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Editorial on the Research Topic

Empirical Research at a Distance: New Methods for Developmental Science

INTRODUCTION

The COVID-19 pandemic presented many challenges for the research community. The collection
of papers in this Research Topic illustrate how developmental scientists met those challenges
and created clever and innovative methods to continue research when it was not safe to have
children and families physically in the lab. Soon after labs were closed by universities and
institutions, developmental scientists were scheduling video conferences with children to collect
data, programming web-based procedures for participation, and considering ways to reevaluate
previously collected data. The papers presented here demonstrate how the community continued
to conduct research even though we were not able to work directly with our participants.

These papers reflect a diverse set of approaches to studying a wide range of content. They not
only demonstrate the effectiveness (or ineffectiveness) of these methods, but also engage discussion
on their drawbacks and gains. Are there advantages of new online paradigms with respect to
increasing our reach to wider participant pools than usually recruited? If so, do these advantages
outweigh the very real disadvantages of a decrease in the precision of measurements (e.g., not being
able to control for distraction in the testing environment)? What criteria would our field need to
develop for the adoption of such new methods (e.g., privacy concerns, ethical considerations)? Liu
et al. discuss the benefits of reaching out into the community to find collaboration and to engage
with participants regarding research ethics and values.

This Editorial is organized as follows. First, we describe the wide range of methods and measures
adopted, illustrating how the move to collecting data at a distance did not restrict the ways we
conducted research or the questions we asked. Next, we describe efforts to directly compare the
results of data collected online (both supervised and unsupervised) to data collected in person.
This Research Topic of papers reveals both findings that are context-independent (i.e., the same
pattern is observed regardless of how the data were collected) and context-dependent (i.e., different
patterns are observed in online vs. in-person data). In addition, these papers address questions
of how procedures need to be modified, differences in data quality, and what measures can and
cannot be assessed in different data collection contexts. We then present “lessons learned” and
advice for best practices. We suspect that developmental scientists will continue to collect data at a
distance, and the work presented here can provide guidelines to ensure that future efforts produce
high quality work. Finally, we discuss what online remote research can offer-and what it cannot-as
the field moves forward.
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THE RANGE OF METHODS AND
MEASURES

Researchers who were unable to collect data in person adopted
a number of different approaches to continue their research.
Some explored ways of analyzing previously collected data. For
example, Solby et al. applied neural network analyses to archival
data on infants’ problem solving abilities. Mendoza and Fausey
provide guidance for manually annotating children’s everyday
experiences from data in repositories. Many others began
developing or using tools for collecting data remotely. For some
researchers this meant creating versions of their experimental
procedures that could be administered in a moderated video
conference (e.g., using a platform such as Zoom). Other
researchers used or developed procedures for unsupervised data
collection, in which the participants or families used their own
computers or equipment provided by the researchers to collect
data in their own homes (e.g., the online experimental platform
Gorilla). We next describe the work conducted with moderated
and unmoderated procedures.

Moderated Procedures

Many of the papers in this collection provide examples of
moderated or synchronous remote data collection. In these
procedures, participants typically make an appointment and
meet with the researcher remotely via a video conferencing
platform. This is essential when the experimental paradigm
requires that children interact with and respond to instructions
given by a researcher. Researchers used this approach to
investigate a wide range of questions, including school aged
children’s solutions to balance beam problems (Filion and Sirois),
young children’s performance on traditional false belief tasks
(Schidelko et al.), mother-infant interaction (McElwain et al.),
and standardized cognitive functioning assessments like Mullen
or Bayleys (Krogh-Jesperson et al.).

Moderated sessions also can be less structured in order
to capture more “naturalistic” behaviors at home. Moderated
sessions have been used to record free-play with parents and
infants (Shin et al; Segal and Moulson), puzzle play with
preschoolers and parents (Pochinki et al.), and eating behaviors
at mealtime (Venkatesh and DeJesus). In a semi-structured
approach, Woon et al. recorded parents reading a book with their
infants or toddlers, using the screen sharing feature on Zoom to
present the same book to all participants.

There are also examples of researchers conducting multi-
session and training studies using fully remote experimenter-
moderated sessions. Bambha and Casasola had an experimenter
meet with children on Zoom, every week for 5 weeks,
to deliver a spatio-cognitive and visuo-motor skill training
protocol. Ozernov-Palchik et al. delivered a fully remote
language intervention and assessed its impact. Both papers
discuss the challenges and strengths of such a multi-session
remote approach.

Because they allow for better monitoring of caregiver and
child variables, some researchers chose moderated sessions
for tasks that could have been conducted in unmoderated
sessions, including looking-time procedures with young children

(Bacon et al;; Chuey et al.; Morini and Blair) and monitoring
children completing tasks using Qualtrics (Qualtrics, 2022) and
other software (Segura and Pompéia; Vales et al.). Researchers
choose moderated sessions for a variety of reasons including ease
of setting up the procedure, a desire for more control, targeting a
particular population, and comparing results between moderated
and unmoderated studies.

Unmoderated Procedures

Many researchers elected to conduct unmoderated or
asynchronous remote data collection, especially for screen-
based, non-interactive experimental tasks. Platforms such as
Lookit (Scott and Schulz, 2017) facilitated the administration of
infant looking time tasks, in which researchers can set up stimuli
to present to infants or young children and record their looking
to those stimuli. Platforms such as Gorilla (Anwyl-Irvine et al.,
2020) or LabVanced (Finger et al., 2017) allow researchers to
design and program experiments to collect reaction time and
accuracy as children press keys on their computer keyboard
in response to stimuli presented on the monitor. These
unmoderated procedures have the advantage that participants
can log into an experimental program over a web browser and
participate in an experiment in their own time by following
the screen prompts. Oftentimes, the experimental software
allows tight control over experimental variables like stimulus
presentation and timing. They have the disadvantage that there
is no experimenter to direct the parent or child, to make sure that
the setting and recording is optimal, and to ensure compliance
with the task. Nevertheless, several papers in this Research Topic
demonstrate that these can be effective procedures.

For example, Nelson and Oakes demonstrated that infants’
visual preference can be examined using the unmoderated
platform Lookit and labor-intensive off-line coding. Others
presented procedures that code looking automatically, either
online or after data recording. Using the built-in webcam-
based automatic eye tracking feature of LabVanced, Banki et al.
conducted an online eye tracking study to assess 4- to 6-
month-old infants’ sensitivity to audio-visual synchrony. Braun
et al. developed an app for the iPad that recorded videos of
toddlers’ responses to images corresponding to familiar and
unfamiliar words. Children’s looking time was later analyzed
using a combination of human coding and neural networks.
Eschman et al. described how existing deep learning tools for face
recognition can be adapted to automatically code eye gaze from
recorded sessions.

Other kinds of responses can be recorded in unmoderated
sessions. Marimon et al. used LabVanced to collect reaction time
from 3% to 8-year-old children who responded with button
presses to assess their sensitivity to non-adjacent dependencies in
linguistic stimuli. Ross-Sheehy et al. used Gorilla to record button
presses from 4- to 10-year-old children in a change detection task
as a measure of their visual working memory. Chere and Kirkham
investigated executive functions in contexts of noise with 11-18
year-olds on Gorilla, in which both accuracy and reaction time
measures were collected.

Another approach to unmoderated research was to train
caregivers to collect data in their homes or during their daily lives.
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Franchak et al. demonstrated how they could study infants’ body
positions using a set of wearable inertial sensors delivered to the
infants’ homes and applied by the parents and developing neural-
network based analyses of these body postures. Van den Heuvel
et al. discussed the value and pitfalls of experience sampling
methods (ESM) using smartphones to gather data on infants and
their families.

COMPARISON OF IN-PERSON VS.
REMOTE DATA COLLECTION

Regardless of the particular data collection procedure, an
important question is how the results of data collected remotely
compares to data collected in-person. Given the lack of control
in the testing environment-and the presence of many more
distractions than in the lab-it is not immediately obvious
whether data collected remotely will yield the same results as
data collected in person in a lab setting. This central question
was explored by a large proportion of authors, and the results
were mixed.

One issue is simply whether the quality of the data are
comparable to those collected in the lab. It would not be
surprising if data collected online were noisier, as there are many
variables that are difficult to control (e.g., distractions, lighting,
and quality of recording device). On the other hand, children may
be more comfortable at home, and thus online data collection
may actually have less noise.

For some procedures, the data quality for online studies was
quite good. Bacon et al. reported that data loss in a looking-while-
listening task was similar to that observed in the lab. Morini
and Blair reported similar numbers of trials from preschoolers
in the lab and tested online in a vocabulary learning task (using
looking as a measure) with preschoolers. But others reported
poor data quality from online sessions, for example when
remotely conducting eye-tracking (Bénki et al.) or recording
audio responses (Gijbels et al.). There are remedies to some
sources of poor data quality, however. Gijbels et al. for example,
provided children with wearable audio recorders (LENA, Xu
et al., 2009) to obtain higher quality audio data than can be
obtained from Zoom recordings.

A second issue is whether the same patterns of results are
observed in both contexts. Several studies found no differences
between data collected in remote and in-lab sessions. Attempts to
replicate previously collected (and often published) findings from
lab-based research were successful. For example, in a moderated
task using Gorilla, Yamamoto et al. replicated previous findings
from lab-based studies for children’s emotion perception in
auditory and visual stimuli. Vales et al. used a Qualtrics task
in a moderated session and replicated previously reported
findings about 4- to 6-year-old children’s semantic knowledge.
Schidelko et al. reported results from online false belief tasks
with preschoolers that replicated previous findings. However,
Bochynska and Dillon conducted a visual preference study with
infants using Lookit, and did not replicate findings on infant
shape discrimination from data collected in the lab.

Others directly compared data collected in the lab and online.
In some cases the procedures and methods were very similar, as

were the results. For example, Segura and Pompéia compared
results when 9- to 15-year-old children were administered a
battery of executive function tasks by an experimenter, either
in person or moderated online, and observed no differences in
performance. Morini and Blair found no differences in a looking
task assessing vocabulary learning in toddlers when conducted
online or in person. Silver et al. found that 2- to 3-year-old
children responded similarly in a number tasks given online or
in the lab. Chuey et al. replicated a number of studies of social
cognition in young children using in-lab and remote testing
methods. In other cases, the results differed in the two contexts.
Not only did Banki et al. find different quality of eye tracking
recorded online and in person, they also obtained different
patterns of results. In a comparison of performance on a second
order inference task conducted in the lab, in a supervised online
task, and in an unsupervised online context, Lapidow et al.
observed that the online findings were weaker, and only oldest
children tested show above chance performance in that context.
In Bacon et al’s looking-while-listening task (coded frame by
frame through Zoom), both accuracy and reaction times showed
differences from in-lab studies, with toddlers faster and more
accurate in the Zoom study.

In summary, although some findings are robust to differences
in testing context, others are not. This observation has
implications both for how we think about specific findings-and
whether or not they are robust and replicable-and also for what
kinds of questions must be asked in a lab context and what kinds
of questions can be asked utilizing remote methods.

ONLINE DATA COLLECTION CHALLENGES
AND BEST PRACTICES

A significant contribution of the papers in this Research Topic is
what was learned and how online remote testing can be effective,
which we discuss in the following.

Adapting Procedures for Online Testing
As many of us discovered early in the COVID-19 pandemic,
setting up an online study is not necessarily easy or fast. Many
online platforms, such as Lookit or LabVanced, require learning
new paradigm construction tools. When using less technically
demanding platforms, such as Zoom, researchers discovered the
importance of testing internet speed (e.g., Bacon et al.; Eschman
et al.) or the limitations of some aspects of the recording for
obtaining high quality data (Gijbels et al.). The challenges are
not just technical, however. Researchers must consider how
their tasks and procedures must be adapted for administration
remotely and online. For example, Krogh-Jespersen et al
described how they adapted the Mullens, which is a standardized
tool that requires using specific materials. They used parents as
test administrators and adapted materials for presentation using
PowerPoint, eliminating items that could not be tested remotely.
Several of the papers in this Research Topic provide
guidance for the decisions researchers need to make when
considering moving their task or procedures online. Kominsky
et al. provide guidance to decide on whether moderated or
unmoderated procedures are best, for example considering the
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importance of experimenter involvement vs. the convenience
of participants completing the study on their own schedule.
Shields et al. provide an overview of some of the platforms
available for online, unmoderated testing, which vary in their
expense, the responses that can be recorded, and the ease with
implementing new procedures. Braun et al. show the advantage
of developing custom-build solutions, if one’s research team has
the technical skills.

A significant consideration is stimulus presentation.
Presenting stimuli remotely is more complicated than in the lab.
Some researchers send stimuli or materials home to families,
and record children interacting with those materials during
moderated sessions (Kominsky et al; Silver et al.). It is more
common for researchers to present stimuli over the internet
during moderated or unmoderated sessions, using screen
sharing, downloading stimuli onto participants’ computers, or
streaming on the web. The different methods have different
pros and cons, including lags and dropped frames, slow internet
speeds, and temporal differences. Kominsky et al. describe how
researchers must balance the need for control over stimulus
presentation and the quality of the stimulus presentation.

In addition, interacting with subjects online is different from
in person. Experimental tasks may therefore need to be changed.
Because children’s attention may be more difficult to maintain
during online sessions than in the lab, the recommendation
is that tasks are kept short and that experimenters elicit
regular responses from children (in moderated tasks) to monitor
children’s attention (Chuey et al.; Shields et al.).

Security Considerations

Online data collection requires that researchers consider
data security. Information technology policies on University
campuses frequently change, and requirements for how data
collected from individuals can be stored and transmitted varies
from institution to institution and from country to country. Basic
questions such as what data can be collected, who has access to
it, and how it is stored can be a challenge. The US has different
standards and concerns than Europe, which may make collecting
data in both environments difficult (Zaadnoordijk et al.).

As a result, researchers must consider carefully the platforms
they adopt to collect data with children and families. Chuey et al.
provide pros and cons of several popular video conferencing
platforms for the purposes of data collection. For example,
Zoom has security features such as real-time encryption, the
ability to require a passcode and enable waiting rooms (Gijbels
et al.; McElwain et al; Shin et al.). It can allow researchers
to record sessions directly onto their local harddrives (Bacon
et al; Segal and Moulson; Venkatesh and DeJesus), or to have
participants record their sessions on their own hard drives (to
avoid lags; Morini and Blair). In this second case, the researcher
has to have a way to securely transfer the recording from the
participant’s computer to the researcher’s computer. Regardless
of how the research team solves these issues, online testing
raises privacy issues as it often involves creating recordings that
show parts of the participants’ homes. That is, although online
data collection can provide insight into children’s environment
(Chere and Kirkham) and how children behave while at home

(Pochinki et al.), it also exposes the researcher to a new level of
privacy and security concerns.

Involving Caregivers in the Study Process
When testing participants online, the opportunities for
instructions are more limited than in the lab, even in moderated
sessions. In the absence of an experimenter and a lab setting,
parents and other caregivers often play an important role in
order to ensure adequate study setting and control. Shields
et al. provide suggestions for how to involve parents in this
way, and researchers in this Research Topic often emphasize
the role of parents as active co-researchers (e.g., Eschman et al;
Zaadnoordijk et al.). How this could best be achieved depends
on the required caregiver contributions and the task format; for
instance, Krogh-Jespersen et al. emphasize the importance of
creating rapport between caregivers and researchers in longer,
moderated tasks, while shorter, unmoderated experimental
protocols might especially benefit from clear instructions (Shin
etal.).

For the latter, checklists and tutorial videos are recommended
to ensure parents set up their home study environment in a way
that minimizes interruption and distraction (Shin et al.). Another
technique that researchers put forward is to do pre-study sessions
with parents, including technical and equipment tests to check
that parents use the correct devices and that quality of stimuli
and internet speed were sufficient (Eschman et al;; Morini and
Blair). What each of these examples illustrate is that involving and
training the parent can have a positive impact on data quality and
the overall success of remote data collection.

THE PROMISES OF REMOTE TESTING

The promise of remote data collection is enticing. Developmental
scientists have long struggled with collecting ample sample sizes,
as well as having samples that are diverse and representative of all
children. In addition, remote data collection is more accessible to
researchers who have limited space and resources to collect in-
person data. Thus, although the COVID-19 pandemic motivated
many to collect data online out of necessity, it is likely that many
researchers will continue to collect data remotely even after it is
possible to collect data in person.

The shift to online testing made it possible for developmental
scientists to ask and answer questions that are difficult or
impossible to address in-person in a lab. Remote research
provides insights into children’s lives at home that is only
possible with remote testing. Pochinki et al, for example,
showed how with remote testing we gain understanding into the
kinds of puzzles preschoolers play with their parents, and the
kinds of behaviors mothers and preschoolers engage in during
that play. Chere and Kirkham assessed the impact of noisy
home environments on executive functioning in adolescents,
illustrating how remote testing can tap into aspects that are
hard to assess in the lab. Franchak et al. collected extensive data
about motor behavior during naturalistic interactions at home
by sending home equipment and instructing parents how to
use it at home. These papers illustrate how remote testing gives
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us insight into development in context in a way that lab-based
research cannot.

Online methods also have promise for developmental
screening, which is expensive for health services to conduct in-
person. Giraldo-Huertas and Schafer compared a standardized
developmental screening with a parental measure that could in
principle be administered online. Nelson et al. directly compared
how pre- and full-term children performed on standardized and
experimental cognitive assessments at 4 and 5 years of age in
person and online. They found no differences as a function of
format on 5 of 8 tasks and found that there were no effects of
format for children at risk.

One still at least partly unfulfilled promise of online data
collection is a more global reach and inclusivity. For instance,
Lookit, the main platform for infant looking time studies,
is primarily available for families living in English language
environments and under US data protection laws. Nevertheless,
we think that this problem is more surmountable in online than
in-lab settings, and indeed, projects like ManyBabies-AtHome
(Zaadnoordijk et al.) aim to globally broaden access to relevant
software and data management options. A related problem is
recruitment, where again research recruiting English-speaking
and US-based families can profit from quickly evolving platforms
such as ChildrenHelpingScience, with equivalents for other areas
only sparsely available (but see Kinder Schaffen Wissen for
German speakers). Kato et al. tackle the problem of creating a
database for recruiting infants and storing data online in Japan,
including the creation of a researcher consortium to manage
such efforts. Another concern for inclusivity in online studies
is the necessity of a stable internet connection and a device to
participate in studies. A lot of work still needs to be done to
overcome these problems, but this Research Topic assembles
some suggestions for solutions, such as lending participants a
Wifi tool or hotspot or refer them to public places that offer free
internet, or to create tasks that allow participants to participate
over their mobile phone as opposed to a webcam-enabled
computer (Shin et al.). Thus, while remote data collection is still
not as global and inclusive as we might have imagined at the
outset of the pandemic, the research community suggests and has
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started implementing concrete and attainable solutions toward
this goal.

Even if researchers will solve the practical problems of testing
a diverse subject population, online testing does not guarantee
that diverse samples will be automatically recruited. For example
Bacon et al. deliberately tested the idea that they could recruit
a more diverse sample online by using microtargeting Facebook
ads. However, this study also illustrates that although in principle
online testing provides access to populations who would not
ordinarily come to the lab (e.g., they live too distant), it takes
effort and care to recruit more diverse populations, just as it
would to recruit those samples for in-person testing. Liu et al.
demonstrate the effectiveness of community engaged labs for
recruiting diverse samples.

CONCLUSION

Research at a distance is here to stay for developmental science.
The collection of papers in this Research Topic illustrate many
of the ways that methods and procedures can be adapted for
remote administration. The papers provide models for solutions
to common problems, and will help researchers in the future
make decisions about how to conduct empirical research at a
distance to answer key questions in developmental science.
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Play and Learning Lab, Department of Psychology, Cornell University, Ithaca, NY, United States

Training studies extend developmental research beyond single-session lab tasks by
evaluating how particular experiences influence developmental changes over time. This
methodology is highly interactive and typically requires experimenters to have easy,
in-person access to large groups of children. When constraints were placed on in-person
data collection due to the COVID-19 pandemic, administering this study format in the
conventional manner became unfeasible. To implement this type of research under these
new circumstances, we devised an alternative approach that enabled us to conduct a
live, multi-session training study using a diverse array of activities through an online
interface, a task necessitating creative problem solving, since most existing remote
methodologies either rely on unsupervised methods or have been limited to single sessions
and restricted to a limited number of tasks. The current paper describes the technological
and practical adaptations implemented in our online training study of 118 4- and 5-year-
old children from a geographically diverse sample. An experimenter interacted with the
children once a week for 5 weeks over Zoom. The first and final sessions were dedicated
to collecting baseline and post-test measures, while the intermediate 3 weeks were
structured as a training designed to teach children specific spatial-cognitive and visuo-
motor integration skills. The assessments and training contained image-filled spatial tasks
that experimenters shared on their screen, a series of hands-on activities that children
completed on their own device and on paper while following experimenters’ on-screen
demonstrations, and tasks requiring verbal indicators from the parent about their child’s
response. The remote nature of the study presented a unique set of benefits and limitations
that has the potential to inform future virtual child research, as our study used remote
behavioral methods to test spatial and visuo-motor integration skills that have typically
only been assessed in lab settings. Results are discussed in relation to in-lab studies to
establish the viability of testing these skills virtually. As our design entailed continual
management of communication issues among researchers, parents, and child participants,
strategies for streamlined researcher training, diverse online recruitment, and stimuli
creation are also discussed.

Keywords: Zoom, preschool, training study, remote testing, learning, spatial skills, visuo-motor integration
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Zoom Preschool Training

INTRODUCTION

The integral role of experience is studied in lab settings through
training studies, a multi-session methodology in which
experimenters first assess children at baseline on measures of
interest and then, in subsequent lab sessions manipulate the
types of input and experiences the children receive based on
their assigned condition. At the end of the study, children are
tested again on the same measures as at baseline and the
results are analyzed to determine differential patterns of success
across the training conditions. Training studies have been
effectively applied to a wide variety of developmental domains,
such as social cognition, language development, mathematical
cognition, spatial skills, working memory, and the development
of positive psychological traits such as optimism (Hale and
Tager-Flusberg, 2003; Uttal et al., 2013; Hofmann et al., 2016;
Gade et al., 2017; Malouff and Schutte, 2017; Casasola et al.,
2020; Mix et al.,, 2020). Their study design makes it possible
to draw causal conclusions about what specific aspects of these
controlled experiences lead to improvements in particular kinds
of skills.

Training studies typically require that experimenters have
access to large groups of children in person over an extended
period of time. However, even in ordinary circumstances this
type of recruitment is challenging, as researchers must pull
and retain a sufficient sample from the limited geographic
areas surrounding their universities. Following the beginning
of the March 2020 social distancing restrictions in the
United States due to the COVID-19 pandemic, in-person data
collection at most universities was stopped completely or severely
restricted. As of May 2021, in-person data collection remains
limited at most institutions across the country, especially with
vulnerable populations such as children. It therefore became
necessary for child researchers to think of creative solutions
to translate their methods to online platforms. This problem
was particularly messy for experimenters who wanted to maintain
the hands-on and longitudinal nature of training studies.

While remote methodologies for developmental research
exist that predate the COVID-19 era, they are not the most
suitable for training studies that seek to provide children with
controlled, multimodal, and interactive experiences that target
a range of skills over multiple sessions. Most established remote
methodologies were intended to be implemented in the absence
of a live experimenter (Scott and Schulz, 2017; Rhodes et al,,
2020). For example, parents and children using the online
Lookit platform' from Scott and Schulz (2017) never interact
directly with an experimenter. Instead, infants and children
watch videos of prerecorded stimuli, and their eye gaze is
captured and saved through their webcam. Likewise, studies
implemented through Discoveries Online,> an unmoderated
interface designed for verbal children ages three and older,
participants make selections on their screen based on study
narratives and animations (Rhodes et al., 2020). Although these
methods allow families to complete sessions at their convenience,

'www.lookit.mit.edu
*www.discoveriesonline.org

they do not lend themselves well to tasks requiring the child’s
active participation, as during Lookit tasks the child simply
watches the screen and is not able to interact directly with
anything they see, and children participating in studies from
Discoveries Online are constrained to actions that can be elicited
with little setup and explanation, such as pressing a button
on the screen or discussing a story with their parent in a
naturalistic setting (Scott and Schulz, 2017; Rhodes et al., 2020).
Because there is no live experimenter in either methodology,
there is no mechanism in place to ensure that the instructions
are followed, the child remains engaged and fixated on the
screen, the camera angles stay in focus, and the data upload
correctly. This last point is particularly pertinent because without
an experimenter present to assume the responsibility of recording
and administering the session, approximately 35% of the Lookit
videos analyzed in Scott and Schulz (2017) were unusable, the
majority due to missing or incomplete video data. Additionally,
although Rhodes et al. (2020) reported a low level of parental
interference in the studies conducted on their Discoveries
Online platform, it is important to note that their studies that
were not explicitly about parent-child interactions and were
intentionally designed to require as little parental involvement
as possible. Though such a setup reduces the risk of parental
interference, it is not well suited for the goals of a training
study that require child engagement in specific activities over
several sessions.

Moreover, one of the only existing empirical studies that
has used live videoconferencing to interface with children,
Roseberry et al. (2014), a language learning study that examined
whether social contingency would aid toddlers’ ability to learn
words from digital applications such as Skype, was conducted
in a single session in a lab setting that only used videoconferencing
for a small portion of the session, and only for children in
one of the three study conditions. This video chat was
supplemented by a warm-up period during which the child
was able to play with toys and meet the experimenters face
to face, and in-person data collection methods such as eye-tracking
using a physical eye-tracker. The videoconferencing component
itself was also not entirely interactive, as children participated
in short verbal exchanges with the experimenter at the beginning
of the chat, but transitioned to passively watching and listening
to the experimenter during the actual word-learning tasks
(Roseberry et al, 2014). The children did not complete any
participatory activities related to the word-learning task or
engage the experimenter in conversation about the novel words.
Established remote methodologies for developmental research
have therefore mostly been applied to tasks in a narrow range
of domains and modalities that are meant to capture either
implicit measures or the impact of limited forms of interaction
that are not directly related to the skill the child is learning.

By contrast, hands-on training studies that teach children
specific skills through distinct, multimodal activities over multiple
sessions have not yet been attempted in remote settings. To
successfully carry out such a study, researchers would have to
create study stimuli and activities that allow children to actively
participate in a virtual environment, find enough families that
are willing to commit to several live, online study appointments,
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and maintain efficient and effective communication between families
and the research team, all while fostering an interactive and
engaging atmosphere during the sessions themselves. The present
paper details the novel approach that our research team adopted
to address these obstacles in a spatial training study with 118
preschool children. In addition to being the first instance of an
entirely remote training study, our study was the first of its kind
to test spatial-cognitive and visuomotor integration skills, which
generally rely heavily on physical materials or detailed eye-tracking
methods, through behavioral methods administered through virtual
interactions with experimenters. It featured baseline and post-test
assessments on a variety of spatial and visuo-motor integration
skills, as well as trainings with hands-on drawing activities.
We will review our study’s strategy for (1) participant recruitment,
(2) stimuli creation and piloting, (3) study procedure and task
structure, (4) long-distance research team training, and (5) parent
communication. Although this approach was devised out of
necessity, we believe its takeaways can be applied to future
developmental studies to overcome some of the traditional
recruitment limitations in the field, such as lack of geographical
diversity, and expand the reach of our science. However, it is
also important to note that even though our team was successful
in applying remote methods and obtaining quality data, we cannot
assume that the research experiences children received over Zoom
is comparable to the usual in-person experience. Future work is
needed to more directly compare the patterns and quality of data
obtained in remote and in-person developmental studies.

PARTICIPANT RECRUITMENT

Our final sample size was 118 participants (65 girls, M = 5.05,
SD = 0.517, range = 3.78-5.94 years). The study was conducted
in two five-week rounds with different participants. Just over
half of this sample participated in the five-week study in the
summer (N = 67, 36 girls, M = 5.0, SD = 0.510, range = 3.78-
5.90 years) while the remaining participants completed the
five-week study in the fall (N = 51, 29 girls, M = 5.10,
SD = 0.51, range = 4.16-5.94 years). Most participants (N = 105)
were recruited from public and private Facebook groups designed
for parents looking for virtual activities during the pandemic
or online homeschooling resources for their children. All
Facebook recruitment was handled by the first author. When
asking permission to join a private Facebook group we made
our intentions to advertise the study clear in our request form.
Our ad contained an image and text describing the purpose,
age requirements, format, length, and compensation for the study.

Interested parents replied to the lab email address, commented
on the post, or messaged the first author directly. If a parent
left a comment indicating that they were interested in having
their child participate but did not email the lab or send a private
Facebook message, the first author began communication by
sending the parent a message first. After the initial contact the
first author sent a follow-up email or message with more detailed
information about the study, including the materials needed (two
separate electronic screens were required, with a preference that
one be a tablet), an explanation of the links they would be receiving

from their experimenter containing the activities, a reminder of
the study format, length, and compensation, and the projected
start date of the study with a request that parents send three
ranked day and time preferences (in Eastern Time) for their
sessions. For organizational purposes, we asked the parents to
try to pick time slots at the same time and on the same day of
the week each week for each of the 5 weeks. After a timeslot
had been decided, the first author then connected the family
with the member of the research team who would be running
their sessions. Any future communication about rescheduling was
coordinated by that researcher.

Our sample was geographically diverse, with 8 participants
from the New England Region, 21 from the Mid-Atlantic
Region, 16 from the greater Washington Metropolitan Area
where the first author is from (DC, Maryland, Delaware, West
Virginia, and Virginia), 10 from the Southeastern Region (North
Carolina, South Carolina, Georgia, and Florida), 8 from the
Southwestern Region (Arizona, Texas, Oklahoma, Arkansas,
and Louisiana), 28 from the Midwest, 10 from the Rocky
Mountain Region, and 15 from the Pacific Region. Two
participants did not report location information.

Of the children whose caregivers reported racial demographic
information, 87 were Caucasian, 14 were mixed race, 1 was
American Native or Alaska Native, 1 was African American,
11 were Asian, and 1 was Native Hawaiian or other Pacific
Islander. Fifteen of these children were reported as Hispanic
or Latino. Of the 118 families who reported maternal education,
all had graduated high school and 112 had earned at least a
4-year degree.

An additional 31 children were recruited but were not
included in the final sample due to failure to begin the study
after setting up a timeslot (n = 10), failure to complete all
five sessions of the study after starting (n = 4), parental
involvement (n = 11), technological difficulties (n = 1), or
fussiness (n = 5).

We were able to recruit a larger sample with less attrition
in the summer (n = 80 recruited, n = 67 participated) compared
to the fall (n = 72 recruited, n = 51 participated), possibly
because families had more free time during the summer to
dedicate to our study rather than during the fall when children
had the added commitment of school.

Written informed consent was obtained from a parent or
guardian before the first session of the study. All procedures
involving human subjects were approved by the Institutional
Review Board.

Families were given a total of $25 in electronic Amazon
gift cards, $5 after their first session and $20 after their final
session. In order to receive the full $25 families had to complete
all five sessions.

STIMULI AND PROCEDURE

Baseline and Post-test Assessments

The baseline and post-test contained a total of six assessments
on a variety of spatial, language, and visuo-motor integration
skills. Three of these measures were administered through
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FIGURE 1 | Example trial from the mental rotation task.
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Qualtrics, two were administered through another online
behavioral science platform called Gorilla,’ and one was
administered through virtual demonstration and a physical writing
instrument and paper. We used two online platforms to more
closely approximate versions of tasks that had been conducted
successfully in person (Qualtrics tasks) and to administer the
same version of tasks that are being used in a different ongoing
online study in our lab with the comparatively older age group
that was the focus of this study, setting the stage for future
age comparisons (Gorilla tasks). The remaining task was adapted
from a standardized visuo-motor integration task, so we used
physical materials to more closely mimic its standard setup.

The first assessment was a mental rotation task based on
the picture rotation task (PRT) used in Quaiser-Pohl (2003).
There were two versions of the task, modeled on the two
versions of the standard PRT but using different images. Children
received one of the two versions at baseline and the other at
post-test. During the task, they had to identify which of three
rotated images exactly matched an example image. This task
was administered as a Qualtrics survey that an experimenter
displayed through screen share on Zoom (see Figure 1). Across
both rounds of the study, children answered by pointing to
a numbered picture and having their parent tell the experimenter
which picture they chose (n = 46), by verbally responding
themselves (n = 71), or by listening as the experimenter labeled
each of the choices and telling them to stop when they came
to the picture that they thought was the correct match (n = 1).
The task contained three practice trials in which the child
was always shown the correct answer and 12 test trials where
the correct answer was not shown.

The second assessment was a novel pattern extension task
that was also administered through a Qualtrics survey (see
Figure 2). There were two versions of this task with patterns
with similar structures but different specific images. Children
completed one version of this task at baseline and the other
at post-test. This task was conducted on a second device while
the experimenter followed along by displaying the corresponding
screens through screen share on Zoom. Parents were sent the

*www.gorilla.sc

survey link prior to the testing session and had the task ready
for the child to complete with the experimenter during the
session. The task required children to both verbally indicate
and drag and drop the three elements that came next in a
series of six patterns into an answer box. They completed the
task on their second device. Experimenters did not select any
answers for the children during this task. Instead, children
whose second device had a touchscreen (n = 100) used their
finger to move the pictures into their correct positions in the
pattern, with parental assistance as needed. Children whose
second device was a laptop with no touchscreen (n = 18)
indicated their answers by pointing to the picture on the screen
and having their parent complete the drag and drop for them.

The third assessment also took place on the child’s second
device but was instead administered through the Gorilla platform.
Children were shown a series of nine partially completed
puzzles and were told to tap on the space where they thought
a missing piece went (see Figure 3). There was no drag and
drop element involved. Children whose second device had a
touchscreen (n = 100) used their finger to tap on the matching
space while those whose second device did not have a touchscreen
(n = 18) pointed to the spot they thought was correct and
their parent clicked it for them.

Children completed the fourth assessment using a physical
drawing tool and paper. For this assessment, which was a
modified version of the Beery Developmental Test of Visuo-
Motor Integration (DTVMI) from Beery (2004), the experimenter
held up a series of geometric images to the screen and had
the child copy them into sheets of paper that contained tables
with two rows and three columns (see Figure 4). The child
held each page up to the screen once they had filled the table.
This table had been emailed to parents the night before. There
was a total of 15 progressively more difficult images for the
child to copy, but the experimenter stopped early if the child
was unable to draw an image or expressed a desire to stop.
Children completed on average 12 drawings at baseline and
13 drawings at post-test.

