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Abstract
During the recent pandemic, it became necessary to adapt lab-based studies to online
experiments. To investigate the impact of online testing on the quality of data, we focus on
three paradigms widely used in infant research: a word recognition task using the Inter-
modal Preferential Looking Paradigm, a word learning task using the Switch task, and a
language assessment tool (WinG) where children identify a target word amongst a set of
picture cards. Our results for synchronous and asynchronous studies provide support for
the robustness of online testing. In Experiment 1, robust word recognition was found in
24-month-old toddlers. In Experiment 2, 17-month-old infants consistently learned a new
word. Finally, Experiment 3 demonstrated that 19- to 26-month-old children performed
well on a language assessment test administered online. Overall, effect sizes or language
scores were found to be higher than in lab-based studies. These experiments point to
promising possibilities for reaching out to families around the world.
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Introduction

Online research studies have become more popular among developmental researchers
since the COVID-19 pandemic (Rhodes et al., 2020; Sheskin et al., 2020). Due to COVID-
19 restrictions, studies were not able to be conducted in person but thanks to videocon-
ferencing technologies, many research experiments were run remotely (Blanchard, 2020;
Delgado et al., 2021; Mills et al., 2022). There are important potential benefits and
promises from using videoconferencing: flexible time and space which benefit both the
participant and the researcher, as well as the possibility to widen the scope of participant
recruitment, enhancing inclusivity and allowing for a better representation of diversity.
However, there might also be some pitfalls in the use of online testing, first and foremost
related to the quality of data (due to technological limitations, interruptions, etc). When
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considering infant and toddler language research, where themajority of responses rely on
accurate looking time measures, these pitfalls are to be considered carefully. Also, we
wondered whether levels of engagement from the participant would be possibly higher
(familiar environment, more attentive) or poorer (less controlled setting, lessmotivation).
Indeed, according to an editorial review by Tsuji et al. (2022), online data collectionmight
be more prone to being noisier due to uncontrollable variables such as distractions,
lighting conditions, and the quality of recording devices. However, they also reported that
it is worth considering that children might feel more at ease in their home environment,
which could potentially result in less variability in measurements during online data
collection.

Every researcher using an eye tracker in a lab setting has experienced the complexity of
minimising a child’s head movements and removing external distractions to optimise
data quality; therefore, it is potentially challenging to tackle these issues when testing
remotely too. Many researchers, including ourselves, worry that remote testing would fail
because of the lack of control over motion, parental interference, distraction, equipment,
etc. The question we ask in this paper is as follows: given the minimal amount of
constraint we can apply to children’s movements in a remote situation, and the difficulty
to control for external distracting factors, can we still collect data from classic paradigms
of early language studies that compare in statistical robustness to what we would obtain in
a lab situation? Previous studies aimed to answer that question by testing whether specific
paradigms could be adapted to online settings (see review by Tsuji et al., 2022). For
instance, Bochynska and Dillon (2021) did not successfully replicate findings from the
lab. They conducted two asynchronous online experiments where they adapted the
change-detection looking-time paradigm with infants aged 7 months. Their findings
indicated that the infants did not show detectable sensitivities to the basic shape
information that differentiates between 2D geometric shapes, which contrast with
previous lab experiments results. They reported that failure to discriminate between
shapes might be due to distraction and infants having difficulties perceiving two distinct
events when displayed on small compact screens of personal computers. Indeed, for this
paradigm, most lab studies used two separate monitors or large projector screens
(Bochynska & Dillon, 2021). On the other hand, Bánki et al.’s (2022) study successfully
tested infants (aged 4-6 months) in an eye-tracking task that measures the detection of
audio-visual asynchrony. They found a higher quality of webcam-based eye-tracking data
collected online and no differences in participant attrition rate and technical issues
between the in-lab and online context. In addition, Bacon et al. (2021) found that
children’s (aged 23 to 26 months) word recognition accuracy on the online synchronous
looking-while-listening task was greater than accuracy on the in-lab task. Furthermore,
Bulgarelli and Bergelson (2022) investigated, with both in-lab and online experiments,
how talking variability (e.g., a new talker of another gender produces the word) during
learning could potentially influence children’s (aged 7-9 months) ability to learn and
recognise words. Using a one-word Switch task paradigm, results collected online and the
results collected in the lab were fully similar. The researchers reported a few limitations of
testing remotely such as not being able to control the distance to the screen device or the
size of the monitor, but concluded that the one-word switch task could be easily adapted
for online testing and provide successful results.

