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Understanding the impacts of environmental exposures on health outcomes during development
is an important area of research for plenty of reasons. Collecting retrospective and prospective
residential history can enrich observational studies through eventual linkages to external sources.
Augmenting participant health outcome data with environmental data can better inform on the
role of the environment, thereby enhancing prevention and intervention efforts. However, collect-
ing the geospatial information needed for this type of research can be difficult, especially when
data are collected directly from participants. Participants’ residential histories are unique and of-
ten complex. Collecting residential history data often involves capturing precise spatial locations
along specific timeframes as well as contending with recall bias and unique, complex living ar-
rangements. When trying to assess lifetime environmental exposures, researchers must consider
the many changes in location a person goes through and the timeframes in which these changes
occur, ultimately creating a multidimensional and dynamic dataset. Creating data collection pro-
tocols that are feasible to administer, result in accurate data, and minimize data missingness is
a major challenge to undertake. Here, we provide an overview of the protocol developed to col-
lect the lifetime residential address information of participants in the Adolescent Brain Cognitive
Development (ABCD) Study.
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Ethics: Adolescent Brain Cognitive Development (ABCD) Study procedures are approved under a centralized institutional
review board from the University of California, San Diego; each study site also obtained approval from their own
institutional review boards. All parents or caregivers provided written informed consent; children provided written
assent.

Value of the Protocol:

Protocol outlines a process through which users without GIS knowledge can easily collect residential history data
Highlights how to handle challenges related to collecting temporally and spatially detailed information on
residential history data

Emphasizes the utilization of interactive tools to streamline and enhance staff and family interactions for
increased ease and efficiency

.

Description of protocol
Introduction

The exposome refers to the totality of environmental exposures an individual encounters throughout their lifetime and encompasses
external factors such as air quality, socioeconomic status, psychosocial stressors, and chemical and biological agents [22]. With the
plethora of external datasets available, researchers can use the spatiotemporal aspects of participants’ residential histories as a basis
for measuring environmental exposures [10]. Compiling residential histories is a complex task made difficult by both complex life
experiences and the participant’s ability to recall precise addresses [3]. Other studies utilize health record address histories [24],
public records databases [5,12,13,21], or other administrative data [14]. However, relying solely on record or administrative data may
introduce bias because data availability is often dependent on age, race/ethnicity, income, and geography [5,11,21,23]. Some studies
have collected residential addresses directly from participants, but only for a particular time point, such as interview date, birth, or
death [6,7,16,18,20]. However, this method does not account for residential mobility which can result in exposure misclassification
[4].

The Adolescent Brain Cognitive Development (ABCD) Study is a national, observational study aiming to understand the factors
that contribute to the neurodevelopment of children as they grow from adolescence into young adulthood [19]. Residential history
for the ABCD was originally collected for the linkage to the baseline event [8]. To estimate lifetime exposure data for each participant
across various domains, the residential history standard operating procedure (SOP) underwent a revision process to gather extensive
residential history data. Longitudinal data collection methods from other studies were examined for their potential adoption (Table 1).
However, as the complexity of capturing thorough residential histories grew apparent, it became obvious that a tailored solution was
necessary.

The original address collection protocol is briefly outlined in [8]. Here, we share an expanded and revised description of the
protocol created and adopted by the ABCD Study in April 2023 to capture both retrospective and prospective residential address
information from the caregiver. It is important to note that the protocol may not be exactly reproducible since the database interface
used in the ABCD Study, known as the Personal Identifiable Information Database (PIID), is not publicly available software because
it was created uniquely to fit the ABCD Study design. While the ABCD PIID is not readily available, it was created using open-source
frameworks like Django using Python, JavaScript and publicly available APIs. These open-source tools mean that the logic and design
of our SOP and PII interface can be adapted and tailored to other studies. The current protocol of collecting residential information,
handling special circumstances, and minimizing missing data can be used by other studies planning to collect residential history
information of research subjects, and it can serve as a guide for designing a study’s database interface.

Table 1
Examples of longitudinal residential data collection methods.