For the fifth assessment, children returned to Gorilla on
their second device. This task was a test of visual processing
and required them to pick which of two pictures at the bottom
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FIGURE 2 | Example trial from the pattern task.
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Can you drag and drop the next three shapes in this pattern into the box?

Pattern

of the screen they thought looked the most like the picture
at the top of the screen (see Figure 5). Children whose second
screen was a touchscreen (n = 100) used their finger to select
their choice while those whose second screen was a laptop
with no touchscreen (n = 18) pointed to their choice while
their parent clicked it.

The sixth assessment was a spatial vocabulary task
administered in a Qualtrics survey over screen share. There
was only one version of this task and it contained items that
ranged in difficulty. For the expressive part of the task, an
experimenter shared pictures with various geometric shapes
and spatial relations and asked the child to verbally label them
(see Figure 6). The experimenter recorded the child’s response
directly into the form (24 total questions: 15 shape and 9
spatial relation). During the receptive part of the task, the
experimenter provided the label and children had to select
the corresponding picture (21 total questions: 9 shape and 12
spatial relation). For this part, 76 children responded by pointing
to one of the numbered choices on the screen and having
their parent tells the experimenter which one they pointed to

and for 29 children the experimenter verbally scanned through
the numbered options and told the child to tell them to stop
when they landed on the correct choice. Twelve children
responded on their own.

All children were asked to complete a free draw after they
completed the sixth assessment.

Depending on children’s level of engagement, the experimenter
sometimes presented the tasks out of order or gave the child
a break to complete an extra free draw. For example, if a
child started to lose focus during the interactive drag and
drop task the experimenter would either move on to a less
demanding task or let the child draw a picture until they
regained focus and enthusiasm. There were 36 participants
who were given an altered task order in this manner.

Parents were asked to take pictures of and email copies of
all physical drawings their children created to the research
team. Of the 118 total participants, 71 emailed all the necessary
materials for both baseline and post-test. For children without
emailed materials, coding was done based on the recorded
Zoom video.
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Where does
this piece go?

FIGURE 3 | Example trial from the puzzle task.

FIGURE 4 | Example images from the modified Beery DTVMI task.

Training Activities
The training sessions were novel tasks administered through
screen share by an experimenter using the Gorilla platform.

Gorilla was chosen for the demonstration because it contained
a drawing tool that allowed the experimenter to draw on
the screen. Children were shown and asked to trace or
copy two images containing geometric shapes during the
guided drawing portion of these training sessions. All children
were given the same images in the same order for each
session. The images for the first training session were the
cat face and the penguin, the images for the second were
the house with trees and the person, and the images for
the third training session were the truck and the rocket
(see Figure 7). Some children were provided with informative
spatial language while they completed the art activities, and
some were not.

After the two guided draws, all children completed two
free draws. For the first free draw, they were instructed to
draw whatever they wanted. For the second, they were told
to draw whatever they wanted using as many different kinds
of shapes as they could.

Parents were asked to take pictures of and email copies
of all physical drawings their children created to the research
team. Of the 118 total participants, 73 emailed all the
necessary materials for all three trainings. For children
without emailed materials, coding was done based on the
recorded Zoom video.
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FIGURE 5 | Example trial from visual processing task.

Where is the bear in relation to the cup?

FIGURE 6 | Example trial from the expressive spatial relation portion of the spatial vocabulary assessment.

RESEARCH ASSISTANT TRAINING contained instructions for proper data collection protocol and

links to needed materials. Research assistants also clearly marked
A total of 12 undergraduate research assistants, along with a  their availability in a shared Google calendar. This organizational
hired lab manager and the graduate student principal investigator,  process proved crucial in ensuring that all the research assistants
interacted directly with the children over Zoom during data  were well trained and able to carry out the protocol smoothly.

collection and assisted with behavioral coding and data Data collection took place in two phases: summer and fall.
processing. Three additional undergraduate research assistants ~ During summer session, the first author graduate student and
worked solely on behavioral coding and data processing. five undergraduate research assistants conducted sessions with

In order to maintain uniformity with such a large team that 67 children, with a range of 6 to 17 participants per researcher
could not gather in person and that had members located in  and a total of five sessions per participant. The undergraduate
different time zones due to the unique situation created by  students met with the graduate student over Zoom for an initial
COVID-19, we set up a series of Zoom trainings and created  training where they were walked through the procedure over
detailed step-by-step guides stored in our lab Box folder that screen share and shown where the guides and materials were
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FIGURE 7 | Images completed by children during their training sessions. All children received the cat and penguin images for their first training, the house and
person images for their second training, and the truck and rocket images for their third training.
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stored. The first author began running participants a week before
the undergraduate students, and as part of their training, the
undergraduates were required to shadow the first author at least
once while she ran her baseline sessions by joining as a participant
on the Zoom call. As the first author remained a week ahead
of the undergraduates, they were instructed to continue shadowing
at least once a week in preparation for the next week’s procedure
and to review the first author’s videoed sessions, which were
also stored in the lab Box folder. The first author also remained
in contact with the undergraduates via email, set up personal
Zoom meetings to answer any questions they had about the
procedure, and shadowed sessions upon request. The first author
or another research assistant served as substitutes if a researcher
had to miss a session for any reason.

Six new undergraduate research assistants joined the research
team in the fall, and one experienced undergraduate left. Fall
data collection was conducted by these undergraduate research
assistants, the graduate student first author, and the lab manager
for a total of 51 participants with a range of 1 to 9 participants
per researcher and a total of five sessions per participant. As
in the summer, the new undergraduate research assistants met
with the first author over Zoom for an initial training. New
research assistants were also paired with an experienced research
assistant who had collected data over the summer. The purpose
of these pairings was to provide new research assistants with
an accessible resource who could help answer questions and
troubleshoot difficulties faster than if they had to rely solely
on the first author. Fall data collection began at the same
time for all researchers, but the new research assistants had
to shadow the experienced research assistant they were paired
with at least once a week. The experienced research assistants
were also expected to shadow their new research assistant at
least once a week to ensure they were conducting their session
correctly. The first author remained available for questions that
could not be answered by the more experienced research

assistant and shadowed sessions upon request. The lab manager
and the first author served as substitutes if a researcher had
to miss a session for any reason.

Coding guides were created and placed in the lab Box
folder detailing the necessary steps for data coding and processing
for each of the tasks. Research assistants involved in data
collection were expected to fulfill the remaining hours they
had committed to the lab by working on coding. Three
undergraduate research assistants worked only on coding and
data processing. The first author set up individual Zoom
meetings with each of the coders as questions arose and clarified
instructions further over email.

Six undergraduate research assistants who completed an
open-ended survey about their experience with remote data
collection over Zoom named scheduling flexibility and geographic
diversity as advantages of the approach and also said that the
children seemed to be engaged with the tasks overall. The
fact that the child was in their own home with their family
was described as both an advantage since the child was more
comfortable and did not need to warm-up as much to the
experimenter, and a disadvantage since it was more difficult
for the experimenter to establish authority and redirect children’s
attention from behind a computer screen. Respondents also
said that relying on parents to redirect the child, access the
needed links, and adjust camera angles was challenging, although
it was easier to coordinate rescheduling sessions than when
we run in-person studies in the lab. They also wrote that
technical difficulties arose occasionally for both experimenters
and families, but rarely significantly impacted the sessions.

COMMUNICATION WITH PARENTS

Our team found that consistent communication with parents
was key for participant retention in this multi-session study.
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We emailed parents the night before each of their sessions,
which served both to remind them about their upcoming
session and make them aware of what materials they would
need, where they were located, and what they would need to
do to prepare.

Communication for Baseline and Post-test
Assessments

Parents were sent an email the night before their scheduled
session with the Gorilla.sc link they would need to access
the consent form, demographic survey, and tasks. They
were also sent an additional Qualtrics link that contained
the pattern task. This email also included a file with the
table that the children would need for the activity requiring
paper and a physical drawing tool, instructions about how
to fill in their child’s participant ID and other information
in the forms they were sent, which device they should
access each form on, and a description of the physical
materials they would need for the session. Parents were
also reminded that they needed to be present during the
session and that they should offer encouragement, but no
hints, to their children and that they would need to take
pictures of anything their child physically drew and email
them to the lab. Lastly, the email mentioned that they
would receive a Zoom link 10-15 minutes before the
scheduled start of their session, where their researcher
would be watching and recording from.

Communication for Training Activities
Parents also received an email the night before each of their
scheduled training sessions. Parents whose children were in
the condition where they would be asked to trace images
received a file with those images in this email and were
instructed to copy them in pencil on two separate sheets of
paper. They were told not to show these images to their children
until the start of the session. All parents were told what
materials they needed, were reminded to expect a Zoom link
10-15 minutes before the scheduled start of their session, and
were told to take pictures of all their child’s drawings and
email them to the lab.

ADVANTAGES AND DISADVANTAGES OF
REMOTE DATA COLLECTION FOR
TRAINING STUDIES

The COVID-19 pandemic necessitated substantial adaptations
to established training study methodologies. For our specific
study, our main challenge was maintaining a controlled and
standardized procedure across childrens diverse home
environments, which we could not physically manipulate, and
across multiple sessions. The remote format of the study meant
that the stimuli and setup of the study space, usually the
responsibility of the researcher, now fell on the parent. While
we tried to provide parents with detailed instructions, most
parents do not have formal research background and are often

trying to set up the study in a hurry. Additionally, because
families’ participation is a significant service to us, we did
not want to overburden them with instructions that were too
cumbersome or difficult to understand. Striking the appropriate
balance required trial and error, and though we were able to
maintain a higher level of standardization through our
interactions with parents than unsupervised remote
methodologies, there were still some elements that were ultimately
out of our control despite providing instructions, such as what
a parent chose to say to their child during the session (n = 2
participants received some form of direct parental prompting
about which shapes to draw during their free draw; n = 11
participants were excluded from analysis for at least one baseline
or post-test assessment due to excessive prompting), whether
the parent was present during the session at all (n = 22
participants had no parents present for at least one of their
training sessions), technological difficulties (n = 1 participant
was excluded from analysis of at least one task due to technological
difficulties), and the child’s attention (n = 5 participants were
excluded due to fussiness). We did find that giving explicit
instructions to parents about how to engage during the sessions,
both in writing before the sessions and verbally during the
sessions, was helpful in ensuring that the study protocol was
followed. It is also worthwhile to note that although our study
relied heavily on technology only one participant was excluded
due to technological difficulties. Technology issues, such as
slow Internet on either the experimenter’s or participant’s side,
occasionally arose but were able to be resolved by using a
Wi-Fi hotspot, restarting Zoom, or rescheduling if necessary.
Internet problems were therefore not a significant impediment
to data collection. However, as families were aware of the
technological requirements before starting the study, it is likely
that we mostly attracted families who believed they would
have stable Internet.

The members of our research team were also trained
extensively on what to do when they encountered issues, such
as on how to verbally label answer options for the child if
their parent was not present to indicate which option they
had pointed to, how to provide guidance to parents about
how to adjust their camera angle, suggestions for helping the
parent interact with their child in a way that aligned with
study protocol, solutions to common technological difficulties,
and strategies for redirecting children’s attention when they
started to lose focus. These adaptations were necessary to
maximize usable data and enabled us to offset procedural issues
that arose from uncontrolled environments and that would
have led to some participants being excluded from analysis
of certain tasks. However, we did exclude more participants
in this study compared to comparable in-person training studies
carried out by our lab: n = 31 participants excluded in this
study out of a total of 149 participants recruited compared
to n = 11 participants excluded out of a total of 95 recruited
participants in Casasola et al. (2020).

Overall, our team found that the study tasks were engaging
for children and worked well virtually, though there were
a few notable challenges and general observations. We observed
that children were more able to independently complete
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certain types of tasks than others. For example, the majority
of children was able to complete the Gorilla touchscreen
tasks that required a single tap on the correct answer on
their own, but many seemed to struggle completing touchscreen
tasks requiring more exact motor control without parental
assistance. Children often became frustrated when they were
not able to complete a task on their own. Children also
appeared to be the most focused when they were completing
a task that involved a level of participation and motor
engagement from them that was neither too little nor too
taxing. For example, children seemed on task when they
were drawing or tracing during the training sessions and
the modified Beery DTVMI assessment, selecting the matching
image from the three options in the mental rotation task,
or answering questions about spatial vocabulary, but at times
appeared to speed through the single-tap Gorilla tasks and
became frustrated by pattern extension task, which required
considerable manipulation of the touchscreen. These differences
suggest that children engage well both when the tasks are
administered by an experimenter through screen share and
when they are able to manipulate physical drawing materials
but can struggle maintaining focus when asked to interact
directly with a touchscreen. These observations are anecdotal
and should be explored further in relation to age differences
and individual differences in attention, fine motor skill, and
technology exposure. While the study activities and multi-
session setup worked generally well for children in the age
range we used, it is an open question as to whether younger
children would be able to engage in a multi-session online
study with these types of interactive activities. Results would
be informative about the most effective remote training
methodologies for teaching spatial-cognitive skills to children
across a wide age range.

Using both Qualtrics and Gorilla to conduct our screen-
based tasks allowed us to make comparisons about how
well the two platforms hosted our baseline and post-test
assessments and our interactive training activities. As a
reminder, we used Qualtrics forms for the mental rotation,
pattern extension, and spatial vocabulary tasks and Gorilla
for the consent form and demographics, puzzle completion
task, visual processing matching task, and the tracing and
drawing demonstrations during the training sessions. The
biggest difference between the two platforms was the amount
of touch-based interactivity that was possible to integrate
into each one. While the pre-made templates in Qualtrics
are restricted to a few default setups (i.e., multiple choice
and free answer questions, limited touch-based drag and
drop matching activities) with limited aesthetic and functional
customization, Gorilla has a zone feature that facilitates the
creation of more complex activities in a user-friendly manner
that does not require programming knowledge. This Gorilla
feature was especially helpful during the training sessions
because we were able to use a zone to create a space where
experimenters could use their mouse to draw the study
images on the screen alongside the child. We also were
able to use these zones to easily create the puzzle completion
and matching tasks, which required children to touch different

parts of the screen. Gorilla also has templates for the more
standard question formats that are also included in Qualtrics.
However, one disadvantage of Gorilla compared to Qualtrics
is that there is a small fee ($1.20) per participant, whereas
Qualtrics was free for us to use through our university.
Data were also sometimes hard to download from Gorilla
compared to Qualtrics, as the servers sometimes became
blocked up due to heavy volume.

In terms of setup, both the Qualtrics mental rotation and
spatial vocabulary tasks were administered by an experimenter
via screen share. Because we had to link the participants’ baseline
and post-test assessments to each other, each child was assigned
a random ID number that the experimenter filled out along
with other basic information at the beginning of the Qualtrics
forms. Parents did not have to fill out anything on Qualtrics
for the screen share tasks; all necessary identification information
was filled out by the experimenter like in a lab setting. However,
since the pattern extension task took place on the child’s own
touchscreen and not through screen share, the parent was
responsible for entering the childs ID number on their own.
We found that sending the ID number to parents along with
the pattern extension Qualtrics link the night before saved time
during the session itself and reduced confusion. We also sent
the Gorilla link the night before and instructed parents to
complete the first two pages with the consent and demographics
information, but not to proceed further. Parents did not have
to enter an ID number into Gorilla because our research team
was able to enter it from our end before sending out the link.
However, parents were asked to manually input information
into both platforms at some point, and in spite of the emailed
instructions, some had difficulty navigating between both links
and remembering which information belonged in which link.
To ease the burden on parents, future remote developmental
researchers should streamline their methods by limiting themselves
to a single platform and reducing the amount of information
they have to enter that is typically inputted by experimenters.

As mentioned previously, a notable advantage to remote
data collection was our ability to recruit from a wide geographic
area, allowing children in areas far from universities to participate
in developmental research, an opportunity both we and they
would not have had otherwise. We were also able to obtain
a larger sample than we have been able to acquire in past
in-person training studies (N = 118 participants took part in
the current study compared to N = 84 participants that took
part in Casasola et al. (2020)). It should be noted, however,
that due to the technological requirements and recruitment
methods we used, our sample was not very ethnically or
socioeconomically diverse (n = 87 participants identified as
White/Caucasian, n = 112 participants came from middle and
upper socioeconomic classes, as defined by maternal education).
We also recruited heavily from parenting-based Facebook groups,
so the nature of our sample was impacted by the types of
families that seek out those types of groups to join. Wider
recruitment benefits the field by providing researchers access
to samples that are more representative of the general population,
and future online research should supplement the inherent
geographic diversity of remote research by making a concerted
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effort to reach out to online communities with connections
to families from a wider variety of ethnic and socioeconomic
backgrounds. Online research has the potential to be integrated
as a fruitful avenue of recruitment even after the pandemic,
although it should be viewed as an addition rather than a
substitute for in-person methods, as there are some samples
that cannot effectively be reached by remote methods.
For example, in addition to technological requirements, online
research also requires a sufficiently quiet and spacious home
environment that is not available to all families.

Furthermore, if remote studies are to continue even after
the pandemic ends, it is essential to verify that the virtual
formats of tasks achieve the same internal validity as their
in-person counterparts (Scott and Schulz, 2017; Rhodes et al.,
2020; Oliver and Pike, 2021). Of the six baseline and post-test
assessments in the current study, the mental rotation task and
spatial vocabulary assessment matched in age range and format
to an in-person study in our lab examining how childrens
play behaviors shape their spatial skills. Both mental rotation
assessments were based on the PRT from Quaiser-Pohl (2003),
administered through Qualtrics, used the same number of items,
and had the same scoring system. We computed the Cronbach’s
alpha for both versions of the mental rotation task in the current
study (Version A: a = 0.725; Version B: a = 0.713) and both
versions of the mental rotation task in the in-person study
(Version A: a = 0.768; Version B: a = 0.723), which indicated
comparable internal reliability across the two tasks. After
accounting for the effect of age by calculating residuals, two
one-sided t-test (TOST) equivalence was calculated for the two
versions of the task using the TOSTER package in R (Lakens,
2017). According to this test, we can reject effects larger than
d =1, t(86.32) = 4.893, p < 0.0001, suggesting that the difference
between the two task formats is less than one standard deviation
from zero. A boxplot depicting the overlap in the residual
scores for the two versions of the task can be found in Figure 8.
The statistics from the current study, which was the first to
examine mental rotation through interactive online methods,
produce a promising outlook on the future use of remote
methodologies to test spatial-cognitive skills, as they appear to
achieve equivalent effects in an online format.

The spatial vocabulary assessment was created by our lab
and had been administered during the same in-person study
as the mental rotation task. Both assessments were on Qualtrics
and contained the same items in the same order. Once again,
after accounting for age by calculating residuals, TOST
equivalence across the two study formats was calculated for
both the expressive and receptive vocabulary portions of the
assessment using TOSTER (Lakens, 2017). The results indicated
that effects larger than d = 1, #(94.27) = —5.437, p < 0.0001
for expressive vocabulary and larger than d 1,
t(114.07) = 5.786, p < 0.0001 for receptive vocabulary can
be rejected, suggesting that difference between task formats
for both expressive and receptive vocabulary is less than
one standard deviation from zero. Boxplots of the age-adjusted
residuals for the two versions can be found in Figure 9
(expressive vocabulary) and Figure 10 (receptive vocabulary).
It appears that children achieved similar results on the
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—_ —T
g o | '
8 | :
$ ' '
g
‘5 o —
7]
o T !
Q | I
| 1
'j_j, [Toap ! !
L) 1 1
9 enl— !
o —_
O
7
= O
S <
k)
(7]
()
5 | o
A T T
In-Person Online

Study Format

FIGURE 9 | Residual scores for both formats of the expressive vocabulary
section of the spatial language assessment.

assessment regardless of whether it took place online or
in-person. In line with previous remote methods that have
tested language learning and knowledge virtually, this finding
indicates that our spatial vocabulary assessment can be used
reliably in an online format for this age group.

However, although the TOST equivalence found the two study
formats to be statistically equivalent at the inputted parameters,
it is noteworthy to mention that there were more extreme residual
values (notably at the low end) in the online format, as can
be seen from the boxplots. These values may have resulted from
children becoming more distracted or less engaged in the online
format and thus performing substantially below the mean for
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FIGURE 10 | Residual scores for both formats of receptive vocabulary
section of the spatial language assessment.

their age group. It is important to keep these possibilities in
mind when interpreting data from online studies, because
distractibility and engagement may not always be obvious from
watching the sessions, making it difficult to successfully exclude
every child who lost focus on the task.

Our remaining assessments and the training activities
had no comparable in-person task from our lab for comparison
(pattern extension task, Gorilla tasks, modified Beery DTVMI,
and training activities). Further work is needed to compare
the validity and reliability of these tasks when they are
conducted in-person as opposed to a remote format,
particularly for tasks, such as the modified Beery DTVMI
and the drawing activities from the training studies, whose
scoring involves a degree of subjectivity.

FINAL TAKEAWAYS AND ADVICE

Entering into the foray of online research, especially with a
multi-session training study, introduced our team to unexpected
situations that helped us develop an effective protocol for
successfully conducting research remotely. As many other
researchers in developmental psychology and other fields are
approaching the task of adapting their own studies to this
new format, we thought it would be helpful to share the more
miscellaneous adaptations we employed during our sessions
to ensure they proceeded according to plan. Some of this
advice is specific to online studies and some would apply to
either in-person or online research.

o When emailing links to parents, it is important to let them
know when they can open them and how much they can
fill out ahead of the session. If you do not want a parent
to open a link before the session at all it is best to wait
until the session begins to send it.

Make sure parents are aware when sessions are being audio
and video recorded, for what purpose, where the videos
will be stored, and who will have access to them.

It is easy for videos to get washed out, especially if the
participant is sitting near a window. We always had our
researchers take some time at the beginning of each session
to politely ask the parent to adjust the camera until they
could see what they needed to see.

Be aware of how recording works on the platform you are
using. For example, when Zoom is set to speaker view it
only records video of whoever is speaking at the moment.
This feature is disadvantageous when you want a video of
the child and not the researcher giving instructions.

We always had our researchers record on either gallery or
spotlight view. When they had to use screen share, we had
them expand the video of the participant as large as possible.
Have your participant use darker colored crayons or markers
when they have to physically draw something to ensure
that you are able to see what they are drawing. Always
have the child hold up whatever they are working on to
the screen and make sure it is fully captured by the camera.
Pay attention to your facial expression and offer consistent
encouragement during the session. The child is most likely
looking at a close-up of your face the entire time.

It was helpful to be flexible about task order in our online
format. We would recommend it if possible because it helps
children maintain attention.

Be sure to debrief the parent and child (in an age-appropriate
way) at the end of the study so they know what the study
was about.

Send compensation as soon as possible after the session.

Follow-up with parents when you know the results to give
them a summary of what you found. This helps them feel
included in the research process.

In short, although the widespread shift to online studies
was not a voluntary one, with careful planning and study
design online studies can provide a valuable source of data
for developmental science that augments what researchers are
able to accomplish with conventional data collection methods.
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Recent evidence suggests that infants and toddlers may recognize counting as numerically
relevant long before they are able to count or understand the cardinal meaning of number
words. The Give-N task, which asks children to produce sets of objects in different
guantities, is commonly used to test children’s cardinal number knowledge and
understanding of exact number words but does not capture children’s preliminary
understanding of number words and is difficult to administer remotely. Here, we asked
whether toddlers correctly map number words to the referred quantities in a two-alternative
forced choice Point-to-X task (e.g., “Which has three?”). Two- to three-year-old toddlers
(N = 100) completed a Give-N task and a Point-to-X task through in-person testing or
online via videoconferencing software. Across number-word trials in Point-to-X, toddlers
pointed to the correct image more often than predicted by chance, indicating that they
had some understanding of the prompted number word that allowed them to rule out
incorrect responses, despite limited understanding of exact cardinal values. No differences
in Point-to-X performance were seen for children tested in-person versus remotely. Children
with better understanding of exact number words as indicated on the Give-N task also
answered more trials correctly in Point-to-X. Critically, in-depth analyses of Point-to-X
performance for children who were identified as 1- or 2-knowers on Give-N showed that
1-knowers do not show a preliminary understanding of numbers above their knower-level,
whereas 2-knowers do. As researchers move to administering assessments remotely,
the Point-to-X task promises to be an easy-to-administer alternative to Give-N for
measuring children’s emerging number knowledge and capturing nuances in children’s
number-word knowledge that Give-N may miss.

Keywords: number knowledge, math development, cardinal principle, remote data collection, toddlers aged 12 to
36 months
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INTRODUCTION

Individual differences in math relate to academic achievement,
career choice, employment and income, and health and financial
decision-making (e.g., Trusty et al., 2000; Currie and Thomas,
2001; Duncan et al., 2007; Reyna and Brainerd, 2007; Agarwal
and Mazumder, 2013). Critically, large variability in math
performance is present among children even at the start of
formal education (Jordan et al., 2006). Much work has attempted
to understand the development of early numerical skills in
the hope of understanding sources of early emerging
individual differences.

When examining numerical skills, even at young ages, it
is critical to consider the distinct skills that fall under this
domain. Research suggests that from birth, humans possess
the ability to discriminate and precisely represent small numbers
of objects via the object-file system and imprecisely represent
larger quantities via the approximate number system (ANS;
see Feigenson et al., 2004). Non-symbolic number representations
in the object-file system are precise but limited to only a few
items (typically 1, 2, and 3 in infants and toddlers), whereas
representations in the ANS are imprecise but extend to larger
quantities (4+). As such, discrimination of two quantities using
the ANS is ratio dependent, such that it is easier to discriminate
between quantities that have a larger relative difference (i.e.,
6 vs. 12 or 12 vs. 24 objects) than quantities that are closer
together (ie., 6 vs. 9 or 12 vs. 18 objects; Dehaene et al,
1998; Libertus and Brannon, 2009).

These non-symbolic number systems are often contrasted
with the symbolic number system, in which number words
and other symbols map to their exact quantities. Previous work
suggests that children come to understand the meaning of
exact number words very slowly (Wynn, 1990, 1992): English-
speaking children first learn the meaning of the word “one”
around two-and-a-half years of age but lack knowledge of
numbers larger than one. About four to five months after
learning the meaning of “one,” children understand the word
“two” but not larger numbers, such as “three” or “four” It
takes several more months for children to display knowledge
of the word “three” Children who display knowledge of some
but not all number words are typically referred to as “subset
knowers” (Le Corre and Carey, 2007). Not until children are
three or four years of age do they fully grasp the cardinality
principle—that each number word refers only to an exact set
of that quantity with the last number in the count list referring
to the total number of items in the set (see Carey, 2009,
for review).

This estimated timeline indicates the ages at which children
have a complete understanding of each number word and can
successfully create sets of that quantity. Although infants and
toddlers may not fully understand the meaning of number
words, recent work suggests they show an early sensitivity to
counting. Eighteen-month-old infants showed a preference for
correctly ordered counting sequences; that is, although they
were unable to recite the count list themselves, they recognized
and preferred to listen to the correct order of the number
words (Ip et al., 2018). Similarly, 14- to 18-month-old infants

appear to be able to use their ability to recognize the count
list to help them overcome typical memory limits (Wang and
Feigenson, 2019). Infants generally display working memory
capacity limits of three items and fail to remember the number
of hidden items when it exceeds this limit (Feigenson and
Carey, 2003). However, when objects are counted before being
hidden, infants are able to overcome this memory limit (Wang
and Feigenson, 2019). Thus, even though infants may not grasp
the full meaning of number words, they may still be aware
of the numerical nature of these words and may be able to
use this knowledge despite lacking precise representations of
the quantities.

Other studies with toddlers and preschool-aged children
also suggest that young children have preliminary, noisy
understandings of number words prior to developing more
precise mappings between the words and the quantities to
which they refer (Wagner et al,, 2019; O’Rear et al., 2020).
Specifically, before learning the exact meanings for small
numbers, two- to five-year-old children display some preliminary
knowledge of those number words and are able to create sets
of that size more often than predicted by chance (Wagner
et al,, 2019). Similarly, three- to five-year-old children who
did not fully understand a number word nevertheless still
displayed some partial knowledge when asked to produce a
set of that size, and this partial knowledge predicted their
likelihood of fully understanding that number word a few
weeks later (O'Rear et al., 2020). Together, these studies suggest
that young children have an early recognition of number words
that they may use to then refine their understanding of numbers.

Measuring Number Knowledge

Acquisition of number-word meanings is typically measured
using the “Give-a-Number” task (i.e., Give-N). Give-N assesses
children’s understanding of exact number words (Wynn, 1990,
1992). Children are required to produce sets of objects in
various quantities (e.g., “Can you give me three fish?”), with
the highest number they can correctly and reliably produce
in a set defining their “knower-level” However, by grouping
children into discrete knower-level categories, Give-N may not
capture approximate knowledge of number words, that is,
childrens preliminary understanding of number words prior
to understanding the exact meaning of a number word (Wagner
et al, 2019; O'Rear et al., 2020). Furthermore, the Give-N
task may place high demands on working memory and attention,
because children must hold in memory the number of items
they are supposed to generate as they attend to counting out
the set, which may underestimate children’s true number
knowledge (see Frye et al,, 1989; Cordes and Gelman, 2005;
but see Le Corre et al, 2006). Additionally, Give-N requires
physical materials for administration which may be difficult
to standardize and supply to participants in studies requiring
remote administration.

The Point-to-X task (see Wynn, 1992; Levine et al.,, 2010;
Gunderson and Levine, 2011; van Marle et al, 2014; O'Rear
et al,, 2020) offers an alternative approach to assessing children’s
number knowledge. Point-to-X is a forced-choice response task
in which researchers present children with two images and
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prompt them to select one by pointing (i.e., “Which has three?”).
The two images typically display sets of objects that differ only
in number. Previous versions of this task asked children to
compare adjacent numbers (one-away; Wynn, 1992); used a
limited number range from 1 to 6 (Wynn, 1992; Levine et al,
2010; Gunderson and Levine, 2011; O’Rear et al., 2020); tended
to focus on either exclusively small or large number response
options in a given trial (van Marle et al., 2014); did not include
specified practice trials to introduce participants to the task
(Levine et al., 2010; van Marle et al, 2014); or used practice
trials that included numbers with no control for children’s
general ability to follow directions (Gunderson and Levine,
2011; O'Rear et al.,, 2020). As a result, it was not always possible
to test for approximate understanding of the involved numbers
if they were very close together, test for comparisons of larger
numbers or between small and large numbers, or control for
children’s general ability to follow directions in the task.

Finally, previous studies of Point-to-X were conducted solely
in-person, so whether this task can be successfully administered
remotely remains an open question. Given the recent transition
to remote data collection in the field in large part fueled by
the COVID-19 pandemic, validating procedures that could
be utilized both in-person and remotely is a crucial step.
Importantly, remote data collection holds the potential to test
participants who otherwise may not be able or may be highly
unlikely to participate in research studies. Thus, the need to
compare in-person and remote data collection methods
transcends the current pandemic-related needs and will hopefully
pave the way to test more representative samples in our research
in the future.

The Current Study

We developed a novel version of Point-to-X to assess children’s
number knowledge and expand on the types of comparisons
used in prior versions of the task. Specifically, we included a
larger range of numbers, more varied types of number
comparisons, word-control practice trials to control for children’s
general ability to follow directions, and a procedure for both
in-person and remote administration. We compared children’s
performance in this novel Point-to-X task to performance in
a traditional Give-N task to probe whether we can capture
nuances in their number knowledge missed by grouping children
into discrete knower-levels of Give-N.

We had three aims. First, we aimed to identify whether
this novel Point-to-X task accurately tapped toddlers’ number
knowledge when comparing performance to chance, and to
validate the use of the novel Point-to-X measure for in-person
and online data collection. Second, we explored whether children’s
performance differs on different trial types of the Point-to-X
task (e.g., trials where the options differ in distance, target
size, or response option size). Finally, we aimed to compare
performance in the Point-to-X task to a traditional Give-N
task and explore childrens performance on Point-to-X trials
above their Give-N knower-level.

To identify whether the Point-to-X task taps children’s number
knowledge, we compared performance to chance and compared

performance for children tested in-person and those tested
remotely. Based on work studying the ANS in young children
(e.g., Halberda and Feigenson, 2008; Navarro et al., 2018),
we expected that toddlers would show greater performance
on trials where the response options were far away from each
other (i.e., there was a larger ratio between the two quantities,
such as a comparison between 4 and 10) compared to trials
where the options were only one or two away (i.e., the ratio
between the two quantities was much smaller and thus harder
to discriminate, such as comparisons between 4 and 5 or 4
and 6). Furthermore, we predicted that children would perform
better on trials where the requested target number was small
(closer to childrens knowledge level) than on trials where the
target was large, and similarly, that children’s performance
would be better on trials where the numbers were both small
(and thus closer to children’s knowledge level). Finally,
we predicted that children’s performance in the novel Point-
to-X task would positively, yet only moderately, correlate with
their performance on a Give-N task (see O'Rear et al., 2020),
as we expected to find greater individual variability in the
Point-to-X task than Give-N. To probe children’s number
knowledge in more detail, we explored whether children at
various knower-levels may perform above chance on Point-to-X
trials above their knowledge level. Based on recent work
suggesting children may display partial knowledge of number
words before fully understanding their meanings (e.g., Wagner
et al, 2019; O'Rear et al, 2020), we expected that children
would perform above chance, even on trials containing numbers
above their knower-level.

MATERIALS AND METHODS

Participants

Participants were 100 toddlers (56 girls) ranging in age from
2 years 1 month to 3 years 2 months (child M age = 2 years
8 months, SD = 2.8 months). Thirty-three children were tested
in-person and 67 children remotely. Children were reported
by their parents to be predominantly White, non-Hispanic
(64%); 12% were White, Hispanic/Latino; 9% were Black/
African-American, non-Hispanic; 1% were Asian, non-Hispanic;
7% were multi-ethnic, and 7% did not have their race and
ethnicity reported. Children were tested in their preferred
language (English or Spanish), with 92% of children tested
in English.

