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and families to facilitate research using the conceptual data model. Third, this paper provides specific
considerations for research using the conceptual data model that acknowledge the highly-localised
political response to COVID-19 in the US. It concludes with a call to action for the population data
science community to use and expand IDS capacities to better understand the intermediate and
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Introduction

The COVID-19 pandemic made its mark on the entire
world, upending economies, shifting work and education, and
exposing deeply rooted inequities. This is particularly apparent
within the United States, where the hyper-localised response
system and wavering federal recommendations have had dire
consequences. As of July 2021, there are more than 190.5
million global confirmed cases and 4.1 million global deaths,
with the US reporting over 34 million of these cases and over
609,000 COVID-related deaths [1]. Exacerbating the impact is
a resulting economic crisis driven by a record 46 straight weeks
of first-time unemployment claims topping one million per
week [2]. The fragmented government response to the COVID-
19 pandemic has also highlighted deeply rooted economic,
health, social, and racial inequity ingrained in the fabric of
American society [3]. Data indicate a disproportionate number
of COVID-19 cases and deaths among low-income populations
and multi-generational households, with documented higher
impacts on BIPOC (Black, Indigenous, and People of Colour)
Americans [4, 5].

Research on the impacts of COVID-19 is emerging quickly,
including focus on secondary and postsecondary students,
older adults, and the workforce (e.g. industry effects [6]
impact of virtual schooling format on K-12 learning [7, 8],
impact on medical training [9], social isolation of older
adults [10], and mental well-being of college students [11]).
However, there has been little attention to date on the impacts
experienced by one of the world's most vulnerable populations:
young children. Science consistently underscores the time
from prenatal to age 5 as a critical developmental period
for brain architecture [12]. Foundational capacities that shape
children’s future trajectories across all developmental domains
are built during this time. In addition to the direct impacts
on young children’s health and social development, COVID-
related illness, hospitalisations, workforce disconnection or
disruption, and mental health needs also directly affect
the adults who are the most proximal influence on young
children. The potential negative impacts of adult health and
economic stressors on parenting and caregiver capacities to
meet children’s basic needs cannot be understated. Perhaps
one reason these associations have been largely unstudied is
due to lack of available data on population-based indices of
child well-being that also include data about adult impacts as
possible mediating influences.

Administrative data collected by public and private service
agencies at the individual child and adult level that are
integrated across systems hold potential for addressing these
gaps [13]. Use of integrated data systems (IDS) [14] to inform
policy and practice has become a stated priority at every
level of government in the United States, and is a priority
recommendation of the National Academy of Sciences to
better align science, policy, and practice to advance health
equity for young children [15-19]. Unfortunately, the field
currently lacks a comprehensive framework to inform such
research that is guided by developmental science and aligned
with public systems- the absence of which is particularly
troubling during the current crisis.

The purpose of this paper is to address these gaps by
providing a comprehensive framework to study the impacts of
COVID-19 on young children that not only outlines relevant

research priorities but also provides a roadmap for using IDS
to conduct comprehensive research. This paper has three
specific aims. First, it outlines a conceptual data model of
developmental resilience pathways that articulates how child
development from birth to age five is influenced by individual,
family, and community factors. These pathways are informed
by developmental theory and prior research on the impacts
of public health crises on child development, and emphasise
“resilience” as adaptive developmental outcomes in the face
of adverse stressors and risks that are mediated by adult and
community supports. Second, it outlines administrative data
sets with relevant indicators commonly collected by IDS and
could be integrated at the individual level for use within the
conceptual data model. Importantly, this aim calls attention to
the importance of IDS that link parent-child data to provide
capacity for studying multigenerational impacts. Lastly, this
paper provides considerations for research using the conceptual
data model that acknowledge the highly-localised political
response to COVID-19 in the US. It emphasises the strengths
of an IDS approach for child development research and the
opportunity to advance the field of population data science
through multi-site investigations of COVID-19 impacts on
young children using a common conceptual data model.