Source

Description

Limitation for use in ABCD

ABCD PIID 1.0 [8]

Health and Retirement Study [1]
NIH CDE Risk Factor Questionnaire (RFQ) [9]
Hanford Thyroid Disease Study [2]

BC Generations Project [17]

Health Cost and Service Utilization Study [15]

Electronic form to collect free-text data based on
calendar year

Paper form to collect street address information at
a yearly resolution

Electronic form to collect city, state, zip, country
and duration of residence

Paper form to collect address data by time period

Online form to collect street address information
at a yearly resolution, proportion of year spent at
address

Guided questionnaire to collect zip, city and state
information from respondents

Did not allow temporal specificity or ease in
collecting longitudinal address history; post hoc
geocoding

Does not allow for collecting concurrent addresses;
post hoc geocoding

Does not collect temporal data needed for precise
spatiotemporal linkages; post hoc geocoding
Does not allow for concurrent addresses; post hoc
geocoding

Yearly resolution lacks temporal specificity; post
hoc geocoding

Temporal specificity tied to health event, lacks
geographic and temporal specificity; post hoc
geocoding
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Move Out Year Address ID* Time at address

©
o«

Present Gilman drive (ADDR_5b69dcbe7d3d7) # Full Time

Move In Month Move In Year Address Verified LexisNexis
Oct s 2013 ¢ 9500 Gilman drive, La Jolla, Ca 92122 ~ A ikl
Notes
Move Out Month Move Out Year Address ID* Time at address
Sep s 2013 s Medical Center Dr (ADDR_6126804e98 = Full Time s m
Move In Month Move In Year Address Verified LexisNexis “
Mar s 2008 ¢ 304 Medical Center Dr, San Diego, CA 92037 v L m
Notes

Fig. 1. PIID Interface layout. For any given participant, the interface of the residential history record includes both a visual timeline as well as each
address entry provided by the informant.

Protocol description
Context of the protocol

The purpose of collecting address history for a participant in ABCD is to assign information regarding the environmental context
surrounding the child’s residential locations, such as number of parks or sources of pollution, etc. This allows us to gain a better
understanding of the neighborhoods that participants grow up in and how that may impact various health and behavioral outcomes.
Because the ABCD Study participants are minors, the residential history information is collected from a guardian or caregiver. The
person who is providing information about the youth is referred to as an “informant”. The informant is usually a biological parent of
the child, but could be an adoptive parent, custodial guardian, or an extended family member who cares for the child. The informant
is asked to provide all addresses that the youth has lived at since birth for any amount of time greater than 2 months. We deliberately
chose a 2-month minimum based on our previous anecdotal experiences that taught us that capturing every single possible address
(i.e. vacations addresses, overnight camps, or transitional housing) was unfeasible from both the data collection side as well as from
an informant’s recall standpoint. Moreover, the goal of the residential information is to link to many social and physical environments
surrounding the home that are mainly static for longer periods of time (i.e. annually).

Data collection interface

Since residential address information is identifiable, the ABCD Study uses in-house software (PIID System) to secure the collection
and storage of residential information. Only ABCD Study research staff with IRB training and study approval are given access to this
platform to collect these data while working alongside the informant. Participants and informants do not have access to data collected
in PIID but may provide visual verification of entered data when working with research staff. Thus, the PIID interface is exclusive to
the ABCD Study. It is not publicly available software. However, the design of the PIID interface can serve as a guide for other studies
when they are creating their own data collection interface.

The PIID interface has two components: a visual timeline of addresses as well as an Address Entry for each residential location for
a given child as provided by the informant (Fig. 1)

A. Visual Timeline: The PIID interface compiles the address entries into a visual timeline to easily indicate to the research staff if
there are any errors in the entered data or periods of missing addresses for the participant.
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Move Out Month Move Out Year 2 Address ID* 1 Time at address 3
Choose... s Choose... s Choose... s Choose... s m
Move In Month Move In Year Address Verified LexisNexis m
Choose... s Choose... : undefined & N2
Notes 4

Fig. 2. Data collection fields in PIID system for a single residential address for a specific participant. Each field must be entered to create a complete
address entry per participant.

Address ID*
Choose $
Choose...
New Address

Unknown/Can't Recall

Other housing/Home situation

Travel related

Gilman Dr (ADDR_654ab0cddf250)
Exposition Dr (ADDR_6219217fc4ec7)

Fig. 3. Options listed in the “Address ID” drop-down menu. This field includes either adding a new address entry, an existing Address ID for a
specific address entry, or options for special circumstances (see details below).

B. Address Entry: An address entry is a compilation of information gathered about the address the participant lived at. As needed,
each Address Entry is listed in the residential history record of the PIID in chronological order from most recent residential
address to the least recent location reported.

In the section below, we outline the information collected for each Address Entry provided by the informant, followed by a
more thorough description of how the Visual Timeline integrates information about each Address Entry to help identify gaps in the
residential history of a given participant.

Information collected

Each address entry and its associated details are stored in the PIID system as one entry (Fig. 2). The goal is to gather information
on: 1) Where the individual lived; 2) When they lived there; and 3) How much time did they spend at that location? This is repeated for
as many addresses as the participant resided across their life until the current day of assessment. Each entry is considered ‘complete’
when the following information is collected in full:

1. Address ID and Verification Markers: A randomly generated ID given to a unique address or most approximate location the
participant resided in, or special circumstance regarding residence. This also includes a section for:
- Address: The automatically generated geocoding ID to validate location.
2. Move In and Move Out Month and Year: The month and year when the participant moved in and moved out of the address.
3. Time at address: Amount of time the participant was living at the address (i.e. Full time, part time, etc.)
4. Notes: space to include additional information about the entry.