An additional 59 children participated but were dropped
from analyses due to refusal to attempt the Point-to-X task
(11), refusal to complete the Point-to-X task after starting (17),
experimenter error in the Point-to-X task (2), use of the
stopping rule in the Point-to-X task (13), or exclusion for
incorrect responses on the practice trials of the Point-to-X
task (16). We compared children excluded from analyses to
those included to identify if data were missing at random or
instead showed systematic patterns of missingness. Children
excluded from analyses did not differ from those included in
analyses in age, ¥*(132) = 140.80, p = 0.284, or type of testing
(26 in-person vs. 33 remote excluded), y*(1) = 1.72, p = 0.163.
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Children excluded from analyses were more likely to be boys
(31 boys excluded), y*(1) = 4.88, p = 0.027, and more likely
to be tested in Spanish (15 Spanish-tested excluded), y*(1) = 9.10,
p = 0.003. However, these latter results should be treated with
caution due to the small number of children tested in Spanish.

All parents were instructed not to interact or provide
encouragement to their children, or otherwise react to children’s
responses. They were reminded of this rule before each task.
For trials where parents interfered after children had already
made a response, we coded children’s initial response as their
final choice. For trials where parents interfered before children
responded, we excluded childrens responses for those trials.

Procedure

Families were recruited from three cities in the United States
(all mid-Atlantic metropolitan areas) through a combination
of flyers, online postings, and mailings, and were compensated
$50 for their time. They were told that the study was designed
to study how parents support their children’s early learning
but were not told about the focus on math. Prior to data
collection, parents provided written informed consent as approved
by the local Institutional Review Boards. Data are drawn from
testing of children during an in-person home visit (n = 33;
April 2019-March 2020 before the COVID-19 lockdown) or
on a Zoom video call (n 67; post-July 2020). Children
completed a Point-to-X task and a Give-N task. Assessments
were video recorded (via either video cameras in-person or
Zoom video recording) and coded by trained researchers. In
addition to the measures included in the current analyses
(described below), children completed assessments of their
non-symbolic numerical comparison abilities and spatial
knowledge and their parents completed math assessments,
questionnaires about their family, and participated in semi-
structured observations with their children as part of the larger
study. These measures were not in the focus of the current
paper and thus are not discussed further.

Most children (n = 91) completed the Give-N task first.
There was no difference in children’s performance in the Point-
to-X task or the Give-N task based on the order of task
administration, y*(9) = 9.52, p = 0.391, and »*(6) = 2.26,
p = 0.894, respectively.

Measures

Point-to-X

A novel Point-to-X task was created for this study (see Appendix
for items). Children tested in-person in their homes viewed
a series of images printed on individual sheets of laminated
paper presented by the experimenter on each trial. Children
tested remotely were mailed a set of the paper materials in
a binder prior to the session, and the experimenter administered
the verbal prompts via Zoom as parents turned the pages for
each trial.

All children, regardless of method of testing (in-person or
remote), received the same set of Point-to-X items. To familiarize
children with the Point-to-X task, children were first given
two practice trials with different common objects and were

prompted to point to one image (e.g., “Which has a ball?”).
Subsequently, in twelve number-word trials, each image showed
two sets of identical stimuli differing only in number (e.g.,
four ducks and five ducks), and children were prompted to
point to one of the images (e.g., “Which has four ducks?”).
Number-word trials varied along three distinct dimensions:
(1) the numerical distance between the two sets [for “one-
away” trials, the numbers differed by one; for “two-away” trials,
the numbers differed by two; and for “far-away” trials, the
numbers differed by more than four]; (2) the size of the target
number [for eight trials, the prompted number was small (1-4),
and for four trials, the prompted number was large (5-10)];
and (3) the size of the response options [for five trials, both
numbers were small (1-4), and for seven trials, at least one
number was large (5-10)]. The side of the correct response
was counterbalanced across trials.

When administering the task, if children initially pointed
to one image, then verbally indicated that they wanted to
change their answer, the second point was counted as their
response. In cases where children did not respond, the
experimenter repeated the prompt one time. If children still
did not respond, the experimenter moved on to the next trial
and children received zero points for the trial. If children
pointed to both images without clearly signaling which was
their preferred response, the experimenter prompted, “Remember,
you can only choose one. Which has [number]?” After this
prompt, if children continued to point to both images, they
received zero points for the trial. If children responded incorrectly
to each of the first three number-word trials, the experimenter
employed a stopping rule and ended the task. Task duration
for children included in analyses ranged from 1:50 to 8:45 min,
with an average of 4:29 min (SD = 1:31).

Videos were coded by trained researchers who identified
the image children pointed to for each trial. Children received
one point for pointing to the correct image, or zero points
for pointing to the incorrect image. 30% of videos (47 out of
159) were double-coded by a second researcher to assess inter-
coder reliability. Coders agreed for 98.2% of trials. Disagreements
were resolved by a third coder. Children’s Point-to-X score is
the percentage of trials that contained correct points.

Give-N
Children’s knower-level was assessed using a modified Give-N
task (Wynn, 1990, 1992). Children tested remotely were sent
a set of the materials (a plate and 10 plastic objects) prior to
the testing session, and the experimenter administered the
verbal prompts with the puppet via Zoom as children’s parents
helped facilitate the clearing of the plate after each trial.
Children were shown an animal puppet held up by the
experimenter and a large pile of plastic objects that could
be considered food (e.g., peanuts and fish). To introduce children
to the game, children were shown the puppet and told that
the puppet loves to eat snacks. They were asked to help “feed”
the puppet by putting out the correct number of objects for
the puppet to eat (either in front of the puppet for children
tested in-person or on the plate for children tested remotely).
The experimenter then said “Look, let us feed [name of puppet]!”
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and mimed placing an object from the large pile in front of
the child in a new pile in front of the puppet (in-person) or
mimed placing an object on a plate that the experimenter
held (for children tested remotely). Then, the experimenter
held the puppet up to the object (in-person) or the webcam
(remotely) and enacted the puppet “eating” the objects and
saying, “Yum yum yum!”

Once the practice trial was completed, test trials began.
The researcher asked children to “feed” the puppet different
numbers of objects by placing the objects in a pile. For each
trial, children were asked “Can you give [name of puppet]
[number] [name of food]?” and instructed to put the set of
objects in a new pile for the puppet to eat. After the child
paused for more than 3 s or indicated that they were done
creating the set, the experimenter prompted confirmation from
the children, “Is that [number]?” If children said yes or nodded,
the experimenter held the puppet up to the pile (in-person)
or the webcam (remotely) and said, “Yum yum yum! Thank
you!” If children said no or shook their head, they were given
one chance to correct their response and were instructed, “Ok,
well [name of puppet] wants [number] [name of food]. Can
you give [name of puppet] [number] [name of food]?” Once
children had adjusted the number of objects or paused for
more than 3 s, the experimenter held the puppet up to the
pile of objects (in-person) or the webcam (remotely) and said
“Yum yum yum! Thank you!” The objects were then returned
to the main pile before the next trial. If children did not
respond to a trial, the experimenter repeated the prompt one
time. If children still did not respond, the experimenter moved
on to the next trial and children were considered to have
responded incorrectly and received zero points for that trial.

Trials were administered in a titrated manner (see Wynn,
1990, 1992). All children were first asked for one object and
then for two objects. If a child correctly responded to a trial,
they were then tested with the next number in the sequence
(e.g., asked for three after responding correctly to two). If a
child responded incorrectly to a trial, they were subsequently
asked for the next smaller number (e.g., asked for one after
responding incorrectly to two). This process was repeated until
children successfully produced a set of N objects twice and
failed to produce N+1 twice. Task duration ranged from 1:05
to 10:35 min, with an average of 3:12 min (SD = 1:43).

After administration, videos were coded by trained researchers
who credited children with one point for each set of the correct
number of objects. 70% of videos (112 out of 159) were double-
coded by a second researcher to ensure reliability. Coders
agreed for 89.5% of “knower-level” scores. Any disagreements
were resolved by a third coder. Children were not given any
feedback on their performance, and the highest number at
which they produced the correct set size twice while failing
twice at the next highest number was used here as their Give-N
“knower-level” score. As a robustness check, we also calculated
childrens knower-level score as the highest number at which
they produced the correct set size twice and did not produce
that set size for any other number (e.g., to be classified as a
2-knower they successfully produced 2 objects when asked for
two and did not produce 2 objects when asked for any other

number), but using this stricter criterion for knower-level did
yield differences in the pattern of results. Thus, analyses are
based on the highest number that children correctly produced
twice as their Give-N knower-level score.

Analysis Plan

All analyses were conducted using Stata/SE 15.1 (StataCorp,
2017). We first examined descriptive statistics for children’s
overall performance in the Point-to-X task. To test whether
children’s performance in the Point-to-X task was significantly
above chance, we used a one-sample t-test comparing the mean
performance across all trials to 50% (i.e., expected performance
if children were simply guessing for each trial). We then
examined whether children’s performance in Point-to-X was
related to children’s age using a pairwise correlation and whether
performance differed based on children’s sex or mode of testing
using one-way ANOVAs. Additionally, we tested whether
childrens age differentially related to their performance on
Point-to-X based on whether they were tested in-person vs.
remotely using a linear regression model with main effects of
childrens age and mode of testing and an interaction term
between them.

We next examined children’s performance on Point-to-X
trial subtypes, and whether performance on each subtype
differentially related to children’s age using tests of equality
of the correlation coefficients. We also tested whether performance
in each of the trial subtypes differed based on whether they
were tested in-person vs. remotely using one-way ANOVAs.

Then, we asked whether children’s performance in the Point-
to-X task differed for trials of different numerical distances.
We compared the mean performance for one-away trials,
two-away trials, and far-away trials using a one-sample
multivariate test on the means. Similarly, we used a paired
t-test to address whether children’s performance in the Point-
to-X task differed for trials where the target number was small
(i.e., the number asked for was between 1 and 4) vs. trials
where the target number was large (i.e., the number asked
for was between 5 and 10). We then addressed whether children’s
performance in the Point-to-X task differed for trials where
both response options were small (between 1 and 4) vs. trials
where at least one option was large (between 5 and10) using
a paired t-test, although we note that for the former, these
trials were all fairly close comparisons. To control for the
distance between options in these comparisons, we also examined
performance using paired t-tests on trials where response
options were both small and differed by one to trials where
the response options included at least one large number and
differed by one. We similarly compared performance on trials
where response options were both small and differed by two
to trials where the response options included at least one large
number and differed by two.

Finally, we turned to examining children’s performance on
the Give-N measure. Using a Pearson’s chi-squared test,
we examined whether children’s Give-N performance differed
based on whether they were tested in-person or remotely.
We examined how performance in the Point-to-X task related
to children’s performance in the traditional Give-N assessment
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by performing a one-way ANOVA of Point-to-X performance
using children’s Give-N knower-level score as the factor variable
as well as by calculating a pairwise correlation between children’s
Point-to-X performance score and their Give-N knower-level
score. To control for child age, we calculated a partial correlation
between children’s Point-to-X performance and their Give-N
knower-level score that covaried any effects of age. We then
examined whether the relation between performance on Point-
to-X and childrens Give-N knower-level differed based on
whether they were tested in-person vs. remotely by using a
linear regression model with main effects of Give-N knower-
level and mode of testing and an interaction term between them.

In addition, we performed detailed analyses of childrens
performance in Point-to-X as a function of their knower-level
scores. Specifically, to determine whether Point-to-X is sensitive
to an approximate understanding of number words, we compared
all children’s performance on trials in the Point-to-X task that
were within their knower-level and those outside of their
knower-level to chance using one-sample t-tests. We also looked
at these trials specifically for 1-knowers and 2-knowers, the
largest two groups of subset-knowers in our sample, as well
as a 3-knowers and 4-knowers combined together due to small
group sizes, to identify possible differences in their approximate
understanding of number words. Given recent work suggesting
that children have preliminary understandings of numbers
above their knower-level, but only for small sets (Wagner et al.,
2019), we also compared performance on trials outside children’s
knower-level that contain only small number response options
to chance using one-sample t-tests.

RESULTS

Overall Performance in Point-to-X

Descriptive statistics for children’s performance on each trial
of the Point-to-X task are presented in Table 1. Performance
did not differ for children tested in-person vs. remotely
(p = 0.142). Across all trials, performance in the Point-to-X
task averaged 65.25% correct, which differed significantly from
chance responding, #(99) = 8.80, p < 0.0001. Sixty-nine percent
of children scored above chance on the task. Performance did
not differ based on children’s sex (p = 0.469). However, children’s
age predicted performance in the Point-to-X task, such that
a 1 SD increase in children’s age in months was associated
with a 0.27 SD increase in children’s performance on the task
(p = 0.007). The mode of testing did not moderate the association
between children’s age and their Point-to-X performance
(f = 0.09, p = 0.600). Children’s age did not differentially
relate to performance in any of the trial subtypes examined
(all ps > 0.265), and so we did not include age as a factor
in further analyses.

Performance in Trial Subtypes of
Point-to-X

Descriptive statistics for children’s performance in different trial
types of the Point-to-X task are presented in Table 2. Notably,
performance did not differ for children tested in-person vs.

those tested remotely for any of the trial subtypes examined
(all ps > 0.05). We first examined children’s performance for
trials of different distances. Specifically, we tested whether
children differed in performance on trials where response
options were one-away, two-away, or far-away. Contrary to
hypotheses, children did not differ on their performance for
one-away, two-away, or far-away trials, Hotelling F(2,98) = 0.37,
p = 0.692.

We next examined whether children’s performance differed
for trials where the target number was small vs. trials where
the target number was large. Although performance was higher
for trials where the target number was small (M = 67.25%,
SD = 22.03%) vs. large (M = 61.25%, SD = 27.15%), the
difference was only marginally significant, #(99) = 1.72, p = 0.088.

However, childrens performance differed for trials where
the response options were both small vs. trials where at least
one of the response options was a large number. Specifically,
as hypothesized, performance was significantly better for trials
where both response options were small, #(99) = 3.53, p < 0.001.
Because the distance between options when both response
options were small could not be far-away (i.e., the options
ranged from 1 to 4 and thus could not be more than 3 apart),
we compared performance on trials where response options
were both small and differed by one to trials where the response
options were not both small and differed by one, to control
the distance. We found that performance was significantly better
for trials where both response options were small, #(99) = 2.91,
p = 0.004. Similarly, we compared performance on trials where
the response options were both small and differed by two to
trials where the response options were not both small and
differed by two, to control the distance. Again, performance
was significantly better for trials where both response options
were small, £(99) = 3.92, p < 0.001. Thus, children’s performance
was significantly better for trials where both response options
were small even when the distance between numbers was
held constant.

Relations Between Point-to-X
Performance and Give-N Performance

Our final aim was to compare children’s performance on the
Point-to-X task with their performance on a traditional Give-N
task. Of the 100 children included in analyses of the Point-
to-X task, 15 did not have usable data from the Give-N task
due to refusal to complete the task (7), the task not being
administered by the experimenter (1), or experimenter error
while administering the task (7). As such, we examined how
children’s Give-N knower-level score was related to their Point-
to-X score for the remaining 85 children.

Children’s Give-N knower-levels ranged from 0-knowers to
6-knowers in this sample (Table 3). Give-N performance did
not differ for children tested in-person versus remotely
(p = 0.285). A one-way ANOVA indicated that performance
in the Point-to-X task significantly differed based on children’s
Give-N knower-level score, F(6,78) 11.31, p < 0.001.
Furthermore, higher scores in the Point-to-X task were associated
with higher Give-N knower-level scores, r = 0.64, p < 0.001.
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TABLE 1 | Descriptive statistics for children’s performance in the Point-to-X task, N = 100.

Trial Distance Target size Options size M SD Different from
chance?

1 Two-away Small Both small 81.00 39.43 {(99) = 7.86%:k

2 Far-away Small At least one large 74.00 44.08 499) = 5.44 %%

3 One-away Small At least one large 50.00 50.25 1(99) = 0.00

4 Far-away Large At least one large 71.00 45.60 499) = 4.60%

5 Two-away Small Both small 68.00 46.88 1(99) = 3.84%#*

6 Far-away Small At least one large 60.00 49.24 499) = 2.03*

7 One-away Small Both small 56.00 49.89 t99) = 1.20

8 Two-away Large At least one large 58.00 49.60 t99) = 1.61

9 Far-away Large At least one large 60.00 49.24 t99) = 2.03*

10 One-away Small Both small 68.00 46.88 1(99) = 3.84#:#:*

1 Two-away Large At least one large 56.00 49.49 t99) = 1.20

12 One-away Small Both small 81.00 39.43 199) = 7.86%

*0 < 0.05; **#*%p < 0.007 and ****p < 0.0001.

TABLE 2 | Descriptive statistics for children’s performance in the Point-to-X task, N = 100.

Trial type (Number of trials) M SD Min Max Different from chance?

Al trials (12) 65.25 17.33 25 100 (99) = 8.80*ksks#

One-away trials (4) 63.75 27.15 0 100 1(99) = 5.06%

Two-away trials (4) 65.75 28.79 0 100 1(99) = 5.47 ik

Far-away trials (4) 66.25 25.22 0 100 1(99) = B6.44 %%

Target number is small (8) 67.25 22.03 25 100 1(99) = 7.83kxx

Target number is large (4) 61.25 27.15 0 100 1(99) = 4.14#

Both options are small (5) 70.80 24.02 0 100 {(99) = 8.66%

At least one option is large (7) 61.29 20.18 0 100 1(99) = 5.6 skskek

#¥%p < 0.001 and ****¥p < 0.0001.

TABLE 3 | Descriptive statistics for children’s performance in the Give-N task,
N = 85.

Knower-level Number of children M (SD) Point-to-X

score
0-Knower 6 48.61(14.35)
1-Knower 26 56.73(12.02)
2-Knower 31 67.47(13.50)
3-Knower 12 80.56(10.26)
4-Knower 3 83.33(8.33)

5-Knower 2 79.17(5.89)

6-Knower 5 90.00(14.91)

This correlation is displayed in Figure 1. The partial correlation
between performance in Point-to-X and Give-N knower-level
scores, when controlling for the contribution of age, remained
strong, r = 0.62, p < 0.001. Furthermore, mode of testing did
not moderate the association between children’s Give-N knower-
level scores and their Point-to-X performance (f = —0.33,
p = 0.106). That is, associations between Point-to-X and Give-N
were similar for children tested in-person, r = 0.64, p < 0.001,
and remotely, r = 0.65, p < 0.001.

We then examined children’s performance on the Point-to-X
task in more detail based on their knower-level. We first looked
at trials in the Point-to-X task that were within children’s
knower-level (e.g., for a 1-knower, trials that included “one”
as an option; for a 2-knower, trials that included either “one”
or “two”). This analysis excluded 0-knowers (n = 6), since

there were no numbers within their knower-level. We found
that children’s performance on trials including at least one
number within their knowledge (M = 76.87%, SD = 20.58)
was significantly above chance, #(77) = 11.53, p < 0.001. We next
looked at performance on trials in the Point-to-X task that
included any numbers above children’s knower-level (e.g., for
a 1-knower, trials where the smallest number present was any
number larger than “one”; for a 2-knower, trials where the
smallest number present was any number larger than “two”).
We found that children’s performance on trials including numbers
above their knower-level (M = 56.76%, SD = 21.38) was also
significantly above chance, #(75) = 2.76, p = 0.007. We next
compared children’s performance on trials that were within
children’s knower-level to performance on trials that were above
children’s knower-level and found that performance on trials
within children’s knower-level was significantly better than
performance on trials above children’s knower-level, #(69) = 5.29,
p < 0.001.

Finally, we compared performance on these types of trials
for the two largest groups of subset-knowers: 1-knowers (n = 26)
and 2-knowers (n = 31), as well as a combined group of
3-knowers and 4-knowers (n = 15). We found that all of these
subset-knowers were significantly above chance for trials that
included at least one number within their knowledge
(Ms > 67.95%, ps < 0.002). However, for trials where the
smallest number was above children’s knowledge, 1-knowers
did not perform above chance [M = 53.42%, SD = 12.97;
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may not be easy to administer remotely due to the required
presence of large sets of identical items. Here, we sent materials

100 . . ° to families to administer Give-N remotely, but this may not

Point-to-X Percent Correct

40 . y
20
0
0 1 2 3 4 5 6

Give-N Knower-Level

FIGURE 1 | Children’s performance in the Point-to-X task and the Give-N
task.

#(25) = 134, p = 0.191], whereas 2-knowers performed
significantly above chance [M = 57.47%, SD = 17.59; #(28) = 2.29,
p = 0.030], and 3-knowers and 4-knowers performed well
above 50%, but not statistically significantly due to the small
sample size [M = 64.44%, SD = 36.66; t(14) = 1.53, p = 0.149].
Nonetheless, 1-knowers performed significantly above chance
for trials where the smallest number was anything above
children’s knowledge and both response options were small
numbers [M = 61.54%, SD = 22.49; #(25) = 2.62, p = 0.015],
replicating Wagner et al. (2019).

DISCUSSION

Accurately, measuring early math skills has major educational
implications, as individual differences in early math performance
predict long-term outcomes (e.g., Duncan et al, 2007) and
there is a need to accurately identify children who may benefit
from early intervention. Typical methods for assessing toddlers’
number knowledge provide useful starting points but also
highlight the need for development of more nuanced measures.
Previous Point-to-X tasks typically only used a limited range
of smaller numbers (Wynn, 1992; Levine et al., 2010; Gunderson
and Levine, 2011; O’Rear et al., 2020), limited stimuli to
closely spaced numbers (Wynn, 1992), and did not always
include practice trials to ensure that children understood the
task (Levine et al., 2010; van Marle et al., 2014). Meanwhile,
the Give-N task may put unnecessary demands on children’s
cognitive abilities (see Frye et al., 1989; Cordes and Gelman,
2005; but see Le Corre et al., 2006) and may miss important
nuances in children’s knowledge (see Wagner et al, 2019;
O’Rear et al,, 2020). Additionally and critically given the
recent transition to remote data collection in the field, Give-N

be feasible for many studies and research groups, given the
time and financial costs to delivery. Furthermore, sending
materials to families is fairly impractical, because scheduling
testing visits depends on the timely arrival of those necessary
materials and materials not getting lost in the mail or in
families’ homes.

Our new task expands on previous versions of Point-to-X
by including a larger range of numbers, more varied types
of number comparisons, and word-control practice trials, with
the added aim of administration ease in-person and remotely.
Toddlers” performance in the Point-to-X task was significantly
above chance for all trial types, suggesting that toddlers have
some understanding of the prompted number word that
allowed them to rule out incorrect responses, despite their
limited understanding of exact cardinal values. Even for
trials well beyond their knowledge level, toddlers were able
to successfully map the prompted number word to the
correct image more often than would be seen if they had
simply guessed.

Somewhat surprisingly, children performed equivalently on
trials regardless of the distance between response options. This
counters our hypotheses that children would be better at
selecting the correct option when the response options were
farther apart than when they were closer together as we had
expected that performance in this task would show the ratio-
dependent performance of the ANS. Perhaps, for the far-away
trials used here (7 vs. 2, 5 vs. 1, 10 vs. 3, and 4 vs. 10), the
ANS was not recruited due to the fact that one of the numbers
was always small and the ANS typically is only recruited for
comparison of large sets.

On the other hand, childrens performance was significantly
above chance on all four far-away trials, whereas their
performance was only above chance for two of the one-away
trials and two of the two-away trials. High performance on
these two trials of each type led the overall average for those
trial types to be similar to the far-away trials. This high
performance was found primarily for trials, including small
numbers, whereas performance on one-away and two-away
trials, including larger numbers, were only at chance, suggesting
an interaction between distance and number size. Unfortunately,
we cannot address this possibility because all of the far-away
trials included at least one large number due to the criterion
of being at least four apart.

Children were best at discriminating small numbers,
performing marginally better when the target number was
small, and significantly better when both response options were
small numbers. Perhaps, children may have more precise
representations and partial knowledge of small number words
(Wagner et al,, 2019; O’Rear et al., 2020). Additionally, children
may simply have more exposure to small numbers and thus
be more comfortable recognizing them. Indeed, parents are
much more likely to talk about small numbers than large
numbers with their children (e.g., Dehaene and Mehler, 1992;
Elliott et al., 2017).
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Furthermore, as hypothesized, toddlers’ performance in
Point-to-X closely related to their Give-N knower-level,
indicating that Point-to-X performance reliably taps children’s
understanding of exact number words overall. Notably, however,
children at a particular Give-N knower-level varied in their
Point-to-X performance, suggesting that Point-to-X may
capture important individual differences that are missed by
grouping children into distinct knower-levels. Importantly,
1-knowers performed significantly above chance on Point-
to-X trials including “one” as an option and on trials including
only small numbers larger than one as an option, but performed
at chance on trials including larger numbers. In contrast,
2-knowers performed significantly above chance on Point-
to-X trials including an option within their knower-level
(i.e., “one” and “two”) and on trials that included numbers
above their knower-level. These findings suggest that 2-knowers
have a fuller grasp of numbers than do 1-knowers and should
not be simply characterized as understanding one additional
number word (ie., “two”). This intriguing finding supports
the idea that children’s acquisition of the meaning of “one”
may be significantly scaffolded by the distinction between
singular and plural in the English language (Barner, 2012,
2017) but not distinctions beyond that. An exciting future
direction would be to use the Point-to-X task with children
learning languages that use dual markings (e.g., Slovenian
and Saudi Arabic) to see whether these children learn the
meaning of “two” faster (Almoammer et al., 2013) and show
an understanding of the approximate meaning of number
words above “one” as 1-knowers.

Our findings add to a growing literature suggesting that
children have knowledge of number words outside of their
knower-level (e.g., Huang et al., 2010; Posid and Cordes, 2018;
Wagner et al., 2019; O'Rear et al., 2020). The nuances in
number knowledge that the Point-to-X task captures may allow
researchers to understand the mechanism for acquiring number
words. For example, future work could use Point-to-X to predict
how soon children advance from one knower-level to the next.

How Do Children Acquire Number Words?
Questions about how children acquire the meanings of number
words and the mechanisms for such a feat are core to the
field of math cognition. Some accounts suggest that the ANS
provides the basis for this process, where number words are
mapped onto the imprecise representations of those quantities,
with mapping progressing toward refinement with age (e.g.,
Gallistel and Gelman, 2000; Dehaene, 2009; Sasanguie et al.,
2013; Starr et al, 2013; Odic et al, 2015). Others suggest
that this process occurs through parallel individuation of
objects and bootstrapping of prior number knowledge
(e.g., Le Corre and Carey, 2007; Gunderson et al., 2015; Carey
et al., 2017).

Our findings suggest that toddlers have some understanding
of number words prior to learning their precise meanings.
Although better able to map number words to small quantities,
they nonetheless perform significantly above chance for all
trial types queried here. However, the lack of distance effects
in our results suggests that the mechanism for discriminating

quantities and mapping the number words here does not
rely solely on the ANS. Barner (2012, 2017) suggests that
the process of learning numbers words may entail two separate
problems: First, children must learn to map number words
to small numbers using cues, like linguistic number
markings (singular/plural) and syntactic bootstrapping
(Bloom and Wynn, 1997), and then eventually learn to associate
large number words in their count list with approximate
magnitudes.

Most previous work on mechanisms for acquiring number
words has focused on explaining how children transition from
being subset-knowers to cardinal principle knowers. This work
typically focuses on older children who have acquired knowledge
of multiple numbers, with less attention to toddlers at the
cusp of understanding number words. Our findings suggest
that toddlers have some preliminary understanding of number
words above their knower-level, but this may only apply to
children who have moved beyond knowing a single number
(i.e., 2-knowers+).

Limitations, Conclusions, and Future
Directions

Certain limitations warrant discussion. A large number of
children did not complete the task due to inattention or
outright refusal, which is common when testing infants and
toddlers generally (e.g., Wynn, 1992; see Slaughter and
Suddendorf, 2007 for review of this issue in infancy) but
leaves unknown whether those children may show different
patterns of number knowledge and Point-to-X performance
than children included in analyses. Although Point-to-X may
validly assess toddlers number knowledge, other methods
(such as looking-time) might reduce task demands and make
the task more accessible to young children. Finally, our
remote assessments of Point-to-X relied on physical materials
being sent to the families homes. We made this decision
because families received physical materials for the Give-N
task anyway and adding the Point-to-X materials did not
result in any additional costs. By asking children to point
to pages in front of them rather than images on the screen,
parents could angle their webcams so that the researcher
could see more easily what children pointed to. It is an
open question whether a complete remote administration
where children point to images on a screen shared by the
researcher would work equally well.

Nonetheless, toddlers are able to successfully map number
words to their referred quantities, even without fully
understanding those number words. The Point-to-X task proves
to be a flexible method for measuring children’s number
knowledge in-person and remotely, capturing nuances in
children’s number knowledge, and elucidating the mechanisms
by which children acquire number word meanings.
Future work using this task, especially using remote testing
to reach families not typically represented in developmental
research, might advance our understanding of children’s
early number knowledge and the acquisition of the
cardinal principle.
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APPENDIX
Point-to-X Task Stimuli

Word-control practice trials.

Prompt Image 1 Image 2
“Which has a tree?” Tree Cup
“Which has a ball?” Banana Ball
Number-word trials.

Prompt Image 1 Image 2
“Which has 1 cookie?” 1 3
“Which has 2 fish?” 7 2
“Which has 4 ducks?” 4 5
“Which has 5 apples?” 5 1
“Which has 2 carrots?” 2 4
“Which has 3 ladybugs?” 10 3
“Which has 4 strawberries?” 3 4
“Which has 5 pears?” 5 3
“Which has 10 fish?” 4 10
“Which has 3 oranges?” 2 3
“Which has 7 blueberries?” 7 5
“Which has 1 turtle?” 2 1
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Studying Children’s Eating at Home:
Using Synchronous Videoconference
Sessions to Adapt to COVID-19 and
Beyond

Shruthi Venkatesh* and Jasmine M. DeJesus

Department of Psychology, University of North Carolina at Greensboro, Greensboro, NC, United States

The COVID-19 pandemic has disrupted many facets of developmental research, including
research that measures children’s eating behavior. Here, children’s food intake is often
measured by weighing foods that children are offered before and after in-person testing
sessions. Many studies also examine children’s food ratings (the extent to which they like
or dislike a food), assessed via picture categorization tasks or hedonic scales. This paper
reviews existing research on different methods for characterizing children’s eating behavior
(with a focus on food intake, preferences, and concepts) and presents a feasibility study
that examined whether children’s eating behaviors at home (including their food intake
and ratings) can be measured via live video-chat sessions. The feasibility analyses revealed
that an observational feeding paradigm at home yielded a majority (more than 70%) of
video-chat recordings that had a sufficient view of the child and adequate sound and
picture quality required for observational coding for the majority of the session’s duration.
Such positioning would enable behavioral coding of child food intake, parent food talk,
and meal characteristics. Moreover, children were able to answer questions to stories
and express their preferences via researcher screen-share methods (which can assess
children’s self-reported food preferences and beliefs) with low rates of exclusion across
studies. The article ends with a discussion on the opportunities and challenges of using
online platforms to conduct studies on children’s eating behaviors in their home
environments during the COVID-19 pandemic and beyond.

Keywords: meal observation, children’s eating behavior, online research, food preferences, food intake

STUDYING CHILDREN’S EATING AT HOME: ADAPTING TO
COVID-19 AND BEYOND

COVID-19 has upended many aspects of the research process (not to mention the lives of
researchers and the families we study). Before the pandemic, researchers ascertained the validity
of remotely collecting data from children of a variety of ages using asynchronous measures,
including webcam recorders for looking-time paradigms with infants (Semmelmann et al,
2017; Tran et al., 2017) and unmoderated research platforms, such as Looklt (Scott and Schulz,
2017) and Discoveries in Action (Rhodes et al., 2020). These platforms allow children to
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complete studies without interacting with a researcher directly
(but with some assistance from the parent or guardian providing
consent). Many of these methods have been recommended
during the pandemic to continue and potentially improve data
collection into the future (Sheskin et al.,, 2020). Synchronous
methods of remote data collection, such as Zoom, have also
become popular as they allow researchers to interact with and
collect data from families in live time (Kuo et al, 2021).
However, there is limited work on the feasibility of studying
children’ eating behavior (a key line of research in our laboratory)
using remote online research tools. In this paper, we document
the successes and challenges we have experienced in adapting
our research using online methods. In the upcoming sections,
we highlight previous work that has measured infants’ and
children’s eating behavior using the amount of food eaten and
food preferences or concepts as outcome measures in the
laboratory or outside the laboratory in home or school settings.
We present data from a feasibility study that examined children’s
typical meals at home and food preferences via live video-chat
sessions. We conclude with a discussion on the opportunities
to ask innovative questions about children’s eating behavior at
home during and after the COVID-19 pandemic using such
online platforms.

Measuring Children’s Food Intake
Comparing Pre- and Post-test Food Weight

Prior to the COVID-19 pandemic, researchers interested in
examining children’s food intake took a variety of approaches
in measuring what and how much children ate during a research
study. A common and intuitive approach to this practice was
to weigh a food that children were offered before the study
and weigh that food again after the study as a measure of how
much children ate. In a comprehensive review on experimental
studies that seek to change children’s eating behavior, 29 of the
120 studies reviewed used weighed food intake as a dependent
variable (among other common outcomes, such as food preferences
or choices which will be described in the upcoming sections),
specifically for studies that sought to increase children’s fruit
and vegetable intake (see DeCosta et al., 2017 for review). Many
of our own studies take this approach, including studies that
examine how social knowledge of the food influences children’s
food intake (DeJesus et al., 2018b), whether children eat more
food if they assisted in preparing the food (DeJesus et al., 2019a),
how maternal talk and intake of food relates to children’s intake
of those foods (DeJesus et al., 2018a), and whether children
learn about food by verbal testimony or by seeing someone eat
that food (DeJesus and Venkatesh, 2020). When this in-person
interaction is not possible, it is harder for researchers to use
pre-post weight measurements as a standardized measure of
food intake given the access to and variability of weighing scales
that families may have at home.