Conceptual data model

Our first aim was to articulate a conceptual data model
(Figure 1) that underscores important child developmental
pathways to resilience, relevant resilience influencers within
these pathways (i.e. direct and indirect factors that may
serve as risk or protective factors), and pandemic impacts
that bi-directionally interact with child development to either
enhance or impede child outcomes. In this model, resilience
refers to the phenomenon that many children achieve positive
developmental and educational outcomes despite experiencing
stressful, high-risk, and adverse circumstances. Early adversity
includes experiencing risk factors such as child abuse or
neglect, homelessness, poverty, or even premature birth that
are associated with serious social, emotional, health, or
school-related problems. In this model we refer specifically
to stressors associated with the pandemic (e.g. job loss,
family death or illness, social isolation) that may further
hinder developmental trajectories. Developmental research
also provides evidence for the positive influence of protective
factors, which we call “resilience influencers’ in our model,
which promote adaptive functioning for children in the face
of adversity. Integral to this model is the understanding
that underlying inequities in communities and families are
nested within these bidirectional influences and so exacerbate
pandemic impacts (see the middle ring of Figure 1). This
model was informed by developmental-ecological theory and
research evidence emphasising that the comprehensive study
of child development must be cross-sectoral, longitudinal,
and population-based, while simultaneously considering the
bidirectional, cumulative, and interactive effects among
multiple risk and protective experiences over time [20, 21].
This model, which is informed by developmental research,
recognises that child competencies (e.g. academic, social-
emotional, physical health, well-being) develop bi-directionally
over time as children are supported by resources and assets
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Figure 1: Conceptual data model of developmental resilience pathways [22]
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present within proximal and distal contexts. This model aligns
with the recent Consensus Study Report from the National
Academy of Sciences summarising the importance of early
brain development, the cumulative impacts of trauma, and the
intractable inequities that render many children substantially
more at risk for developmental challenges that are exacerbated
by public health crises such as the pandemic [23]. The nested
contexts within this model also reflect Bronfenbrenner's bio-
ecological theory suggesting young children are differentially
influenced by experiences within contexts most proximal, such
as relationships and interactions with primary caregivers in
the home, community, and school environments [24]. In these
contexts, children are influenced directly by relationships with
primary caregivers, as well as by access to resources provided
by caregivers that affect development (e.g. safe and nurturing
families, high quality early learning centers, health care, and
economic and housing stability). Contextual influences are
both nested and cumulative, whereby impacts are compounded
over time and with repeated exposure (particularly in the case
of trauma and stress).

Informed by Bronfenbrenner's theory and the Measures
of Success Framework, developed collaboratively by the
North Carolina Data Action Team and domain experts from
child-serving agencies and universities (2016), the current
conceptual data model differentiates five relevant contexts
where resilience is most often facilitated (or hindered) for
young children [25]. These five pathways are: learning (e.g.
cognitively stimulating care environments, preschool), family
(e.g. home environments and caregiver well-being), health
(e.g. availability and access to food, supports for mental health
and ACES), housing (e.g. stability and safety), and financial
(e.g. economic stability, employment). Since 2016, the role of
financial well-being and its connection to social mobility and
outcomes has become more pronounced in the literature as
administrative data sources are more available. The influence

of these pathways is bidirectional (arrows go both ways in
the model), where the extent to which risks or resources in
early contexts influence children depends on children’'s own
internal developmental capacities, risks, and resources [26].
Also important from a developmental systems perspective
is acknowledging that these pathways necessarily intersect —
stressors or supports in one pathway will also affect trajectories
and outcomes in other pathways [27].

As an illustration, in the health pathway there are
direct, indirect, and contextual influences that are related
to important child outcomes. Direct influences include child
illness due to infection or decreased access to health care, or
changes in access to quality learning programmes (positive
or negative). Potential mediating influences, referred to in
Figure 1 as resilience influencers, reflect indirect pathways to
child health that could include stressors experienced by families
(e.g. caregiver mental health or social isolation). Within
and across all pathways, there are both direct and indirect
influences on child development. Prior research suggests, for
example, that consistent maternal employment when children
are young is related to lower levels of child externalising
behavior and higher language and literacy skills in elementary
school compared to families where employment is sporadic or
varied during the early years [28]. Pandemic-related stressors
can lead to loss of employment that reduces family income and
stability and influences children's access to needed resources
like food and healthcare, and stable support systems within
the family, jeopardising children’s healthy development.