For consistency in data collection across all sites, each field in the entry is clearly defined and documented for reference. We now
cover each of these inputs in more detail.

Address ID and verification markers

To understand where the individual lived, each Address Entry has an Address ID and built-in verification markers to help reduce
human error. The Address ID field is a drop-down menu meant to denote the type of residential circumstance of the youth. This
can either be an address the youth currently or previously resided in, or a special circumstance (Fig. 3). An address ID is randomly
assigned to each address the caregiver reports for a specific period of time, and then it is added to the drop-down menu as an option.
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Fig. 4. (a) Move In Month, (b) Move In Year, (c) Seasonal chart.

When a new address is added to the residential record of the participant, the address is geocoded with the integrated Google Place
API (see additional details below). It is important that the address is verified through Google Place API because it ensures the address
has a latitude and longitude to then link to environmental exposures. Once the address has been geocoded, it is assigned a unique
address ID within the database and attached to the participant’s record. When a participant is experiencing a special circumstance
that cannot be denoted by an address, the following options can be used accordingly:

- Unknown/Can’t Recall: The informant does not know the address information or is unable to find this information.
- Other housing/Home situation: The youth is experiencing a period of time without a home or a place to stay or live.
- Travel related: The youth was traveling during the selected period of time and did not have an address.

In the PIID interface, the “Unknown/Can’t recall” or “Travel related” options will not require an address to be entered and thus
will not have a geocoded verification. Alternatively, the “Other housing/Home situation” option will prompt the research staff to
drop a pin on a Google Place API to signify a location at which the participant is most often around in the case where the participant
is not residing at any specific address but can provide an approximate location for where the youth was most of their time.

This selection will also verify the location by creating a geocode ID, which allows the location to be used in research on en-
vironmental exposure. Additional details of when this option has been found to be especially useful can be found in Section 7:
Troubleshooting Google API in real-time.

Move-in/move-out time fields

After an Address Entry has an Address ID specified, it is essential to know when in the child’s life they lived there. To accomplish
this, there are move-in and move-out fields for each Address Entry. These fields are meant to capture the period of time that the
youth lived at the address (Fig. 4a, b).

- Move In Month: Month when youth started living at the address.

- Move In Year: Year when youth started living at the address.

- Move Out Month: Month when youth stopped living at the address.
- Move Out Year: Year when youth stopped living at the address.

If youth is currently living at that address, the move-out month and year are entered as “Present”. On the other hand, if known, the
first address that the participant lived at should have the birth month and birth year as the move-in month and year. It is often the
case that the informant does not remember the exact month the participant moved in or moved out of an address. In this case, it is
helpful to broaden the time span from a specific month to a season to help the informant narrow the time window to a general time
of year. To implement this strategy, select which seasons or quarters of the year you want to use and classify which months compose
each season or quarter. The ABCD Study chose to use the common seasons and defined each one as listed in the chart in Fig. 4c, with
the bolded month being the month that is entered in the Move-In or Move-Out field accordingly. With this definition in mind, the
informant is asked if they remember which season the youth moved into or out of this address. For example, if the informant says
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Time at address

Choose... s
Full Time

Half Time / Part Time
Weekends Only
Weekdays

Summer

Summer & Weekends

Fig. 5. Options for the “Time at address” drop-down menu.

youth moved into the address in “summer”, the research staff would enter “July” for the month. It can also be helpful to prompt the
informant: “Do you remember if your child moved in/out during the school year, near the holidays, or if it was particularly hot or
cold outside?” This prompt can help the informant recall a narrower window of time from which to pick a month.

There are many complex scenarios in which the informant will not be able to recall or does not know timeframes for when youth
lived at a specific address. This can be the case when parents are divorced and do not know each other’s housing situation, the
informant is not the main caregiver and does not know this information, or if the informant is an adoptive parent and does not know
the youth’s residential history prior to adoption. In these cases, the option is available to enter “don’t know” in the month and year
fields to reduce the recall burden on the informant and research staff.

Lastly, the move-out time of one address should match up with the move-in time of the following address. Usually, it is the case
that a family will move out of an address at the end of a month and move into the new address at the beginning of the following
month. For example, if a family moved out of address “A” in April and moved into address “B” in May, the “move-out” month for
“A” should be “April” and the “move-in” month for “B” should be “May”. If the family moved out of an address and into the next
address within the same month, the move-out month and move-in month are still entered as subsequent months to capture the first
full month that a participant lived at the address. However, other studies can choose to handle this situation differently based on
what information they are interested in capturing.

