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Abstract

While attention dysregulation is a promising early indicator of neurodevelopmental risk, in
particular attention-deficit/hyperactivity disorder (ADHD), it is difficult to characterize clinical
concern due to its developmental expectability at the transition to toddlerhood. Thus, explicating
the typical:atypical continuum of risk indicators is among key future directions for research

to promote early identification and intervention, and prevent decrements in attainment of
developmental milestones into early childhood. In this paper, we present the Multidimensional
Assessment Profiles — Attention Regulation Infant-Toddler (MAPS-AR-IT) Scale, a novel parent-
report survey of dimensional, developmentally specified of attention (dys)regulation. We provide
evidence of the validity of this measure in capturing the full typical:atypical spectrum via a
longitudinal sample of typically developing children, at 12-18 months of age (baseline) via
concurrent scores on well-validated temperament and clinical measures, as well as longitudinal
stability and predictive validity via a clinical interview of ADHD symptoms at 24-30 months
(follow-up). Item Response Theory was employed to characterize the typical:atypical spectrum of
both normative and more concerning dysregulation (including the contexts in which behavior
occurs). While not diagnostic, we present evidence of the utility of the MAPS-AR-IT in
explicating individual neurodevelopmental risk and elucidating the broader typicality of behaviors
related to attention (dys)regulation.
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1. Introduction

Attention dysregulation has been identified as a promising early indicator of
neurodevelopmental risk (Diamond, 2013), particularly for attention-deficit/hyperactivity
disorder (ADHD), a prevalent and impairing early-onset childhood syndrome tied to
decrements in attainment of developmental milestones (Asherson, 2012; Blair & Raver,
2015). Given that a certain level of dysregulation in this domain is expectable, normative
dysregulation during early childhood, characterizing the typical:atypical continuum of
attention (dys)regulation to identify “when to worry” about young children’s attentional
function is a key element of promoting earlier identification and prevention (Chacko et

al., 2009; Wakschlag et al., 2019). A growing body of research has begun to pinpoint
infant biobehavioral markers of attention (dys)regulation that are precursors to classic
clinical presentation of ADHD (Miller, 2022). Given the potential for intervention to have
the greatest impact at the vulnerability phase (Danielson et al., 2018; Willoughby et al.,
2019), thereby slowing and reversing negative developmental cascades (Fuhs et al., 2013;
Sonuga-Barke et al., 2011), increasing efforts in the past decade have sought to identify
typical versus atypical behavioral expression and patterns in very early development. In
support of this goal, we present the Multidimensional Assessment Profiles — Attention
Regulation Infant-Toddler (MAPS-AR-IT) Scale, in order to foster earlier identification of
neurodevelopmental risk via a developmentally specified, dimensional parent-report measure
of attention (dys)regulation at the transition to toddlerhood.

1.1. Challenges to assessing early attention dysregulation

Assessment of attention dysregulation broadly, and ADHD-typical symptoms specifically,
prior to preschool age has been hindered by difficulties in accounting for (1) typical
developmental variation both between- and within-individuals, and (2) the unique

contexts and concomitant demands relevant at the transition to toddlerhood (Sonuga-
Barke & Halperin, 2010). Accordingly, a combined bottom-up and top-down approach

to understanding the typical:atypical spectrum of indicators preceding the full ADHD
phenotype is needed, alongside attempts at downward-extension of DSM-5 diagnostic
criteria which tap the actual demands placed on children before they enter preschool settings
(e.g., engaged in play with an adult for several minutes at a time, sitting still while engaged
in a brief activity). Novel measures that “make sense” of the behaviors parents observe at
home hold promise for improved accuracy of early identification. Simultaneously, lifespan
coherence is made possible when measures downward extend ADHD-typical behaviors

to developmentally feasible manifestations of target constructs (Blackwell et al., 2020;
Wiakschlag et al., 2010).

Assessment of attention regulation at the transition to toddlerhood along with making
predictive judgments about infant capacities, is made all the more challenging by the
potential transience of concerning behaviors as some children will naturally “grow out

of” certain patterns as part of self-regulation acquisition. It is thus critical to develop

means of reliably identifying children at heightened neurodevelopmental risk by examining
the predictive strength of thresholds of concern. Consistent with our prior work, we aim

to identify children whose behavior indicates corncern, rather than ascribe diagnosis of
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psychopathology to children during the first two years of life (Krogh-Jespersen et al., 2022;
Wakschlag et al., 2020).