Macro-level contexts (reflected in the outer ring of
Figure 1) include broader systems impacts such as local and
federal policies, regulations, and practices that may affect
the financial/material and social/cultural capital resources
available within the proximal contexts of family, community,
and school. As the US response to this pandemic has
highlighted, systemic inequities (middle ring of Figure 1) in
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resource access along the five developmental pathways existed
prior to the pandemic and are exacerbated during crisis as
the nested contexts interact with compounding effects on
young children and their families [29]. Historical structures
(e.g. federal and local housing policy, racial segregation)
have concentrated poverty in low-income communities and
communities of colour that for generations lack access to
resources that support positive child development and mobility.
This conceptual data model acknowledges that these historical
policy contexts must be considered to fully assess and
understand present risk, vulnerability, and resilience in order
to empower BIPOC and communities of colour and close
opportunity gaps rather than deepen disparities.

Finally, a key aspect of the conceptual model is the
importance of incorporating a population-based approach.
Epidemiology incorporates a population-based approach to
study the distribution and determinants of health (more
broadly defined in this case, to include multidimensional
child development outcomes). Most often used in disease
surveillance to understand which hazards are most relevant
for population-level interventions, the approach is well suited
to capture relevant events, characteristics, and environmental
changes. Importantly, it requires an understanding of how
political, social, and scientific factors intersect to exacerbate
risk. It relies on data collected from relevant public health
sentinels (i.e. front-line workers who have direct contact
with populations of interest) across time to model trends,
predictors, and outcomes. In a multidimensional framework
involving multiple systemic influences, an epidemiological
approach requires the integration of multiple sentinel systems
to generate information at relevant intersections.

Relevant indicators collected by IDS

Using this conceptual model to address state or local
needs requires an alignment of resilience pathways with
access to cross-agency linked child- and adult-level data.
IDS are designed for this purpose. IDS routinely integrate
administrative records collected by public and nonprofit
agencies for programme monitoring and fiscal reimbursement
and repurpose it for analytics, research, and evaluation. IDS
have several key ingredients: (1) they include cross-sectoral
records of multiple public agencies that may include health
and human service systems, education, public housing, and
economic development (among others), providing potential
access to a comprehensive set of child and family well-being
indicators; (2) they can be longitudinal and population-based,
facilitating the study of prevalence and patterns of needs,
service utilisation, predictors that relate to programme use,
and accumulated costs associated with service use; and (3)
they potentially have capacity to link children with their
caregivers, creating a unique opportunity for intergenerational
research and the careful study of mediating and moderating
factors associated with developmental outcomes of young
children.

A critical element of IDS is that they are developed and
operated either within or in partnership with government
stakeholders. As such, they include protocols to maximize
data “use” (i.e. translation into practice or policy decisions)
as a conditional mechanism for data sharing within their

data governance. IDS developed in partnership support rapid
knowledge-to-practice development cycles, providing insights
about how policy or programme changes in one area affect
a group's outcomes in another. They address gaps in
resources and provide a basis for improving social policies
and creating new services [30-33]. Cyclical programme and
policy evaluation using IDS help ensure continuous impact
assessment and quality improvement.

While IDS function in a variety of ways, these common
elements provide a valuable landscape to facilitate research
about the pandemic impacts on young children using the
conceptual data model. Over the last decade, a national
network of IDS led by Actionable Intelligence for Social
Policy (AISP) has been collaborating to understand how
successful IDS operate, documenting best practices in their
development and use, and facilitating the growth of new
IDS to meet increasing local and state demands for more
accessible integrated information to inform policy and practice
[34, 35]. In consultation with experts across this network,
which currently covers over 50% of the US population, Table 1
was constructed to summarise commonly used data systems
within IDS and relevant indicators for each developmental
resilience pathway in the conceptual data model. While this
presents a very US-centered approach focusing on US policies
and programmes that collect administrative data, it illustrates
what is possible from an international perspective whereby
systems collect relevant data about children and families
they serve and use it to facilitate policy-relevant research.
The list in Table 1 is not exhaustive, but it was designed
to cover a range of indicators at the child and family level
(see Column 1). Column 2 describes the data system where
administrative datasets can be found. Column 3 provides an
indication of the levels of data collected (i.e. child, adult,
both, or household). Column 4 lists examples of common
data elements that could be outcome measures (child) or
mediating variables (child, adult, or community) within the
developmental pathway, including some elements (e.g. share of
renters in neighborhood) that can be aggregated by geography
to support place-based insights [36].