This paper adds to this body of knowledge in a number of ways. First, we aim here to
demonstrate that effects such as increased looking behaviourmodulated by linguistic cues
aremeasurable in children doing the task online and provide benchmarking data between
online and lab-based studies, to provide guidance for the design of future studies. We also
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explore modifications to accepted in-lab procedures, such as increasing the number of
trials and using automatic trial presentation, in place of the standard infant-initiated trial
start (see Experiment 1). We chose three paradigms which are widely used in infant
research: a word recognition task using Intermodal Preferential Looking (IPL, or look-
while-listening procedure), a word learning task using the Switch task, and a language
assessment tool relying on children identifying a target word amongst a set of picture
cards. For each of these tasks, we conducted an online, simple experiment, whose results
we compared to existing data collected face to face by our lab or other labs in the pre-
pandemic period. We also explored testing infants online when the experimenter was
present (synchronous) or not present (asynchronous) (see Table 1 for an overview of each
experiment).

Experiment 1: Word recognition in an intermodal preferential looking task at 24months

The IPL paradigm is widely used to probe lexical knowledge in the early years, as well as
examine infants’ sensitivity to various aspects of linguistic details in words (Golinkoff
et al., 1987). Our aim was to guide the implementation of an online adaptation of the IPL
to collect eye movement data using a participant’s webcam in their home context. While
this type of asynchronous collection of eye movement data in young children has already
been explored using platforms such as Lookit (e.g., C. M. Nelson & Oakes, 2021; Scott &
Schulz, 2017) and Labvanced (e.g., Bánki et al., 2022), to our knowledge, no published
findings are using the Gorilla Experiment Builder platform (www.gorilla.sc – Anwyl-
Irvine et al., 2020b). Most studies testing children using Gorilla have tested older children
and collected accuracy and reaction time measures (e.g., Chere & Kirkham, 2021), with
tasks requiring, for example, a button press response (e.g., Ross-Sheehy et al., 2021) rather
than looking behaviour in infants. This might be because, while Gorilla Experiment
Builder can run behavioural studies with the functionality to access a participant’s
webcam and record looking behaviour, this option is still in Beta. Thus, Experiment
1 tests how well the platform can accommodate an IPL task when testing infants.

Table 1. Overview of the three experiments

Experiment Paradigm Task
Adaptations to in-lab
procedure Children

Experiment 1:
Word
recognition

Intermodal
preferential
looking task

- Replicated from
other labs

- Online, Gorilla
- Asynchronous

- Greater number of
trials than compar-
able procedures

- Trials are not infant-
initiated

N = 20

24 months

Experiment 2:
Word
learning

Switch task - Replicated from
other labs

- Online, Zoom
- Synchronous

- Lower number of
trials than compar-
able procedures

- Familiarisation
instead of habitu-
ation

N = 19

17 months

Experiment 3:
Language
assessment

WinG test - Replicated from
own lab

- Synchronous

- Similar than in-lab
task

- Comparison online vs
in-person

N = 62

19-26
months
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Two key aspects of this adaptation were considered. The first was to understand how
an online procedure may affect issues of timing in the experiment, due to factors such as
internet speed and different device types. The second was to see how much usable data
could be collectedwhen children are tested in their home environment andwhen trials are
presented automatically – that is, not infant-led as would be the case inmany lab-settings.

A word recognition task was chosen because of its relatively reliable large effect size
and replicability when conducted in a lab setting. In a meta-analysis of typically used
methods in language development studies, Bergmann et al. (2018) found an average effect
size of d = 1.24 (SE = 0.26) in online word recognition studies (N = 6). Thus, choosing this
method offered the best chance of developing a proof of concept for an online IPL
procedure for paradigms with potentially smaller effect sizes, such as a semantic priming
study (e.g., d =.32, Jardak & Byers-Heinlein, 2019).