Measuring Food Intake via Bites or Pieces of
Food Eaten

In addition to measuring intake based on food weight, researchers
can code the number of bites (solid intake) of food taken

during feeding sessions which can be coded from video
recordings. For older infants and children who eat solid foods,
food bites as an outcome variable are indexed by coding for
every time the food passes through the children’s lips. As an
example, to validate maternal reports of their child’s selective
eating against children’s observed food intake, Fernandez et al.
(2018) examined data from an observational paradigm during
which familiar and unfamiliar foods were offered. Researchers
measured the children’s latency to their first bite of food and
the total number of bites in the videos by counting the number
of times the food passed through the infant’s lips in 10-s
intervals (Fernandez et al., 2018). Similarly, in a study examining
one-year old infants’ temperament and feeding history as
predictors of their receptivity to unfamiliar foods, infants
acceptance of the food was coded from videos in 5-s intervals
(Moding et al.,, 2014). Here, acceptance was defined by when
the infants opened their mouths in anticipation of the next
bite, smiled and reached toward the food, or the food successfully
passed through their lips. Food rejection was coded when the
infants physically removed the foods from their mouths, fussed,
or turned their mouths away. Intake in bites can also be captured
in terms of children’s choice of one food over another (e.g.,
do children take their first bite of food A or food B?), where
the foods that the infants reach toward and taste first are
measured (Shutts et al., 2009). Thus, food bites can be one
avenue through which researchers can gather quantitative
information on food intake, and we aimed at exploring whether
such data can be collected through online data
collection methods.

Another quantitative measure of food intake is counting
the number of discrete pieces of food eaten. For example, if
a child is offered 10 carrot sticks, how many carrot sticks did
the child eat? In an intervention that sought to conceptually
explain food as a source of nutrition to preschool children,
researchers live coded children’s snack intake during snack
time at their preschool setting (Gripshover and Markman,
2013). The authors found an increased intake of vegetables
post the intervention in children; here, the number of pieces
of snack consumed was measured by number of pieces of
food chosen minus those left after the snack time (such as
crackers and vegetables). Comparably, to test the IKEA effect,
or the idea that people prefer self-crafted products over similar
products made by others (Norton et al, 2012), in children,
Raghoebar et al. (2017) explored whether children would
consume more vegetables if they created the snack themselves.
Children crafted a peacock out of either snack vegetables or
colored beads and their vegetable intake was measured by the
number of vegetable pieces (e.g., cucumber) pre-post intake.

An extension of this method to examine food choices is
to assess children’s choices when the same food is presented
in different conditions. To investigate whether the knowledge
that a food is healthy or can help with an intellectual goal
will imply that the food tastes less good, 3- to 5.5-year-old
children were offered either crackers or carrots across five
experiments. Based on their condition, they received “healthy;’
“yummy, and control (no message) messages of the food, with
the amount eaten (in terms of pieces), the number of pieces
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of food chosen to take home, and perceived ratings of the
food as the dependent variables (Maimaran and Fishbach,
2014). Such coding eliminates the added personnel power,
software, and time needed for coding bites as described previously
and can be completed live during the testing session. However,
the number of foods that can be counted as discrete pieces
is restricted in comparison with the variety of textures and
forms of food infants and children consume in their
home environments.

Measuring Food Preferences and
Concepts
In addition to actual food intake, children’s food preferences
can also be assessed, either in addition to their food intake
or as a primary outcome without offering children real foods.
Such studies typically highlight childrens understanding of food
groups, their own food preferences, and their other beliefs
about food, such as potential connections between food and
cultural groups. Childrens verbal attestation of their food
preferences, likes and dislikes can be measured through picture
choices, brief scale ratings, and sorting tasks. Children can
be asked to report their preference on a scale through smiley
face rating scales (ranging from “not yummy at all” to “really
really yummy” or “dislike” to “like;” Zeinstra et al., 2010; DeJesus
et al., 2018b), a series of questions, such as “Is [name of food]
yummy or yucky? Really (yummy/yucky) or a little (yummy/
yucky)?” (DeJesus et al., 2019b), or as a choice between two
options (Echelbarger et al., 2020). For preverbal infants who
cannot say if they like a food or not, a few methods are still
available to assess their preferences or early reasoning about
food: infants’ facial expressions or parent ratings can provide
some insight into their food enjoyment (Mennella et al., 2001).
Similar methods can be used to understand children’s
thinking about other aspects of food, such as their social
relevance and taxonomic categories. For instance, when
presented with pictures of foods that included conventional
and unconventional combinations, in addition to their own
preferences, children’s social judgments about people who ate
those foods were assessed with questions, such as “do you want
to be friends with [name of person who eats that food] or
not really?” (DeJesus et al., 2019b). Social judgments can
even be assessed in preverbal infants using looking-time
paradigms, such as examining whether people who share a
food preference are especially likely to socially affiliate (Liberman
et al., 2016). Finally, card sorting tasks have been used to
examine children’s ability of food categorization as a precursor
to food rejection (Rioux et al, 2016). Here, children were
shown pictures of fruits and vegetables that varied in color,
typicality, and whether the foods had been cubed or sliced.
Children completed tasks, such as sorting those pictures into
categories, naming the colors of the fruits and vegetables,
and discarding foods they were unwilling to try (Rioux et al.,
2016). In these ways, researchers can assess infants and
children’s food preferences and ratings verbally and nonverbally,
through picture choices, brief scale ratings, sorting tasks, and
looking time paradigms. In this paper, we hoped to examine

the feasibility of collecting children’s self-reported preferences
via an online format.

Parental Reports of Children’s Food Intake
Parental recall and reports of their children’s diet can provide
descriptive data on what kinds of food their children eat,
which can be standalone data and predictors or outcomes
in studies that also have meal observations. In a study that
combined naturalistic home meal recordings with parental
report data, parents reported on their toddlers’ food intake
via three 24-h dietary recall interviews, and the foods stated
were later coded into food groups, specifically fruits and
vegetables (Edelson et al., 2016). Videos of meals at home
over a day were collected and children’s acceptance or refusal
of the foods were coded, along with parental food talk language
(prompts). Among other findings, the more fruit and vegetable
prompts parents used during the recorded meals, the more
parents reported their child ate fruits and vegetables in a
24-h dietary recall task (Edelson et al., 2016). While parent
recall was used as an outcome variable in this study, such
reports can also be used as predictor variables. Indeed, in
a longitudinal study examining infant growth trajectories,
mothers reported on their infants’ food frequency and milk
(breast milk, formula, or other milks) intake across 7 days
as a predictor of child obesity at 6 years (measured by BMI)
with infants’ change in weight-for-length z-scores over the
first year post-partum as the mediator of this relationship
(Ventura et al., 2020).

In addition to parent dietary recall, parent reports on their
children’s eating habits and dietary patterns are another
common source of data. As an example, the Child Eating
Behavior Questionnaire developed by Wardle et al. (2001)
consists of subscales, such as food responsiveness, children’s
food fussiness, children’s emotional over and undereating,
food enjoyment, desire to drink, and satiety responses. This
scale of parent report that can be used to predict children’s
obesity has been validated against behavioral measures of
children’s obesogenic behaviors (Carnell and Wardle, 2007).
Furthermore, the Comprehensive Feeding Practices
Questionnaire is another commonly used parent-report measure
that contains 12 subscales of feeding practices, such as using
food as a reward, routine of eating, and teaching nutrition
(Musher-Eizenman and Holub, 2007). This questionnaire can
be administered via paper-pencil or online survey, which
lends its flexibility for being used in different settings. In
these ways, parents can not only provide data on their children’s
eating behaviors, but can also help in collecting such data
via online formats, which will be elucidated in our Methods
and Discussion.

The Present Study: Feasibility of

Measuring Food Intake and Ratings Online
Prior research provides multiple methods to study children’s
eating behavior, including naturalistic video recordings that
capture childrens eating at home. However, there is a dearth
of research that analyzes the validity and plausibility of adapting
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TABLE 1 | Child racial and ethnic distribution (Method 1-2).

Method 1 Method 2

(n = 50) (n=181)
Latinx 2 (4%) 13 (7T%)
Caucasian/White 40 (80%) 104 (57%)
African-American 1(2%) 10 (6%)
Asian/Asian-American 1(2%) 32 (18%)
More than one race 5 (10%) 9 (5%)
Prefer not to respond/no 1(2%) 3 (7%)
response
TABLE 2 | Primary parent education (Method 1).

Frequency

High school/GED 12%
Associate’s degree 3 (6%,
Bachelor’s degree 7(14%

Some graduate school
Graduate/professional degree
Other

2 (4%,
(2%

)
)
)
)
)
12%)

these measures to remotely study children’s eating behavior
using synchronous videoconference sessions. The COVID-19
pandemic has disrupted our ability to invite families into the
laboratory for a feeding experimental study or even manage
the personnel required for home video recordings. With the
shift of our field toward remote online data collection over
the course of this past year, our laboratory also transitioned
to collecting data from children and families through synchronous
videoconference sessions as we describe in two methods. In
Method 1, we describe the online remote methods to observe
childrens typical meal times at home, and the likelihood of
being able to code certain behaviors from these video recordings,
such as whether coders could see the children’s face and mouth
and hear the parent’s talk during the session. In Method 2,
we describe a synchronous videoconference method that could
be used to attain children’s food ratings, categorizations, or
other aspects of their reasoning about food.

METHOD 1

Observations of Eating at Home

Video recordings of young children’s meals at home have yielded
information about the characteristics of the family meal and
parental food talk (Bergmeier et al., 2015b). Moreover, videos
have also been a method through which their actual food
intake has been coded, by measuring liquid sucking, food bites,
and behaviors related to acceptance or rejection of foods
(Lumeng et al., 2007; Moding et al, 2014; Fernandez et al,
2018). The goal of this current study was twofold. First, we aimed
at collecting pilot data to examine typical meals at home for
children under 3 years of age and assess the feasibility of
conducting these studies using synchronous videoconference
sessions. Second, we hoped to test the plausibility of conducting

an experimental manipulation of feeding behaviors in an
environment naturalistic to the child, which could be an
externally valid approach even beyond the COVID-19 pandemic.

Participants

Children under the age of 3 years were recruited for this
study. Participants were recruited from an existing database
of volunteer families, social media advertising, and Children
Helping Science, an online platform for researchers to advertise
online studies and for parents to sign up for studies. Parents
were informed via email that we would like to set up a half-
hour videoconference during their child’s typical meal or snack
time, and the appointment was scheduled accordingly (parents
were given the flexibility to choose what meal was observed).
We were predominantly interested in testing infants as they
transitioned to solid foods and toddlers as they expanded their
repertoire of solid foods, which is why this age range was
chosen. We also aimed to offer an activity for younger siblings
of children participating in other research projects designed
for children aged 3 years and older.

We had 50 children (25 females, M, = 17.88 months,
Range,,. = 0-55 months) participate in the study, with three
sibling pairs who participated in the same session together.
Though the target age for this study was 3 years and under,
one child in the sibling pair was 4 years old and was eating
a meal along with their younger sibling. Since this was a
typical setup for the family, the older child’s data were retained.
Parents identified the majority of our child sample as not
Hispanic/Latino (47 or 94%) and as Caucasian/White (42 or
84%; see Table 1). Parental demographics indicate that 36
(72%) parents had graduate degrees, and 26 (52%) reported
combined annual household income to be more than $120,000
(see Tables 2 and 3). All parents reported English as a language
spoken at home, and 14 (28%) reported a secondary language
(such as Russian or French). Since this is a feasibility study,
we sought to retain all participant videos to document the
range and frequency of issues that would potentially hinder
behavioral coding. However, we had decided to exclude videos
if they were so poor in quality that even the feasibility analysis
(described under “Descriptive Data of the Feeding Sessions”)
could not be extracted from these videos. Our other exclusionary
criteria included if children were distressed by the presence
of the video recording device. None of the sessions fit these
criteria, hence, we did not exclude any video recordings.

Materials and Procedure

Once the videoconference appointment was scheduled, parents
were emailed an online consent form. This form also included
a media consent form which gave us permission to videotape
this interaction and potentially use the audio and video recordings
(such as at conferences, for teaching materials, or on our
laboratory Web site). All parents consented to being recorded,
though there was variability in the permissions granted for
the use of these recordings (see Table 4). Parents reported
on demographics, such as their race, ethnicity, educational
attainment, household income, and languages spoken at home.
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TABLE 3 | Combined household income (Method 1).

Frequency

Less than $15,000

$25,000-$40,000

$40,000-$60,000 6
$60,000-$90,000 5
$90,000-$120,000 5
More than $120,000 26
Prefer not to respond

TABLE 4 | Parent media permission (Method 1).

Yes No Missing

Showing videos,
audio, or images in
the classroom
Showing videos,
audio, or images in
academic
meetings or
conferences
Showing videos,
audio, or images
on our laboratory
Web site

Including images in
publications of this
study and on
online repositories,
such as the Open
Science
Framework
Including images in
newsletter we send
to families
interested in our
research

Including images in
promotional
materials (such as
brochures or flyers)

42 (84%) 7 (14%) 1 (2%)

40 (80%) 9(18%) 1 (2%)

24 (48%) 25 (50%) 1 (2%)

27 (54%) 22 (44%) 1 (2%)

28 (56%) 21 (42%) 1 (2%)

27 (54%) 22 (44%) 1 (2%)

In this email, parents were also sent a guide to help navigate
them through the video-chat platform if needed (full text
available on the Open Science Framework).' This guide contained
screenshots for how participants could join the meeting and
turn on their video and audio settings. We used WebEx when
our online data collection began in May 2020 as our institution’s
IRB had already approved research studies using that platform.
By October, we learned that our university would be ending
its subscription with WebEx and we transitioned to using Zoom
for data collection. Zoom was also more familiar to parents
(a few parents asked if we could use Zoom instead) and was
an easier platform to use (though we did not experience any
technical difficulties that resulted in participant exclusion
specifically because of difficulties with the WebEx platform).

Researchers conducted the study on a university-issued laptop
or desktop device. Parents typically logged in from their laptops,

'https://osf.io/rhmug/

but they also could log in from their tablet, phone, or desktop
computer. At the start of videoconference session, the researcher
introduced the study to the parent and started recording the
session. The recording was done directly to the device the
researcher was logged in on and not on the WebEx/Zoom
cloud for participant privacy. Parents were asked some questions
before the start of the feeding session regarding what their
child was going to eat, if the child would be sitting in their
typical seat, how often they had been introducing new foods
to their child during the pandemic, and if there was anything
about the current pandemic situation they would like to share
(see OSF for full text). Once they were ready to start with
the feeding session, the researcher suggested that parents could
cover their screen with a sheet of paper (without covering
the camera), or swipe to another application on their device
if the child seemed distracted by seeing themselves eat or if
eating in front of a screen was atypical for them. If the parents
chose to do this, it was ensured that the camera view of the
feeding setting was not blocked. The researcher then told the
parents to “do what you would usually do as if we were not
there” and told the parent they would return if the parent
said they were done with the session or after 30 min had
passed. The researcher did not provide any additional setup
instructions to the parents, as the goal was to assess the quality
of the videos that could be recorded with minimal researcher
guidance. The researcher then muted/turned off their video
and started a 30-min timer.

During the videoconference session, the researcher made
live notes of some characteristics of the feeding session, such
as if the parent-child dyad was in the frame, if the food was
visible, whether it was an individual or family meal, and whether
the child was self-feeding or being fed (see OSF for full text).
After 30 min passed or the researcher heard the parent say,
“we are done” (whichever came first), the researcher then
turned their video back on and unmuted, and to conclude,
asked the parent whether they noticed any differences from
a typical meal and if there was anything else they thought
would be important for us to know. The child was emailed
a certificate and an age-appropriate e-story book from the
“Amazing Books for Children” series by the Center for Disease
Control and Prevention.? The recorded video was then uploaded
to our laboratory’s secure Box folder. This study and the study
described under Method 2 were conducted in 2020-21 and
approved by the University’s Institutional Review Board (20-0365,
“Online child development studies”). Deidentified data and
relevant research materials are available on the Open Science
Framework (see footnote 1).

Video Issues Coding

The goal of this study was to document the feasibility of
assessing children’s feeding behaviors via recordings of
synchronous video-chat sessions. Specifically, we intended to
illustrate the plausibility of coding child food intake in bites
and parental speech and behavior during meals. To this end,

*https://www.cdc.gov/ncbddd/actearly/amazingme.html

Frontiers in Psychology | www.frontiersin.org

40

July 2021 | Volume 12 | Article 703373


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://osf.io/rhmuq/
https://www.cdc.gov/ncbddd/actearly/amazingme.html

Venkatesh and Dedesus

Studying Children’s Eating at Home

we developed a coding scheme to record potential issues in
these video recordings, or a characteristic in the recorded
feeding time that would interfere with our behavioral coding
goals. We identified 10 types of issues that could appear in
these video recordings: (1) cannot see parent’s face (2) cannot
see child’s face (3) parent’s hand comes in front of child’s
mouth (4) video too dark (5) audio not clear (6) child’s
mouth blocked during bottle feeding (7) cannot see individual
children (when more than one child participated at once)
(8) child moves in and out of frame (9) some speech not
in English, and (10) Internet connectivity issues (see OSF
for full text).

First, we stated if each of these issues was present in the
video or not. If it was present, then we quantified the severity
of the issue, or for how long in the feeding session the issue
occurred. For example, if a researcher intended to code maternal
engagement with the child during the feeding session, and
the mother was in the frame for most of the video but stepped
out of the frame for a few minutes to refill the childs plate,
the coding would still be possible for most of the session. In
contrast, if the child was sitting in front of a window and
was backlit for the whole meal, then it would be harder to
code their food intake or parent-child engagement.

For each issue, we coded whether it occurred for the whole
video (100%), most of the video (75%), about half the video
(50%), little of the video (25%), or not at all (i.e., it was not
an issue in the video). These degrees of severity were estimated
based on the duration of the feeding session. For instance, if
a feeding session was about 20-min long, we noted first if
the issue occurred or not. If it did occur, then we saw whether
it occurred for little of the video (5 min), half the video
(10 min), most of the video (15 min), or the whole time
(20 min). For brightness of the video, we added an additional
code “can still see child and food set-up, but brightness is
not great” as a comparison for videos that were very clear in
terms of visibility to those that were less clear. For bottle
feeding and parent language, we coded the presence of these
issues given the proportion of time that the behavior occurred.
For instance, the mother could be talking for the whole duration
to other family members in addition to the child. We coded
the language the mother talked to the child in and, if bilingual,
assessed the proportion of time the mother did not speak in
English to the child. Similarly, if children had bottle feeds
(milk/water) during their solid food sessions, for example, they
drank out of a bottle for 3 min of a 15-min meal session,
then we coded whether their mouth was blocked or not during
those 3 min. A team of four coders established inter-rater
reliability for 20% of the dataset and had inter-class Kappas
of at least 0.76 for each code.

Results

Descriptive Data of the Feeding Sessions

One parent participated when their infant was bottle fed at
3 months, and again 4 months later when the infant had
transitioned to solid foods. For the analysis to follow, we included
both their videos as a measure of bottle and solid feeds. Seven

parents scheduled a session and filled out the consent form
but did not attend or reschedule the appointment. Of the 48
videos (n = 44 individual child sessions, n = 1 child repeated
at two time points, n = 3 sibling sessions), the mother attended
the appointment for 41 sessions (85%), the father attended
the appointment for three sessions (6%), and both parents
attended the appointment for four sessions (8%). 33 sessions
(69%) were individual meals where only the child was eating,
while 15 (31%) were family meals, where we could see the
child as well as other family members eating a meal. Furthermore,
eight (16%) children were fed by the parent, 28 (55%) children
self-fed, and 15 (30%) had a mix of both, self-feeding and
being fed.

In terms of the type of feeding involved, three (6%) were
only bottle feeds, while the majority (48 or 94%) was solid
food sessions. 17 feeding sessions (35%) lasted the whole
30 min. From the sessions that did not last for 30 min (i.e.,
sessions that ended because the parent said they were done),
22 min was the average duration of the meal.

Parent Interview

With regards to the parents’ description of the meal, all children
sat in their typical seats during the meal. Since the start of
the pandemic, 15 parents (30%) said they have been introducing
new foods to their child more than usual, two (4%) less than
usual, and 26 (51%) about the same pace as before. 27 (53%)
parents described the session as representative of a typical
meal. Some common responses for atypicality of the meal
were “Normally my husband and I will talk to each other
more during breakfast” or “we usually start with a food he [the
baby] likes and then offer a new food, but we thought you would
be interested in seeing him eat a new food so we started with
that first”

Video Issues Coding

Child visibility. A majority of the videos did not contain
issues that would potentially hinder behavioral coding (see
Table 5). We could see the child’s face for the whole session
in 35 videos (73%), and in seven videos (15%), we could
not see the childs face for only a little of the video
(less than 25% of duration). For videos where parents fed
their child, their hands did not cover the child’s mouth at
all in 44 sessions (92%). 40 children (83%) were seated in
one place and did not move around (were in the video
frame) for the entire video, and six (13%) moved around
a little bit.

Parent visibility and language use. The data were mixed
with regard to parents being in the frame. In 17 (35%) videos,
the parents were in the frame the whole time, and in 15
(31%) videos, the parents were not in the frame at all. However,
of the 20 videos in which the parent was not in the frame
for most or all of the video, we could hear them talking in
18 (90%) videos. Parents spoke in English to their child in
44 videos (92%) and did not speak in English at all in two
videos (4%).
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TABLE 5 | Frequencies (%) of video issues in naturalistic videoconference meal
time observations.

Little of
the video

Half of the
video

Most of
the video

All of the
video

Not an
issue

Cannot see
parent’s
face
Cannot see
child’s face
Parent’s
hand comes
in front of
child’s
mouth
Lighting
issues (e.g.,
video too
dark)

Audio not
clear

Child
moving
around
Bilingual/
Not in
English
Internet
connectivity
issues

17 (35) 8(17) 5 (10) 15 (31)

35 (73)

44 (92)

37 (77)

43 (90)

40 (83)

44 (92) 0

41 (85) 7 (15) 0

Percentages rounded to nearest whole number. For the lighting issues category, for 10
videos (21%), the video was coded as “brightness is not great but can still see food/
child.”

Food visibility. For 26 (51%) of the children, we could see their
food directly, for 23 (45%) children, we could see their eating
set up but not the food directly unless it was picked up, and in
two (4%) sessions, the view of the food was obstructed. Of the
12 feeding sessions that included bottle feeds, the children’s mouths
were blocked by the bottle for most or all of the video in seven
(58%) sessions.

General visibility and connectivity. In terms of visibility, 37
videos (77%) had good brightness for all of the video, followed
by 10 videos (21%) where we could still see the feeding setup
but the brightness was comparatively lower. The more challenging
videos were the sibling studies when more than one child was
eating together in the same session. Here, in all three of these
sessions, we could not see individual children for most or all
of the session which would interfere with food bites or individual
eating behavior coding.

We also wanted to capture disruptions regarding to Internet
connectivity. In 43 videos (90%), the audio was clear for the
entire video, and in 41 videos (85%) there were no Internet
connectivity issues. In seven videos (15%), Internet connectivity
issues existed for a little (less than 25%) of the duration, which
indicates brief freezing frames in the recording. In none of
the videos was Internet connectivity an issue for the entire
video (i.e., the family did not freeze completely, or we did
not have to restart/cancel the session).

Discussion
This feasibility study revealed that, for the most part,
observational meal recordings garnered through synchronous
videoconference sessions yield codable data. Specifically,
researchers can view the child’s face, feeding setup, and
food intake clearly, with reasonable audio and video quality
and the child being seated in one place (i.e., not moving
in and out of frame frequently). Although parents themselves
were not present in these videos all the time, parent talk
was recorded for subsequent coding (e.g., for researchers
interested in parental prompts or other types of verbal
engagement during meals). One potential reason why parents
were not in the frame is because we did not explicitly tell
them to be there. Parents interpreted our instructions
differently, and hence, they were mixed in terms of who
was visible in the frame (just the child or the parent and
child), especially when the child self-fed. Similarly, we did
not instruct parents as to what type of foods to feed their
child, so some parents mentioned that they made their
child’s most liked food to ensure they have a smooth session
with us, while others tried an unfamiliar food as they believed
it would be interesting for us. However, whether or not
this variability would count as an “issue” for researchers
depends completely on their research questions and can
be solved through live feedback from the researcher to the
parent, a topic we return to in the General Discussion.
As observed, 15 sessions were family meals, where parents
and other family members could be seen eating along with
the child in these videos. The presence of family and companions
facilitates greater food intake during mealtimes (De Castro,
1994). Moreover, seeing adults or peers socially modeling
eating increases children’s food intake (see Cruwys et al,
2015 for review). In this way, mealtime observations at home
could offer the opportunity to study such social influences
on food intake. However, this was not the focus of the present
research as we aimed at assessing the feasibility of collecting
data on children’s individual eating. Moreover, we found that
in the videos that had more than one child in the frame,
the data quality was reduced as all children were not always
in view. Here, the extent of the issue is also dependent on
the device used by parents to call into the session and how
far away the device was placed from the children. If parents
call in from their tablet or mobile phone, then their camera
view is narrower. If parents physically move the camera from
one child to another to correct for this narrow view and
attempt to capture both children, it is actually more difficult
to extract any data (as each child is only visible for some
of the session), compared to focusing on only one child
(which means losing one child’s data but having full data
from another). If parents call in from a laptop device and
place the laptop further away from the children to get a
wider frame of the feeding setup, further distance reduces
the ability to clearly view the food and child food bites.
Hence, depending on one’s research question, the presence
(and absence) of other family members can be facilitated in
such a setup that occurs at home.
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Additionally, compared to solid food sessions, a majority
of the bottle feeds obstructed the view of the child’s mouth
in the video recordings which would be challenging to code
sucks. Therefore, it is critical for researchers to consider the
type of data they hope to obtain, test out their videoconferences
on multiple types of devices, and develop specific instructions
to walk through with parents to capture the angles and
information needed.

In addition to food bites, in Method 2 we describe the use
of synchronous videoconference sessions to assess child food
ratings and preferences.

METHOD 2
Asking Children Questions About Food

Apart from measuring actual food intake, another method
of assessing children’s eating behavior is eliciting their food
ratings or beliefs about foods (e.g., DeJesus et al, 2019b;
Echelbarger et al., 2020). In this section, we highlight online
studies conducted during the COVID-19 pandemic that have
assessed children’s preferences and predictions as a plausible
method for examining children’s opinions about foods using
synchronous videoconference sessions. Specifically, we briefly
describe the methods, exclusion criteria, and attrition
across studies.

Participants

We started data collection via synchronous videoconference
sessions with children aged 3 to 12 years in May 2020 and
have collected data from 192 children to date. We excluded
11 childrens data (detailed under “Results”), which yielded
a usable sample of 181 children (98 female). In addition, 10
parents scheduled an appointment but their child(ren) did
not ultimately participate in the study (two parents completed
the consent form but did not attend the appointment, seven
parents did not complete the consent form nor attend the
appointment, and one parent chose not to participate after
learning that they would need to log in using video). Collapsing
across studies, our participants identify as 13 (7%) Latinx
and 104 (57%) Caucasian/White (see Table 1). Across studies,
we follow a similar recruitment protocol to Method 1 (i.e.,
families are recruited via our volunteer database, social media
advertising, and Children Helping Science). Parents were
emailed the consent forms specific to their child’s study in
advance of the synchronous videoconference session. After
the study, children were emailed a certificate and their choice
of prize pack (an activity book of do-at-home science
experiments, coloring sheets, word puzzles, recipes, or mazes)
for participating.

Screen-Sharing Check Procedure

In these studies, researchers shared their screen with participants.
To ensure that children could see the researcher and the study
images, participants first completed a screen check. For children
younger than 7 years of age, after sharing their screen, the

researcher made a thumbs-up sign and asked children if they
could “do what 'm doing with my hand” Then, children saw
a picture of a blue star and a red circle (see Figure 1, top)
and were asked to name the color of each shape. Children
were asked which shape was bigger if they could not name
the colors (e.g., one parent reported that their child was
colorblind). For studies of children age 7 years and older, the
researcher first held up three fingers and asked the child “how
many fingers am I holding up?” Next, they asked the child
to hold up two fingers. Finally, an image with five shapes was
shown, and the child was asked the color of the rectangle
and diamond. If they could not name the colors, the child
was asked how many shapes they saw (see Figure 1, bottom).

General Study Procedure

After the screen-sharing check, across research questions our
studies involved showing children pictures of people and/or
foods. Some studies included short stories about characters
featured in the studies. Then, we asked children questions
about these pictures or stories. For example, in one study,
we showed children pictures about foods from different cultures,
asked them their opinions of each of those foods, and who
they think would be more likely to bring that food to school
from an array of faces (Venkatesh and DeJesus, 2021). In
another study, we showed children stories about characters
who were sick and asked them to make predictions about
disease transmission (DeJesus et al., in press).

Results
Among younger children, all children passed the thumbs-up
check and all passed a version of the shape check (92 passed
the color check and eight passed the size comparison check).
Among older children, all children passed the holding-up fingers
check, and all passed the shape check (one child only answered
the color of the diamond).

Across our studies, our a priori exclusion criteria were
as follows:

(1) The child cannot see the researcher’s screen or experienced
Internet connectivity issues (n = 1).

(2) The child asks to stop the study or walks away from the
screen without intention of returning to the study (n = 4).

(3) The child observes their sibling participate before them
or their sibling interferes with the study (n = 1).

(4) We do not receive the parent online consent form (n = 1).

(5) The parent interferes with the study (n = 3), and

(6) The parent signed up, but child was not of the correct
age for the study (n = 1).

Note that parent interference was defined by a parent
suggesting an answer or commenting on the childs answer
(such as “you like taking sandwiches to school!”). Responses
were not excluded if the parent reminded the child to answer
the researcher’s questions but without suggesting what the
answer should be (such as “look, she is asking you a question!”);
directing the child’s attention back to the researcher was
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FIGURE 1 | Images shown to children (top: under 7 years; bottom: 7 years and older).

especially helpful for studies with younger children (3- and
4-year-olds).

Discussion

We had low rates of exclusion in studies of children’s preferences
and predictions via synchronous videoconference sessions.
We excluded 11 children and retained data for 181 participants
(94%). From our experience as researchers, children’s ability
to complete the session and share their opinions and preferences
seemed comparable to in-person studies that are similar in
format to the method described here. In line with our subjective
experience, in a study that compared children’s thinking about
disease transmission in person before the pandemic and on
Zoom during the pandemic, we found little difference in
children’s responses across time and platform (DeJesus et al.,
in press). Although we had few exclusions in these studies,
anecdotally, studies that involved telling stories to children
and asking them follow-up questions were especially challenging

for children younger than age 4. We return to this issue in
the General Discussion.

GENERAL DISCUSSION

In this paper, we have illustrated two ways to study children’s
eating behavior at home using synchronous videoconference
sessions. In the first method, we highlight a feasibility study
in which we remotely observed meals and snacks at home
with children under 3 years of age. Our analyses reveal that
such designs yield video data that can be used for behavioral
coding projects, based on the clear view of the feeding setup,
child’s face, and parent-child engagement in most videos. The
main benefit of this paradigm is its ecological validity. Studies
of eating behavior that are primarily conducted in settings
outside the child’s home, such as in the laboratory or in
structured observations at schools or community centers that
resemble in-lab studies (Fernandez et al., 2018; DeJesus et al.,
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2018b), are valuable but may not be representative of the child’s
typical food environment. Our observational study which tested
children at home provides a method to study children’s eating
behavior in a familiar environment. Children ate at their typical
seats using cutlery and utensils they were familiar with, which
may be especially useful to study children’s reactions to familiar
vs. unfamiliar foods (Moding et al., 2014; DeCosta et al., 2017).
Testing children at home removes the additional variable of
the unfamiliarity of an in-lab setting.

From a logistical perspective, studying childrens eating
behavior at home reduces the personnel and setup required
for in-person lab feeding studies. First, in-person lab studies
require a laboratory space, ideally with parking and access to
public transportation, which researchers may not have available
to them. Then to offer foods in an in-person lab study, researchers
face additional challenges, including acquiring foods (especially
for researchers interested in studying children’s willingness to
eat vegetables and other perishable foods) and avoiding common
allergens. Moreover, laboratory studies typically standardize
foods across participants, yet a food that is unfamiliar to one
child might be familiar to another. Thus, while researchers
might lose control over the standardization of the foods and
environments that are possible for in-lab studies, at-home
observational studies give parents the option of choosing foods
that are familiar or unfamiliar to their child. This approach
also gives parents the flexibility to schedule the testing session
according to the child’s current meal schedule (especially for
infants when their mealtimes are more variable) without having
to travel to another location. Even for observational studies
of children’s eating behavior at home described previously,
researchers face logistical hurdles in terms of making trips to
families’ homes. This may require researchers to have access
to transportation (e.g., to directly observe families or pick up
and drop off recording equipment) and requires parents to
be comfortable inviting researchers into their homes.

Another advantage of synchronous videoconference sessions
is the option of giving live feedback to the parents. This
feedback can serve multiple purposes. First, researchers can
provide instructions to improve data quality. Synchronous
videoconference sessions allow researchers to guide parents to
ensure the camera is positioned accurately (compared to
distributing video cameras for parents to use at home). Second,
researchers can use this feedback to give parents specific
instructions for an experimental manipulation. Although
we chose not to give parents any specific instructions to make
the session as easy as possible for parents and assess whether
videoconference would be a suitable platform for research
measuring childrens eating behavior, many types of specific
instructions could be given to bring in some of the control
of laboratory studies. For instance, researchers can tell parents
what type of foods to feed their child, instruct parents with
specific prompts (such as feed your child an unfamiliar food
for 5 min), or provide standardized types and amounts of
foods (e.g., through delivering foods directly to parents)
depending on the research question at hand.

In Method 2, we were able to collect behavioral data from
3- to 12-year-old children on their ratings and predictions.

We had low rates of exclusion across studies (we were able
to retain 94% of participants), and children were able to see
our pictures and hear us accurately, as indicated by the screen-
share check questions. Such methods closely resemble food
preference and rating studies conducted in the laboratory or
other community settings (Rioux et al., 2016; DeJesus et al,,
2019a; Echelbarger et al., 2020). Studies were run directly from
Qualtrics, which reduced the extra step of running the study
on another platform (such as Microsoft PowerPoint) and entering
the data separately. Qualtrics is limited in its video storage
capacity, so studies that include showing videos to participants
require alternative presentation methods (e.g., embedding
YouTube videos in Qualtrics or showing the video from another
platform). None of the studies described here include videos,
so we do not have data on potential exclusions due to insufficient
connectivity to play videos (either from the researcher’s side
or the participants side), which would be more prone to
disruption. However, Method 2 appeared to be especially difficult
for children younger than 4 years of age, especially without
videos or detailed animations. Although we did not collect
systematic data on this experience, anecdotally, it was much
more difficult to complete synchronous videoconference sessions
with children younger than age 4 (and even for some 4-year-
old children) in terms of their understanding of their interaction
with the researcher. For instance, some parents reported that
their child might not fully understand that they were interacting
with a real person.