1.2 Establishing the typical:atypical spectrum of attention (dys)regulation

In order to differentiate atypical (and potentially concerning) dysregulation from that

which is developmentally typical, there is a need to first establish the full typical:atypical
spectrum at the transition to toddlerhood. Attention (dys)regulation is a promising avenue
for exploring neurodevelopmental risk at the earliest phase of the clinical sequence, as
meaningful individual differences in attention regulation have been identified in the first
year of life (Gurevitz et al., 2014; Morales et al., 2005), with relative stability beyond this
developmental period (e.g., predicting to school-age ADHD diagnosis; Miller et al., 2018;
Stephens et al., 2021; Miller et al., 2018; prevalence rates consistent from 2 years of age into
school-age; Bufferd et al., 2012; Dougherty et al., 2015). While foundational to generating
a science of early risk identification, this work has largely been conducted in small samples
recruited via familial risk (e.g. Miller et al., 2018) or studied retrospectively via medical
record (Gurevitz et al., 2014). Prior work measuring early attention (dys)regulation has

also relied on intensive and/or costly methodologies, such as infant eye tracking (see also
Goodwin et al., 2021). There has remained a need for more pragmatic and translational
measurement, including developmentally meaningful parent surveys designed to capture the
dimensional spectrum of behavior to support real world clinical feasibility.

Temperament approaches that characterize salient constructs such as “attention orienting”
and “effortful control” have a long history. Measures such as the Infant Behavior
Questionnaire (IBQ; Rothbart, 1981) and Early Childhood Behavior Questionnaire (ECBQ;
Putnam et al., 2006) are particularly well-suited for assessing normative expression of
attention (dys)regulation (Kaat et al.,2018). In contrast, surveys that take a quantitative
approach to psychopathology like the Child Behavior Check List (CBCL; Achenbach &
Rescorla, 2001) use a top-down method to capture symptoms across ages. Relative to a
spectrum approach, we have previously shown that such measures have a floor effect that
constrains capturing of normative variation (Wakschlag et al., 2020). Important advances
have been made via developmentally based measures such as the ITSEA, which has
translated problem behavior constructs into developmentally meaningful terms. However,
there remains a gap in characterization of the typical:atypical spectrum of attention

(dys) regulation that would enable identification of developmentally varying patterns

and those children who are in gray areas of risk. Such measures have the potential to
translate the importance of dimensional characterization of psychopathological patterns as
developmentally unfolding, into measurable terms, to support earlier identification of risk
(Casey, Oliveri, & Insel, 2014).

Tapping the developmental spectrum of behavior has the potential to inform our
understanding of what constitutes atypical attention dysregulation (Dougherty et al.,
2015). This approach is grounded in the previously articulated developmental specification
framework and operationalized as multidimensional, developmental measurement of the
typical:atypical spectrum of disruptive behavior via the Multidimensional Assessment
Profiles — Disruptive Behavior (MAP-DB, formerly, Multidimensional Assessment of
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Preschool Disruptive Behavior) scale and its infant/toddler scale (MAP-DB-IT; Krogh-
Jespersen et al., 2022), which captures irritability, noncompliance, and aggression. These
measures include developmentally expectable behaviors at the transition to toddlerhood
as well as indicators of concern, account for contextual variation, and use an objective
frequency scale to aid in differentiation of normative behaviors most children do from
those that are of concern (e.g., for high frequency of occurrence, or notably dysregulated
expression). Such efforts help to identify those children at greater risk via models that
“embrace rather than erase” valuable variation in differentiating typical:atypical behavior
(Wakschlag et al., 2019). This approach is designed to inform decisions about “when to
worry” within a developmental frame.

To this end, we introduce, and provide preliminary psychometric and validation evidence
for, the Multidimensional Assessment Profiles — Attention Regulation Infant-Toddler
(MAPS-AR-IT) scale as a novel measure of attention (dys)regulation starting at 12

months of age. The MAPS-AR-IT is a 12-item parent-report survey which provides a
dimensional, developmentally specified means of capturing infant/toddler indicators of
attention (dys)regulation by tapping not only the objective frequency of normative and

less expectable forms of dysregulated behavior, but also the specific contexts in which
dysregulation occurs (and whether behavior varies across settings). The scale was developed
and refined by a team of experts in early childhood development, infant psychopathology,
and early assessment of attention (dys)regulation following the same model of development,
validation, and using the same measure as the authors of the well-validated MAP-DB scale,
on which the MAPS-AR-IT is based (Wakschlag et al., 2012; Wakschlag et al., 2014). This
team proposed items that would have coherence across early childhood development as well
as behaviors that might be unique to the infant/toddler stage. The MAPS-AR-IT is intended
to support identification of children whose attention dysregulation places them at greatest
neurodevelopmental risk. In order to accomplish this, the aims of the present study are to (1)
Model the typical:atypical spectrum of attention (dys)regulation of the MAPS-AR-IT using
item response theory (IRT) methods, and (2) Examine the psychometric properties of the
MAPS-AR-IT scale to establish its reliability and validity.