Considerations for research using the
conceptual data model

The primary motivation for developing this conceptual data
model is to encourage and inform collaborative research on
the impacts of COVID-19 on young children using IDS.
This section provides additional direction on how to use the
data model with relevant considerations for developing and
conducting research that examines the immediate impacts
and, perhaps most likely, the longitudinal outcomes that will
evolve for these young children over time as impacts of the
pandemic are likely to fundamentally alter early developmental
trajectories.

We situate these recommendations within the United
States because its compounded form of government (i.e.
federalism) grants regional power to states, cities, and
counties, thereby creating a hyper-localised COVID-19
response. This response system provides a unique context
for research since it generates a natural experiment of varied
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Table 1: IDS Capacities to study developmental resilience pathways

Developmental resilience
pathway

Administrative data

Record level

Common data elements

High quality early learning
environments and children
ready to succeed

LEARNING

School district (K-12);
(e.g. public and private,
charter)

Pre-kindergarten and
early learning (e.g. Head
Start; Smart Start; publicly
funded pre-school)

Child care (e.g.
government-funded)

Local nonprofits (e.g. out
of school time programmes)

Child, sometimes
adult

Child, sometimes
adult

Child, adult

Child

Attendance; suspensions;
achievement; housing instability
(homeless student status); special
education status; limited English
proficiency status; college and
career readiness benchmarks,
reading, math, and science
proficiency; virtual learning

Attendance; percentage of eligible
children enrolled; academic
assessments; behavioral and
developmental assessments;
receipt of additional support
services (e.g., limited English
proficiency, special education);
kindergarten readiness; virtual
learning; enrollment start date,
enrollment end date

Child care subsidy receipt; type of
child care subsidy (e.g.,
home-based, center-based);
quality rating of child care center;
subsidy start date; subsidy end
date

Programme entry date,
programme exit date; programme
type; services provided

Safe and nurturing homes
and permanent families

FAMILY

Human services agency
(e.g. Department of Social
Services, Youth and Family
Services; family
support/home visiting)

Justice system
involvement (e.g. Sheriff’s
office, police department,
courts)

Adult mental health and
substance use services
(e.g. mental health facilities,
all payer claims databases)

Both, sometimes
household

Child or adult

Adult

Abuse and neglect cases or
referrals; outcome of abuse and
neglect cases (e.g. substantiated);
children in foster care/state
custody; timing of reunification,
guardianship, custody, or
adoption; court-related data
(cases adjudicated, permanency
planning hearing); timing of
termination of parental rights;
caregiver support services;
presence of nurturing
relationships; child safety and
stability in the home

Book date; charge type; time in
custody, court outcome decisions

Entry date, exit date; types of
services received; assessments;
diagnosis; progress indicators;
hospitalisations; disease
management; programme
participation

(Continued)
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Table 1: Continued

Developmental resilience
pathway

Administrative data

Record level

Common data elements

Healthy and on-track
development, food security,
and social-emotional health

HEALTH

Human services agency,
food and nutrition

State Vital Records

Early Intervention

All-payer claims (e.g.
Medicaid, private insurance
coverage)

Local nonprofits (e.g.
community action agency,
food pantry)

Adult, sometimes
household

Child, adult

Child, adult

Child, adult

Adult, sometimes
household

Type of nutritional financial
assistance programmes;
enrollment start date; enrollment
end date

Birth records (maternal
characteristics, birth outcomes);
infant mortality; death records;
marriage records

Developmental screenings;
identified health or behavioral
health needs; date of screening;
age of child at screening

Preventative health visits; dental
services; lead screenings and
levels; immunisations; weight;
asthma; emergency department
visits; developmental screenings;
mental, emotional, behavioral
health services: service type; type
of facility/professional;
trauma-informed care

Programme entry date,
programme exit dates; programme
type; services provided

Safe and secure housing and

neighbourhoods

HOUSING

Housing authority

Administrative office of
the courts

Centralised renter
database

Centralised homeowner
database

Homeless Management
Information System

City and/or county
departments

Local nonprofits (e.g.