Time at address

After understanding where and when a child resided, it is useful to capture what percentage of time the participant resided at that
address. For the ABCD Study’s purpose, this is useful information to have in order to better understand how much the participant
was exposed to environmental factors of interest. This is important because there are a lot of complex living arrangements among
families (i.e. separated or divorced caregivers, additional family support), and it might be useful to more accurately characterize their
environments based on the proportion of time they spent at a given location. Of course, the options and definitions a study chooses
for this field can vary and should reflect the type of data the study is aiming to collect. Through trial and error, we found that having
individuals report a percentage of time at each location was not useful. Often the percentages across locations did not add up to 100%
and the percentages felt arbitrary. Thus, we chose for the options in this field to be defined in general terms so that an informant can
more easily categorize the time that the participant typically spends at a given address (Fig. 5).

Each option from the drop-down menu is defined as follows:

Full time: Participant lived at this address for over 80% of their time, meaning the participant did not reside at another address
concurrently.

Half time/Part Time: Participant lived at this address in a half-time arrangement. This category is meant to capture living
arrangements where the child splits their time between multiple addresses. Common examples of split time are 40,/60, 50/50,
30/70.

Weekends Only: Participant lived at this address only on the weekends (2 or 3 days of the week).

Weekdays: Participant lived at this address only on weekdays (5 days of the week, more than half of the week, or “school
days”, including “after school”).

Summer: Participant lived at this address for only the summer months. The “summer” season varies by region, and can be
defined as (but not limited to):

June - August

- When school is out of session (May - August, June - September)

Summer and Weekends: Participant lived at this address for the summer months and the weekends.



P. Badilla, S. Abad, C. Smith et al. MethodsX 12 (2024) 102673

Notes

Fig. 6. Notes section for the entry.

304 Medical Center Dr San Diego, CA 92037

9500 Gilman Dr San Diego, CA 92037 (ADDR

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Fig. 7. The visual timeline graph.

Some of these definitions may seem redundant or unnecessary. For example, if the move in/out months are June through August,
then there is no need to indicate that the time spent at that address is “Summer”. However, there are complex living arrangements in
which the child is at an address “Full time” EXCEPT for weekends or summer months. This is different from a situation in which the
child is residing at multiple addresses for an evenly split amount of time throughout the year. While the summer is only a quarter of
the year, it is important to maintain the distinction between the youth only being at an address for the summer months versus only
being at an address a quarter of their time in general (like one week every month). For the ABCD Study, these details can become
important when trying to better estimate exposures that follow certain seasonal patterns (i.e. air pollution, climate events, etc.)

Notes

Because there will always exist a situation that cannot be easily captured by the PIID Address Entry interface, there is a “Notes”
section that can be used to document any details that the existing fields do not suitably capture (Fig. 6). Each entry has an optional
section for notes to add any relevant information. For example, it can be used to include notes on why an address is missing for the
entered period of time.

In ABCD, the research assistants are instructed to enter notes following a standardized format: [DATE] [Initials] [NOTE DETAILS].

Visual timeline

The PIID interface compiles the Address Entries for a given participant into a graphical timeline (Fig. 7). Specifically, the respective
calendar years of the child’s life are shown on the x-axis, whereas each unique Address Entry is listed on the y-axis of the timeline.
Bars appear showing the time in which the child lived at each address as well as the time spent at that location. In the example in
Fig. 7, the individual lived at 2 residential locations; 1 from 2008 through most of 2013, and then subsequently moved to a second
location in which they currently reside. In both cases, the child was reported to be full-time.

This visual timeline was developed to help the research staff and informant verify the validity and completeness of the Address
Entries on record. If there are any periods of time that are not accounted for in the record, it will highlight this period in yellow
and indicate that there is missing data for a specified time period (Fig. 8a). Additionally, it will sum the amount of time that the
participant spent at each address for every month and year of the timeline. In doing so, it will notify the researcher if the calculation
exceeds 100% of the time (or “Full-Time”) by highlighting these entries in red as well as outlining the Address Entries associated with
this error (Fig. 8b, c). Issues with overlapping addresses occur when an address that is marked as “Full Time” overlaps with another
address that is marked as either “Half Time” or “Full Time” for the same period.

Data collection process

The current protocol was under development starting in the fall of 2022 and it was deployed in April 2023, which corresponds
to the 4 and 5th year study visits. The research staff at ABCD have been trained to review the residential history record of the
participant with the informant at every yearly follow-up appointment. During this time, the research assistant verifies all address
entries are complete and adds new Address Entries as needed for periods of missing information.