2 Method

2.1 Development of the Multidimensional Assessment Profiles of Attention Regulation —
Infant-Toddler (MAPS-AR-IT) scale

To generate scale items, we convened 3 doctorate-level experts in early childhood
development and developmental psychopathology, 1 practicing clinician with over 20

years of specialized experience in infant psychopathology, and 2 leading experts in early
assessment of attention (dys)regulation, as well as a doctoral student whose research is
focused on early risk indicators of attention-related disorders. Items were selected with the
intention of representing normative types of dysregulation (based on the early childhood
development literature) as well as possible risk factors for later attention-related disorders
(e.g., poor sustained attention, restless and fidgety activity). Items were carefully selected to
ensure developmental feasibility and language was adapted to represent the developmental
contexts children occupy at this age (e.g., fidget restlessly during feedings or mealtimes).

Infant Ment Health J. Author manuscript; available in PMC 2024 March 18.
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This measure was then administered to participants (see 2.2 below) in the When-to-Worry
(W2W) Study. A few items were included with an eye toward developmental coherence,
with versions of the measure designed for use at 24 and 36 months (e.g., “run or climb so
dangerously that you couldn’t take your eyes of him/her”), in part meant to help determine
the developmental point at which a normative behavior becomes atypical (e.g., “have trouble
paying attention to a simple book or story for 5 minutes or longer”).

2.2 Participants

Participants were drawn from the When-to-Worry (W2W) Study, a socioeconomically

and racially/ethnically diverse sample of children enrolled near the child’s first birthday
(between 12 and 18 months of age, mean age at baseline = 14 months, A= 356), and their
parents, who serve as the primary respondents. Primarily English-speaking (i.e., English
used at home more than 50% of the time) Chicagoland families were recruited via diverse
means (at pediatric clinics and through targeted ads on social media). For further details

see prior published work in this sample as discussed in Krogh-Jesperson et al., 2022.
Participating families completed an in-person assessment at baseline and follow-up with

an interval of approximately 12 months, in order to examine predictive validity at ~24
months—the age at which the gold-standard clinical Preschool Age Psychiatric Assessment
(PAPA) intervention has been validated (Egger et al., 1999). Surveys were also completed
at these time points and repeated on a bimonthly basis between in-person assessments.

The primary caregiver participating during the in-person assessments and all annual and
bimonthly surveys was the child’s biological mother. Northwestern University’s Institutional
Review Board approved the recruitment process and study design prior to the start of study
activities (IRB# STU00202880).

Of the 356 children in the W2W study, 32 were excluded due to missing MAPS-AR-IT data
at baseline. Thus, the total analytic sample /= 324. Approximately 2/3 of this sample (n

= 202) provided clinical interview data at a follow-up visit that occurred near 24 months of
age (participation was disrupted by COVID-19). Table 1 compared demographics between
the sample at baseline (A= 324) and the excluded subsample whose data were not available
for development of the MAPS-AR-IT (7= 32). The excluded subsample was more likely to
be “poor” (i.e., at or below the Federal Poverty line as determined by income and household
size), African American, or Hispanic. The analytic sample included a higher percentage of
mothers with a Bachelor’s degree or higher, while over half of the mothers in the excluded
subsample endorsed “some college” or less, though this did not reach the a = .05 level of
significance. The two subsamples did not differ significantly by child’s sex assigned at birth.

2.3 Measures

2.3.1 Multidimensional Assessment Profiles of Attention Regulation — Infant-
Toddler (MAPS-AR-IT) scale—All parent participants in the W2W Study were asked

to complete the 12-item MAPS-AR-IT as part of a larger survey battery. Each item was
scored on a 6-point scale, which assesses objective frequency of a target behavior (responses
range from “0 - Never” to “5 - Many times each day”). These items tapped developmentally
specified expressions of attentional control, with a subset of items tapping broad activity
(dys)regulation within the specific contexts in which it might occur, ranging from more
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developmentally expectable (“when tired, hungry, or sick™) to less typical (“no matter what
is going on around him/her”).