Adult, household

Adult

Adult

Adult

Household

Adult, sometimes
household

Adult, sometimes

Housing voucher/subsidy; housing
subsidy start date; housing
subsidy end date; voucher amount

Eviction history; court date;
judgement; date of writ; legal
representation; amount of rent
owed; reason for eviction

Rental history; number of times
moved in time period; cost
burdened; rental costs

Homeowner history, mortgage
costs; financial institution; down
payment assistance and amount
of assistance

Entry date; exit date; type of
service; returns to homelessness;
reason for homelessness

Code enforcement complaints;
household hazard complaints;
requests for home repair

Programme entry date,

shelters) child, sometimes programme exit dates; programme
household type; services received
Financial stability and State employment Adult Unemployment claims; date

employment

FINANCIAL

development departments

requested; date received; amount
of unemployment insurance
received; benefit start date;
benefit end date

(Continued)
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Table 1: Continued

Developmental resilience

pathway Administrative data Record level Common data elements

Employment records (e.g. Adult Earnings; employment sector (e.g.

tax records, payroll) essential, work from home); time
at employer; job title; federal
poverty level threshold;
employer-sponsored benefits
(health insurance, vacation, sick
leave)

Financial institutions (e.g. Adult Credit; number of loans; type of

banks, credit unions, credit loan; amount of loan; missed

servicers) payments; banking records;
savings amount; interest rates

National Directory of Adult Date of hire; job/industry type;

New Hires

Human services agency,
financial assistance

Social Security
Administration data

salary

Adult, sometimes Cash assistance; rent assistance;

household utility assistance; assistance start
date; assistance end date; amount
of assistance

Adult Retirement benefits; disability

benefits; benefit start date; benefit
end date; amount of benefit

policy and implementation decisions across state, county and
city boundaries. This approach could also be taken across
international boundaries — so we use the US as an example
to highlight the conceptual data model potential. The US
government's devolved response to the pandemic in 2020
empowered state and local jurisdictions to make unilateral
decisions regarding stay-at-home orders, business closures,
school closures, and disbursement of resources. As such,
state-to-state responses and, in some cases, county-to-county
responses varied in length, universality, and enforcement.
This resulted in high variability across jurisdictions in cases,
death counts, and the timeframe of peak infection rates. A
difference-in-difference design study of counties on the border
of lowa and lllinois highlights this variability. Results show the
case rate per 10,000 residents was approximately equal across
border counties until Illinois implemented a stay-at-home order
and lowa did not, resulting in significantly higher case rates
on the lowa side of the border compared to Illinois [37].
Early evidence from this hyper-localised response also
highlights exacerbation of deep-rooted racial and economic
inequities. Analysis suggests these disparate impacts are
driven by inequitable access to quality healthcare and health
insurance coverage; disproportionate levels of BIPOC working
in low wage, “front line” jobs without the opportunity
to work from home; overrepresentation among populations
of individuals incarcerated in correctional and immigration
detention facilities; and the presence of pre-existing social
determinants of health related to chronic illness [38]. This is
deeply problematic for families with young children who have
been forced to balance child care, schooling, and work, often
at the expense of their physical and emotional well-being.
The racialised impacts of COVID-19 compound pre-existing

developmental vulnerabilities faced by children across domains
like healthcare, education, housing, labour and justice (see
Alexander (2020), Katznelson (2005), and Rothstein (2017)
for examples) [39-41].

Given this context and emerging research, we propose
two critical areas that should be included in research design
using the conceptual data model. First, research needs
to document the hyper-localised response and community-
level changes that resulted within the research design. It
is important to know when or if stay at home orders
were put in place, what they entailed, and how long they
lasted. How were school closings and remote support for
educators, parents and students implemented? What were
the infection, hospitalisation and death rates in the locality?
A key component to addressing the community context
response also requires centering racial equity in the research
design. Within Table 2 (which presents potential research
questions and relevant IDS elements that could inform
research) we have given some examples that can be aggregated
by place/spatial analysis/geography to provide rates per
population and contextualise findings to the broader spatial
boundaries/community.