Confirming address entries are complete

To verify an address entry listed in the residential history is complete, the research staff will check if each of the following fields
is filled:

1. Address ID and Address

2. Move-in and Move-out month and year
3. Time spent at that address

4. Google Place API verification
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A Missing Addresses Missing between 3/2008 and 3/2011
2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
B Move Out Month Move Out Year Address ID* Time at address
Present : Present s Gilman drive (ADDR_5b69dcbe7d3d7 # Full Time : m
Move In Month Move In Year Address Verified LexisNexis m
. . Delete R
Oct s 2013 ¢ 9500 Gilman drive, La Jolla, Ca 92122 M S
Notes
Move Out Month Move Out Year Address ID* Time at address
Sep s 2015 s Medical Center Dr (ADDR_6126804e9 * Full Time : m
Move In Month Move In Year Address Verified LexisNexis m
. : Delete R¢
Mar s 2011 s 304 Medical Center Dr, San Diego, CA 92037 v S8
Notes

Fig. 8. (a) Address entries are missing for the specified time period indicated by the “Missing between” description in yellow. The timeline also
displays the address entries that are overlapping and sum to greater than “Full Time” in red. (b,c) The address entries that overlap in the visual
timeline are also outlined in red on the respective Address Entries to signify data validity issues.

Fig. 9a is an example of what an address entry looks like when it contains all the required information. The research staff review
a complete address entry with the informant to ensure data correctness. An example prompt for how the research staff would review
the information in Fig. 9a is: “We have an address entry on record listed as 304 Medical Center Dr, San Diego, California, 92037
from September 2014 through September 2015. The participant was at this address Full Time.” The informant can then confirm this
information is correct and the research staff continues to review the next address entry.

As previously mentioned, when an Address Entry is missing information for a given field, the PIID will outline the field in red
(Fig. 9b). To fill in missing fields, the research staff will ask the informant to recall this information. An example prompt for how the
research staff would collect the information missing in Fig. 9b is: “We have an address entry on record listed as 9500 Gilman Drive,
San Diego, California, 92093. We are missing some information regarding this address. Do you remember which month in 2013 you moved
into this address and which month in 2014 you moved out? Was the participant living at this address: Full-Time, Part-time, Weekends,
etc.?” The research staff can then use the additional info to enter the information provided, as well as use the additional protocol on
identifying a month based on season if the informant is having difficulty remembering the exact month.

A built-in real-time Google Place API verification

If the address is missing the Google Place API verification, the address entry will have a red “®” under the “Verified” section
(Fig. 9¢). The research staff can verify the address through Google Place API by selecting the “Edit” button next to the Address Entry
(Fig. 9c, blue button). The “Edit” button will prompt the researcher to enter the address into the Google Place API and automatically
create a geocode ID for the address. Once the address has an associated geocode ID, the “Verified” field will show a checkmark
“\/ ”, and the entry will look like the one in Fig. 9a, b. It is important to note that if Google Place API is used in real-time from the
conception of data collection, there won’t be a need to retrospectively verify addresses. This is important as initially collecting address
information on a text-based form led to addresses provided not being found using Google Place API (i.e., largely due to typos), and
thus created a need for verifying addresses retrospectively.
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Fig. 9. (a) Top: Address Entry is completed. (b) Middle: Address Entry is missing move-in and move-out months, as well as the time at address.
These fields are outlined in red. (¢) Bottom: Address Entry without Google Place API verification.

Error pop-up notifications

A crucial component of the PIID interface during the review of residential addresses with an informant is the error pop-up feature
(Fig. 10). This feature was put in place to notify the researcher if there are any errors or missing information in the record. When
the researcher clicks the “Save” button at the bottom of the record to save any changes made, the PIID interface will check that all
required fields are completed and create a pop up like the one in Fig. 10a if anything is missing.

The PIID interface will also verify the data entered is consistent with the other entries in the record. Because the entries are
compiled into one visual timeline graph, the interface will check that the move-in/move-out fields for each entry line up in time
(Fig. 10b). Additionally, the interface will check that no entries overlap for an amount of time greater than “Full-time” (Fig. 10c).
This ensures that there are no periods of time that are missing addresses and that the amount of time that the participant lived at an
address does not exceed 100%. If issues arise with either of these checks, an error message will appear.

Lastly, the error pop-ups have an “OK” button to prompt the researcher to acknowledge the error message. It may seem like a
minor detail, but this feature helps indicate if any issues in the record were intentional by the researcher instead of an oversight.
This allows for greater confidence that missing information or complicated residential data for a given participant is not a function of
human error. Moreover, the different pop-up features are aimed to try to help quickly inform research staff where to focus if a data
entry error has occurred.