2.4 Construct Validation Measures

2.4.1 Infant-Toddler Social and Emotional Assessment (ITSEA) — Activity/
Impulsivity and Attention subscales—The well-validated ITSEA Activity/Impulsivity
problems and Attention competency subscales were used (Church et al., 2020; Thurm et al.,
2018). The ITSEA Attention subscale is positively scored for attentional capacity whereas
on the ITSEA Activity/Impulsivity, with a larger score indicating greater impulsivity and
activity dysregulation. Thus, we anticipated a negative correlation between ITSEA Attention
and MAPS-AR-IT scores, and positive correlations between the ITSEA Activity/Impulsivity
and MAPS-AR-IT. ITSEA scores were available for 299 children in the analytic sample.
Cronbach’s alpha was 0.61 for Activity/Impulsivity and 0.67 for Attention.

2.4.2 Early Childhood Behavior Questionnaire (ECBQ) — Effortful Control
subscale—The ECBQ is a parent-report measure of child temperament from 18 to 36
months of age. On the effortful control subscale, high scores indicate higher levels of
self-regulation, which is derived from items indexing a child’s ability to control and
shift attention (Putnam et al., 2006). As the Effortful Control subscale of the ECBQ is a
competence scale, we anticipated a negative relationship with the MAPS-AR-IT. Scores
were available for 302 children in the analytic sample. Cronbach’s alpha was 0.72.

2.4.3 Preschool Age Psychiatric Assessment (PAPA) — Attention Deficit/
Hyperactivity Disorder domain—The PAPA is a well-validated semi-structured parent
interview of developmentally specified behaviors indicative of clinical concerns in early
childhood (Egger et al., 1999). The ADHD domain contains 20 items describing the child’s
ADHD-related behavior. Symptoms of each of the 20 items are scored as absent (= 0) or
present (= 1) based on trained interviewer interpretations, and the total number of symptoms
present was used in analysis (possible range: 0 to 20). we treated symptoms continuously.
Scores on the ADHD domain were available at follow up for 202 children.

2.5 Analysis Plan

2.5.1 Patterns of response distribution—We examined the distribution of frequency
responses to each behavior captured by the MAPS-AR-IT. This approach is consistent

with prior work on the MAP-DB (Krogh-Jespersen et al., 2022; Wakschlag et al., 2014),
and serves as a basis for understanding patterns of variation of attention (dys)regulation
behaviors.

2.5.2 Factor generation—We employed Mokken scaling to ascertain whether our
data represent a unified construct (i.e., attention (dys)regulation) or multiple dimensions.
Consistent with the literature on handling skewness in data, Mokken scaling is an
appropriate non-parametric test of item relatedness and latent construct identification
(Watson et al., 2012). Goodness-of-fit and number of Mokken scales was investigated
via application of an automated item selection procedure (AISP), which partitions items
into Mokken scales, excluding any items that are unscalable according to a hierarchical

Infant Ment Health J. Author manuscript; available in PMC 2024 March 18.
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clustering approach (van der Ark, 2012). We assessed item relatedness via Loevinger’s
coefficient (#), an indicator of the scalability of items in a measure or item set (van der Ark,
2011). When Hexceeds 0.5, the scale is considered strong.

2.5.3 Item Response Theory (IRT)—We used IRTPRO version 4.2 to fit a single-
factor graded response model, which is appropriate for ordinal item responses, and obtain
IRT scores of MAPS-AR-IT responses (Paek & Han, 2013). Because each item has 6
ordered response categories, 5 threshold parameters (i.e., location) and 1 unique slope
parameter (i.e., discrimination) were estimated per item. Threshold parameters for a certain
category refer to the point along the latent trait value &scale at which individuals have a
0.50 probability of responding /n or above this category. A single location index 7 defined
as the mean of the five threshold parameters (671 to bi5), was then calculated (Ali et al.,
2015). The item slope parameters refer to the strength of the relation each item has with the
latent trait value 6 of attention (dys)regulation (higher slopes indicating stronger relations;
Toland, 2014). Expected a posteriori scoring (EAP) was employed to generate a score
representing an individual’s attention dysregulation level on the scale of the latent trait (i.e.,
IRT scores). We arranged individuals’ IRT scores from high to low and defined “atypical”
responses as falling at 95! percentile or above, a cut-off that reflects the severe/atypical
nature of clinically concerning behavior. This is consistent with approaches in similar prior
work (Wakschlag et al., 2014). We then assessed goodness of fit of the IRT modeling
overall via the scale’s root-mean-square error of approximation (RMSEA); RMSEA < 0.05
indicates goodness of model fit for categorical response data (Maydeu-Olivares, 2013;
Maydeu-Olivares & Joe, 2014). Calibration was performed using the baseline data, and
parameters were applied to the follow-up data to generate IRT scores in the follow-up wave.
A paired t-test and Pearson correlation were conducted to examine the relationship between
the two waves of MAPS-AR-IT IRT scores.