Limitations and Challenges

While the present research highlights the potential to use
synchronous videoconference sessions to conduct research on
children’s eating behavior, we interpret our claims with caution.
This method limits the types of measurements that researchers
can include in their data to those that can be seen or heard.
Many studies that measure children’s eating behavior includes
child body mass index (BMI) or infant weight-for-length z-scores
as predictors or outcomes in their analyses (e.g., Bergmeier
et al, 2015a; Lumeng et al, 2020; Ventura and Hupp, 2020),
which cannot be measured directly in a videoconference session.
One approach to estimating this data could be to use coding
tools that just require still images from the videoconference
sessions. For example, the Shapecoder tool was designed to
provide a coding system for child BMI and has both high
inter-rater reliability and is correlated with child BMI
measurements (Park et al., 2018). Researchers interested in
using this tool may need multiple unobscured angles of the
child (i.e., not blocked by a table). A similar tool is not currently
available for infants, but researchers could consider asking
parents for their child’s measurements at their last pediatrician
visit. Although parents tend to underestimate their child’s weight
(Eckstein et al., 2006; Lundahl et al., 2014), parents may have
access to this data electronically through their healthcare
provider, or parents of infants could have better recollection
for their infants’ measurements due to more frequent pediatrician
visits. We did not attempt to study the feasibility of collecting
height and weight measurements in these studies, but it is
possible that some estimate could be attainable.
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Importantly, our participant demographics represent
homogenous families who were majority White, highly educated,
and from higher income brackets. We relied on the platform
Children Helping Science for recruitment, which is frequented
by parents who are researchers/faculty themselves and may
be familiar with online research and the challenges of continuing
research programs during the pandemic. The vast majority
(85%) of our meal recordings did not have substantial Internet
connectivity issues, and we excluded only one of our verbal
preference studies for network connectivity disruptions. Our
sample’s higher socioeconomic status is suggestive of their access
to stable Internet connections and technology (e.g., updated
and reliable smartphones, tablets, or computers) which enabled
them to participate in such studies. Although some note remote

on video (McClure and Barr, 2017; McClure et al., 2021),
though this may not fully generalize to conversations with
unfamiliar researchers they are meeting for one session. At
the same time, while children’s understanding of some aspects
of digital privacy is developing (Gelman et al., 2018; Sun et al,,
2021), more research is needed to better understand children’s
beliefs, knowledge, and preferences in this area.

Recommendations and Future Directions
Based on our experiences of conducting the present research,
we have the following recommendations to researchers who
seek to use synchronous videoconference sessions to study
children’s eating behavior:

online testing as an opportunity to include families from diverse ~ (1) Closely consider what data you hope to attain and
backgrounds in child development research (e.g., Rhodes et al., develop instructions to ensure that behavior is visible
2020), the digital divide may further exclude participants from on the video.
minority and lower socioeconomic backgrounds who not only ~ (2) Plan on changing the requirements of those instructions
have limited access to the Internet connectivity required for based on the device the parent logs-in from. Different
online data collection, but who are also faced with economic devices (smartphones, tablets, and laptops) contain varying
and childcare inequalities and have been most impacted by ranges of view for a video frame, so consider asking the
the COVID-19 pandemic (Lourenco and Tasimi, 2020). Especially parent what device they are using and share instructions
pertinent to food-related research, such populations are also for positioning/lighting accordingly.
more likely to encounter food insecurity and rely on food (3) Studies that ask children to follow stories may not
assistance programs during the pandemic (Gassman-Pines and be accessible to children under the age of 4 or 5. There
Gennetian, 2020). Thus, while synchronous videoconference are many potentially interesting questions to ask with 2- to
sessions allowed us to interact with families who were diverse 4-year-olds that primarily observe childrens behavior or
geographically (rather than being limited to our local area), enlist parents as the experimenter (rather than relying on
our sample is restricted in its racial/ethnic and socioeconomic their ability to interact on videoconference with an
diversity. Our feasibility findings can only be generalized to unfamiliar person).
families who are from the similar social and economic (4) Consider creating a demonstration version of your study
backgrounds as in our sample. Similar concerns surrounding in case of serious Internet connectivity issues. For instance,
access also apply to our research team - our research assistants if families do not have sufficient Internet connectivity to
who previously assisted with in-person lab studies also needed pass the screen-sharing check or turn on their video, it
sufficient technology and private spaces to assist with research will be helpful to have some open-ended questions for
studies by videoconference, potentially leading to inequities in the child or parent to answer. Such demonstrations may
access to high impact teaching practices, such as participating be familiar to researchers who work in museums or other
in hands-on research activities (e.g., Kuh, 2008). community settings, where it is often useful to have a
This videoconference method required basic parental literacy related demonstration activity for children whose parent/
of video-chat applications (i.e., being able to be seen and heard guardian is not present or would prefer not to sign consent
on video) that we also shared via a guide with them. We did documents. This demonstration would still give families
not experience issues with the setup of the call in any of our the opportunity to engage with the research process and
sessions. While parents might be more familiar with certain discuss their experiences with the researcher.
video chat applications (such as FaceTime), Zoom, and WebEx  (5) Make use of the live session to ensure parents fill out the
provide the option to record to the device (and not the cloud) online consent form (if they have not already) before
which enhances the safety of the recordings and provides a you start the session with the child and to clarify data
standard option across families (e.g., families that did not have entered in the consent form that may contain typos (for
Apple devices did not have access to FaceTime when we began example, birthdates).
the study). Anecdotally, with the ubiquitous use of Zoom during ~ (6) If possible, have Internet hot spots and additional
the year of the pandemic, parents and children were more technology available for members of the research team
familiar and comfortable with the application compared to to check out. Note that hot spots may not improve Internet
when we initially used WebEx for data collection. Nonetheless, access in low coverage areas.
more research is needed to better describe children’s (7) Target multiple social media and online platforms for
understanding of interactions by video and their views on recruitment. In addition, consider physical advertisements
being videotaped, which may vary across children. Outside of in your community. This may raise the profile of your
our specific research questions, even young children are able research to families who may not be as reachable using
to have positive interactions that build relational connections social media.
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In addition to these recommendations, there are several topics
that we view as possible to study using remote methods but
have not yet pursued. We review two here in more detail. First,
before infants begin eating solid foods, food intake is often
measured using sucking behavior. Although sucking behavior
can be coded from video recordings (Lumeng et al., 2007), this
may be a difficult task to complete over videoconference. Based
on our small number of bottle feedings, detailed instructions
for parents on camera placement would be needed to achieve
the close and unobstructed view of the infant’s face that is needed
for video coding. Alternatively, devices, such as the Neonur, can
record infants’ continuous negative sucking pressure and sucking
bursts, or clusters of sucks that occur within less than 2 s between
each suck (Lumeng et al, 2020); however, such devices would
need to be exchanged with parents (which may be challenging
with limited interaction and available team members). Second,
digital imaging can be used to identify foods on a plate and
measure food intake. In an intervention that explored whether
involving children in making foods would increase their willingness
to try new foods, researchers assessed childrens snack choices
after the intervention by comparing pictures of their plates before
and after intake (Allirot et al., 2016). Similarly, the contents and
nutritional quality of children’s packed lunches were coded from
photographs of the participating childrens lunchbox contents
before children ate lunch (Sutter et al., 2019). Researchers can
also measure the healthfulness of meals consumed through “plate
analysis” or examining what types of foods are on childrens
plates, for instance using the Healthy Meal Index (Kasper et al.,
2016). Parents could share pictures of children’s plates/meals for
analysis by researchers, an even smaller commitment of time
and technology compared to a videoconference study.

CONCLUSION

This paper has illustrated how synchronous videoconference
sessions can used to study children’s feeding behaviors, adding
to existing work that use these designs to examine children’s
cognition, emotion, language, and social development. Using
these sessions to observe meals provides ecological validity for
children’s eating behaviors and allow for live researcher feedback.
Various measures can be collected through these methods, such
as bites or pieces eaten, meal characteristics (such as the feeding
setup or whether it is a family meal), and parent-child talk
during meals. While researchers may have to compromise the
standardization of foods and environment that laboratory settings
offer, we gain the generalizability of findings and increased
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Remote data collection procedures can strengthen developmental science by
addressing current limitations to in-person data collection and helping recruit more
diverse and larger samples of participants. Thus, remote data collection opens an
opportunity for more equitable and more replicable developmental science. However,
it remains an open question whether remote data collection procedures with children
participants produce results comparable to those obtained using in-person data
collection. This knowledge is critical to integrate results across studies using different
data collection procedures. We developed novel web-based versions of two tasks that
have been used in prior work with 4-6-year-old children and recruited children who
were participating in a virtual enrichment program. We report the first successful remote
replication of two key experimental effects that speak to the emergence of structured
semantic representations (N = 52) and their role in inferential reasoning (N = 40). We
discuss the implications of these findings for using remote data collection with children
participants, for maintaining research collaborations with community settings, and for
strengthening methodological practices in developmental science.

Keywords: semantic structure, semantic differentiation, semantic similarity, spatial arrangement method,
semantic inference, remote data collection

INTRODUCTION

The field of developmental science is in urgent need of assessing remote data collection procedures.
The majority of data collection in developmental science — whether observational or experimental -
has traditionally relied on in-person data collection. However, there is a growing recognition
that in-person data collection procedures place barriers to participation from underrepresented
populations and make large samples difficult to attain. More recently, limitations to in-person
data collection resulting from public health mitigation strategies due to the COVID-19 pandemic
further highlighted the need for developing and evaluating remote data collection procedures.
Here we replicate two semantic differentiation effects that were previously documented in
4-6-year-old children using in-person data collection and report the extent to which these effects
are robust to variation in testing conditions that are typically well controlled during in-person data
collection. We also describe an efficient recruitment strategy — enrolling children participating in

Frontiers in Psychology | www.frontiersin.org 50

August 2021 | Volume 12 | Article 697550


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2021.697550
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fpsyg.2021.697550
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2021.697550&domain=pdf&date_stamp=2021-08-06
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.697550/full
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Vales et al.

Semantic Differentiation Remote Assessment

virtual enrichment programs - that can allow researchers to
broaden community partnerships. These findings point to the
feasibility of conducting rapid, robust, and replicable research
with children using remote data collection procedures.

Increasing Need for Remote Data
Collection With Children Participants

In the United States, developmental science has historically relied
on in-person data collection procedures. At the beginning of
the 20th century, a number of university-affiliated laboratories
dedicated to documenting children’s development began the
practice of inviting children and their caregivers to research
facilities on campus to observe and assess behaviors of interest
(Gesell, 1932; Ossmer, 2020). This recruitment strategy led to
a number of important discoveries in the field, and is still
used by many research labs to this day. However, because
this approach requires participants to travel to the laboratory,
it often results in study samples that are not only small
(because this method is time-consuming) but also highly
homogenous (because caregivers who have time and resources
to travel to university laboratories come largely from White
and mid- to high socioeconomic status communities). Small
and homogeneous samples limit the conclusions that can be
drawn from developmental studies for two reasons. First, the
use of small sample sizes decreases statistical power. Statistical
power is not only critical to detect true effects, but — at first
glance, counterintuitively — low statistical power can decrease the
likelihood that significant effects are indeed true effects (Button
etal., 2013). In other words, the use of small sample sizes can lead
to an increase of false positives. Second, homogenous samples
obscure the impact of a multitude of variables on research
findings, thus impeding both theoretical and empirical progress
(Fernald, 2010; Henrich et al., 2010; Varga, 2011; Sugden and
Moulson, 2015; Nielsen et al., 2017).

To address these concerns, researchers have developed
community-based recruitment strategies that can facilitate the
recruitment of larger and more diverse samples. For example,
researchers have recruited and collected data in children’s
museums, after-school programs, pediatricians’ offices, and
mobile laboratories (e.g., Alibali and Nathan, 2010; Callanan,
2012; Cates et al., 2018). These approaches have been successful
at increasing the size and diversifying study samples and are
important methodological advances in the field of developmental
science. However, these approaches are still limited by the
geographical location of the recruitment sites and the make-
up of the population they serve. For example, while recruiting
participants at a children’s museum can lead to the recruitment of
samples that are larger and racially more diverse, admission fees
to the museum may still be a barrier to recruiting economically
diverse samples.

Remote data collection procedures have the potential to help
recruit larger and more representative samples of participants —
in regards to race and ethnicity, income, and geographical
location of the participants - into developmental studies [Scott
and Schulz, 2017; Sheskin and Keil, 2018; Rhodes et al., 2020;
but see Lourenco and Tasimi (2020) for how researchers should

consider possible inequalities in internet access when planning
remote studies]. In the last year, there was also increased interest
in conducting research remotely as mitigation strategies in
response to the COVID-19 pandemic severely limited the ability
to collect data in person. Even with the onset of mass vaccination
plans and as social distancing protocols are gradually relaxed,
in-person data collection will likely not immediately return to
the rates observed prior to the pandemic — making remote data
collection procedures increasingly common in the coming years.

Despite the potential advantages and increased need of remote
data collection procedures, and despite a number of recent
studies using remote data collection with children participants
(e.g., Chuey et al., 2020; Leshin et al., 2021), there is currently
a gap in the evaluation of remote data collecting procedures
used with children. It is thus critical to evaluate whether remote
data collection procedures can assess constructs of interest in
ways that are comparable to in-person data collection. If so,
then developmental scientists can confidently use remote data
collection procedures to continue to accumulate knowledge and
integrate findings from remote studies with work conducted in-
person.

It may seem trivial that children would perform equivalently
on cognitive tasks regardless of whether they are assessed in
person or remotely. Children in the United States are likely
familiar with technology (Rideout, 2017; Chen and Adler,
2019), and many existing research protocols for in-person data
collection are already computerized (e.g., Friend and Keplinger,
2003; Gershon et al., 2010; Fisher et al., 2013). Similarly, children
are possibly more comfortable and thus more likely to engage
with a task in a known setting such as their home (see Klein
and Durfee, 1979; Belsky, 1980; Perry et al,, 2014; Santolin
et al.,, 2021 for related arguments). In sum, there are reasons
to be optimistic about remote data collection procedures with
children participants.

However, remote data collection procedures likely introduce
additional variability in the setting and measurement that could
limit the feasibility of remote data collection, particularly with
young children. For example, while computerized assessments
collected in-person standardize features such as the size of the
screen used to display the task or the distance at which children
sit from the screen, these factors will vary considerably when
participants complete tasks remotely using their own devices.
Additionally, it is also possible that children encounter more
distractions when at home, that the absence of an experimenter
next to the child to explain, scaffold, and redirect the child to the
task when necessary, and that possible influences from caregivers
would make data collection considerably less successful. Thus,
it is important to ensure that — despite these potential sources
of variability - data collected remotely with young children
participants is comparable to data obtained from in-person
assessments. While recent work has shown that remote data
collection procedures can replicate the effects of lab-based studies
in older children and adolescents (Nussenbaum et al., 2020), it
remains an open question whether data collected remotely with
young children is comparable to data obtained in-person.

Here, we address this goal by aiming to replicate two
semantic differentiation effects that were previously observed
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in 4-6-year-old children using in-person data collection (Fisher
et al., 2015; Vales et al., 2020a,b). Using remote data collection
procedures, we asked whether we could conceptually replicate
these effects. We did not aim to collect a representative sample
or obtain a sample size larger than in prior studies (although
we ultimately enrolled a larger number of participants than prior
studies); rather, the main goal of this study was to provide a proof-
of-concept that remote data collection procedures can measure
constructs of interest in ways that are comparable to in-person
data collection.

Prior Work on Semantic Differentiation in
Children

Measuring Semantic Differentiation Using the Spatial
Arrangement Task

Organized semantic representations, linking words and the
concepts to which they refer by relevant within- and across-
domain distinctions, are believed to be a critical aspect of human
cognition (Clark, 1973; Bjorklund and Jacobs, 1985; Gobbo and
Chi, 1986). As such, there is a large interest in understanding
how semantic structure develops with experience and learning,
and how organized semantic representations influence other
cognitive processes. Prior work suggests that children acquire
structured semantic representations by exploiting the similarity
structure of the entities in the world as they gradually learn
about their features (Rogers and McClelland, 2004; Kemp and
Tenenbaum, 2008; Hills et al., 2009). One aspect of many
common domains in the world (e.g., animals, plants, clothes,
tools, etc.) is that across-domain distinctions (e.g., animals vs.
plants) rely on mostly non-overlapping clusters of features (e.g.,
only animals have eyes and can move, and only plants have
leaves and roots), while within-domain distinctions (e.g., birds vs.
mammals) rely on partially overlapping clusters of features (e.g.,
beaks and feathers vs. fur and nursing their young all overlap
with the presence of eyes and mobility). This structure should
lead to across-domain distinctions being generally more strongly
represented earlier in development relative to within-domain
distinctions.

Two recent studies directly tested this prediction using a
spatial arrangement task (Goldstone, 1994) in which children
were asked to arrange items by placing related items close
together; the physical distance between item pairs served as
a proxy for semantic relatedness, with items judged as more
similar placed closer together. These studies showed that younger
children (4-6 years-old) strongly differentiated items belonging to
different domains - placing pairs of items of the same domain
closer together relative to pairs of items of different domains
(Vales et al., 2020a,b). Reliable within-domain distinctions were
only visible in older children or after extended experience with a
domain (Vales et al., 2020a,b).

Although prior work with adult participants has used
computerized versions of the spatial arrangement method (e.g.,
Goldstone, 1994; Koch et al., 2020), the existing studies with
children participants using this task asked children to organize
physical cards on a game board (e.g., Fisher et al, 2015;
Jenkins et al., 2015; Vales et al., 2020a,b). Thus, it remains

an open question whether a computerized version of the
spatial arrangement task would result in patterns of semantic
differentiation similar to those observed in prior work. Here,
we implemented and tested the first child-friendly computerized
version of the spatial arrangement method.

Measuring Semantic Differentiation Using the
Semantic Inference Task

Organized semantic representations critically support other
cognitive processes, including the ability to make inductive
inferences - such as assuming that members of the same within-
domain group are likely to share features (e.g., Gelman and
Markman, 1986; Gobbo and Chi, 1986; Coley, 2012; Fisher et al.,
2015). Inductive inferences are often tested with a forced-choice
semantic inference task in which children are asked to extend a
property from a target item to one of a number of alternatives;
for example, children might be asked whether a ‘sheep’ or a ‘cow’
shares a non-obvious feature with a lamb.” Consistent with the
idea that children rely on organized semantic representations to
make choices in this task and that close semantic representations
compete for selection, the likelihood that children select the
strongest-related item in this task is modulated not only by the
similarity between the target and the match (i.e., lamb-sheep), but
also by the similarity between the target and the lure — children
are more likely to select ‘sheep’ as a match to ‘lamb’ in the
presence of ‘clock’ (a lure belonging to a different domain) than
in the presence of ‘cow’ (a lure belonging to the same domain)
(Fisher et al., 2015).

Prior work with children using match-to-sample procedures
like the one used in the semantic inference task has employed
a range of number of trials (e.g., Tversky, 1985; Waxman and
Namy, 1997; Fisher et al., 2015). Increasing the total number
of trials completed by each participant is a crucial way to
increase the precision - and thus, the power - of a task’s
measurement (Forrester, 2015; DeBolt et al., 2020), but increasing
the number of trials comes at the cost of possible attrition. Here,
we implemented and tested a child-friendly adaptive procedure
in which children could decide whether to continue or end the
semantic inference task at the end of each block of trials.

The Present Study

Together, the findings described above speak to the mechanisms
supporting the acquisition of structured semantic representations
and how such semantic representations support inductive
inferences. The goal of this study was to conduct a conceptual
replication of (1) the differences in representational strength
between across- and within-domain differentiation and (2) the
lure distance effect in semantic inference in 4- to 6-year-old
children. If semantic structure can be assessed remotely, then one
should observe similar results with a remote sample - (1) weaker
representation of within-domain distinctions relative to across-
domain distinctions as measured by the spatial arrangement task,
and (2) lower likelihood of selecting a match in the presence of a
close versus distant lure in the semantic inference task. Thus, the
present study aims to conceptually replicate these two effects with
remote data collection procedures.
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To do so, we recruited a sample of 4- to 6-year-old children as
this is the age range in which both of these experimental effects
have been observed in prior work. Children participants were
enrolled in an out-of-school enrichment program - aiming to
provide children with hands-on, educational activities — delivered
remotely by a science center. As part of the program, children
completed the task on their web browser while connected in a
video call with a researcher; although data collection was not
fully unmoderated (cf. Rhodes et al., 2020) as caregivers were
not always available during the virtual program, the tasks were
set up to require minimal interaction with the researcher - all
the instructions and transitions between the protocol steps were
interactively delivered in the browser.

The present study also aims to extend prior work examining
the relation between semantic differentiation and inductive
inferences. Consistent with the idea that children rely on
organized semantic representations to make inductive inferences,
the degree of a child’s semantic differentiation appears to be
related to their ability to make category-based inferences. Fisher
et al. (2015) showed that a child’s tendency to select a within-
domain category match in the inductive inference task was
positively associated with how strongly the child differentiated
items within a domain. Children’s within-domain semantic
differentiation was assessed using the spatial arrangement
method by comparing the distance at which category-matching
(e.g., ‘sheep’) and habitat-matching (e.g., ‘horse’) items were
placed from targets (e.g., lamb’) — with larger distances indicating
stronger differentiation. Children’s inductive inferences were
assessed using the semantic inference task by examining the
likelihood of selecting a category-matching item (e.g., ‘sheep’)
as having the same property as a target item (e.g., Tlamb’);
importantly, as lure distance was not manipulated in this study,
all lures in the inductive inference task were items that belonged
to the same domain but not to the same category as the target
(e.g., frog’). In the current study we will take advantage of
collecting both semantic differentiation and inductive inference
assessments to further examine this relation. Specifically, we
will examine the relation between within-domain semantic
differentiation and the likelihood of selecting a within-domain
category match in the inference task. We note that there are a
number of design differences between the current study and this
prior work that may make the assessment of this association not
trivial; we will return to this issue when discussing the findings
of this analysis.

MATERIALS AND METHODS

Participants

We recruited a total of 58 children between 4 and 6 years
of age who were enrolled in a week-long virtual enrichment
program hosted by a botanical garden in Pittsburgh, PA,
United States during the Summer of 2020; data were collected
over three consecutive weeks, on a single day each week. To
reduce economic barriers to participation, enrollment costs
were partially waved. The caregiver-reported (provided to the
botanical garden by 38 caregivers) gender and racial makeup of

the sample was 32% male, 63% female, and 5% not reported; 79%
white, 5% Black/African American, 8% Asian/Indian American,
and 8% multiracial. This sample was more racially diverse
than Vales et al. (2020a), which recruited from the same
botanical garden but during in-person enrichment programs (see
Supplementary Table S1); we will return to this point in the
“Discussion” section. The same caregivers also provided their
zip code information; the majority of the participants (N = 33)
lived in Pennsylvania, with 24 unique zip codes reported; the
remaining participants lived in one of four states (N = 4) and in
Canada (N =1).

Data from six children were not recorded due to technical
difficulties (unstable internet connection, N = 4; incompatible
devices, N = 2) and were therefore not included in the analyses
reported. Forty children completed both the spatial arrangement
and the inference task, and 12 children completed the spatial
arrangement task but not the inference task; thus, analyses of the
spatial arrangement task include 52 participants and analyses of
the inference task include 40 participants.

Children completed the tasks reported here before the start or
during the first day of the enrichment program activities. Because
these tasks were part of the enrichment program activities, in
accordance with the IRB protocol approved by Carnegie Mellon
University all children enrolled in the program were invited to
complete the tasks. Caregivers were given the option to have their
children’s data excluded from analyses; no caregiver requested
that their child’s data be excluded.

Stimuli and Design

Spatial Arrangement Task

The stimuli used in the Spatial Arrangement task are shown
in Figure 1A and were identical to the stimuli used in Vales
et al. (2020a); a comparison between Vales et al. (2020a)
and the current study’s sample, task design, and results is
available in Supplementary Table S1. To probe both within- and
across-domain differentiation in a single trial, the stimulus set
included two domains (‘bugs’ and ‘plants’) with a within-domain
distinction (‘bugs’ that are insects vs. not; ‘plants’ that are fruits
vs. not). Each pair of items was classified as either belonging to
the same domain vs. not (i.e., whether it included any two bugs
or two plants vs. one bug and one plant); this allowed us to probe
across-domain differentiation. In addition, within-domain pairs
were further classified as either belonging to the same within-
domain group (e.g., insect bugs) or not (e.g., non-insect bugs);
this allowed us to probe within-domain differentiation. Black
and white line drawings representing each item were presented
as individual cards with a white background against the screen’s
black background.

The task was hosted in the Qualtrics platform by adapting
the procedure developed by Koch et al. (2020). The pixel width
and height of the center of each item was recorded, as well as
the pixel width and height available on each participant’s screen;
these coordinates were used to calculate the distance between
all pairs of items on the screen and normalize them by each
participant’s maximum possible dissimilarity (i.e., the diagonal of
the participant’s screen).
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FIGURE 1 | Spatial arrangement task. (A) Stimuli used in the Spatial arrangement task. Children were asked to arrange 18 items, half of which belonged to the
domain of ‘bugs’ and the other half to the domain of ‘plants.” To test within-domain differentiation, in-category items (i.e., insect ‘bugs’ and ‘fruit’ plants) were
contrasted with out-of-category items (i.e., non-insect ‘bugs’ and non-fruit ‘plants). (B) Mean distance (normalized by window size) at which pairs including two
items of the same domain (within) and two items of different domains (across) were placed on the screen. Error bars represent standard errors of the mean.
(C) Mean distance (normalized by window size) at which pairs including two items of the same category within a domain (in category) and two items of different
categories within a domain (out of category) were placed on the screen. Error bars represent standard errors of the mean.

Inference Task

Supplementary Table S2 shows all the linguistic stimuli used
in the Inference task; a comparison between Fisher et al. (2015)
and the current study’s sample, task design, and results is
available in Supplementary Table S1. The stimulus set included
six targets (all insect ‘bugs’), six matches (all insect ‘bugs’),
six close lures (all non-insect ‘bugs’), six distant lures (all
‘plants’), and six novel biological properties (e.g., “vespanix
cells”). To prevent children from responding based only on
visually available features and to decrease overlap with the spatial
arrangement task, the items in this task were not depicted
and children were instead told that the items were hiding

behind trees, rocks, or grass (in blocks 1, 2, and 3, respectively)
(see Fisher et al., 2015 for a similar approach).

To probe the effect of lure distance, in each block of trials
each target (an insect ‘bug’) was paired with a match (another
insect ‘bug’), a close lure (a non-insect ‘bug’) and a distant lure (a
‘plant’). There were a total of six targets per block, and thus a total
of 12 trials per block.

Across blocks, each target was paired with a different match,
lures, and property; each combination of target, match, and lures
included a similar number of syllables and no overlapping word
onsets. The location of the match was counterbalanced across the
left and right side of the screen (with the additional constraint
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that the match was not presented on the same side on more than
three consecutive trials), so that at the end of each block of trials
the match item was equally likely to occur on either side.

There were five additional trials designed to ensure that
children understood and were engaged with the task. In these
trials, the target and the match items were parent/offspring
animal pairs and the distant lures were vehicles (e.g., target:
‘kitty’; match: ‘cat’; lure: ‘bus’). Because the target and the match
are strongly related to one another, and both are unrelated to
the lure, if children understood and were engaged with the
task they should reliably select the category match on these
trials. Two of these trials were presented at the start of the task
as familiarization trials; the other three trials were presented
once in each block.

The task was hosted on the lab.js platform (Henninger et al.,
2019) and embedded in Qualtrics so that the transition from the
spatial arrangement task to the inference task was seamless. The
participant’s response on each trial (left vs. right selection) was
recorded. The files used to run these tasks are openly available:
https://osf.io/67gtc/.

Procedure

Children were individually tested by a trained experimenter in
a breakout room in the Zoom communication platform (see
Figure 2A). The experimenter started by establishing a rapport
with the child; if a caregiver was present, the experimenter
requested that they do not influence the child’s responses.
After this initial warm-up period, the experimenter helped
the child share their screen so that the experimenter could
see the child’s screen and help with any experiment logistics
throughout the session if needed (e.g., instructing a participant
who seemed unsure how to continue); for the majority of
participants no such help was needed after they started the
tasks. Participants were then sent a link to the study through
the Zoom messaging screen, which opened a web browser
window where both tasks were completed. To ensure that the
audio and video features of the browser were compatible with
the study’s platform, there was a brief video that participants
were asked to play.

Once the audiovisual check was performed, children started
the spatial arrangement task; Figure 2B shows the sequence of
events in this task. An animated video narrated by a cartoon bear
explained that the goal of the game was to organize cards on
the screen by placing close together cards that go together, and
place far apart cards that do not. Then the video transitioned
to a tutorial of how to arrange the cards on a black screen
by dragging and dropping them with the mouse; four cards
displaying items unrelated to the study (a bus, a duck, a duckling,
and a drum) were sorted by the bear. This part of the video
displayed a computer screen with a visible mouse cursor and
the bear’s voice narrated while it walked through the task (e.g.,
“The bus does not go with the duck, so I will put them far
apart”). The video ended with the bear character presenting and
naming the cards that the child was asked to sort. The bear
held one card at a time and labeled it (e.g., ‘beetle’); after each
card was labeled, it was added to the display of already-labeled
cards floating on the screen beside the bear. The cards were

previewed in the same order by all children, and the labeled cards
were not placed in a grid-like pattern so as to prevent biasing
the child. After being shown all the cards to be sorted, children
were instructed by the bear to press a button so they could start
arranging their cards.

Once children advanced to the next screen, they were
shown the screen where they would arrange the cards, a black
background taking up the entirety of their browser window.
Cards were presented one at a time in the center of the screen, in
a random order for each participant. Children used their mouse,
trackpad, or touchscreen to drag and drop each card anywhere
on the screen. Once the first card was placed, a button at the
bottom of the screen would become active and allow children to
request the next card by clicking the button; this continued until
all 18 cards were presented and arranged. After children arranged
all cards, they were given a final opportunity to rearrange any
cards before finishing the task. Upon completion, children were
shown a transition video where they were thanked for their help
and instructed to press a button when they were ready to start
the second task.

Once children advanced to the second task, a video
introducing the inference task started; Figure 2B shows the
sequence of events in this task. Children were introduced to an
alien and told that the goal of the game was to help the alien
learn about animals and plants, which were hiding. On each
trial, children were shown three identical objects (trees, rocks,
or a patch of tall grass) arranged in an upright triangle pattern
and were told the name of the organism hiding behind each
object. For example, children heard something like: “There is a
bee hiding behind this tree, a fruitfly hiding behind this tree,
and a spider hiding behind this tree”; each object referred to
was synchronously jittered to indicate the placement of each
organism. The objects on the screen were always labeled and
referred to in the same order: first the object on top, then the
object on the bottom left side of the screen, followed by the
object on the bottom right side of the screen. After being told
which organism was hiding behind each object, children were
then told that the target organism had a novel biological property
(e.g., “The bee has drotium hairs”) and asked to generalize this
property to one of the two test organisms (e.g., “Which one also
has drotium hairs?”); Figure 3A displays example trials. Children
indicated their response by clicking on the item; only responses
on the bottom left or right objects were accepted. Once children
responded, the next trial started.

At the start of the task, after watching the introduction video,
children were shown two familiarization trials that included a
match and a distant lure from an unrelated domain (e.g., target:
‘kitty; match: ‘cat, lure: ‘bus’); these trials were designed to
present minimal competition between the match and the lure
to make sure children understood the instructions. After these
familiarization trials, children were shown three consecutive
blocks of trials, each consisting of 12 test trials and 1 catch trial
designed in a similar manner as the familiarization trials. After
each block, children were given the option of continuing to the
next block or ending the task. At the end of the task, a short video
showed the alien thanking the child for their help and leaving
Earth on a spaceship.
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FIGURE 2 | Experimental procedures. (A) lllustration of the experimental setup. Children were tested remotely by a trained experimenter in the Zoom platform.
Children completed the tasks on a browser window; the child shared their screen so the experimenter was able to help with any technological challenges.

(B) Sequence of events in the Spatial Arrangement task (left) and the Inference task (right); the green and right boxes and arrows represent the adaptive procedure in
which children were given the option of either completing the next block of trials (green) or ending the task (red).
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Once the child completed the second task, the experimenter
thanked the child and any caregivers present and answered any
questions they had. The child then rejoined the group activities
taking place in the enrichment program.

RESULTS

We examined whether we could replicate previously reported
differences in representational strength between across- and

within-domain differentiation (Vales et al., 2020a,b) and the lure
distance effect in semantic inference (Fisher et al., 2015) using
remote data collection procedures.

If an online version of the Spatial arrangement task, when
delivered remotely, can provide estimates of semantic structure
that are comparable to those obtained when children complete
the task in person arranging physical cards on a game board,
then we should see patterns of semantic differentiation similar
to prior work (Vales et al., 2020a,b). Specifically, we would expect
to see that children more strongly differentiate items belonging
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to different domains of knowledge (‘bugs’ vs. ‘plants’) relative
to items within a domain (i.e., insect vs. non-insect ‘bugs’; fruit
vs. non-fruit ‘plants’). To examine this prediction, we compared
the average distance at which children placed pairs including
items of the same vs. different domains (to examine across-
domain differentiation) and pairs including items of the same vs.
different categories within a domain (to examine within-domain
differentiation).

Similarly, if an online version of the Inference task, when
delivered remotely, can provide estimates of inferential reasoning
that are comparable to those obtained when children complete
the task in person, then we should see a lure distance effect similar
to prior work (Fisher et al., 2015). Specifically, we would expect
to see a higher likelihood of extending a property from the target
object to the match in the presence of a distant relative to a close
lure. To examine this prediction, we compared the likelihood of
selecting the match item in the presence of a close vs. distant lure.

To examine both of these predictions, we employed a linear
mixed-effects approach to test the effect of the manipulation
of interest on the outcome measure. Specifically, in the Spatial
arrangement task, we tested the effect of pair type on the raw
(i.e., non-averaged per participant) Euclidean distances between
pairs of items. To account for differences in the space available
to arrange the cards resulting from different sizes of browser
windows, these pairwise distances were normalized (i.e., divided
by the by the pixel length of the diagonal of the browser window;
see Koch et al., 2020 for a similar approach). To examine whether
using a larger browser window influenced children’s likelihood
of differentiating across or within domains, we included the size
of the window in the models examining semantic differentiation.
In the Inference task we tested the effect of lure type (close vs.
distant) on the trial-by-trial likelihood of selecting the match

item. Because children were given the option to continue or end
the task at the end of each block, we included the number of
completed blocks in the model. For each of these predictions,
we provide Cohen’s d for the difference between the means of
interest as a measure of effect size; as these predictions were tested
with within-subjects manipulations, the correction suggested in
Gibbons et al. (1993) was employed.