Adding address entries for periods of missing information
As previously mentioned, the visual timeline graph at the top of the PIID interface will clearly display any periods of time which

are missing Address Entries for a given participant (see Fig. 8a). To fix this issue, the research staff must add new Address Entries to
fill-in and accurately account for the period of time indicated in the timeline.
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The Following addresses have overlap:
ADDR_5c099bae47233, ADDR_6377dff46c78b, unknown,
transitional. The affected address entries are highlighted ]

in red below.
«© 3

Fig. 10. (a) Top: An example of the pop-up that appears when a field is missing information. (b) Middle: An example of the pop-up that appears
when the move-in and move-out months don’t align as expected. (c) Bottom: An example of the pop-up that appears when Address Entries overlap
and sum to greater than 100 % of time.

Info

| ———

Street Street
AddressID Number Name Apartment City State Zipcode LexisNexis Google PlacelD Linked ¥
Gilman San
ADDR _6126af4aecd77 9500 Or None Diego CA 92037 None ChlJ7VRwCcH3IARpOh7CRkO7YQ Yes
i
Medical San
ADDR 6126804e980cf 304 Center None Diego CA 92037 None ChlJY0jn9kG3IARs;jrjSbqséwQ ‘ No ‘
i
Dr

Fig. 11. In linking an address to the participant’s record the “Linked” button updates from ‘no’ to ‘yes’.

To add an address entry to the record, the researcher can select the “New Address” option from the “Address ID” drop-down menu.
This will take the researcher to the list of all addresses the PIID interface has stored for all participants. It is possible the address of
interest exists in the database already because ABCD participants can have siblings, cousins, or other family members in the study.
Since those relatives participating in the study would also have a residential history record, addresses in their record exist in the
database and can be added to other participant records if relevant. The researcher can search for the address in the database to avoid
creating a duplicate address and reduce unnecessary steps involved in creating the address. If the address exists in the database, it can
be “attached” to the participant’s record by clicking on the button under the “Linked” column of the database (Fig. 11). The button
will change from an orange ‘no’ to a green ‘yes’, and the Address Entry will now appear in the participant’s record. Being able to link
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@ AttaCh Addresses to PanICIpant Residential History ] [ New Address J
Attach and detach addresses to participants. Search for existing addresses before adding a new one.
Show entries Search: :

Map  Satellite

A NORTH.
DAKOTA

Address  Details

Search for address
I 9500 Gilman ]

9500 Gilman Drive Lz Jolla, CA USA

9 9500 Gilman DrLa Jolia, CA, USA
9 9500 Gilman Court La Jolia, CA, USA
@ 9500 Gilman Springs Road Moreno Valley, CA, USA ‘

§ 9500 Gilman Road EI Monte, CA, USA
powered by Google|

Fig. 12. (a) Top: Button layout of the PIID Interface to add a new address. (b) Bottom: Google Place API in the PIID interface to add a new address.
As the address is being typed into the search bar, a list of addresses appears in a drop-down menu.

an address that exists in PIID to a participant is useful to prevent duplicate addresses from being created as well as reduce research
staff burden.

If the address does not already exist in the PIID interface, the researcher can create a new address which will automatically link
to the participant’s record after creating it. Instead of searching for the address in the database, the researcher can click on the “New
Address” button at the top right of the PIID interface page (Fig. 12a). This will prompt the researcher to enter an address onto the
Google Place API within PIID (Fig. 12b). As the address is being typed into the search bar, a list of similar addresses will appear in a
drop-down menu from which the researcher can choose (Fig. 12b). Once an address is selected, the Google Place API will generate a
geocode ID for the address, and the researcher can click on “Save” to finish linking the address to the participant’s record. After linking
the address to the record, the research staff will then be prompted to complete the address entry by filling out the move-in/move-out
fields and the “Time at address” fields (see Section Information Collected).

Special circumstances

Living situations can be highly complex and difficult to document. Understanding the variety of circumstances that a participant
can experience is crucial not only for creating a catch-all system for collecting residential history information but simplifying the data
collection processes for informants.

Handling approximate locations

A common scenario that happens is the informant is able to recall a nearby location, but not the exact address that the participant
resided in. Since the ABCD Study started once the youth were 9 or 10 years of age, there were 9 or 10 years of residential history
to recall at the time the study began. It is possible that the informant can remember the street and city, but maybe not the house or

11
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Fig. 13. The approximate location checkbox when marking a nearby location. The location will generate a geocode ID.

building number. In this case, being able to identify a section of the street the participant resided in or even an intersection of the
city is enough to generate a geocode ID for the entry. With this in mind, the PIID interface integrated a checkbox that researchers can
click to indicate that the address entered on the record is an approximate location to where the participant resided. This checkmark can
be selected when adding a new entry to the record and it will create an address with a geocode ID (Fig. 13). Approximate locations
become extremely useful in troubleshooting several complex situations. For additional details, see Section: Troubleshooting Google
API in real-time.