2.5.4 Reliability and validity—As there is no gold standard measure for attention
regulation at this age, we used a nomological net of well-validated measures capturing
constructs highly related to attention and self-regulation in infancy. Test-retest reliability
of MAPS-AR-IT estimated IRT scores was conducted using the two observations closest
in time (i.e., less than two months apart) and between 12 and 18 months of age, 7=

189, mean = 1.65 months, SD = 0.29). At baseline, we conducted Pearson correlations
between IRT scores and related-construct measures, using the ITSEA Activity/Impulsivity
and Attention subscales, and Effortful Control via the ECBQ. Longitudinal stability was
assessed via Pearson correlations between the MAPS-AR-IT at baseline and follow up (n
=202, mean = 27.5 months, SD = 1.6 months). We also predicted ADHD symptomology
from MAPS-AR-IT IRT scores one year later via the PAPA to assess predictive convergent
validity.

3 Results

3.1 Patterns of response distribution

Response patterns were reviewed as indicators of both the atypicality of a particular
behavior (i.e., whether it is something very few reported) and the frequency of occurrence

Infant Ment Health J. Author manuscript; available in PMC 2024 March 18.
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of these behaviors based on descriptive analysis (see Table 2; see also Supplementary Figure
1 for histogram presentation of these data). Consistent with prior work on the original
MAP-DB-IT measure that inspired this one, we sought to determine whether there were
frequency markers that distinguished the atypical from the typical (Krogh-Jespersen et

al., 2022). In general, items appeared to capture behaviors that either were not endorsed

by a large portion of the sample (or endorsed at the lowest frequency if at all), while

others were endorsed by most of the sample at a broad distribution of frequencies. For
example, “fidget restlessly during feedings or mealtime,” was reported as 0/Never (43%)

or 1/Rarely (28%). Meanwhile, “jump quickly from one toy or activity to another without
really playing with any of the toys” was endorsed by 93% of the sample as occurring at
some frequency, however, only 9% of parents reported that this occurred “many times each
day or higher.” We note that a behavioral frequency of “many times each day or higher”
was reported in < 10% of responses across a// items, in contrast with other versions of

the MAP-DB tapping irritability, which have identified daily occurrence as an important
threshold (Krogh-Jespersen et al., 2022; Wakschlag et al., 2014). This high frequency could
represent a concrete threshold for screening in clinical settings, where IRT scoring is less
feasible. In general, trends of item endorsement at baseline resembled those at follow-up,
with similar percentages of children scoring “Never” across both time points; however,
patterns of item endorsement above a 0 differed at follow up (see Supplementary Table 1),
with fewer parents endorsing behaviors at the higher end of the spectrum (i.e., daily or more
occurrence).

The mean (and standard deviation) on the MAPS-AR-IT IRT scores at follow up (i.e., ~24
months) was —0.35 (0.85) for 295 W2W participants for whom data were available (note
that modeling of the MAPS-AR-IT at 24-30 months of age included participants who did
not have data at baseline and thus are not included in the larger analytic sample). A paired
t-test between baseline and follow up indicated that the difference in the two scores (n=
202) was significant—mean difference = 0.45 (SD = 0.83), t(201) = 7.68, p < .0001. Given
that the scoring parameters were generated from the baseline data (i.e., a score of 0.00 is the
expected value at 12-14 months), these score distributions suggest that, on average, attention
dysregulation is higher during infancy and decreases during the second year of life.

3.2 Mokken scaling

Application of AISP selected all items in the MAPS-AR-IT to represent a unidimensional
latent construct. Mokken scaling on this measure yielded an A of 0.56, suggesting strong
construct unity. Accordingly, all items were determined to belong within the scale and were
included during IRT norming.