Second, a focus on children ages 0-5 necessarily requires
including important adult factors that serve as mediators
for children’s outcomes. IDS that link children and adults is
paramount to this research. By linking children with the adults
in their household, biological and non-biological caregivers,
and other relevant adults in their proximal systems, this
research will have the unique capacity to study mediating and
moderating factors of COVID-19 impacts on young children.
How did the pandemic impact the systems that surround the
child (e.g. home environment, housing stability, community
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resources)? What impacts on caregivers are likely to translate
into reduced capacity for parenting support or the provision
of resources known to foster optimal development (e.g.
socialisation, cognitive stimulation, opportunities for creative
exploration)?

In order to consider these two critical areas, it is also
important to identify which individual-level data elements can
be aggregated to create a place-based or geographic measures.
This spatial approach serves to contextualise findings in a
way that is relevant to the specific location. Aggregating data
by geography provides useful comparisons across population
groups and geographic boundaries and facilitates the study of
place-based policy and programme responses. This is especially
important given that where a child lives strongly predicts so
many child and family outcomes [42]. For example, researchers
could aggregate employment records by neighbourhood to
identify the areas with the largest share of essential workers by
race and ethnicity and then map their proximity to child care
centers in the area.

Across each relevant developmental resilience pathway,
there are important child, adult and community factors to
consider when conducting research on child impacts. In
Table 2, we outline a set of potential research questions that
could be answered with IDS using the conceptual data model.
Each question includes an articulation of possible dependent
variables (child outcomes) and independent variables (e.g.
employment status, policy changes, child care closures), as
well as possible family and community context mediators
that would be important to include and are also collected
by administrative data systems. This table includes a range
of possible questions that span the conceptual model
pathways, but is by no means exhaustive. Following the
table, we elaborate on one question to demonstrate potential
methodological approaches and research designs that could be
used within the model to foster relevant research.

Using the first question from this table as an example,
we now briefly elaborate on how this model and related DS
capacities could be used to answer the question How are
changes in enrollment and access in quality early learning
programmes affecting family stability and child outcomes?
The value of an IDS approach to answer this question
is that with administrative data collected longitudinally,
the immediate, intermediate, and long-term relationships
between quality early learning programme participation (or
lack thereof) and relevant child outcomes over time can be
studied. Children who were preschool age during the COVID
shutdown in Spring of 2020 and forced to move to home
schooling or virtual instruction in the middle of the school
year could be studied and compared to children of the same
age who started their preschool experience virtually — or who
were delayed with having a preschool experience because there
were no open available spots or because families elected to
remain at home. For these children, differential impacts on
cognitive, behavioral, or emotional outcomes may be studied
over time as these children experience different trajectories
into elementary school. Since research suggests many early
traumatic experiences may not manifest until later behavioral
or cognitive challenges emerge [43], studying longer-term
outcomes such as child mental health, school disconnection or
behavioral disruption, slowed or delayed cognitive progression,
and academic achievement could be extremely relevant.

An IDS approach at a state (or inter-state) level
could reveal important community-level moderators in these
relationships. County-level differences in how and when
community child care, early learning environments, and public
education changes occurred could be quantified. Changes in
care facility capacity and adaptations in quality to respond to
health and safety concerns could be added. When did centers
and home-based care close? For how long? How many did or
did not reopen doors? Was access limited to essential workers?
What were local stay-at-home orders and how did businesses
respond? How flexible was work-from-home policy? Of further
value could be a cross-state comparison where multiple
IDS partnerships collaborate to understand differences in
policy response. Studying commonalities and differences
across states could reveal important causal mechanisms that
underscore how responses directly and indirectly influence child
development outcomes.

Limitations and challenges

When real-time decisions are needed in government, executive
leaders will turn to whatever data they have available. This
is particularly true in cases of public emergency such as the
COVID-19 pandemic. Jurisdictions with developed IDS have
an opportunity (and perhaps even an obligation) to fast-track
needed improvements in these systems to ensure they are
more frequently and fully used to drive decisions and improve
outcomes. This paper has provided a conceptual data model
for using IDS for COVID-19 impact research on young children.
Full actualisation of this conceptual data model, however, also
requires acknowledgement of critical challenges in data access,
quality and integration.