In addition to examining each task separately, we also
examined the relation between the two tasks. Specifically, we
examined whether the average degree of a child’s within-domain
differentiation (as measured by the Spatial Arrangement task) is
predictive of a child’s overall likelihood of selecting the match in
the presence of the close lure in the Inference task.

Analyses were conducted in the R environment (R Core Team,
2014); except where noted we used the functions Imer and glmer
from the Ime4’ package (Bates et al., 2015) to model continuous
and binomial outcome variables, respectively. Variables were
centered, with categorical variables coded using effects coding.
Models were fit with the maximal random effects structure (Barr
et al, 2013); we report model estimates for all models and
p-values based on Wald tests of each model’s fixed effects. The
reported effect sizes were calculated with the function cohen.d
from the ‘effsize’ package (Torchiano, 2020). Code and data are
openly available: https://osf.io/67gtc/.

Spatial Arrangement Task

Figure 1B depicts the normalized average distance between
pairs including two items from the same domain (‘within’) or
from different domains (‘across’), showing that children placed
pairs of items belonging to the same domain closer together
relative to pairs including items from different domains. A model
testing the effect of pair type (within vs. across) and window
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size confirmed that pair type was a significant predictor of the
distance at which items were arranged on the screen [b = -0.18,
¥2(1) = 45, p < 0.0001, Cohen’s d = 1.44] but window size was
not [b = -0.000002, x2 (1) = 0.002, p = 0.97]; the model included
by-participant random intercepts and slopes for the effect of pair
type. The effect size of the effect of pair type was of similar (albeit
larger) magnitude relative to when data were collected in person
(Vales et al., 2020a).

Figure 1C depicts the normalized average distance between
pairs including two items from the same within-domain group
(‘in category’) or from different groups (‘out of category’), and
shows that children placed the two types of pairs at similar
distances. A model testing the effect of pair type (in vs. out of
category) and window size showed that neither was a significant
predictor of the distance at which items were arranged on the
screen [pair type: b = -0.003, ¥2(1) = 0.36, p = 0.55, Cohen’s d = -
0.02; window size: b = 0.0007, (1) = 1.11, p = 0.29]; the model
included by-participant random intercepts (the model including
random slopes for the effect of pair type failed to converge). The
effect size of the effect of pair type was of similar magnitude
relative to when data were collected in person.

Together, these results provide a conceptual replication of
prior work showing differences in representational strength
between across- and within-domain differentiation (Vales et al.,
2020a,b) using remote data collection procedures. The results
also suggest that variation in the size of the web browser used to
complete the spatial arrangement task is unlikely to contribute
to children’s degree of differentiation when completing the
spatial arrangement task; in Supplementary Material (Section
C) we present additional evidence that variation in the size
of the browser window is not related to the degree of
semantic differentiation (see Supplementary Figure S1 in the
Supplementary Material).

Inference Task

To ensure that children understood and were engaged with the
Inference task, we started by examining their performance in the
familiarization and catch trials. Children were highly accurate
on both the familiarization trials at the beginning of the task
(M = 0.86, SD = 0.23) and the catch trials interspersed among
the test trials (M = 0.85, SD = 0.23), both significantly above
chance (0.5) level [familiarization: #(39) = 10.1, p < 0.0001;
catch: #(39) = 6.96, p < 0.0001]. Children were also likely
to complete at least two blocks of test trials (M = 2.25,
SD = 0.86), further suggesting that they were engaged with the
task. Because completing different numbers of trials could lead
or reflect differential engagement with the task, we will include
the effect of the number of blocks completed when modeling
performance in the task.

Figure 3B depicts the likelihood of correctly selecting the
within-category match in the Inference task across the two lure
types and shows that children were more likely to select the
within-category match when it was presented in the context of
a distant (M = 0.75, SD = 0.22) than a close (M = 0.52, SD = 0.16)
lure. A model testing the effect of lure distance (close vs. distant)
and number of blocks completed on the likelihood of selecting
the within-category match showed that lure distance was a

significant predictor of accuracy [b = 1.13, z = 8.34, p < 0.0001,
Cohen’s d = 1.22], but that the number of blocks completed
did not significantly predict accuracy in the task [b = 0.12,
z = 1.04, p = 0.28]; the model included by-participant random
intercepts (the model including random slopes for the effect
of lure distance failed to converge). The effect size of the lure
distance manipulation was of similar (albeit larger) magnitude
relative to when data were collected in person (Fisher et al., 2015).
Together, these results provide a conceptual replication of
the lure distance effect reported in prior work (Fisher et al.,
2015). The comparable results - both conceptually and in
magnitude — across means of data collection suggest that remote
data collection procedures can be used to examine semantic
inferences. These results also suggest that an adaptive procedure
in which children decide how many blocks of trials they complete
is a viable methodological choice to maximize the number of
trials collected while maintaining engagement with the task.

Relation Between Degree of
Within-Domain Differentiation and
Inferences in the Presence of Close

Lures

To examine the relation between a child’s within-domain
semantic differentiation and the likelihood of inferring that more
strongly related items within a domain are more likely to share a
property, we calculated a within-domain semantic differentiation
score for each child by subtracting the normalized average
distance for ‘in category’ pairs from the normalized average
distance for ‘out of category’ pairs’; larger difference scores
thus reflect a larger degree of within-domain differentiation.
Because the targets in the inference task were all insect ‘bugs,
these difference scores only included pairs from the domain of
‘bugs.” Figure 4 shows the association between a child’s within-
domain differentiation score and their likelihood of selecting the
match in the close lure condition, and suggests that there is no
such relation. A linear model showed that the within-domain
differentiation score was not a significant predictor of a child’s
average accuracy in the close lure condition [b = 0.71, R* = 0.046,
F(1,38) =1.23,p =0.19].

These results suggest that these tasks, as set up for this
study, were not able to detect the association between semantic
differentiation and semantic inference reported in prior work
(Fisher et al., 2015). At first glance this could be taken to indicate
that remote data collecting procedures are not well-suited to
detect individual differences in semantic structure and/or in
semantic inferences. However, it seems more likely that this
lack of an association is instead due to methodological choices
resulting from the main goals of this study - specifically, the
goal of replicating patterns of semantic differentiation in across-
versus within-domain distinctions.

As seen in Figure 4, the distribution of within-domain
difference scores shows a fairly narrow range (-0.11 to 0.11) and
is mostly centered around zero - suggesting that most children
showed no evidence of differentiating within a domain - making
it challenging to examine the role of variability in semantic
differentiation. This distribution of scores stands in contrast with
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FIGURE 4 | Relation between the degree of within-domain differentiation (with
higher scores representing a larger distance between in-category and
out-of-category pairs in the Spatial arrangement task) and the likelihood of
selecting the within-category match in the close lure condition of the Inference
task.

prior work (Fisher et al.,, 2015), which showed a larger range
of differentiation, as well as an association between the two
tasks (also see Unger and Fisher, 2019 for related evidence).
The observed narrow range and distribution centered at zero
is likely due, at least in part, to the fact that children in
this age show fairly undifferentiated representations within a
domain. However, this weak within-domain differentiation is
likely exacerbated by the fact that we tested within- and across-
domain differentiation in the same trial. We did so because this
more closely replicated prior procedures (Vales et al., 2020a,b),
but also to decrease the time necessary to complete the spatial
arrangement task (and thus decrease possible attrition in the
study) - both decisions well-aligned with the goal of replicating
previously reported patterns of semantic differentiation. This,
however, results in a considerable difference relative to the
procedure employed by Fisher et al. (2015), who tested triads
of items in each trial - thus providing children with a much
smaller number of items at a time and thus more degrees of
freedom to arrange them. In the case of the spatial arrangement
task as designed for this study, the need to attend to both within-
and across-domain differentiation, as well as the larger number
of cards presented at once, likely reduced the likelihood of
detecting individual differences in within-domain differentiation
[see Experiment 2 in Vales et al. (2020b) for converging evidence].
Taken together, these results suggest that future work examining
semantic structure — and in particular, individual differences in
within-domain differentiation in young children - may want
to consider whether to assess within-domain differentiation in
separate trials and how many items to present in each trial.

DISCUSSION

This manuscript reports a successful conceptual replication
of two semantic differentiation effects in 4- to 6-year-old
children that were previously reported using in-person data
collection. In the spatial arrangement task, children more
strongly differentiated across domains relative to within a
domain - a pattern of semantic differentiation that replicates
prior work (Vales et al., 2020a,b). In the semantic inference
task, children’s likelihood of selecting a within-domain category
match was decreased in the presence of a close (relative to a
distant) lure, replicating prior work (Fisher et al., 2015). The
conceptual replication of these two effects — which speak to (1)
the mechanisms by which organized semantic representations are
acquired and (2) the role of organized semantic representations
in supporting inferential processes — suggests that such large-
sized effects can be successfully reproduced using remote data
collection procedures despite the wide variation in the factors
that are typically well-controlled during in-person research (such
as display size and number of trials) (see also Nussenbaum
et al., 2020). These results are also the first evidence that a
computerized version of the spatial arrangement method can
be successfully completed by children participants, and that
an adaptive procedure that allows children to decide how
many blocks to complete in the semantic inference task is a
promising way to increase the number of trials collected from
each participant while maintaining engagement with the task -
both important methodological innovations, likely to be useful
even in other domains of developmental science.

The use of remote data collection procedures can help
strengthen developmental science. By removing a number of
barriers to participation, remote data collection has the potential
to increase diversity in recruited samples and facilitate the
collection of larger sample sizes — both of which are critically
necessary. Additionally, as a result of social-distancing measures
to mitigate the spread of COVID-19, the field of developmental
science is increasing the use of remote data collection procedures.
The present results, showing that data collected with children
participants remotely is comparable to data obtained from
in-person assessments, provide a proof-of-concept that the
constructs measured by these tasks can be successfully assessed
remotely and thus increase the confidence that developmental
scientists can continue to accumulate and integrate knowledge
across different mediums of data collection.

It is important to note that the effects we set out to replicate
were medium-sized; future work should evaluate if smaller-sized
effects can also be replicated under the more variable testing
conditions inherent to remote testing. Similarly, other tasks
might be more sensitive to these more variable testing conditions;
for example, increased distractions in the home environment
might be more problematic in the context of experimental tasks
requiring the collection of reaction time (but see Nussenbaum
et al., 2020). Future work should consider these possible limiting
factors when planning online data collection. We also note
that not all children completed both tasks, with about 20%
of children who completed the spatial arrangement task not
completing the inference task. Prior work examining the relation
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between these two tasks (Fisher et al., 2015) conducted the two
tasks in two separate sessions, as the study included numerous
measures at multiple time points. As such, we do not know
whether the attrition rate observed here would be similar to
in-person data collection procedures. Future work intending to
collect multiple measures per participant within the same study
session should consider the attrition rate observed here and
decide whether conducting multiple sessions may be a better
approach to their goals.

Remote data collection procedures by themselves will not
be sufficient to realize the promise of increasing diversity in
study samples. The sample in this study was a convenience
sample resulting from an ongoing partnership with the science
outreach team at a local botanical garden, and thus we did
not aim to obtain a geographically diverse sample (although
some families joined from out-of-state, which would have
been unlikely had the programs taken place in person). When
planning this collaboration, we took steps to increase diversity
in the demographics of children participants, both through
publicizing the camps in underserved neighborhoods and by
reducing enrollment costs — and these efforts seem to have
been successful to some extent, as we saw an increase in non-
white participants relative to a prior collaboration (Vales et al.,
2020a) and considerable variability in the neighborhoods (i.e.,
zip codes) where the participants lived. However, because these
camps were moved to a remote medium as a result of social-
distancing guidelines due to the COVID-19 pandemic in the
Spring and Summer of 2020, there were considerable changes
in enrollment as family and childcare circumstances quickly
changed. This makes it difficult to know whether our efforts to
broaden participation could have been more successful under
different circumstances. Indeed, as Lourenco and Tasimi (2020)
note, researchers must continue to take steps to ensure equitable
access for families from disadvantaged backgrounds, especially
during a pandemic when access to internet might be even more
challenging (e.g., libraries might not be open to the public).

The current study failed to find an association between
the degree of a child’s within-domain differentiation and their
likelihood of selecting the matching within-domain item in
the presence of a close (i.e., belonging to the same-domain)
lure. Although this could be taken to indicate that remote data
collection procedures are not well-suited to detect individual
differences in these two processes, it seems more likely that the
lack of an association between the two tasks is instead due to
the limited range of scores and a distribution centered around
zero that was observed for the within-domain difference scores.
We believe these undifferentiated scores are a result of both
weak within-domain differentiation (consistent with the patterns
found in the spatial arrangement task) and the fact that both
within- and across-domain differentiation were tested in the
same trial, which reduced the degrees of freedom for arranging
individual cards. This is a crucial difference relative to prior work
(Fisher et al,, 2015), and in requiring children to simultaneously
attend to both distinctions might have reduced the odds that
children noticed within domain distinctions. Prior work using
this task suggests that these are important methodological
considerations (Vales et al., 2020b), and we believe future work
intending to use remote assessments of semantic structure and

semantic inferences should consider the goals of the assessments
when deciding whether to examine within- and across-domain
differentiation in the same or separate trials.

The recruitment strategy we used - recruiting children
participating in a virtual enrichment program - can also
be a useful tool for researchers to maintain and extend
their partnerships with community settings during the current
limitations to in-person testing. Over the course of only three
weeks, with a single 2.5 h-long session involving 5-7 researchers
each week, we recruited and tested more than 50 children.
The researcher involvement was fairly minimal, and it is likely
that with some improvements to the usability of the tasks it
would be possible for children to complete these tasks without
any researcher involvement. Partnerships between basic science
researchers and educators are an important component of
developmental science and can be mutually beneficial for the
researchers and the educators (Osberg, 1998; Callanan, 2012;
Haden, 2020; Mulvey et al., 2020). The COVID-19 pandemic
has propelled the development of virtual learning programs
(Bell, 2020); this study illustrates how researchers can leverage
this reality to maintain existing partnerships within their local
communities and possibly develop new ones with science centers
that were previously geographically inaccessible - and in so
doing, study developmental change in ecologically valid settings
(Golinkoff et al., 2017).

In sum, the current results suggest that the spatial
arrangement task and the semantic inference task can be
successfully employed to remotely assess semantic structure.
This allows future work using these tasks to be aggregated with
prior work using in-person data collection procedures. This also
provides researchers with alternative ways to recruit larger and
more diverse samples, and thus continue to strengthen practices
in developmental science.
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The events of the COVID-19 Pandemic forced many psychologists to abandon lab-based
approaches and embrace online experimental techniques. Although lab-based testing
will always be the gold standard of experimental precision, several protocols have
evolved to enable supervised online testing for paradigms that require direct observation
and/or interaction with participants. However, many tasks can be completed online in
an unsupervised way, reducing reliance on lab-based resources (e.g., personnel and
equipment), increasing flexibility for families, and reducing participant anxiety and/or
demand characteristics. The current project demonstrates the feasibility and utility
of unsupervised online testing by incorporating a classic change-detection task that
has been well-validated in previous lab-based research. In addition to serving as
proof-of-concept, our results demonstrate that large online samples are quick and
easy to acquire, facilitating novel research questions and speeding the dissemination
of results. To accomplish this, we assessed visual working memory (VWM) in 4- to
10-year-old children in an unsupervised online change-detection task using arrays of
1-4 colored circles. Maximum capacity (max K) was calculated across the four array
sizes for each child, and estimates were found to be on-par with previously published
lab-based findings. Importantly, capacity estimates varied markedly across array size,
with estimates derived from larger arrays systematically underestimating VWM capacity
for our youngest participants. A linear mixed effect analysis (LME) confirmed this
observation, revealing significant quadratic trends for 4- through 7-year-old children, with
capacity estimates that initially increased with increasing array size and subsequently
decreased, often resulting in estimates that were lower than those obtained from smaller
arrays. Follow-up analyses demonstrated that these regressions may have been based
on explicit guessing strategies for array sizes perceived too difficult to attempt for our
youngest children. This suggests important interactions between VWM performance,
age, and array size, and further suggests estimates such as optimal array size might
capture both quantitative aspects of VWM performance and qualitative effects of
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attentional engagement/disengagement. Overall, findings suggest that unsupervised
online testing of VWM produces reasonably good estimates and may afford many
benefits over traditional lab-based testing, though efforts must be made to ensure task
comprehension and compliance.

Keywords: visual working memory, child development, online assessment, cognitive development, capacity

estimates

INTRODUCTION

Infant research is difficult for many reasons. Access to public
records is increasingly restricted, contact information is often
unpublished, and in many areas, families and communities are
becoming wary of privacy concerns and university sponsored
research. In addition, the reality of dual-income families
continues to make lab-based testing in the early months and
years of life a logistical challenge. Although the gold standard of
experimental precision will likely always center around lab-based
techniques, changing work and family dynamics necessitates a
re-evaluation of the gold-standard approach.

The events of the COVID-19 Pandemic forced many
psychologists to abandon lab-based techniques and embrace
online experimental approaches. This has been particularly
difficult for developmentalists, as many infant and child-
based testing techniques rely on looking time or eye-tracking
methodologies. Fortunately, many innovative approaches have
been developed that allow for live face-to-face testing (i.e.,
supervised testing), including commercial video conferencing
options like Zoom and Microsoft Teams, and homegrown
software solutions such as Lookit (https://lookit.mit.edu). While
these approaches facilitate remote observation of the child
engaging in the task, they involve many of the same resources
as lab-based work, including dedicated experimenters and
observers to run test sessions, and pre-scheduled appointments
with families. However, for tasks that can be adapted to rely solely
on behavioral responses (key presses, mouse clicks, touch screens,
etc.), it is possible to do remote online testing in an unsupervised
way. We report here results from a large-scale unsupervised
online change-detection task assessing visual working memory
(VWM) development continuously from 4 to 10 years

of age.
There are several practical benefits of conducting
unsupervised online research. First, it increases session

flexibility, allowing participation at optimal times such as after
naps, on a rainy Saturday afternoon, or when network traffic is
low. Second, it allows for home-based testing, which in addition
to being more convenient for parents and children, may decrease
the anxiety and demand characteristics that are inevitably a part
of supervised testing procedures. Third, unsupervised at-home
testing may allow participation from a wider range of children,
both neuro-typical and neuro-atypical, and allows for rapid
testing over a broad range of ages.

In addition to these practical advantages, there are a host of
scientific benefits that may increase data validity and facilitate
novel research questions. For example, this approach reduces

the time and resources necessary to acquire large sample sizes,
increasing power and replicability for even relatively small
effects. This speeds dissemination of research findings, and
may facilitate novel findings and theory building. Unsupervised
online testing can also be conducted regionally, nationally, or
even internationally without regard to time zone constraints.
In addition to facilitating epidemiological approaches to the
study of development, online testing can improve racial, ethnic,
and socioeconomic diversity, something that is profoundly
lacking from most lab-based research samples. Although access
to computers and internet connections may vary across these
diverse populations, it is possible for participants to conduct
these tasks using a mobile device or tablet, a friend or family
member’s computer, or public resources such as school, library
or community computer banks. Finally, online testing allows
the explicit testing of environment factors such as screen size,
stimulus size, and method of response (e.g., mouse, keyboard or
touchscreen). These features are often either ignored completely
or held constant in lab-based tasks, despite the fact that
changes in these simple task features might critically influence
performance. This form of apparatus diversity additionally
ensures that findings are robust, and context independent.

There are of course some drawbacks to unsupervised
online testing, including lack of control (Anwyl-Irvine et al.,
2020a) and the possibility of parental interference and/or non-
compliance with experimental procedures. All of these can
be ameliorated to some extent using tools present in most
modern online experimental testing suites (e.g., Gorilla.sc and
LabVanced.com), including ability to collect webcam video and
to “calibrate” or scale the stimuli based on the estimated
screen size. It is also possible to use indirect measures to
identify questionable data, such as participants whose response
times are either too fast to be plausibly completed by the
participant (i.e., parental interference), or to reflect effortful
decision and response selection (i.e., random button presses). We
incorporated several of these approaches in the current project.
However, one of the most challenging and underappreciated
aspects of successful online testing, is accurately conveying task
instructions to the children and to the parents who function
as ad hoc experimenters. In contrast to supervised testing
approaches, it is impossible to gauge understanding and solicit
questions from families during unsupervised testing. Thus, it
is critically important that the task be piloted in the lab with
the target age demographic, to reveal confusing and problematic
aspects of the task instructions. This process also facilitates the
development of videos and practice trials that maximally enhance
task understanding.
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Choice of task is also a key factor. The current project
incorporates an unsupervised online testing approach to assess
development of VWM, which is quite easily adapted to rely
solely on behavioral responses (mouse or keyboard clicks, or
touches). This task was chosen, because VWM is an essential
visuocognitive ability that shows substantial development over
the first several years of life (Ross-sheehy et al., 2003; Gathercole
et al.,, 2004; Oakes et al., 2006; Simmering and Spencer, 2008;
Simmering and Perone, 2013; Buss et al., 2018; Ross-Sheehy
and Eschman, 2019; Reyes et al, 2020), and developmental
profiles have already been established across a range of ages
(e.g., Cowan et al,, 2005; Simmering, 2012). VWM is an active
form of short-term memory, that supports the processing of
visual spatial information in service of a task or goal (Luck and
Vogel, 1997). Many tasks that support early learning rely heavily
on VWM, including visual comparison, categorization, spatial
navigation, visual search, object learning, spatial reasoning, and
math. Thus, VWM is a critically important component of general
cognitive development.

Much research has tied VWM to later academic achievement.
For example, Bull (2008) found that VWM performance in
preschool predicted math problem solving at 8 years of age.
Similarly, others have found that VWM in 7- to 14-year-olds
predicted performance on a national curriculum math test (Jarvis
and Gathercole, 2003). These basic findings have now been
replicated numerous times, with most results demonstrating
an important connection between early VWM and later math
achievement (Tsubomi and Watanabe, 2017; Giofre et al., 2018;
Allen et al., 2019; Chan and Wong, 2019; Kyttéila et al., 2019;
Carr et al.,, 2020). VWM in adults is related to measures of
fluid intelligence (Fukuda et al., 2010), and the development of
VWM is distinct from verbal WM (Gathercole and Baddeley,
1993; Jarvis and Gathercole, 2003; Giofre et al., 2018; Kyttild
et al., 2019) and executive function aspects of WM (Jarvis
and Gathercole, 2003; Gathercole et al., 2004). Thus, early
and frequent access to online VWM assessment tools could
significantly enhance detection and possibly intervention for
children at risk of cognitive delay. Although the literature on
WM training interventions is mixed, recent ERP work with adults
demonstrates hopeful evidence of persistent VWM training
benefits (Zhang et al., 2020).

The Current Project

The goal of the current project is to demonstrate the feasibility
and validity of unsupervised online testing approaches in child
populations, by incorporating a canonical lab-based change-
detection task previously used in infant, child and adult
populations (Luck and Vogel, 1997; Cowan et al., 2005; Riggs
et al,, 2006; Ross-Sheehy and Eschman, 2019). The task was
adapted for online testing and was used to assess VWM
development from 4 to 10 years of age. Our task incorporated
a whole-report change-detection approach, meaning all array
items were present both in the sample and test arrays, and
the child’s job was to determine if anything changed from the
sample to the test array. Although many adult change-detection
tasks now utilize a single-probe or partial report approach
(Rouder et al., 2011), we opted to incorporate the whole-report

approach for two reasons: First, pilot studies conducted in our
lab suggested that younger children struggled to understand
the concurrence between sample and test arrays, and altering
test arrays might further disrupt within-trial continuity for our
youngest participants. Second, this task has already been used
successfully in both infant and adult participants (Ross-Sheehy
and Eschman, 2019), facilitating the examination of capacity
development from infancy to childhood and beyond.

METHODS

Participants

Our participant pool was a sample of convenience and included
all families of children born in local or neighboring counties
who had previously expressed an interest in study participation.
All registered families with children between the ages of 4
and 11 years during our 6-month data collection window were
contacted via email and invited to participate. Of the 2,949
families contacted, 9.93% agreed to participate, resulting in a
sample 297 children (see Table1 for demographics). Unlike
standard lab tasks, data quality could not be assessed until after
participation was complete. As a first step, we examined survey
responses for each participant. This resulted in the exclusion
children due to frustration or inability to understand the task
(n = 3), diagnosis of developmental delay (n = 1) or autism
spectrum disorder (n = 5), incorrect age (n = 1), or completing
the task using a mobile phone (n = 1). We next assessed general
task performance by examining the number trials completed out
of 80 possible trials, as well as general performance (hit, miss,
correct rejection, and false alarm rates). We excluded children
who did not complete at least 3 blocks of trials (n = 18, Ma1s
= 13, SDyjals = 3.7), and children who selected only a single
response button (n = 1). Although several children reported
a family history of colorblindness (n = 11) an examination of
their results revealed typical patterns of responding, so they were
retained in the sample. Task engagement for the final sample of
267 subjects was very high, Mya1s = 76.67, SDyja1s = 12.81.

Stimuli

Stimuli for this study were based on Ross-Sheehy and Eschman
(2019). Each trial started with a colorful spinning pinwheel
that oriented attention, and served as a between-trial mask.
Participants were then tested in a change-detection paradigm
consisting of a 1,000 ms sample array containing 1-4 colored
circles, followed by a 500 ms retention interval, and finally a
3,000 ms test array that was either identical to the sample array
(no-change trials) or included a color change presented at a
random location (change trials). After 3,000 ms two response
buttons appeared underneath the test array, labeled “same” or
“different” (Figure 1). Participants saw up to 10 blocks of trials
and each block consisted of one of every possible trial type (array
size 1, 2, 3, 4, change and no-change) presented randomly.

The circles in both sample and test arrays were presented
at 45°, 135°, 225° and 315° relative to the center of the
display, but were constrained to stay within the boundary of
the colorful pinwheel perceptual mask. Circles consisted of eight
highly discriminable colors (blue, orange, red, yellow, purple,
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TABLE 1 | Participant counts and demographics by age (years).

SES (annual) Race Ethnicity
Age N M SD Min Max Female <80K >80K Asian Am.Indian Black Pac.lIslander White Mult. Race NA Hispanic
4 43 459 025 4.02 4.98 42% 23% 77% 9% 2% 2% 2% 81% 0% 2% 7%
5 56 550 032 5.01 5.99 53% 20% 80% 7% 2% 5% 0% 86% 0% 0% 5%
6 50 6.42 0.28 6.00 6.98 48% 33% 67% 4% 0% 2% 0% 90% 2% 2% 4%
7 31 754 025 7.02 7.98 38% 24% 76% 9% 3% 13% 0% 72% 0% 3% 0%
8 32 843 0.27 8.00 8.97 38% 17% 83% 6% 6% 3% 0% 78% 3% 3% 0%
9 28 945 0.32 9.00 9.99 70% 26% 74% 3% 0% 13% 0% 83% 0% 0% 3%
10 26 10.36 0.30 10.03 10.99 52% 9% 91% 4% 0% 1% 4% 81% 0% 0% 7%

Fixation/mask 1000ms Sample Array 500ms Retention 3000ms Test Array Response

>

Time

FIGURE 1 | Trial events for online change-detection task. Infants were presented with a 1,000 ms sample array, followed by a 500 ms retention interval, and finally a
3,000 ms test array that was either identical to the sample array (no-change) or varied by a single color (change). Array sizes ranged from 1 to 4 (array size three
pictured here), and correct responses were followed by a bell. Feedback was presented at the end of every eight-trial block.

r g

cyan, green and magenta) and were presented against a gray
background. Circle locations and colors were chosen randomly
without replacement for each trial using a custom python script,
and circles for array size 2 were constrained to contiguous
locations only (no obliques). Although Gorilla.sc does allow for
active stimulus scaling based on visual angle, this scaling operates
on individual display objects (i.e., individual circles in our case)
and does not address the relative spacing between objects. That
is, even though the individual circles might successfully be scaled
based on visual angle, the gaps between them were not. Given
chunking efficacy might vary with relative circle proximity we
chose not to incorporate object-based scaling, and instead opted
for passive scaling of the entire configuration based on monitor
size. Although this did not explicitly equate visual angle across
participants, participants with smaller screens (e.g., laptops or
iPads) generally sat closer to the screen, roughly equating visual
angle and preserving the relative spaces between the circles.
Engaging sounds were presented during both the sample and
test arrays to increase interest in the task, highlight cohesion and
alignability between sample and test arrays, and to emphasize the
change detection judgment during test array. The sample array
sound was an ascending slide whistle that continued through
both the sample and gap intervals, followed immediately by a
“bloop” sound simultaneous with the onset of the test array.
A reward tone immediately followed a correct response, and
consisted of a pleasant 630ms bell tone with a frequency of
~2,300 Hz. There was no feedback given for incorrect trials.

Procedure

All methods and procedures were approved by University of
Tennessee IRB #17-03545. Parents were invited to participate
based on previous participation in one of the University of
Tennessee Child Development Research Labs. Parents of children
4-10 years were sent an email inviting them to participate in
an at-home test of cognitive development. If interested, parents
clicked a link, and were taken immediately to an online consent
form (children aged 7 and older were additionally assented).
Upon completion of the consent, parents filled out a general
demographic questionnaire, and were then routed to the online
experiment portal (Gorilla.sc; Anwyl-Irvine et al., 2020b). Parents
and children were given general instructions regarding the online
browser-based “memory game,” and informed that the game
could be quit and resumed if the child became bored, or if
network congestion was high. Parents were then presented with
several “get ready” screens, instructing them to ensure their child
had a distraction free environment, that their browser was in
full screen mode, and that their computer’s sound was set at an
appropriate level. Prior to online testing, pilot testing occurred
in the lab with 3- and 4-year-old children, parents, and adult
participants. These experiences helped us determine the youngest
feasible age for unsupervised testing, and informed the video
demonstration and instructions that appeared prior to the onset
of the task. Previous online testing experience suggested this
process to be critically important in preventing frustration and
enhancing understanding of the task expectations. Parents and
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children were then presented with a video demonstration of the
memory game:

“This colorful pinwheel will appear at the beginning of each
trial. Press “Go” to begin. [child presented with dynamic image of
spinning pinwheel and “go” button]. For each trial, some circles
will briefly appear [child is shown a sample array containing
colored circles], then disappear [child is shown blank display], then
reappear [child is shown test array identical to the sample array
with the exception of a single color change. After a brief delay,
two response buttons were presented underneath the test array,
one labeled “Same” one labeled “Different”]. Your child’s job is
to determine if the circles stayed the same, or if one of them
changed color. Have your child respond aloud, then click “Same”
or “Different” to indicate their response. If your child is correct,
a bell will ring [animation of mouse cursor clicking the “Different”
button, followed by a bell]. The circles blink quickly, so be sure
not to start the trial until your child is ready! We will vary the
position of the circles, and how many appear [children and parents
shown several additional demonstration trials]. Remember, this
was designed to be challenging! If your child is unsure, encourage
them to guess.”

Parents and children could watch the video as many times as
necessary before proceeding to the practice trials. Practice trials
were identical to task trials, however additional instructions were
included at the top of each display. Parents clicked “Continue”
when their child was ready to begin the task trials. To keep
engagement high, children were presented with a performance
screen after the completion of each block. This screen provided
encouraging feedback, a progress bar, and the child’s accuracy. It
also included two buttons, one to continue the task trials, and
one to end the task early. Parents were instructed to end the trials
early if their child became uninterested, or no longer wished to
participate. The task took an average of 9.74 min to complete (SD
=2.9).

Immediately after task completion, parents and participants
were administered a brief survey that included a comment
field and two questions assessing enjoyment and comprehension
(5-point Likert scale, with one representing least possible
enjoyment/understanding, and 5 representing greatest possible
enjoyment/understanding). Average ratings for enjoyment (M =
3.6, SD = 1.17) and task comprehension (M = 4.39, SD = 1.02)
suggested parents and children understood the task, and enjoyed
it to a reasonable extent. After participation, parents were emailed
a $10 Amazon.com gift card to share with their child.

Two split-half reliability estimates were computed using mean
proportion correct at each set size. The first analysis compared
accuracy across even and odd trials (i.e., internal consistency)
and the second compared accuracy across the first and last half
of the trials (i.e., time effects). Cronbach’s alpha indicated good
internal consistency between even and odd trials, o = 0.712,
good reliability over time, o = 0.730. Although mean proportion
correct was slightly higher for the first half of the experiment (M
= 0.888, SD = 0.145) compared to the last half of the experiment
(M = 0.882, SD = 0.147), this difference was not significant,
t(1’059) = 1465,P =0.143.

RESULTS

Raw response times were examined prior to analysis.
This revealed one 8-year-old outlier with implausibly
high performance (mean response time 155ms, perfect
performance across all 4 array sizes), who was subsequently
removed from our analysis. All other responses conformed to
typical developmental patterns (Figure 2). We estimated VWM
capacity (k) using Pashler’s equation (Pashler, 1988) with k = N
x (H-FA)/(1-FA), where N = array size, H = hit rate (proportion
of change trials in which color change was correctly detected),
and FA = false-alarm rate (proportion of no change trials in
which color change was erroneously detected). We calculated
maximum capacity for each child (max K) as the highest capacity
estimate produced across all four array sizes. Although there is
considerable debate regarding the discrete slots assumptions of
Pashler’s approach (Cowan, 2001; Bays and Husain, 2008; Zhang
and Luck, 2008; Rouder et al., 2011), this equation is convenient
as it incorporates multiple sources of information and is easier to
interpret than accuracy or sensitivity measures such as A’ or d’.
However, Pashler’s equation does not penalize false alarm rates
in cases where hit rates were very high. This is one reason why
Pashler’s equation may slightly overestimate capacity, particularly
in child samples. For this reason, it is important to prescreen
results and identify any participants who may have chosen
the same response for every trial. This may also help identify
children who were confused by the task.

Assessing Data Quality, Task Validity, and

Environment Variables

Does Unsupervised Testing Produce Plausible VWM
Capacity Estimates?