3.3 IRT

Item threshold estimates (71 fo bi5) for each item are presented in Table 3. The 95t
percentile is 1.72, therefore “atypical” responses, defined as having an item threshold of
the 95t percentile or higher correspond to 1.72 or higher within our sample. For example,
parent endorsement of “many times each day or higher” to item “Jump quickly from one
toy or activity to another without really playing with the toys” (65 = 2.02) falls in the 951
percentile of responses to that item. Similarly, “fidget restlessly...,” “have trouble paying

Infant Ment Health J. Author manuscript; available in PMC 2024 March 18.
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attention to a simple book or story...,” and “demand your attention without being able to
wait” are atypical behaviors at this age if they occur “many times each day or higher” but
not otherwise. Of the MAPS-AR-IT items, ten represented behaviors that became atypical
at the frequency of “many times each day or higher” (see Table 3), while “have trouble
sitting still even for a few minutes” did not cross the atypicality threshold at any frequency
of occurrence at baseline, although it became atypical at follow-up with occurring “every
day of the week or higher.” None of the item threshold values were located above the 95t
percentile, i.e., a parent endorsing the item as anything above a “0 — Never” in frequency is
not atypical (see Figure 1).

In comparing items at baseline with the IRT-derived severity continuum at follow-up, we
found that patterns were broadly similar. However, we did identify items with threshold
values above the 95! percentile at this older toddler timepoint (see Supplementary Table

2), indicating that certain behaviors that occur as frequently as “most days of the week”

or “every day” were atypical in mature toddlers (e.g., “Have trouble paying attention to a
simple book or story for 5 minutes or longer” and “Have trouble paying attention, keeping
still or waiting no matter what was going on around him/her”), an unsurprising finding given
increased developmental capacity at follow up.

3.4 Reliability and Validity

The MAPS-AR-IT had high internal consistency across all 12 items, indicated by a
McDonald’s omega of 0.93. Test-retest reliability (across a two-month interval) was high,
with a Pearson correlation coefficient of 0.76, and ICC = 0.76 (95% CI: .69, .81). Finally,
metrics of validity indicate moderate to high concurrent and predictive convergent validity
(see Table 4). Concurrent: The MAPS-AR-IT estimated IRT scores correlated strongly
and positively with the ITSEA Activity/Impulsivity problem subscale and moderately and
negatively with the ITSEA Attention subscale and ECBQ Effortful Control competency
subscales. Longitudinal: MAPS-AR-IT longitudinal stability from baseline to follow-up
was high and moderate-strength correlations to a sum score of PAPA ADHD symptoms at
follow-up indicated predictive convergent validity.

4 Discussion

A dimensional, developmentally specified measure of attention (dys)regulation that captures
behaviors of normative attention dysregulation can bolster our understanding of how
indicators of neurodevelopmental risk unfold during the first two years of life, when such
capacities are rapidly developing (Richards et al., 2010). We here present the MAPS-AR-IT
which we developed to address an extant gap in early assessment in the form of a validated
parent-report measure that captures the typical:atypical spectrum of attention (dys)regulation
within developmental and motivational contexts. Psychometric findings support the MAPS-
AR-IT as a unidimensional measure of attention regulation at the transition to toddlerhood
with moderate construct and convergent validity when correlated with both normative (i.e.,
temperament) and clinical measures of attention. Furthermore, the strong unidimensionality
of the MAPS-AR-IT—notable for its inclusion of items that capture both attentional and
activity-based dysregulation—informs our understanding of the developmental phenotype
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of attention (dys)regulation as expressed in young children. Calibration via IRT illustrates
the promise of this measure in capturing the broader typical:atypical range of attention
regulation in this population.

The advantage of the MAPS-AR-IT as presented in this paper is in the richness,
dimensionality, and developmental sensitivity with which attention (dys)regulation behavior
is captured. By design, this measure captures the spectrum of developmental expectability.
While some items were included as developmentally typical expressions of attention
dysregulation that were only atypical at the highest frequency (e.g., “Have trouble paying
attention to a simple story or book for more than 5 minutes™), others keyed into more

rare and unexpected forms of dysregulation (e.g., “Fidget restlessly during feedings or
mealtimes”). A novel feature of this scale is its inclusion of context-specific items among
specific attention (dys)regulation behaviors, particularly as this informs our understanding
of the developmental expectability of certain behaviors. Not all contexts are equal in their
demands for attention or regulation. In accounting for contextual variation, the MAPS-AR-
IT taps critical information about the expectability of a child’s dysregulation. Difficulty
paying attention or staying still might be expected when a child is tired or sick, but it

may represent less typical attention (dys)regulation if it occurs when the child is excited,
or happens no matter the context. In fact, contextual variability—and difficulty modulating
behavior between contexts in which it is discouraged versus permitted—is its own promising
indicator of dysregulation (Dirks et al., 2012). However, while invariability across contexts
was the most severe “context-specific” item, we note that, as with our behavioral items, no
single context item crossed the severity threshold at baseline. Rather, these manifestations
of dysregulation become severe at the highest frequency of occurrence, and are severe at
the item level when this measure is administered at the ~24 month follow-up. Thus, we
propose that, unlike in our work with irritability, context items on the MAPS-AR-IT are
not sufficient indicators on their own but instead part of a larger construct of dysregulation.
Further, given the importance of capturing context, especially in traditional assessment and
diagnosis of attention-related disorders, and the need for coherence with later iterations of
the measures where certain contexts may yet prove to be singular severity indicators, we
propose that there is utility in continuing to capture the many and varied contexts in which
attention-dysregulated behaviors occur across the transition to toddlerhood.