Administrative data access

First, the COVID-19 pandemic has shifted some practice
around administrative data access and raised new issues [44].
Remote work, for example, revealed limitations of certain
privacy and security measures at a time when limited contact
is lifesaving. Sites where data could only be accessed using on-
site servers saw their work put on pause indefinitely when stay-
at-home orders went into effect. Other efforts were stymied
by data sharing agreements that did not allow for remote
access, or restricted use to only analytics or research, but
not for operational use. These legal “roadblocks” limit how
information could be accessed and used in real-time, and by
whom. Fortunately, there are other models of data sharing
that do not include such roadblocks and could be adopted in
future work. For example, sites with secure, remote data access
policies, procedures, and legal agreements in place have been
able to be more flexible and nimble to the changing needs
of the pandemic [45]. As sites work to update and modernise
their crisis response capacity, existing agreements may need to
be amended to allow operational use of data in times of crisis
or emergency.

Data insufficiency and availability

From the framework of this IDS Conceptual Data Model,
there may also be areas where available data points are
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Table 2: Possible research questions and ids variables for impact research about young children

Research question

IDS variables

Dependent/independent

Family & community context mediators

How are changes in enrollment
and access in quality early learning
programmes affecting family
stability and child outcomes?

How did the timing and amount
of benefits and stimulus payments
throughout the pandemic support
child outcomes?

How has parental
employment/unemployment
affected children’s behavioral and
emotional health?

How have local responses to
stabilise housing supported child
outcomes?

Dependent (child outcomes): kindergarten
readiness, Early Intervention (El) referral
and services, child welfare involvement

Independent: child enrollment dates and
duration, virtual options

Dependent (child outcomes): child care and
school attendance, school readiness,
developmental screening results, El referrals
and services, McKinney-Vento
(homelessness supports through public
schools), child welfare
involvement/prevention, child health and
mental health

Independent: dates of benefits, amounts of
benefits

Dependent (child outcomes): child care and
school attendance, school suspensions, El
referrals and services, child welfare
involvement

Independent: employment dates and
duration

Dependent (child outcomes): child care and
school attendance stability, homelessness
supports through public school, lead
poisoning / lead testing, child welfare
involvement, kindergarten readiness

Independent (community-level): eviction and
foreclosure moratoriums (federal, state,
city), diversion programmes, court closures

Family/household: workforce participation,
mental health

Community context: school closure timing
and duration, child care workforce
changes, quality changes in programmes
related to COVID-19 safety requirements,
recovery efforts to re-open programmes,
access to broadband internet

Family/household mediators: TANF
participation, unemployment, family
homelessness (HMIS), evictions, medical
claims, hospitalisations, mental health and
substance use services, food insecurity

Community context: stay at-home orders,
access rates for health or child care prior to
COVID-19, density of low-moderate
income families, density of immigrant and
refugee families

Family/household mediators:
unemployment benefits (or lack thereof),
adult mental health and substance use,
income, housing stability

Community context: rate of
unemployment, stay-at-home orders,
business closures, rates of COVID-19
spread

Family/household mediators:
employment/unemployment, rental and
mortgage assistance receipt, family
homelessness

Community context: eviction filing rates
(public vs. private property owners)

insufficient to capture the full impact, particularly with respect
to issues of social isolation and the complexity of family
and household responses to community shutdowns. While
policymakers and the media have been particularly focused on
the health and economic impacts of the virus, less attention
(and consequently, less data collection) has been given to the
pandemic’s impact on family resilience or less visible factors
like mental health (see, for example, Leeb et al. (2020))
[46]. Furthermore, with systems of support like education,
healthcare, recreation, and religious services being provided
virtually, many young children are disconnected from the
adults they have contact with under normal circumstances.
This lack of contact could mean that traditional data collection
efforts may have been altered during the pandemic, which
would impact our ability to apply epidemiological models

of health development to measure outcomes. For example,
without children being around regular mandated reporters of
child abuse and neglect, aggregate and individual-level data
on child welfare reports and substantiated cases may not
provide complete information on the incidence of child abuse
and neglect [47, 48]. Additionally, these contexts may limit
the availability of data routinely gathered through annual
educational and health assessments because children were
participating virtually. Relatedly, some measures, like school
attendance, have questionable validity when services are being
offered online. It may be that districts or health clinics
adapted their data collection processes for virtual services,
but careful attention to these changes in administrative
data will be required to ensure that research using them is
valid.
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Data curation and quality