In a typical word recognition task, a participant is played an auditory stimulus
which is the label of one of two simultaneously presented visual stimuli. In a lab setting,
the participant typically fixates on the named visual stimulus for longer than the
unnamed visual stimulus, which is taken as evidence of word recognition. Infants
are able to fixate a target referent as young as 6-9 months (Bergelson & Swingley, 2012)
in a look-while-listening procedure, with word comprehension and recognition gen-
erally observable by 12 months (Vihman et al., 2007). Therefore, by testing at the older
age of 24 months we had an optimum chance of replicating the same effect in an online
modality. If running the experiment in an onlinemodality was significantly different to
an in-lab modality, this might mask the effect of a longer proportion of looking time to
the target image.

Method

Pilot study

Using the online experimental platform, Gorilla Experiment Builder (www.gorilla.sc –
Anwyl-Irvine et al., 2020b), a small number of participants participated in a pilot study
(adults:N = 2, infantsN = 4). As previously mentioned, Gorilla Experiment Builder can
access a participant’s webcam and record, with their consent, but this feature is in Beta,
and has its limitations. One of which is its inability to simultaneously record a
participant and the experiment, or precisely what the participant sees on screen and
when. While the timing of stimuli presentation and duration can be precisely pro-
grammed into the experiment on Gorilla Experiment Builder, when the experiment is
run on a participant’s device, some variability may exist because of the differences in
devices used, internet browsers, and internet connection speeds, though timing accur-
acy does seem quite stable (Anwyl-Irvine et al., 2020a). Another potential variable
aspect of the webcam recording feature is a delay in the command from Gorilla
requesting access to a participant’s webcam, and the point at which the recording
starts. Although this can be up to 500ms according to one of the developers (personal
communication, 23rd May, 2021), we found only marginal delays (10-20ms) through
piloting. Additionally, a design feature was added to the experimental design (see
below) to note which trials began recording before visual stimulus onset, and which
did not.

Piloting the experiment on adults and infants was crucial to devise satisfactory
solutions to these limitations and to decide how to best minimise variability in executing
the experiment online. Email correspondence with parents and viewing the data that were
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successfully generated allowed us to make a set of small changes to the paradigm.
Differences between the pilot and test are described below in the Procedure section.

Participants

Participants were recruited through the University of Plymouth BabyLab database and
Facebook page. Following recommendations for minimum sample sizes for infant studies
that are based on a simulation study of the systematic effect of sample size on the results of
infant studies (N = 20-32; Oakes, 2017), 20 monolingual British English-learning infants
(13 boys, 7 girls) were tested. The target sample size was reached before analyses of the
data. The mean age of participants was 24 months 3 days (range 23 months 3 days -
25 months 28 days). Participants were considered ineligible if they spoke more than one
language, were born more than six weeks prematurely, or had a diagnosed language or
developmental delay. No participants had to be excluded on these bases. For each of our
three experiments, parental education was measured on a scale from 1 to 6 (1= primary
education - 6= postgraduate degree) with the highest value taken from either parent (e.g.,
Mäkinen et al., 2006; Mossakowski, 2008).

Materials

A total of twenty-four target words (e.g., bed, key) were selected which were familiar,
common, highly-imageable nouns known by at least 60% of English monolingual
18-month-olds according to the Oxford Communicative Development Inventory
(Hamilton et al., 2000) and the UK CDI (UK-CDI Database, 2016) (see Table 2 for the
list and exact percentages). All words were monosyllabic.

Auditory stimuli were recorded individually by a female adult with a neutral south-
west British accent. The carrier word “Look!”was also recorded separately. Visual stimuli
were colour photographs from the internet, cut out from their background and placed
centrally on a light grey background to reduce brightness on the screen. Two versions of
each image were created: one for presentation on the left of the screen, and one for the
right. Animate objects were positioned to face the centre of the screen.

Target words were organised into word pairs in which there was no semantic or
phonological overlap. The twelve pairs formed one block. In each pair, one word acted as
the target and the other as a distractor. The distractor words then became the targets in the
second block of trials, and these were paired with a different word that had acted as a
target in the first block.

Procedure

Through piloting, the following modifications were made to the experimental design and
procedure:

- Participants were restricted to using a laptop or computer. Those without such a
device were deemed ineligible. This criterion was set to ensure visual stimulus
presentation would be as large and as predictably positioned as possible. Gorilla
Experiment Builder’s default positioning of two adjacent images is to space them as
far apart, to each edge of a device’s screen as possible.
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- The experiment was programmed to only run on the web browser Google Chrome
as there were some upload and display issues with other browsers.