Future directions for this research include extending our psychometric work to translate
the MAPS-AR-IT to primary care and other clinical settings, beyond its application in
clinical research, and calibrate the measure with yet more diverse samples. While the
clinical applicability of an IRT-scored measure is constrained by the present sample size,
replication of this psychometric work within a larger representative sample, such as has
been successfully conducted with other MAPS scales (Krogh-Jespersen et al., 2022),
will further advance this aim. Furthermore, with time and the establishment of item
banks, advanced knowledge about item functioning could serve to translate the MAPS-
AR-IT to pragmatic screening of neurodevelopmental risk in early childhood care and
intervention settings (see work by Gibbons et al., 2012, 2014, 2019 on mental health
assessments using computerized adaptive tests via IRT scoring methods). This would
provide empirically-and developmentally-based parameters to identify children at high risk
for problems in regulating attention as well as those in the “gray area” who may or may

Infant Ment Health J. Author manuscript; available in PMC 2024 March 18.
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not benefit from intervention depending on their profile of risk and protective factors

that may be derived from more in-depth developmental, clinical and family assessment.
This is important to advance in future work. The development of clinical thresholds and
probabilistic risk determination with this scale will be critical for clinical utility such as
primary care and infant mental health settings. Assessment of risk during a period of rapid
development must allow for the developmental change that can and will occur in the infant
and toddler years, which the current version of the MAPS-AR-IT can help researchers
meaningfully capture and characterize. However, given that much remains unknown about
the developmental trajectories children will travel during this period, it is critical to

avoid pathologizing individuals based on their MAPS-AR-IT scores and to contextualize
the study of attention (dys)regulation within the larger story of rapid skill acquisition

and transient perturbation (Wakschlag et al., 2019). We present the MAPS-AR-IT as a
novel, dimensional, developmentally specified measure of neurodevelopmental risk that can
improve our understanding of typical (versus clinically concerning) attention (dys)regulation
and characterize early developmental trajectories in a manner designed to advance central
objectives of the infant mental health field, i.e., early, developmentally based risk detection
that can be leveraged for strengths-based self-regulation bolstering.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key finding #1:

The MAPS-AR-IT forms a unidimensional measure of behaviors that span traditional
“hyperactive” and “inattentive” clinical characterizations as well as normative
dysregulation. This has implications for how we think about the underlying mechanisms
of dysregulation in future studies, especially as behavioral indicators of both physical and
cognitive (dys)regulation noted by parents may better be thought of as belonging to a
single underlying capacity. This work informs our understanding of the developmental
phenotype of attention (dys)regulation as expressed in young children.

Key finding #2:

Determination of the severity spectrum (via Item Response Theory) allows us to
comment on the typicality of specific behaviors. While items were initially included
on the basis of spanning a spectrum of typical:atypical attention (dys)regulation, the
norming efforts of this study indicate that the frequency at which each behavior occurs
is the most informative of relative severity when using this measure at 12—18 months
of age. While no individual items crossed the predetermined severity threshold, we do
find that manifestations of physical restlessness (e.g. “Fidget restlessly during feedings
or mealtimes”) and dysregulation that occurs regardless of context (e.g., “no matter what
is going on around him/her”) are the most severe items. This indicates the promise of
capturing developmentally specified behaviors as well as the potential utility of noting
broad dysregulation that occurs across contexts.

Key finding #3:

The developmentally based MAPS-AR-IT, while not a diagnostic tool, allows us to

look earlier in the lifespan when considering atypicality of behavior and to look at

the broad spectrum of these behaviors. A key novel contribution of this work is the
developmental specification of attention (dys)regulation alongside cross-sectional and
longitudinal validation when correlated with both normative (i.e., temperament) and
clinical measures of attention. We propose that this is an appropriate complement to
clinical assessments aimed at differentiating the typical from the atypical, as the MAPS-
AR-IT serves a novel function in spanning the broader spectrum of severity and typicality
at this early age.
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Fidget restlessly during feedings or mealtime

No matter what is going on around him/her.