Because this was an unsupervised task, it was important to assess
task performance and compliance, as well as general capacity
estimates. A Pearson bivariate correlation revealed a moderate
correlation between age and trial counts, r = 0.230, p < 0.001,
with younger children completing fewer trials than older children
(Table 2). Although 90.4% of participants completed all 80 trials,
the 26 participants who completed fewer than 80 trials were
relatively young, Myge = 5.68, SDgge = 1.15. In addition, younger
children took longer to respond on average than older children, r
—0.565, p < 0.001. This finding is not unique to online testing
paradigms, and suggests that relatively slow responses may have
contributed to increased task fatigue for the youngest children.
Importantly, results for maximum capacity (max K) revealed a
strong positive correlation with age (Figure 3). These estimates
are consistent with previously published findings for children of
this age, validating this general approach (Simmering, 2012, 2016;
Buss et al., 2018).

Do Screen Size and Response Mode Influence VWM
Capacity Estimates?

One of the drawbacks of at-home testing is the lack of
experimental control over the testing equipment and
environment (Anwyl-Irvine et al, 2020a). However, there
are some important advantages as well. For example, analyzing
data collected from home samples facilitates the examination of
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FIGURE 2 | Trial response times (ms) by age. Boxplot edges represent upper and lower quartiles, notches represent the 95% confidence interval of the median

TABLE 2 | Pearson Bivariate correlation table of task and test environment factors. Significant effects indicated with (*).

Age Trial count Response time Resolution Response mode Max K
Age 1 0.230* —0.565** -0.010 —-0.105 0.579**
Trial Count 0.230** 1 —0.311** 0.000 0.020 0.059
Response Time —0.565** —0.311* 1 0.120 0.199* —0.419**
Resolution —0.010 0.000 0.120 1 0.409** 0.101
Response Mode —0.105 0.020 0.199* 0.409** 1 —0.029
Max K 0.579** 0.059 —0.419** 0.101 —0.029 1

0 < 0.05, *p < 0.01, **p < 0.001.

often ignored task specifics such as the size of the screen (width
in pixels), method of response (1 = touchscreen, 2 = keyboard,
3 = mouse) and their influence on VWM capacity estimates.
Results of a correlation analysis revealed that neither screen
size (r = 0.101) nor response mode (r = —0.029) were related
to VWM capacity, though screen size and response mode were
highly correlated, r = 0.409, p < 0.001 (Table 2). Response mode
was also positively correlated with response time (r = 0.199, p
= 0.001), revealing that children responded most quickly when
using touchscreen devices (both computers and tablets). Several
other significant relations were observed, most notably between
response time and max K (r = -0.0.419, p < 0.001), with faster
responding associated with higher capacity estimates, though age
may have been an important driver of this effect.

Assessing Capacity Across Multiple Set

Sizes

Although Pashler’s capacity estimate is convenient and easily
interpreted, using this equation with child populations poses
some unique challenges. One such challenge occurs when hit
rates are lower than false alarm rates. In these cases, Pashler’s
equation will produce a negative value that is uninterpretable. For
example, one 5-year-old child in our sample had the following
capacity estimates for array sizes 1 through 4, respectively: 1, 1.78,
—0.86, and.44. There are two things to notice. First, this child had
a negative value for array size 3 (—0.86), however estimates for
array sizes 1 and 2 appear valid. Given these negative values were
rare (n = 9 of 1,051 cells) we treated them as missing data and
removed them from the analysis. The second thing to notice, is
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that the capacity estimate for array size 4 is smaller than estimates
for array size 2 and even array size 1. We believe this may occur
when children become overwhelmed by the memory demands
for a given array and disengage from the task. There is some
neurophysiological evidence to support this (Fukuda et al., 2010;
Reyes et al., 2020; McKay et al., 2021). If this is the case, then
the array size that produces maximum capacity (i.e., the optimal
array size) should vary by age, with younger children reaching
maximum capacity for smaller array sizes, and older children
reaching maximum capacity for large array sizes independent
of capacity estimates. An examination of the raw data
clearly reveals such a trend (Figure 4), with younger children
showing apparent capacity regressions at higher array sizes
(Figure 5).

Do Large Arrays Disproportionately Hinder VWM
Performance for Younger Children?

To determine if large array sizes resulted in underestimation of
capacity for our young participants, we conducted a linear mixed
effect (LME) analysis using R (R Core Team, 2020) with package
Ime4 (Bates et al., 2015). LME analyses are robust to missing
data, and can handle the interdependence of capacity estimates
across array size (Singmann and Kellen, 2019). This approach
allowed us to calculate the extent to which capacity estimates
increased with increasing array size for each age. We included
fixed effects of array size and age and random participant-level
effects in our baseline model (i.e., random intercept). Based
on the observation that capacity varied with age (Figure 4),

we additionally included an array size by age interaction. This
addition significantly improved model fits, x? (18, N = 1,051) =
199.93, p < 0.001.

Effect estimates from our full LME model are presented in
Table 3, and estimated marginal means are presented in Table 4.
Age and array size were dummy coded so that the intercept
reflects mean capacity for our reference group (4-year-olds at
array size 1), and estimates reflect deviations from reference.
Results for age were not significant, suggesting that despite small
differences in array size 1 estimates (e.g., K = 0.83 at 4 years
versus K = 0.96 at 10 years) all ages performed at ceiling for
array size 1. However, results for array sizes 2—4 varied markedly
by age. For example, though all ages had significant array size
4 effects, only 8- to 10-year-olds demonstrated significant array
size 3 effects, with only 9- and 10-year-olds showing additional
marginal effects for array size 2. This makes sense, as the slope
of the regression line for array size should increase as overall
capacity estimates increase (Figure 3).

To assess these patterns more directly, we conducted follow-
up contrast analyses for each age (R package: emmeans v1.5.5-
1) using estimated marginal means derived from our LME
model (Searle et al., 1980). Significant non-linear trends would
suggest that capacity estimates peaked for smaller array sizes,
then regressed for larger array sizes. Results revealed significant
quadratic trends for our four youngest ages: 4 years, tgy) =
—6.551, p < 0.001, 5 years, f(g17) = —4.389, p < 0.001, 6 years,
ts12) = —5.007, p < 001 and 7 years, t(g12) = —2.242, p =
0.025. These findings highlight 4-7 years as an ideal age at which
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to identify and track individual differences, and underline the
importance of including smaller array sizes to catch maximum
capacity performance for younger children. Although we see a
great deal of variability in our youngest participants, performance
for 8-, 9-, and 10-year-olds did not appear to differ. This
observation coupled with relatively large capacity estimates for
these older children, suggests that VWM capacity improvements
may have slowed by 8-years-of age, approaching adult capacity
of around 3-4 items (Rouder et al., 2011; Zhang and Luck,
2011).

DISCUSSION

Children ages four through 10 were tested in an unsupervised,
online change-detection task. Results from this paper highlight
several novel benefits of online testing. For example, online
approaches are quick, have compliance rates comparable
to lab-based techniques, and appear to provide accurate
results on par with lab-based approaches. In addition,
online testing may increase diversity of the sample, facilitate
testing across a wide array of ages, and allow for testing

Frontiers in Psychology | www.frontiersin.org

70

August 2021 | Volume 12 | Article 692228


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Ross-Sheehy et al.

Online Assessment of VWM

TABLE 3 | Estimates and model fits for predictors of visual working memory
capacity. Significant effects indicated with (*).

Model Source Estimates SE df t P

Full model Intercept 0.834 0.075 926.188 11.168 <0.001***
Array size 2 0.717 0.092 791.429 7.754 <0.001
Array size 3 1.276 0.094 797.340 13.611 <0.001***
Array size 4 1.115 0.094 797.340 11.898 <0.001**
5y 0.068 0.099 939.852 0.688 0.492
6y 0.128 0.102 914.485 1.206 0.228
7y 0.149 0.115 902.258 1.294 0.196
8y 0.141 0.116 892.237 1.222 0.222
9y 0.150 0.117 911.148 1.282 0.200
10y 0.124 0.121 910.477 1.026 0.305
Array size 2 *5y ~ 0.106 0.123 790.210 0.866 0.387
Array size 3*6y  —0.022  0.124 794.534 —-0.176 0.861
Array size 4 *5y  0.450 0.124 796.411 3.619 <0.001**
Array size 2 *6y 0.146 0.126  790.117 1.154  0.249
Array size 3 *6y 0.198 0.127 793.346 1.556 0.120
Array size 4 *By 0.604 0.127 793.346 4.746 <0.001***
Array size 2 *7y 0.183 0.142 789.795 1.285 0.199
Array size 3*7y  0.213 0.143 792.350 1.486 0.138
Array size 4 *7y ~ 0.925 0.143 792.350 6.466 <0.001**
Array size 2 *8y  0.219 0.142 789.795 1539 0.124
Array size 3*8y  0.393 0.143 792.350 2.747 0.006**
Array size 4 *8y  1.374 0.143 792.350 9.604 <0.001***
Array size 2 *9y  0.241 0.145 789.749 1.659 0.098
Array size 3*9y  0.538 0.146 792.208 3.688 <0.001***
Array size 4 *Qy 1.343 0.146 792.208 9.204 <0.001***
Array size 2 *10y  0.276 0.150 789.676 1.838 0.066
Array size 3*10y  0.620 0.151 791.979 4.112 <0.001***
Array size 4 *10y  1.557 0.151  791.979 10.329 <0.001**
AlC BIC LogLik Chisq df P

Baseline model 1618.60 1678.10 —-797.30 - - -

Full model 1454.70 1603.40 —697.34 199.930 18.00 <0.001***

o < 0.05, *p < 0.01, *p < 0.001.

across regions, or even countries. Other benefits of this
approach include reduced resource and infrastructure
demands, increased testing speed (~300 participants tested
around 6 months vs. 2-3 years for in-lab testing), and
the ability to allow maximum flexibility for parents and
children, so that sessions may be timed when participants are
maximally attentive.

Although there are several challenges to testing online, we
did not find them to be unsurmountable. For example, ensuring
that participants (not the parents) completed the assessments
could be handled by capturing periodic facial images during
testing, something that is possible with most browser-based
experimental software suites. This may be particularly important
if the task is being advertised broadly and compensation is
provided. Although we did not collect participant video in our
sample, we limited participation to families in our local area
with whom we had a prior relationship, either as participants

in our own lab or in our departmental colleagues’ labs. In
addition, pre-screening the data prior to analysis can help
identify suspicious data (e.g., response times too quick or
performance too high). All tasks should be piloted in-lab to
help develop expectations for performance, and to identify any
issues with the task, or with child and/or parent understanding of
the task.

Our results revealed several insights regarding at-home
testing, such as the importance of tracking as many environment
variables as possible. Although we found no evidence that
screen size and response mode impacted VWM capacity
estimates, it is possible that exceptionally large or small
screens might still be problematicc. We did find evidence
that response mode influenced the speed of responding,
which might be an issue for speeded designs or designs
that require some sort of response inhibition (e.g., flanker
or go/no go tasks). Some of our findings were not unique
to online testing, such as the finding of slower response
times for younger kids, and larger arrays sizes (older
children only).

In addition to demonstrating the validity of unsupervised
online testing approaches, our results also produced several
novel insights regarding the development of VWM from 4
through 10 years of age. First, our results produced capacity
estimates that are comparable to published lab-based estimates
(Cowan et al, 2005; Riggs et al, 2006; Simmering, 2016),
suggesting this approach to be a viable alternative requiring
a fraction of the resources necessary for lab-based tasks.
In addition, we found capacity increased significantly with
age, reaching near-adult levels by around 8-years-of age
(Figure 3). Our analysis also revealed evidence of substantial
performance variability from 4- to 7-years-of-age (Figure4),
potentially highlighting assessment points for longer-term
individual difference studies, as well as possible targets for
memory intervention. Given the ease of online testing and
the importance of VWM to several aspects of math and
cognitive performance (Jarvis and Gathercole, 2003; Bull, 2008;
Tsubomi and Watanabe, 2017; Giofre et al., 2018; Allen et al.,
2019; Chan and Wong, 2019; Kyttila et al., 2019; Carr et al.,
2020), adding a quick at-home assessment as part of a school,
medical, or lab assessment might provide a more detailed
developmental profile.

On Estimating Capacity in Children

One of our most important findings was the demonstration
of an interaction between array size and capacity estimation,
especially for our youngest participants. Whereas, our older
participants appeared able to perform consistently regardless
of array size, our youngest participants seemed to disengage
for larger arrays, resulting in estimates that were often lower
than estimates obtained from smaller arrays. This is evidenced
visually in our raw data (Figure4), and statistically in our
finding of significant quadratic trends for our 4- through
7-year-olds. These errors may have been purposeful (ie.,
sample array perceived as too difficult resulting in a random
guessing strategy), or they may have occurred after earnest
attempts to respond accurately. If an explicit guessing strategy
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was employed for larger array sizes, we would expect mean
response times to be negatively correlated with array size. A
correlation analysis on the raw data revealed this may be the
case, with 4- through 7-year-olds demonstrating a small but
significant negative correlation between response time and array
size, r —0.061, p = 0.031, and 8- through 10-year-olds
revealing a small but significant positive correlation, r = 0.093,
p=0.032.

The finding of slightly faster response times for large array
sizes suggests that at least some of our youngest participants
may have resorted to guessing strategies when the demands
of the array exceeded memory capacity, attentional resources,
or some combination of the two. This is consistent with
previous work demonstrating that children have sufficient
metacognitive awareness to know when they have successfully
encoded a to-be-remembered event, and when they have not
(Applin and Kibbe, 2020). However, it is also possible that
this drop in performance for set size 4 arrays may be the
result of catastrophic forgetting, or the inability to encode
any array items when capacity is exceeded. For example, in
manual search tasks, 12- and 14-month-old infants appear
unable to detect the difference between hiding events involving
two vs. four balls, despite successfully detecting the difference
between two vs. three balls (Feigenson and Carey, 2003).
Importantly, this effect may have been partially driven by
perceptual similarity, as it is largely ameliorated when four
differently colored balls are used (Zosh and Feigenson, 2012).
Given the older participant ages tested here and our use
of highly discernably circle colors, it seems unlikely that
the drop in performance for large arrays is the result of
catastrophic forgetting.

Although adult researchers have proposed avoiding small
array sizes to reduce the likelihood of underestimation (Morey,
2011), our results suggest that using large array sizes might
also underestimate capacity, particularly for our youngest
participants. Without a doubt, probabilistic and Bayesian
approaches to capacity estimation are more sophisticated and
can better account for high false alarm rates present in our
young samples. However, these analysis techniques are not as
readily adapted to online calculation or quick assessment for
individual participants. We believe using a variety of array sizes
works well as long as assessments are based on either maximum
capacity across array sizes, or a holistic assessment of capacity as
a function of array size. It is possible that reducing the number of
large array sizes would increase number of trials young children
complete, but those benefits would have to be weighed against the
possible cost of underestimating capacity due to ceiling effects
for higher performing children. If the goal of the assessment
is to identify general working memory ability, a more desirable
metric might be the array size at which a child reaches maximum
capacity, or the optimal array size. This metric incorporates both
a quantitative capacity estimate (i.e., maximum capacity) and a
qualitative attentional estimate (i.e., maximum array size a child
can tolerate before disengagement).

In conclusion, results presented here demonstrate the
feasibility of effective and accurate at-home assessments of
VWM, and provide novel insights into the influence of factors

TABLE 4 | Estimated marginal means based on best-fitting LME model (full
model).

Age Set size Mean SE df Lower CI Upper CI
4 years 1 0.834 0.076 953 0.686 0.983
2 1.651 0.075 944 1.404 1.698
3 2.110 0.077 961 1.960 2.260
4 1.949 0.077 961 1.799 2.100
5 years 1 0.902 0.066 940 0.773 1.031
2 1.725 0.066 940 1.596 1.854
3 2.156 0.066 947 2.026 2.286
4 2.467 0.067 960 2.335 2.599
6 years 1 0.957 0.070 927 0.819 1.095
2 1.820 0.070 927 1.682 1.958
3 2.431 0.070 927 2.293 2.569
4 2.676 0.070 927 2.538 2.814
7 years 1 0.983 0.089 910 0.809 1.158
2 1.883 0.089 910 1.708 2.057
3 2472 0.089 910 2.297 2.646
4 3.024 0.089 910 2.849 3.198
8 years 1 0.976 0.089 892 0.800 1.151
2 1.911 0.089 892 1.736 2.087
3 2.644 0.089 892 2.469 2.820
4 3.465 0.089 892 3.289 3.640
9 years 1 0.985 0.091 927 0.805 1.164
2 1.942 0.091 927 1.762 2121
3 2.798 0.091 927 2.619 2.978
4 3.442 0.091 927 3.263 3.622
10 years 1 0.959 0.097 927 0.769 1.148
2 1.951 0.097 927 1.761 2141
3 2.854 0.097 927 2.665 3.044
4 3.631 0.097 927 3.441 3.820

such as array size, screen size, and response mode. Results
additionally highlight numerous benefits for unsupervised at-
home testing, from substantially increasing sample diversity
(e.g., SES, race, ethnicity) to enabling large-scale geographically
unconstrained population surveys at a relatively low cost. We
have also found that allowing participants the flexibility to pick
optimal test times increases compliance, decreases stress, and
contributes to improved data quality and representativeness.
Although this approach may not be useful for tasks that require
closely monitored speeded approaches, it seems quite appropriate
for change-detection tasks. Future work will be conducted to
test older ages and broaden our participant pool geographically
to include underrepresented regions and populations. It is our
hope that approaches like the one presented here may help
identify regional, cultural, and socioeconomic influences that
affect VWM development and general cognitive outcomes.
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Webcams, Songs, and Vocabulary
Learning: A Comparison of In-Person
and Remote Data Collection as a
Way of Moving Forward With
Child-Language Research

Giovanna Morini* and Mackensie Blair

Department of Communication Sciences and Disorders, University of Delaware, Newark, DE, United States

This article evaluates a testing procedure for collecting eye-gaze data with toddlers
and preschoolers during a word-learning task. We provide feasibility and precision
data by comparing performance in an in-person version of the study (conducted
under controlled conditions in the lab), with performance in a virtual version in which
participants completed the testing procedure from home. Our data support the feasibility
of collecting remote eye-gaze data with young children, and present it as a viable
alternative for conducting developmental language research when in-person interactions
with participants cannot take place. Additionally, we use this methodological approach
to examine a topic that has gained popularity in recent years—the role of music and
songs on vocabulary learning. We provide evidence suggesting that while songs may
help increase attention during a particular task, greater attention does not lead to greater
learning. In fact, preschoolers show improved word-learning performance for items that
were trained in a spoken sentence compared to items that were trained in a song.
This means that while songs may be beneficial for increasing child engagement, spoken
sentences may be best for supporting deep level learning of language concepts.

Keywords: remote testing, word learning, eye-gaze measures, songs, toddlers, preschoolers

INTRODUCTION

Over the last 50 years we have seen important shifts toward new testing paradigms that would
help shape theories of language acquisition. While initially, the study of child language had
been restricted to the examination of early speech productions (Brown, 1973; Shatz, 1978), the
introduction of new testing techniques, such as the Intermodal Preferential Looking paradigm
(IPLP) (Golinkoff et al., 1987) would allow researchers to explore processes associated with
language acquisition, even before children can produce words. The IPLP measures the speed
and/or accuracy of children’s looking patterns to objects on a screen, and since eye-gaze is an
overt behavioral response that is present early in life, it does not rely heavily on motor control
(Golinkoff et al., 2013). The IPLP has been used for decades in labs across the world, and has
contributed to our understanding of critical skills within language acquisition such as word learning
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(Hollich et al., 2000; Halberda, 2003; Newman et al., 2018)
and word comprehension (Fernald et al., 2001; Swingley and
Aslin, 2002; Houston-Price et al., 2007; Morini and Newman,
2019), in children as young as 6 months (Tincoff and Jusczyk,
1999; Bergelson and Swingley, 2012). But traditionally, this
paradigm required participants to visit the lab, where children
would be tested in a controlled environment (i.e., a quiet room
with minimal distractions), using the same equipment across
participants (i.e., the same screen, speakers, and video camera).
Recently, unprecedented circumstances linked to the global
pandemic have pushed researchers from across fields to explore
new ways to collect data—as the majority of in-person testing
has been halted. Many child-language researchers have turned
to virtual methods as a way of accessing diverse participants,
recruiting larger sample sizes, and continuing data collection in
a way that remains pandemic-proof. However, many questions
remain regarding the feasibility and sensitivity of data collected
via remote testing. This is particularly true, when it comes to fine-
grained measures such as eye-gaze and testing of young children
who inherently have limited attention and cooperation spans.

As part of the present work, we developed a virtual version of
the IPLP, and compared data collected in the lab under controlled
conditions (pre-pandemic) to data collected virtually (during
the pandemic) with children of the same age. This approach
enabled us to examine a methodological aim, which focused on
addressing some of the uncertainty surrounding the precision
and feasibility of a remote approach. Part of the process of
developing a virtual version of the IPLP involved deciding which
type of language task to ask participants to complete. We chose
to use a word learning task, in which participants were taught
novel word-object pairings in two experimental conditions: in
songs and in spoken sentences. This decision was motivated by
the following factors: (i) in-person data collection for this task
was underway in the lab, so we had available data that could
be compared to that of children tested virtually, and (ii) little is
known about the role that songs play on preschooler’s ability to
learn novel vocabulary items, which meant that we would have
the opportunity to address a theoretical aim in addition to the
methodological one.

In recent years music interventions and learning-through-
song programs, including those that target vocabulary learning
for children of various ages have increasingly gained popularity
(Overland, 2017). Previous research examining the role of music
on language learning has primarily focused on identifying shared
learning mechanisms—for example, identifying similarities
between music and language and the acquisition of skills
across the two (Trehub and Trainor, 1993; Trehub, 2003;
Brandt et al., 2012). However, there is limited work evaluating
any direct benefits of music and song on the language
acquisition process itself. This information can be particularly
informative for caregivers, educators, and clinicians working
with young children. Teaching words through songs is a practice
that can be easily incorporated into everyday activities in
a variety of settings (e.g., home, classroom) and that is, in
fact, widely used. Though a popular practice, we have very
little empirical data on the impact of music and song on
language learning.

In fact, narrowing down a concrete definition of what music is
and how its features might facilitate learning across domains has
proven to be remarkably hard (Cross and Morley, 2008). Music
has been described as a “universal feature of human cognition,”
and it can be found universally across human cultures (Brandt
et al., 2012). Music, like language, expresses rhythm, emotion,
and meaning, and can help convey information in attention-
grabbing ways, which might be especially useful for the learning
process in young children (Simpson and Keen, 2009). There is
considerable evidence suggesting that certain speech registers
(e.g., infant-directed speech—IDS) are characterized by a slow
speaking rate, high pitch, long vowels, greater rhythmicity and
repetition (Stern et al., 1982, 1983; Fernald and Simon, 1984)—
making this type of speech appear more “musical” compared
to adult-directed speech (ADS) (Fernald, 1992). Furthermore,
young children show a robust preference for IDS over ADS
(Frank et al., 2020), and there is evidence suggesting that during
the beginning stages of vocabulary learning, IDS may facilitate
the acquisition and recognition of words (Thiessen et al., 2005;
Singh et al., 2009; Ma et al., 2011). Similarly, certain forms of
music (infant-directed versions of signing in particular) have
overlapping features with IDS—including a slow tempo, high
pitch, and repetition (Trainor et al., 1997; Trehub et al., 1997a,b;
Trehub and Trainor, 1998). These shared characteristics would
suggest that perhaps children’s songs, like IDS, might facilitate
vocabulary learning. Nevertheless, there has been an ongoing
debate regarding differences and similarities in how young
children process linguistic and musical features (Pinker, 1997;
Jackendoff, 2009; Peretz, 2009).

One area that has been widely studied is the role of music
and songs on attention. This is an important topic, given that
attention is often described as a necessary early step in the
learning process. Specifically, by relying on attention skills the
learner is able to choose what information from the environment
is relevant (and needs to be processed), and what information
should be ignored because is not relevant to complete the task at
hand (McDowd, 2007). Previous work with infants between the
ages of 5 and 10 months suggests that hearing children’s songs
leads to greater engagement and sustains attention compared
to hearing other types of auditory signals (e.g., other types of
music, IDS, or ADS) (Trainor, 1996; Corbeil et al,, 2016). In
another study, infants (5.5-6.5 months) attended longer to videos
of their mothers singing than videos of their mothers speaking,
further supporting a preference for songs over speech (Nakata
and Trehub, 2004). However, Corbeil et al. (2013) examined
whether specific features included in songs (and speech) might
guide infants’ preference for the different types of auditory
stimuli. They found that children did not show a particular
preference for melodic features of music and song, and instead
showed a preference for happier sounding stimuli. For example,
infants preferred to listen to IDS over a hummed melody, as
well as happy sounding infant-directed song over more neutral
IDS. Furthermore, infants showed no preference between happy-
sounding IDS and infant-directed song. The role of music and
songs on attention has also been studied in slightly older children.
Wolfe and Noguchi (2009) presented 5-year-old children with
stories either in speech or in a song modality. Some children
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heard the story with background auditory distractors, while
others did not. Auditory distractors were presented in both
modalities of story presentation. When distractors were present,
participants were better able to recall information about the
content of the story when the story was heard in a song, compared
to the spoken condition. The authors concluded that music
may increase selective attention and awareness in school-aged
children. Taken together, these findings suggest that there is
a robust attentional preference for songs over speech that has
been documented in infancy and into early childhood. While
the features that are driving this effect are not fully understood,
there is some evidence suggesting that certain characteristics of
the auditory signal (e.g., affect) might play a bigger role guiding
infant’s engagement than others (e.g., melodic changes alone).

It is important to note that showing preference for a particular
auditory signal, does not necessary translate to greater learning.
When it comes to the role of music and song and its relation
to learning in the language domain, existing findings are mixed,
and they come primarily from studies with older children who
were second-language (L2) learners (Salcedo, 2010; Ludke et al,,
2014; Good et al., 2015; Busse et al., 2018). In one study Coyle
and Gomez Gracia (2014) presented Spanish speaking 5-year-
olds who were learning English as an L2 with lessons targeting
specific English vocabulary words. These lessons were taught
using a popular children’s song “The wheels on the bus.” The
song was used to teach five target words. The children received
three 30-min teaching sessions using this song. The sessions were
structured as follows: the teacher first explained and identified
the target words using a visual of the bus, then the teacher
sang the song twice emphasizing the target words and their
location (all words were part of the bus). Before each lesson
children were asked to identify and produce the target vocabulary
learned in the song. The authors found that children were better
able to identify the target words receptively after each lesson in
comparison to their performance before instruction. However,
there was no change in their ability to produce the target words.
These findings suggested that using a song to present novel
target words facilitated receptive vocabulary, but did not lead to
improved learning in expressive vocabulary. Another study with
school-aged children between 10 and 14 years of age in Thailand
examined incidental learning of vocabulary words in English (the
participant’s L2) by exposing participants to popular songs in
English, and testing them on specific vocabulary words found
in each of the songs (Pavia et al., 2019). The results indicated
that the more the children were exposed to the songs, the better
they were able to recall the target words within the songs. In
addition to vocabulary learning, the use of music and songs has
been found to enhance the acquisition of grammar skills in an L2.
For example, Legg (2009) found that music aided 12-13-year-old
students in French-learning classrooms during instruction of past
tense verbs. Specifically, using a song to demonstrate and practice
past-tense use led to higher scores at post-test than when a song
was not used as part of the lessons.

Fewer studies have explored the role of music and song on
language learning in young children’s native language. Thiessen
and Saffran (2009) presented infants (between 6.5 and 8 months)
with a sequence of numbers either in spoken sentences or in

a song. After a familiarization period, infants were presented
with the same sequence of numbers, or a novel sequence to test
whether or not they had learned the original number pattern.
Testing always occurred in speech, regardless of the modality
of familiarization. Infants showed a preference for the novel
string suggesting that they could differentiate it from the trained
sequence, only when familiarization had occurred in song, but
not when they had been trained in speech. Another study
with 11-month-olds examined infants™ ability to detect changes
in phonetic and melodic information within songs (Lebedeva
and Kuhl, 2010). When participants were familiarized with a
consistent four note melody, they were able to detect a change
in the sequence of notes. However, when they were familiarized
with a four-syllable spoken non-sense word, they were not able
to detect a change in syllable order. In a follow-up task the
authors examined whether embedding the non-sense words in
a consistent melody (i.e., a song) would improve infants’ ability
to detect the change in syllable order. They found that, in
fact, there was an increase in phonetic recognition when the
non-sense words were presented in the song context. Lastly,
one electrophysiological study examined whether 10-month-old
Dutch-learning infants could segment target words that were
presented in a song or in a speech stream during familiarization,
and whether one condition would lead to better recognition of
those words when they were presented in continuous speech
(Snijders et al., 2020). Analyses of event-related potentials (ERPs)
suggested that there was no difference in segmentation abilities
across the two conditions (i.e., infants segmented words during
both speech and song familiarization). Furthermore, there was
no evidence that children could recognize the familiarized words
during test trials following either song or speech. In other words,
there was no evidence of songs providing a facilitatory effect
during this particular task.

Nevertheless, in the majority of the previous studies
participants were not asked to learn word-object relations;
instead, they were tested on their ability to recognize auditory
patterns that were presented during familiarization/training (e.g.,
numbers, words). But in the real world, children must go beyond
simply tracking auditory patterns to expand their vocabulary;
they must learn relations between specific sound patterns and a
concrete referent (Stager and Werker, 1997; Werker et al., 1998,
2002). To learn a word like “apple” from the utterance “look at
the apple!” children must first segment the target word from the
continuous stream of speech, they must then identify the referent
that corresponds to the new word, next they must encode the
sequence of phonemes that make up the word, and lastly store the
new word-referent association so that it can be retrieved later on
(Capone and McGregor, 2005; Gupta, 2005). Furthermore, these
associations must be generated and stored relatively fast in order
for vocabulary growth to occur at the speed that it does; that is,
children’s vocabulary increases rapidly and it is not the case that
children spend months or even weeks learning a single word.

Taken together, previous work has supported the notion that
music and songs can facilitate children’s memory for verbal
material, with evidence coming primarily from second language
vocabulary acquisition. However, the findings are mixed and the
“song advantage” appears to be specific to some tasks but not
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others. Furthermore, there is limited data examining the role
of songs on language development in young children’s native
language, and specifically the role of songs when it comes to
acquiring novel word-object relations. Hence, additional research
is needed to (i) confirm prior findings, and (ii) extend this work
to vocabulary learning tasks that more closely resemble the word-
learning process that young children face when acquiring words
in the real-world.

The present study examined two main topics. As a first step,
we aimed to investigate the efficacy and feasibility of a virtual
version of the IPLP for studying word learning in young children.
Additionally, we wanted to know whether training novel words
through songs would lead to better acquisition of the word-
object pairs compared to when words were trained using a spoken
sentence. As part of the study, children were taught two new
words that corresponded to novel objects. One of the words was
trained using a spoken sentence produced in IDS prosody, while
the second word was trained in a song. Children were then tested
on their ability to recognize each item using a modified version of
the Intermodal Preferential Looking Paradigm (Golinkoff et al.,
1987). The overall design was identical to the one used by
Schmale et al. (2012) and Newman et al. (2018) to examine word
learning in children of a similar age. Participants completed the
same task either in-person, or virtually, with the goal of answering
the following questions:

1A) Can preschoolers successfully engage and provide codable
usable data in a virtual IPLP task completed from home?

1B) Does the modality of the testing procedure (i.e., in-lab vs.
remote testing) influence the pattern of results?

2A) Does the use of song result in different patterns of novel
word learning compared to the use of spoken sentences?

2B) Does age mediate word learning accuracy in the spoken or
song conditions?

METHODS

Participants

Our sample included a total of 59 typically-developing
preschoolers, divided into two age groups: (i) 29-32 month-olds
(N = 38), and (ii) 47-50 month-olds (N = 21). Within the
29-32 month-old group, 29 of them were White, 4 were African
American, and 5 were of mixed race. Within the 47-50 month-
old group, 18 of them were White, 1 was African American, 1
was Hispanic, and 1 was of mixed race. Additional descriptive
information for both age groups is presented in Table 1. Based
on parental report, participants were being raised in monolingual
English-speaking homes, and had not been diagnosed with any
disabilities. The younger age group was selected because it is one
that has been previously tested using in-person versions of the
IPLP during similar word-learning tasks (Schmale et al., 2011;
Newman et al., 2018), and because it is an age-range in which
children are rapidly expanding their lexical skills (Fenson et al.,
1994). The second age group was included to see whether the
virtual version of the IPLP could also be successfully used with
slightly older children. The idea being that 47-50 month-olds
have had more exposure to screens and electronic devices

TABLE 1 | Demographic information.

Age group In-person Virtual

29-32 Sample size N=19 N=19
Gender Male = 4 Male =9
Age M =30.47,SD=1.14 M =30.36,SD = 1.04
Caregiver’s M=18.11,SD =256 M =16.67,SD =2.14
education (in
years)

47-50 Sample size N=6 N=15
Gender Male = 3 Male = 6
Age M =48.68,SD =0.93 M =48.72,SD=1.07
Caregiver’s M=1583,SD=271 M=17.8,SD=2.18
education (in
years)

(Certain and Kahn, 2002), and hence they might find sitting in
front of a computer at home less novel/engaging, which might
affect remote task performance. Additionally, 4-year-olds might
approach the word-learning task differently. For example, they
are now singing songs themselves regularly, and might rely
more heavily on features of the song (e.g., the melody) during
encoding of the word-object relations, which would lead to
different patterns of performance compared to the toddlers in
the younger group.

Half of the participants (N = 19) in the 29-32 month-old
group completed the study in-person using an in-lab version
of the IPLP, prior to in-person data collection being suspended
due to the COVID-19 pandemic. The other half was tested
with a virtual version of the same task, and participants were
recruited until we could match the sample size of the in-person
group. Most of the participants in the 47-50 month-old group
completed the study in the virtual modality (n = 15), and only a
small number was able to complete testing in person (n = 6). Our
initial goal was to test a total of 19 participants in the older group
(to match the sample size that was used for the younger groups).
However, two additional participants were scheduled by lab staff
for the older group during the recruitment process, and since the
appointments were completed, we decided to include them in
the final sample. As part of the inclusionary criteria for children
completing the task in-person, families needed to be able to visit
the lab to complete a 30-min testing session. To be included in the
virtual testing, participants needed to have access to a computer
with a webcam and a screen size of 12 inches or greater, as well as
a reliable internet connection.

