behavior because er-
rorsintemporal judgment of time until
a vehicle arrives or time needed to
crossthe street could result ininjuries
or be fatal.

As described, children with ADHD-C in
our sample were studied while off
ADHD medication. We chose this ap-
proach with the hope of better under-
standing the process of ADHD-C. Our
results should generalize to children
with ADHD-C who are not medicated or
tothose whose medications have worn
off (eg, during late-afternoon walks
home from school). Future work
should examine the effect(s), if any,
ADHD medications (both nonstimu-
lant and stimulant types) may have
on pedestrian behavior and injury
risk. It may be that some risks iden-
tified in this study’s sample while off
medication are ameliorated while
children are properly medicated;
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others may be retained even while
medicated.

This study featured several strengths.
First, it is among the first to examine
pedestrian injury risk in children diag-
nosed with ADHD-C and to consider po-
tential mechanisms underlying risk
using a rigorous case-control design.
Second, inclusion criteria ensured
valid assignment to the ADHD-C and
control groups, thus increasing the ap-
plicability of results to clinical popula-
tions. Finally, the use of virtual reality
provided an ethical mechanism for
studying at-risk child pedestrians
while yielding a previously validated
representation of real-world behavior.

Of course, no study is without limita-
tions; we mention 2 of them here. First,
we compared the group of children
with ADHD to a matched group of typi-
cally developing control subjects but
did not include a control group with
other clinical diagnoses (eg, learning
disorders). Future work should con-
sider other appropriate comparison
groups. Second, selection bias for re-
cruitment may be of concern. The sam-
ple was recruited from local patient-
referral clinics that serve primarily
lower-SES patients and therefore
omitted undiagnosed and untreated
children with ADHD-C and underrepre-
sented patients from higher-SES
groups. Future studies might consider
matching participants on SES, given
the potential differences between
patient-referral clinics and the general
population of typically developing
children.

Interventions to prevent pedestrian in-
juries, even among at-risk children
such as those with ADHD-C, are possi-
ble. Pediatric pedestrian injuries are
not accidents. They are predictable
and preventable. Pediatricians can
play an important role in preventing
childhood pedestrian injuries by
screening for ADHD symptoms in their
patients and monitoring the children
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who are identified as at risk to reduce
later risk for injury.®® Transportation
engineers have initiated successful
injury-prevention efforts through envi-
ronmental and automobile modifica-
tions, but the future of interventions
also must come via behavior modifica-
tion. This study’s results may inform be-
havioral interventionists about the po-
tential for using ethically viable methods,
such as virtual reality, for training child
pedestrians who may be at particular
risk for injury. Training might focus, for
example, on remediating executive defi-
cits or teaching how to judge and man-
age time appropriately. Psychologists
and other behavioral scientists will play
a major role in the future of injury pre-
vention efforts.%’

CONCLUSIONS

Children with ADHD-C seem to display
appropriate curbside pedestrian be-
havior but fail to process perceived in-
formation adequately to permit cross-
ing safely. Executive functioning seems
to be the strongest underlying mecha-
nism that may be attributed to in-
creased pedestrian injury risk in chil-
dren with ADHD-C. Future efforts may
focus on remediating executive defi-
cits, which may in turn, prevent pedes-
trian injuries in this at-risk population.
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