Handling housing instability or varying housing locations

One situation that can be difficult to document is housing instability. If a participant is, for example, sleeping in their car parked
on a road or seeking shelter in various community locations, the location may change from night to night. For these situations, there
likely won’t be a single address to note for where they reside. In an attempt to capture this situation, the researcher can select the
“Other housing/home situation” option from the “Address ID” drop-down menu. This option will prompt the researcher to drop a
location pin on the Google Place API to identify the area that the participant was around for a considerable amount of time (Fig. 14).
This does not require the researcher to type in an address. Instead the researcher can navigate the map to the location that the
participant indicates. Latitude and longitude are calculated, and the location is added as an entry on the participant’s record. While
additional notes will be helpful to determine if this location can be useful for understanding environmental context, having this noted
on the record is important in that if this period is left as an “empty” period on the residential visual timeline, study staff might risk
thinking it may be missing data and end up asking an informant multiple times about this period of time, which may bring undue
negative consequences and burden to the informant.

Handling unknown addresses

Another situation that can arise when collecting residential history information is when the informant does not know or is unable
to recall the address information for a specific period of time. In this case, there is no way to generate a geocode ID for the entry as
there is no location to note, but an entry can still be added to the record using the “Unknown/Can’t Recall” option in the “Address
ID” drop-down menu as a placeholder for the period of time that is missing address information (Fig. 15a, b). Again, this feature is to
document the reason for missing data as well as reduce the likelihood that the informant is asked repeatedly about this part of their
address history at a subsequent follow-up.

Handling different periods of time at the same address

One last situation that can be complicated to document is when a participant lives at an address for a period of time, moves into a
different address for another period of time, and then moves back to the previous address. This can be the case when a family moves
out of their house during a renovation or construction project and then moves back into the home when it is finished. Similarly, the
participant could be at the same address, but the time spent at the provided address drastically changes. An example of this can be
when the participant experiences parental separation and goes from living at the address “Full Time” to “Half Time”. It can also be
the case when the participant moves to college for the school year but returns to a previous address for the “Summer” time.

12
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Map  Satellite

Use ctrl', 'screitto zoom the map

“Is there a general area you spend a lot of time, like near a relatives home, or restaurant or store you can show me on a map?”
Place a pin in the appproximate location indicated.

Address ID*
Google Place ID
Latitude Longitude

City State ZipCode Suffix

Fig. 14. The interface for placing a location pin on the area of the map at which the participant spent a lot of time at.

Cantt recall address Fuitime [Jj

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

B Move Out Month Move Out Year Address ID* Time at address
Oct s 2013 s Unknown/Can't Recall s Full Time s m
Move In Month Move In Year Address Verified LexisNexis m
Aug s 2013 E %S N/A
Notes

Fig. 15. (a) Top: Visual timeline shows a period of time where an address is missing. (b) Bottom: The entry is “Unknown” but can explain the gap
between the other two addresses in the record instead of displaying as “Missing” on the timeline.

In these scenarios, the researcher can create new Address Entries using an existing address on record, but select the accurate time
spent at the address and move-in/move-out for each entry separately to reflect these patterns. To do this, the researcher can click
on the “New Row” button to the right of the entry containing the existing address of interest (Fig. 16a), which creates an empty
Address Entry so the researcher can edit the information for the new entry accordingly (Fig. 16b). Lastly, Fig. 16c captures how the
move-in/move-out fields differ and how the “Time at address” changed from one entry to the other to capture two different periods
as well as time spent at a single residential location over the child’s lifespan.
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Move Out Month

Move Out Year

Address ID*

Time at address

Present s Present s Gilman Dr (ADDR_5fa9d47e538f0) Full Time s ml
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B
Move Out Month Move Out Year Address ID* Time at address
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Move In Month Move In Year Address Verified LexisNexis
s 2023 s v N/A
Notes
C
Move Out Month Move Out Year Address ID* Time at address
Oct 4 2021 4 Gilman Dr (ADDR_5fa9d47e538f0) Full Time s m
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Move In Month Move In Year Address Verified LexisNexis
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Fig. 16. (a) The “New Row” adds an empty new address entry. (b) The empty new address entry appears in the record. (c) After selecting the
existing address from the “Address ID” menu, the move-in/move-out fields and the time spent at that address can reflect the changes of when the
individual transitioned from “Full time” to “Half time”.
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LexisNexis LexisNexis
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Fig. 17. Indicators for denoting an Address Entry was obtained through LexisNexis.