A third major challenge with IDS research is that data curation
and quality varies across IDS sites. With the hyper-localised
US response context in mind, understanding how different
systems define variables and code and clean them for analytic
use is critical, especially for multi-site IDS research. Seemingly
similar datasets can vary widely across agencies or geographic
regions, making consistent measurement and comparison a
challenge. Data may differ in the frequency of data collection,
years of data available, ages of children represented, quality
of data, and/or definitions of data fields. Due to the lack of
standardised measurements for the birth to age five population
in particular, many early childhood indicators use different data
points as proxies for key constructs such as physical, social and
emotional health, and kindergarten readiness. As a result, they
are typically measured differently across IDS sites.

Cross-sector data linkage between children
and caregivers

A final consideration involves the need for IDS that link
data between children and their caregivers. In the context
of a pandemic where our conceptual model of influence is
largely tied to adult caregiver responses and capacities, it is
necessary to link a child’s data to that of their parents and
other household/family members. Unfortunately, many IDS do
not yet have this capacity [49]. How family structures change
over time (e.g. marriage or divorce, children living in different
households, birth or adoption of children) must be captured
and documented across data systems in order to create a
comprehensive linkage of children and their caregivers. The
challenge of linking children to their family units is not only
technical, but also relational. Strong governance processes
and cross-agency relationships are necessary for partners
to understand the importance of household matching and
generating consistent measures for two-generation analyses.
The good news is that there are IDS that have figured this out,
and these systems could serve as models for others to advance
their capacities [50]. In the wake of the COVID-19 pandemic
and the upended social and economic realities it has presented,
these challenges present a call to the research community that
is already engaged (or poised to engage) in IDS research to
share best practices in linking child-adult-family data.

Conclusion

The development and use of IDS for research has great
potential to inform solutions to our most pressing social
problems. In the wake of the US Commission on Evidence-
Based Policymaking recommendations (2017), we have seen
the role of administrative data reuse expand exponentially
[51]. While this is a good start, it also suggests an ethical
obligation to use these data in service of the children and
families who have entrusted their care and well-being to
the systems poised to respond. In the context of a global
pandemic where immediate and long-term impacts are unclear
for young children, it is imperative that we utilise these
built capacities. The current paper addressed this directly
through three primary aims. First, it provided a comprehensive

10

conceptual data model informed by developmental science to
advance the field of population data science by generating
a common language to study the impacts of COVID-19
on young children using IDS. Second, it illustrated sets of
administrative data well poised for pandemic impacts research
across the developmental resilience pathways in the model.
Last, it outlined research considerations and provided examples
of priority questions that could be addressed with cross-sector,
longitudinal research using IDS that link children and adults.

We end this discussion with a call to action. IDS are
positioned to respond to critical needs through actionable
research that informs public health crises like the COVID-
19 pandemic. This requires building, expanding, and working
within two-way partnerships among the scientific and public
service communities. These types of partnership are aligned
with the National Academy of Sciences’ charge for more cross-
sector initiatives that address the root causes of poor health
for young children. Using the conceptual data model provided
in this paper, comprehensive research about developmental
impacts on young children that are mediated by relevant parent
and family factors and situated within localised response
systems has potential to inform population-level intervention
approaches. Given the fact that the prenatal to early childhood
period is one of the most sensitive times for children to get
on the right path to meet optimal developmental milestones,
mitigating the short and long-term impact of COVID-19 is
critical [52]. This paper provides a framework for facilitating
such research.

This paper is also a call to the research community
connected with population-level IDS capacities to use them,
improve them, and maximise the translation of science to
action in partnership with our government leaders who need
information to inform intervention and prevention approaches.
Multi-site research is needed so IDS leaders in different
states, municipalities, and across the globe can learn how
varied policy or programme responses relate to different
developmental trajectories for children. Paramount to this is
maintaining sustainable capacities for long-term research so
we can understand the implications of response interventions
and continue to study the impacts on child development over
time. One-shot research studies will not suffice — we have
an opportunity (and obligation) for research partnerships to
form as governments continue to strategise their pandemic
responses. Such partnerships hold potential to address the
future needs of a generation of young children living through
the COVID-19 pandemic, who will continue to face challenges
in their developmental trajectories if the proper, necessary
supports are not provided.
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