When excited.

10 Run or climb so dangerously that you couldn't take your eyes off him/her
During daily routines such as mealtime, bedtime, or getting dressed.
Demand your attention without being able to wait

When tired, hungry, or sick.

05 - Have trouble sitting still even for a few minutes

—~When frustrated, angry, or upset

Jump quickly from one toy or activity to another without really playing with the toys

———Have trouble paying attention to a simple book or story for 5 minutes or longer

Seem easily distracted by things that were happening around him/her

0.0

Figure 1.
Severity spectrum of MAPS-AR-IT 12 mos. items
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Sample demographics.

Table 1.

Child sex assigned at birth: female
Child race/ethnicity
Hispanic
Non-Hispanic African-American
Non-Hispanic White/Caucasian
Non-Hispanic Non-White or
African-American
Household at or below Federal
Poverty line
Mother’s education level

Less than high school

High school or GED
Associate’s degree/Trade School
Some college (no degree)
Bachelor’s degree

Graduate degree (MA, PhD, MD, JD)

Analytic Sample (n =324) Excluded from Sample (n = 32)

Freq. (%) Freq. (%)

147 (45.4) 16 (50.0)
80 (24.8) 12 (37.5)
66 (20.4) 14 (43.8)

144 (44.6) 5(15.6)
33(10.2) 1(3.1)
65 (20.1) 15 (46.9)

2(0.6) 0(0.0)

24 (7.4) 1(5.6)
30 (9.3) 2(111)
57 (17.6) 7(38.9)
96 (29.7) 6(33.3)
114 (35.3) 2(11.1)

12.0

3.1

.616

.001

<.001

0774

a . . .
Test to compare Bachelor’s or Graduate degree versus others; p=.135 from Fisher’s exact test with all categories
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MAPS-AR-IT 12-month IRT estimates with severity threshold

Table 3.

Page 19

Category Thresholds

Rarely Some (1-3) Most (4-6) Every day Many Item
ltemSlope (| essthan  daysofthe  daysofthe  of theweek  times each Location
1x/week) or week or week or or higher day or
higher higher higher higher
a bl b2 mean (b)
Attention Regulation (95th perc. score =
1.72)
In the past month, how often did your child...
Have trouble sitting still even _ _
for a few minutes 2.19 1.38 0.31 0.5 1.25 171 0.36
Seem easily distracted by things
that were happening around 213 -2.12 -0.75 0.33 11 1.73 0.06
him/her
Fidget restlessly during _
feedings or mealtime 1.88 0.24 0.73 1.63 2.33 3.08 151
Jump quickly from one toy
or activity to another without 1.59 -2.19 -0.79 0.47 1.22 2.02 0.15
really playing with the toys
Run or climb so dangerously
that you couldn’t take your eyes 1.83 -0.64 0.14 0.89 1.44 2.21 0.81
off him/her
Have trouble paying attention to
a simple book or story for 5 1.8 -1.81 -0.62 0.29 0.99 1.84 0.14
minutes or longer
Demand your attention without _ _
being able to wait 1.79 141 0.34 0.67 131 211 0.47
In the past month, how often did your child have trouble paying attention, keeping still or waiting...
No matter what is going on _
around him/her 2.63 0.6 0.51 1.27 1.71 2.79 1.14
When excited 1.96 -1.07 -0.03 1.06 1.69 2.72 0.88
During daily routines such as
mealtime, bedtime, or getting 2.34 -1.24 -0.14 0.75 1.47 2.34 0.64
dressed
When frustrated, angry, or upset 2.37 -1.44 -0.51 0.41 1.08 2.2 0.35
When tired, hungry, or sick 2.48 -1.45 -0.5 0.58 1.3 2.19 0.43

Note: Items ordered by severity score with each item stem. Mean(b) is the average of the five theta/item threshold values. Theta values greater than

1.72 were bolded, indicating atypicality. Items are presented in the table in the order of administration.
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Table 4.

Pearson correlations of attention regulation measures and MAPS-AR

Concurrent Longitudinal
ITSEA: Activity & ITSEA: ECBQ: Effortful MAPS-AR-IT at follow up  PAPA: ADHD at ~24
Impulsivity Attention Control mos Total

MAPS'AR Ak A kA A AA Ak Ak

Baseline 0.55 -0.30 -0.44 0.57 0.32

n 297 297 300 202 197

Note: ITSEA Attention and ECBQ Effortful Control are both competence subscales that positively score related capacities for each child, rather
than areas of deficit or concern.

Aok

*
p <.001
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