Stimuli
Two pairs of novel objects (4 objects total) were used to create the
visual stimuli. In the videos the objects were waved back and forth
to maintain participants attention. Pairs of objects were matched
for material (i.e., all were made of wood), size, and anticipated
salience. Each object was a different solid color.

A female native speaker of American English recorded the
auditory stimuli. The stimuli consisted of training sentences and
test sentences. Training sentences were either spoken using IDS
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prosody or produced in a song to the melody of “Old Mac Donald
Had A Farm” (see Figure 1). The sentences included the carrier
phrase (“Look! It’s a . Wow, its a . Do you see it? A
”) followed by a target word. A total of four novel target
words (to match each of the four novel objects) were presented
during the study. All novel-words were one syllable long, and
followed English phonotactic rules (e.g., doop, neff, shoon, fim).
To ensure that the intelligibility of the context phrases was
comparable across trials of the same condition, one token of
each carrier phrase was selected and used for each target word.
Additionally, three tokens of each target word per condition
were selected (one for each of the 3-sentence carrier phrase), and
cross-spliced into the sentences in the carrier phrase sequence.

Test sentences were produced by the same female speaker,
and instructed children to look at one of the two objects on the
screen (“Look at the ! Do you see the ? Where is
that ? 1”). Note that this sequence ended with the
final word presented in isolation, which was not the case for
the training phrases. Additionally, all test phrases were produced
in spoken sentences using IDS prosody. Once again, recordings
of the different target words were cross-spliced into the same
recording of the carrier phrase.

The onset of the first repetition of the target word occurred
1.4s after the onset of the phrase; this was true for both
training and testing trials. All trials were matched for amplitude
and were 7.5s in duration. Recordings were created using a
Shure MV51 microphone at a 44.1 kHz sampling rate, 16-bits
precision, inside a sound-attenuated booth. A sample video of the
experimental task is available in a public scientific repository for
this project (https://osf.io/pfazg/).

Procedure

In-person

Participants in the in-person group sat on their caregiver’s lap
inside a sound-attenuated booth. A 43” LCD TV screen was
positioned ~5.5 feet from the participant and was used to display
the videos of the novel objects on a white background. The
auditory stimuli were presented through a center speaker located
above the TV. Caregivers were asked either to wear headphones
and listened to masking music or close their eyes during the
task, to avoid biasing children’s responses. An experimenter was
able to see the caregiver and child with a camera throughout the
duration of the study to ensure that the caregiver’s headphones
remained on or their eyes stayed close. The testing paradigm
was divided into four testing blocks: two in the song training
condition and two in the spoken training condition (see Figure 2
for an example of the presentation of stimuli in a block).
Each block began with a baseline trial in which an object pair
was presented on the screen without accompanying auditory
stimulus. Baseline trials were included to allow us to check for
object biases. After these silent trials, three training trials were
then presented. During these trials a single object appeared in the
center of the screen and was accompanied by sentences presented
either in the song or the spoken condition. Testing for each
of the word pairs occurred immediately after the training trials
within each block. Blocks 1 and 2 each taught a new word: one
in the song, and one in the spoken condition, and then tested

that learning on the two test trials, with one trial asking for the
trained object and the other asking participants to look at a novel
object. Blocks 3 and 4 were an exact repetition of the first two
blocks. The idea behind this design is that if children have learned
the trained word-object relation, they should look longer at the
trained object when it is requested. Additionally, based on the
principle of mutual exclusivity (Merriman and Bowman, 1989),
which assumes that objects have a single label, children should
look longer at the untrained object when they are asked to look
at the item that was not trained. This means that the two test
trials within each block assessed successful learning of the trained
word-object pairing via mutual exclusivity for the untrained
test, and through direct recall of the information provided in
the training trials for the trained test. This type of approach
is necessary to control for trained object preferences that may
arise as a result of seeing the trained object more times during
the training phase. In order to be included in the final sample,
participants needed to have completed (i.e., had usable data for)
at least one block in each of the experimental conditions.

The following parameters were counterbalanced across
participants: (i) which word was presented as the trained word,
(ii) which type of test trial, trained or novel, was presented first
at test, (iii) whether the song or the spoken condition appeared
during the first and third blocks or the second and fourth blocks,
and (iv) which object received which label. Additionally, the left
vs. right position of objects on the screen was counterbalanced
across blocks for each participant. An 8-s video of a dancing
Elmo cartoon on a black background was included between trials
to maintain children’s attention. Since the trial videos had a
white background and the attention-getter video had a black
background, this led to changes in brightness detected by the
camera that could be used to accurately identify the beginnings
and ends of trials in the videos of the participants that were
generated during testing. All trials had the same set duration
(7.5s) and automatically started after the Elmo attention-getter
video was done playing. Visual stimuli appeared 0.4s prior to
the auditory stimulus, and the trials played uninterrupted from
beginning to end. The Behavioral Infant and Toddler Testing
System (BITTSy) (Newman et al., 2021) was used to control
the stimulus presentation, and a video camera inside the testing
booth was used to record videos of participants completing the
task for later coding.

Virtual

Participants in the virtual group completed the study from home
via a Zoom video call. Caregivers were asked to find a quiet
room in the home and to try to avoid having any distractors
present during the appointment (e.g., turning off the TV or music
in the background). A detailed written testing protocol, which
included step-by-step instructions to guide the appointment, as
well as verbal scripts to explain the procedure to the families was
generated and used for every testing session. This document is
available in a public scientific repository (https://osf.io/pfazg/).
This ensured that there was consistency across appointments,
and made it possible to test families with varying levels of
technical expertise. Experimenters received training on how
to use Zoom and how to trouble-shoot issues that may arise
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Look it’s adoop! Wow it’s a doop! Do you see it a doop!
FIGURE 1 | Sample of auditory stimuli heard during training trials in the song condition.
Trial # | Trial Type Audio Visual Prediction
Baseline Silence Participants are
expected to look at
1 each object equally,
approximately 50% of
the time each
Training Look! It’s a doop. p NOTE: This trial
(song or spoken Wow, it’s a doop. repeats 3 times to
2,3,4 | dependingon Do you see it? allow children to learn
block) A doop! the word-object
pairing
Trained Test Look at the doop! If learning occurs,
(spoken) Do you see the doop! children should look at
5 Where is that doop? the trained object
doop! (right) longer than the
untrained object.
Untrained Test Look at the fim! Children are expected
(spoken) Do you see the fim! to look longer to the
6 Where is that fim? untrained object (left),
fim! based on mutual
exclusivity.
FIGURE 2 | An example of the presentation of stimuli in a block.

during the appointments across different operating systems (e.g.,
Windows and Mac). A back-up experimenter (listed as “co-host”
in the Zoom call) was always present, in case there were internet
connectivity issues with the lead tester (i.e., this would avoid the
call being dropped if one of the experimenters got disconnected).

The virtual appointment started with a light, camera, and
audio check. Using the chat function in Zoom, the experimenter
provided caregivers with a link to a 30-s video of a spinning
wale with music playing (this video is available in the public
scientific repository for this project: https://osf.io/pfazg/). The
background color of the video changed from black to white every
55, allowing the experimenter to see if the changes in brightness
(e.g., from black to white) were detectable via the webcam (as this
would be used to identify beginnings and ends of trials during
coding). If the contrasts were not noticeable, the experimenter

asked the caregiver to adjust the lighting (e.g., close/open the
curtains in the room, or turn on/off a lamp) and the video was
played again. To test the audio, the video included music that
was presented at the same intensity level as the auditory stimuli
in the word-learning task. Caregivers were asked to adjust the
volume on their computer if the sound was too loud or not loud
enough, until they confirmed that they could hear the music at
a comfortable listening level. Once all checks were completed,
the experimenters turned off their cameras (so that they would
not be visible to the child during the task), provided the link
to the study video through the chat function in Zoom, and
instructed caregivers to start recording the session locally on
their computer using the native video recording application for
their operating system (e.g., PhotoBooth for Macs and Camera
app for Windows). Recording videos locally avoided lags in the
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video that would affect later coding. Instead of using BITTSy
for stimulus presentation, the task was displayed in the form of
a single video that contained all the trials and attention getters,
and different versions of the video were created to preserve the
counterbalancing described earlier. Caregivers were asked to set
the video to full-screen, hit “play;” and close their eyes for the
duration of the video. While completing the tasks, children sat on
their caregivers’ lap. Other than these changes, the experimental
design was identical to the one described for the in-person group.

Once the experimental video had finished playing, the
experimenters turned their cameras back on, and guided
caregivers through steps on how to upload the video of the testing
sessions that they had just generated using a secure file-transfer
link. The experimenters remained on the Zoom call until the
video had been successfully uploaded (this usually took 3-5 min).

Data Coding

Participant videos for both the in-person and virtual testing
sessions were coded offline on a frame-by-frame basis by two
trained coders using Datavyu coding software (Datavyu, 2014).
All coding files were checked for reliability across coders, and
trials for which there was a discrepancy >0.5 s were re-coded by a
third coder. The closest of the two coding files were used for final
averaging. For participants in the 29-32 month-old age range,
this happened on 4.4% of trials when the task was completed
in-person, and on 15.4% of trials when the task was completed
virtually. For participants in the 47-50 month-old age range, who
primarily completed the task virtually, a third coder was needed
on 14.5% of trials.

RESULTS
Feasibility of the Virtual Version of the IPLP

As a first step, we examined how many analyzable trials were
collected for children who completed the virtual version of the
task, compared to children who had completed the in-person
version. We focused on the data from the younger 29-32-month-
old group first, given that we had a comparable number of
participants who had completed the study in each modality. In
order for a trial to be included in the final analyses, participants
needed to have looked at one of the objects on the screen for a
minimum of 500 ms. As discussed in an in-depth methodological
review of the IPLP by Delle Luche et al. (2015), there is a great
deal of variability across studies regarding the parameters that
have been implemented for data rejection and determining trial
inclusion. Many studies do not use or report a minimum looking
criteria. However, previous work has established that it takes
at least 233 ms for young children to program a saccade and
produce looks that are linked to the processing of the stimulus
(Zangl et al.,, 2005; Fernald et al, 2006, 2008). With this in
mind, extremely short “looks” might not represent fixations that
were intentional or directly linked to the child processing the
auditory input that they just heard. While in some previous
studies using the IPLP trial inclusion was also restricted to trials
in which participants were looking at the attention-getter in
the center of the screen at the trial onset, Delle Luche et al.
(2015) point out that only about half of the studies rely on this

TABLE 2 | Number of analyzable trials.

Age group In-person Virtual

29-32 Baseline trials 3.9 4
Training trials 1.7 12
Test trials 7.8 8

47-50 Baseline trials 4 3.5
Training trials 12 10.4
Test trials 8 6.9

practice. Furthermore, the use of this center-fixation criteria is
primarily common in studies in which trial-start is triggered by
an experimenter that is monitoring child behavior online, but less
so in studies when trials are automatically interspaced (Swingley,
2003, 2007; Ramon-Casas et al., 2009). Given that (i) in our
study the task was presented as part of a video that contained set
durations for the attention-getter in between trials, and (ii) we
were unable to trigger trial onsets, we did not apply this rule. As
shown in Table 2, the number of analyzable trials was comparable
for children in both the in-person and virtual modalities. This
was true for the 29-32-month-old group as well as the 47-50
month-old group suggesting that the level of engagement with
the task was similar across the two age groups that we tested.
The same parameters for trial inclusion were applied to both
age groups.

We also looked at the attrition rate across in-person and
virtual testing sessions. Data from an additional 20 participants
were excluded from the in-person group due to technical
problems (n = 1), side bias (n = 1), and fussiness (n = 18). This
attrition rate is similar to what has been previously reported in
other in-person IPLP studies that presented toddlers with a word-
learning task (Schmale et al., 2012). Data from an additional
seven participants were excluded from the virtual group due to
technical problems (n = 3), environmental distractors (n = 1),
not meeting the language exposure requirements (n = 1), and
fussiness (n = 2). Fussiness was defined as inattention to the
task and included both children who cried during the study or
who refused to sit down and look at the screen. The attrition
rate for 47-50 month-olds was comparable to what we observed
with the toddlers. Specifically, data from an additional 12
participants were excluded due to technical problems (n = 6; all
virtual appointments), environmental distractors (n = 1; virtual
appointment), and fussiness (n = 5; 3 in-person and two virtual
appointments). We had some initial concerns about being able
to maintain young children’s attention through a remote testing
procedure, given that we expected there to be less control of
the environment, and potentially greater distractors in children’s
homes while the task was being completed. Furthermore, we
expected to lose a greater amount of data due to technical
difficulties during the study (e.g., connectivity problems), and
coding problems resulting from a greater variability in the
quality of participant videos (due to webcams having different
resolutions). To our surprise, the attrition rate was considerably
lower for children tested in the virtual group compared to the
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in-person group. We found that participants appeared to be more
comfortable in their home environment. For example, children
tested in the lab more frequently wanted to get up and leave the
testing booth, while children in the virtual group were more often
content and remained seated in front of the screen for a longer
duration. While there were some instances in which a distractor
was present in the home and affected task completion for children
in the virtual group (e.g., a dog barking, or a sibling talking during
the exact time in which the IPLP task was being completed), this
was not the norm. Additionally, in the virtual testing procedure,
families did not need to travel to the lab, which meant that
there was more flexibility to conduct testing sessions in a time-
period that aligned better with children’s schedules/routines
(e.g., testing children right after they had woken up from a
nap and were rested). As discussed in our limitations section
later on, these parameters might be linked to the demographic
characteristics of the sample (e.g., socioeconomic status), making
it important to conduct further virtual work with more diverse
groups of children.

Differences in Performance Across Testing

Modalities

Next, we wanted to evaluate actual performance on the word
learning task and compare the data for children who were tested
in-person, to that of children who completed the task from home.
As a starting point, we examined children’s looking time to the
objects during the baseline (silent) trials. This was done to ensure
there were no pre-existing biases. During these trials children in
the in-person group looked at the object on the left on average
50% of the time (SD = 0.11) and the object on the right on average
50% of the time (SD = 0.11), which is what we would expect since
they were not told which object to look at. Similarly, children in
the virtual group looked at the object on the left on average 49%
of the time (SD = 0.08) and the object on the right on average
51% of the time (SD = 0.08).

Accuracy was calculated based on the amount of time that
the participants remained fixated on the appropriate image, as
a proportion of the total time spent fixating on either of the
two pictures, averaged over a time window of 300-5100 ms
after the onset of the first repetition of the target word, across
all test trials of the same condition. This window of analysis
was longer than what has been previously used during word
recognition tasks (Byers-Heinlein et al., 2017), and this was done
given that in the present task children were asked to identify
newly-acquired words—rather than highly familiar items (a more
difficult task that required additional processing time). Fixating
on the appropriate image in this case included the “trained
object” on test trials when it was requested, and the “untrained
object” on trials when the novel word was requested. This meant
that each object was the “correct” item on one of the two test
trials but not the other, and if children had learned the target
words, they should accurately look at the correct object during
both trial types. In fact, two-tailed t-tests indicated that there
was no significant difference in accuracy between trained and
untrained test trials for the in-person modality [#(18) = 2.04, p
> 0.05, Cohen’s d = 0.47], nor the virtual modality [¢(18) = 0.68,
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FIGURE 3 | Accuracy data based on proportion of looking to the correct
object across the Song and Spoken condition in 29-32 month-olds.

p > 0.05, Cohen’s d = 0.16]. Hence, for the subsequence analyses
we collapsed across the two types of test trials.

As shown in Figure 3, children’s fixation patterns revealed
that in general, accuracy was similar in the spoken condition
(in-person modality: M = 0.59, SD = 0.13; virtual modality:
M = 0.61, SD = 0.12) and in the song condition (in-person
modality: M = 0.58, SD = 0.13; virtual modality: M = 0.57,
SD = 0.11). A 2x2 mixed ANOVA with Modality as a between-
subjects factor (in-person vs. virtual) and Training Condition as a
within-subjects factor (spoken vs. song) indicated that there was
no significant main effect of training condition [F(; 35 = 1.69,
p > 0.05, 7712; = 0.048] nor modality [F(; 3 = 0.06, p > 0.05,
nﬁ = 0.001], and no significant interaction [F(; 35y = 0.72, p >
0.05, 77; = 0.02]. This means that (i) the modality in which the
study was completed (i.e., in the lab vs. virtually) did not affect
children’s performance on the task, and (ii) training words in the
song condition did not lead to better performance during testing
compared to when training occurred in the spoken sentences.

It is also worth noting that two-tailed single-sample ¢-tests
indicated that children across the two modalities performed
significantly above chance (in this case 50%) when the training
occurred in the spoken condition [in-person: t(18) = 2.81, p <
0.05, Cohen’s d = 0.65; virtual: t(18) = 4.11, p < 0.001, Cohen’s
d = 0.94], as well as in song [in-person: t(18) = 2.58, p <
0.05, Cohen’s d = 0.59; virtual: t(18) = 2.51, p < 0.05, Cohen’s
d = 0.58].
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The Role of Song on Novel Word Learning
in 29-32 Month-Olds

Another goal of the study was to evaluate whether or not using
songs during training would facilitate word learning. We found
no evidence of this. Our data indicated that 29-32 month-olds
successfully acquired novel word-object relations during our task
(as indicated by the above-chance performance), but this was
equally true when training occurred in a song and in a spoken
sentence. One interesting pattern, however, was that the average
amount of time that children spent looking at the screen during
training trials (arguably a measure of attention) was greater in
the song condition than in the spoken condition. This was true
for children in both the in-person modality (song: M = 6.8s,
SD = 0.64; spoken: M = 6.3s, SD = 0.69; t(18) = 2.81, p <
0.05, two-tailed, Cohen’s d = 0.65) as well as the virtual modality
(song: M = 6.4 sec, SD = 0.94; spoken: M = 5.8s, SD = 1.30;
t(18) = 2.36, p < 0.05, two-tailed, Cohen’s d = 0.54). While this
pattern of greater “attention” when listening to songs (compared
to spoken sentences) aligns with previous research on this topic
(Corbeil et al.,, 2016), our findings would suggest that greater
attention (i.e., longer looking times) during training, does not
necessarily lead to better learning of the word-object mappings.
To our knowledge this is the first study examining the role of song
on the acquisition of word-object relations in young children’s
native language, and it is unclear whether the same pattern of
results would extent to other age groups.

The Role of Song on Novel Word Learning
in 47-50 Month-Olds and an Examination

of Age-Related Differences in Performance
To answer our last research question, we examined whether
the testing procedure that we had implemented with toddlers,
could also be successfully used with 47-50 month-olds to test
their ability to learn novel words in the song and spoken
conditions, and whether there were any age-related differences
in performance between toddlers and this slightly older group.
As a reminder, the majority of participants in the 47-50 month-
old group completed the study virtually. Given that we found no
significant difference in performance across testing modalities in
our previous analyses, we collapsed across the two modalities for
the subsequent results.

As an initial step, we examined looking times during baseline
trials. We found that 47-50-month-olds looked at the object on
the left on average 51% of the time (SD = 0.11) and the object on
the right on average 49% of the time (SD = 0.11), suggesting that
there were no pre-existing side biases. Accuracy during test trials
was calculated using the same considerations and time window
described earlier. Once again, two-tailed t-tests indicated that
there was no significant difference in accuracy between trained
and untrained test trials [£(20) = 2.02, p > 0.05, Cohen’s d =
0.44]; therefore, we collapsed across the two trial types. As shown
in Figure 4, fixation patterns revealed that surprisingly, accuracy
was higher in the spoken condition (M = 0.69, SD = 0.11) than
in the song condition (M = 0.58, SD = 0.15), and this difference
was significant [£(20) = 2.71, p < 0.05, two-tailed, Cohen’s d
= 0.59]. Additionally, two-tailed single-sample ¢-tests indicated
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FIGURE 4 | Accuracy data based on proportion of looking to the correct
object across the Song and Spoken conditions for both age groups.

that accuracy for the 47-50 month-olds was significantly above
chance in both the spoken [#(20) = 8.22, p < 0.001, Cohen’s d
= 1.79], and the song condition [#(20) = 2.48, p < 0.05, Cohen’s
d = 0.54], suggesting that children in this age group were also
successfully learning the novel word-object pairings.

To examine possible age-related differences, we ran a 2x2
mixed ANOVA with Age as a between-subjects factor (29-32
vs. 47-50) and Training Condition as a within-subjects factor
(spoken vs. song). This analysis indicated that there was no
significant main effect of age [F(; 57y = 3.73, p > 0.05, n}% =
0.04], but there was a significant main effect of condition (F(y, 57
= 11.1, p < 0.001, 7712, = 0.07), and a significant interaction

[F(1,57) = 4.163, p < 0.01, n}% = 0.026]. To further explore the
interaction effect, we conducted simple effects analysis. These
demonstrated that when word training occurred in the song,
there was no significant difference in performance between the
age groups [F(; 114) = 0.0883, p > 0.05, 77; = 0.001]. However,
when training occurred in the spoken condition there was a
significant difference between the groups [F(;, 114y = 7.691, p
< 0.05, n; = 0.06], with 47-50 month-old’s showing higher
accuracy (M = 0.69, SD = 0.11) compared to 29-32 month-
olds (M = 0.59, SD = 0.12). Together, these data suggest that
using a song to familiarize young children with novel words,
does not lead to better learning. In fact, in our current task
hearing words in the spoken sentences (during training) led to
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higher accuracy during testing in the case of the 47-50 month-
olds. Accuracy for the song condition was still significantly above
chance, which indicates that hearing words in the song did not
prevent participants from acquiring the word-object relations.
However, the song did not provide a “boost” in learning, as might
have been expected based on the prior attention literature. We
also examined whether the average amount of time that children
spent looking at the screen during training trials was different for
the song compared to the spoken condition (as we had seen for
the 29-32 month-old group). However, this was not the case for
the 47-50 month-olds [song: M = 6.2s, SD = 0.92; spoken: M =
6.1s, SD = 0.88; £(20) = 0.65, p > 0.05, Cohen’s d = 0.14]; that
is, although “attention” during training was the same for the two
conditions, we still found greater performance during test trials
in the spoken condition.

DISCUSSION

The present work set out to investigate the feasibility and
precision of a modified version of the Intermodal Preferential
Looking Paradigm, which relied on the use of virtual
appointments and access to video collected through webcams
in participants’ homes. Previous studies using the IPLP have
primarily used this measure in a controlled lab setting (Golinkoff
et al, 2013); however, due to the global pandemic, many
researchers have had to transition to remote testing, in order to
keep developmental research activities moving forward. This
sudden shift in testing practices has raised questions related
to the advantages and disadvantages that come along with
collecting data in more natural environments, especially when
working with young children who are more easily distracted, and
when dealing with fine-grained measures (such as eye-gaze). Our
work contrasts data collected through a new virtual version of the
IPLP, with data collected through a more established (in-person)
version of this paradigm. This is a critical step for advancing
developmental research and expanding testing procedures in a
sustainable and reliable manner.

The methodological aim outlined above was intertwined
with an additional goal to examine the role of song on young
children’s vocabulary learning. Previous studies examining the
use of music and songs as a tool for teaching language have
primarily been conducted with school-aged children in foreign
language classrooms (Legg, 2009; Coyle and Gémez Gracia, 2014;
Pavia et al., 2019). To our knowledge, no previous studies have
directly measured whether songs can be used as a tool to facilitate
vocabulary learning (specifically word-object relations) in young
children who are acquiring their native language. Furthermore, it
is unclear whether there might be developmental changes in how
children make use of the information included in the auditory
signal (e.g., features of the song), during the word learning
process. Our work examined these questions with toddlers and
preschoolers using a novel word learning task.

With regards to our methodological goal, data from the
younger 29-32 month-old group suggest that there were no
differences in performance across participants tested in person
and children tested virtually. For both groups, the testing
paradigm was identical. The main difference was that one group
of toddlers completed the task in a controlled environment

(i.e., a quiet booth in the lab)—using the same equipment
across participants (i.e., the same screen, speakers, and video
camera), while the other group of toddlers participated from
home via a live video call—and used whatever computer screen
and camera was available to them. The similarity in performance
between groups supports the versatility of the IPLP as a measure
that can be used in both lab and remote settings. Based
on coding-reliability checks we found that a third coder was
more often needed for videos collected with the virtual group,
likely due to lower-resolution videos being captured through
webcams compared to our in-lab camera, but this only led to
an 11% increase in third-coders, which was still manageable.
Furthermore, the attrition rate was actually lower for children
tested in the virtual group compared to the in-person group, and
we argue this was a result of (i) children being more comfortable
and hence less fussy in their home environment, and (ii) the
virtual testing procedure allowing us to accommodate better
to children’s schedules/routines since families no longer had to
travel to the lab. We also tested 4-year-olds using the same task,
with most participants completing the virtual version of the IPLP.
Not only were children in this older group able to complete the
task, but coding and attrition rates were comparable to what we
had observed with the younger group. Hence, this step allowed us
to extend the feasibility of the remote testing approach to slightly
older children. It is worth noting that our task only took 7 min to
complete, and so the brief duration likely prevented an increase
in issues related to children’s attention, and opportunity for
distractors to interfere with testing in the home—as might have
been the case had the task been longer. It is therefore important
to expand this work to other tasks, to examine how different
durations and dependent measures might affect the feasibility of
collecting data remotely.

Our investigation also provided important insight into the
role of song on the acquisition of word-object relations. Children
aged 29-32-months were successful at learning novel words, but
performance was the same for both words trained in the song
condition, as well as in the spoken condition. In other words,
we did not find evidence of a facilitatory effect during learning
associated with hearing novel words in a song. Children aged
47-50-months once again were accurate in identifying novel
word-object pairs that were trained during the task. However, for
this older group, performance was higher for words trained in
the spoken compared to the song trials. Together, these results
suggest that there are age-related differences in how children
make use of the auditory information they are presented with
while attempting to link words with referents. They also suggest
that the use of songs might not facilitate word learning in a native
language for toddlers and preschoolers.

These results do not align with (i) previous findings with
infants, in which songs were linked to benefits in the acquisition
of auditory patterns (Thiessen and Saffran, 2009; Lebedeva and
Kuhl, 2010), nor (ii) studies with school-aged children who
showed a facilitatory effect of songs when learning a second
language (Coyle and Gémez Gracia, 2014). There are some
possible explanations for this. First, in the studies with infants,
participants simply had to identify sequences of sounds. In the
present study, it was necessary to make connections between the
auditory patterns (in this case the novel words) and the referents
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during training, and subsequently rely on those relations to
look at the target object on the screen during testing. Second,
in the literature with children who were acquiring an L2, the
songs were used across multiple training sessions over a longer
period of time (i.e., there were more opportunities to hear
the song), and testing was not conducted immediately after
a single exposure to the training stimuli (ie., it was more
a measure of retention, rather than immediate recall of the
words). This means that the tasks across studies were arguably
different and were measuring different abilities. Under this view,
it is important to refrain from making overarching conclusions
about the role of songs across different types of learning tasks,
given that benefits associated with this type of input appear to
be task-specific.

There are however, some studies that have reported similar
patterns to the ones observed in our data. This comes from tasks
in which children were taught content knowledge information
in classroom settings. Calvert and Billingsley (1998) examined
preschooler’s ability to learn their phone number. They found
that children were more accurate at remembering their phone
number when it was presented to them in speech rather than
song. In that same paper, they also discussed data indicating
that while repeated exposure to a song improved verbatim word-
for-word memory of lyrics in an unfamiliar language (in this
case incomprehensible French), it did not facilitate recall of
words in a familiar language. Similar findings were identified in
a study with second-grade students in which information about
historical events was trained either in songs or in speech, and later
assessed (Calvert, 2001). Once again, songs led to improvement
in verbatim memory, but only training in the spoken condition
was associated with better retention of content knowledge. The
authors propose that there are different “levels of learning,” from
more superficial processing of information (e.g., verbatim word-
for-word memory, in which the actual meaning is not retained),
to deeper learning (e.g., encoding and retrieving the details
about the historical events). Furthermore, songs might be more
conducive to superficial-level learning, as children may focus on
superficial qualities of song (e.g., the rhyming, melody) rather
than the content information.

This theoretical explanation could help us understand why
preschoolers in our study had higher accuracy in the spoken
condition compared to the song condition. Our task was
challenging, as it required participants to understand the relation
between the objects and the words to accurately look at the
target object during trained test trials. In addition, children
had to use that information along with their understanding
of mutual exclusivity to also look at the correct object during
untrained test trials. These steps likely required a deeper level of
learning than if children where simply tested on their ability to
recognize that they had heard the word “doop” based on verbatim
memory, without knowing its meaning (i.e., what referent it
corresponded to). In the case of the 29-32 month-old group,
overall performance in the task was lower compared to the older
participants, so it is possible that the task was simply more
challenging for the younger group. In other words, given the
difficulty of the task, it may not have been sensitive enough to
capture differences that may exist between the use of speech

and song for learning word-object relations in toddlers. We
acknowledge this as a limitation of the study.

There are other elements that may have limited our findings.
First, the modality of the testing trials required participants to
generalize words across song and speech. As a reminder, in our
paradigm children were trained in either spoken sentences or
in a song (depending on the block), but all testing trials were
presented in spoken sentences. This meant that in the song
blocks, children had to recognize that the word “doop” that
was sung during training, was the same word “doop” that was
spoken during testing. We chose this methodological approach
because it is one that has been used in previous studies with
young children (Thiessen and Saffran, 2009). Additionally, given
that in the real world children must rely on spoken sentences
for oral communication and social interactions, this type of
generalization is critical if songs are to be used as a way
of supporting language learning. We do know, however, that
infants have difficulty identifying words that they heard during
familiarization when there were differences in the speech signal
during testing; for example, hearing a word in a happy voice and
later hearing it in a neutral or sad voice (Singh, 2008). Given that
song exaggerates features of speech, there may have been a similar
disadvantage at play, when children had to generalize from song
to speech in our study. To examine this possibility, future work
should manipulate the modality of the testing trials to see if a
change that eliminates the need to generalize words in the song
condition would lead to a different pattern of performance.

A second point related to the characteristics of the speech
stimuli, is that sentences in the spoken condition were
produced using infant-directed speech prosody. As stated in the
introduction, IDS contains melodic features that make it more
similar to songs compared to say adult-directed speech (ADS).
The methodological decision to use IDS was made given that
previous studies that used the IPLP to examine word learning
in toddlers have used this type of speech register (Schmale et al.,
2011; Newman et al., 2018), and because IDS has been found to
increase attention and guide word learning in toddlers (Nencheva
etal., 2021). Nevertheless, it is possible that adding a condition in
which spoken sentences are produced in ADS might lead to even
better accuracy during this type of learning task, and perhaps
even lead to a difference in performance with the younger
participants. This step would offer a good comparison since the
spoken sentences would be less melodic and more distinct from
the song condition, and would provide a better understanding
of what might be driving the effects that were observed with the
present data.

Third, in our study, children were only presented with a
limited number of training trials, and testing was only carried out
immediately after training. While this is a type of design that has
been previously used in word-learning studies with children of
similar ages (Schmale et al., 2012; Newman et al., 2018), it limits
our ability examine whether variations in the amount of training
may lead to songs providing a benefit. For example, in real-world
scenarios, children have more than three exposures to a novel
word-object pair. Furthermore, we only tested children on their
ability to identify words immediately after being familiarized
with the novel words. It is possible that additional testing that
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is delayed (e.g., a week after training) might provide information
about the retention of information that children learned during
the task, and whether songs and spoken sentences affect retention
of the words differently. These questions should be explored in
future work.

Fourth, the use of a familiar melody in the song condition
may have posed an additional challenge. The study used the tune
of “Old MacDonald had a Farm”—changing only the words of
the song. Using familiar melodies and changing the lyrics to
introduce new concepts is a common practice in educational
settings with children of different ages (Wolfe and Hom, 1993).
However, it is possible that the use of a familiar melody during
training may have resulted in some level of confusion, as children
could have been anticipating the familiar lyrics rather than those
presented to them. Based on parent report, 100% of the children
in the 47-50-month group were familiar with the song “Old
MacDonald had a Farm,” as were 100% of the children in the
29-32-month virtual group. Additionally, 16 of the 19 children
in the 29-32-month in-person group were familiar with the
song, and parents of the remaining three children were unsure if
their children knew the song. This meant that the vast majority
of participants who completed the task knew the song and
may have anticipated hearing the “traditional” words. While
performance in the song condition was still above chance for both
age groups—suggesting that the song was not preventing children
from learning the word-object relations altogether—a potential
boost in learning from the song may have been hampered by pre-
existing expectations about the melody. An interesting follow-
up study would be to use an unfamiliar melody during the
training phase, as this would remove prior experience with the
song lyrics.

Lastly, there are limitations associated with the demographic
characteristics of the children that were included in the
present work. It is important to first note that our sample
included primarily children from households with mid-to-
high socioeconomic status (SES). This was true for both age
groups. Additionally, to participate in the virtual version of
the study, families were required to have access to high-
speed internet and a computer with a webcam, which limited
participation opportunities for some families. Nevertheless,
barriers exist for in-person studies as well. In many cases,
families must have access to transportation, as well as available
time during lab operating hours to visit the lab and complete
the testing session. Some ways to mitigate the in-person
obstacles have been to provide funds for transportation and
to offer flexible testing hours. There are also potential ways
of addressing barriers associated with online testing that are
worth considering, which include providing families with
hot spots for internet access, and offering temporary access
to technological devices (e.g., loaner computers). A critical
next step is therefore, to extend this work to more diverse
groups of children, as it will improve our ability to generalize
the results.

To conclude, findings from the present study support the
feasibility of using a virtual version of the IPLP to collect

remote eye-gaze data in both toddlers and preschool children.
This serves as a way of continuing to move forward with
developmental language research, during situations when it
is not possible for in-person interactions with participants
to take place. Additionally, we provide evidence suggesting
that using songs during vocabulary training does not result
in better learning, and that providing linguistic information
to young children through spoken sentences might lead to
improved outcomes. These findings hold implications not only
for learning-through-song interventions, but also for instruction
in educational settings. While using songs may help increase
attention during a particular task, greater attention may not
equate to deep-level learning. Therefore, using songs may help
increase engagement (and perhaps participation), but when
introducing new concepts for children to retain, using spoken
sentences may be best.
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