Using LexisNexis to aid in missing addresses

Having to recall years of residential history can be a difficult task to complete. The risk of missing data is likely, and it is absolutely
necessary to establish methods to handle this issue. One method is to use external resources post-data collection to extract missing
address data that supplements the data collected from participants [11]. As such, the ABCD Study decided to add to the current
protocol the usage of LexisNexis, which is a third-party database that provides access to public information about people, including
information on residential addresses. After the informant provides consent for the ABCD Study to implement LexisNexis for this study
purpose, a search is conducted on the informant in order to extract address information and create a more complete residential
history record for the participant. It is important to note that LexisNexis only pulls address information about the informant who
provided consent. Because we want to collect address information for the participant, any address collected through LexisNexis needs
to be reviewed with the informant to verify the participant indeed lived at that address and can therefore keep the address in the
residential record. Additionally, LexisNexis is only used to find addresses for participants that have missing periods of residential
history data; if the informant is able to provide complete information about the participant’s addresses, LexisNexis is not needed.

If the informant provided consent for LexisNexus usage, data analysts working in the ABCD Study in the Data Analysis, Informatics
& Resource Center (DAIRC) use LexisNexus to generate a list of addresses and attach it to the respective address history record as a
new Address Entry to be reviewed with the informant at the next follow-up appointment. The PIID interface denotes if an Address
Entry was imported from LexisNexis by a checkmark “1/” under the “LexisNexis” label. If an address was not obtained through
LexisNexis, “N/A” will appear under “LexisNexis” (Fig. 17).

If an address was obtained from LexisNexis but has not been verified with the informant at a previous appointment, the researcher
lets the informant know that the address was pulled from LexisNexis and then proceeds to verify the information, add missing details,
or remove the address if it is not relevant to the child’s residential history record.

Troubleshooting Google API in real-time

While several features were developed in the current protocol to deal with complex situations, there are still a few examples that
might prove difficult. We outline a few tricky situations when implementing this protocol when it pertains to identifying an exact
address using the Google API interface in real-time.

1. There may be times that the address reported by the informant does not show up on Google API. Examples include:

A. The address provided by the informant does not match the address that Google geocodes (i.e. the spot on the map looks
incorrect to the informant even though the address is correct). This is most often the case when the city boundaries are
changing.

B. If the address provided by the informant is relatively new, Google Maps may not find it. This is most often the case when
a new housing complex or development is built, and Google has not updated or added this location as an address to their
maps.

Solution: In both cases, the informant verifies the information does not match and the study staff asks the informant to drop a pin
on the map where the address should be located.

2. The participant has resided outside of the country.

Solution: Enter the address as accurately as possible. If google is not able to verify the address, enter a city and country. Mark as
approximate location (unless you find the exact building in the community).

3. Exact addresses for a location may not be specific enough. Examples include:
a. The address is for a Military Base and Google API is not geocoding the exact address of the living quarters.
b. If the address is a large housing/living community and Google is not pulling the correct building in that community.
c. The participant lives on a college campus.

Solution: Ask the informant to drop a pin on the map where the address should be located. Mark as approximate location (unless
you find exact building in the base, community, or college premises on Google API).

15



P. Badilla, S. Abad, C. Smith et al. MethodsX 12 (2024) 102673
Results

Data completeness is actively monitored across the ABCD consortium. Specifically, we compared completeness as defined as the
proportion of a participant’s lifespan between birth and latest study visit with associated residential history data. Of the participants
who have completed a visit since the launch of the currently presented SOP, 87% of participants have residential histories that are
at least 80% complete. This is compared to 39% of participants whose last completed visit occurred when the consortium was using
the original text-based protocol and 78% of participants who completed their more recent visit after an initial revision of the original
SOP that included using the Google Place API. The current SOP leads to less missing data and individual address histories that are
temporally and spatially more robust and conducive to research involving studying environmental factors across the lifespan via
geolinkages.

Conclusion

The current SOP details the protocol enacted for the longitudinal ABCD study in April 2023. It allows for a standardized method to
compile comprehensive data on participants’ residential histories while helping to mitigate errors in data collection in real-time. This
SOP is useful to both researchers utilizing the ABCD data to better understand the origin and context behind the collected residential
data as well as investigators preparing to integrate residential history data collection into their own studies. While the data collection
interface does not use a stand-alone software readily available, the ABCD PIID interface used to implement this SOP for the study is
created using open-source frameworks like Django using Python, JavaScript and other publicly available APIs. Visual interface aside,
the processes, logic, and definitions outlined in the current protocol methods (i.e. definitions of time, seasons, address verification
processes in Google Maps, and visual timelines) can be replicated to collect residential history information in other studies.
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