- A calibration phase was added at the start of the experiment to ensure a participant’s
screen was not working in a ‘flipped’mode, and to validate that, when an image was
presented on the right only, the child looked to the right.

- A short beep of 100ms was added to coincide with the visual stimulus onset. In the
absence of seeing when the pictures appeared on screen in a participant’s webcam
recording, the beep was a feature to enable the coder to have a reference point when
manually coding eye movement offline. Each trial was checked for the presence of
the beep during analysis, to ensure that the webcam recording started ahead of the
images being presented on screen.

Table 2. Experiment 1. Percentage of 18-month-olds with knowledge of the stimuli words used in the
online IPL task

Target % known at 18 months OCDI % known at 18 months UKCDI

bed 85 97

bird 88 88

book 95 98

bowl 58 77

box 48 63

bread 72 77

car 95 97

chair 80 95

cheese 63 78

cot 70 68

dog 98 99

duck 90 86

fish 75 81

foot 70 92

frog 56 68

hair 91 86

key 74 81

pig 77 82

plane 81 72

shoe 99 97

spoon 77 76

swing 64 68

train 66 81

tree 69 78
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- Trials were divided into two blocks and separated using a short video to maintain
attention. As the experiment could not be driven by the child’s attention to the
screen on every trial, the short video was a way of re-focusing the child if they had
lost interest. Piloting showed inattention to be very infrequent.

- A duration of 500ms was added to each trial, resulting in the images remaining on
screen for 5500ms (compared to 5000ms in a typical lab-based experiment). This
was to compensate for any potential clipping towards the end of the recording.

All of our studies were approved by the University of Plymouth Faculty of Health
Ethics Committee. Parents were invited to participate in the study through the Plymouth
BabyLab database and through adverts posted to the BabyLab’s social media accounts.
When a parent expressed interest, further communication moved to email. A participant
information sheet was issued and the technical requirements for the online study were
reiterated through email communication. A day and time were agreed, on which to
complete the study. On the appointed day, an email with instructions for the study was
sent to the parent and a unique link to the experiment was activated on the Gorilla
Experiment Builder website. By using a unique link, it meant participants could leave the
experiment and return to it later, continuing where they left off. The reason behind
establishing a day and time to do the online experiment was to ensure a researcher could
be available for any questions or support required while participants did the task1. Parents
were instructed to begin the procedure without their child present, to minimise the time a
child would need to stay engaged. It was made clear that the parent would be instructed
when to prepare their child for the task.

When clicking on the Gorilla Experiment Builder weblink2, an overview of the study
was displayed, including the eligibility criteria for participation. The next screen was an
eligibility questionnaire, to ensure participants were the right age; were not born more
than six weeks prematurely; were exposed only to English; and did not have a language or
developmental delay. At this point, a participant could be excluded in which case the
parent would see an ineligibility screen and be asked to email the Plymouth BabyLab if
they believed this to be incorrect, or if they wanted to find out about other studies running
that their child might be eligible for.

If eligible, a participant had to consent to the study by completing an online ques-
tionnaire which detailed the procedure, the data collected and the right to withdraw.
Demographic information was collected in a series of short online questionnaires before
the experiment started3.

Following this, participants progressed to a technical eligibility check so they could test
their sound and webcam before the experiment, and to grant Gorilla access to webcam
recording. A Gorilla pop-up appeared in the web browser asking for consent to access the
webcam, at which point a parent could refuse access if they did not agree to their data
being accessed in this way. Furthermore, the recording test established the audio and
video recording capabilities of a participant’s device and it also allowed parents to

1Parents did occasionally need technical support which often related to needing a new link to be sent. This
mainly resulted from not reading the instructions, or pressing a button in error. We modified the email and
experimental instructions to try to minimise this. In a couple of cases, parents’ browsers blocked the Gorilla
pop-up requesting permission to record via the webcam. Since we were online while the parent did the
experiment, we were able to talk through various checks to resolve the issue.

2The full procedure can be viewed using this link: https://app.gorilla.sc/openmaterials/627362
3See https://app.gorilla.sc/openmaterials/627362 for the exact questions asked.
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playback the recording to fully understand the footage that would be recorded of their
child when the experiment began. Throughout the procedure, an ‘Exit’ button was made
available in the bottom left-hand corner of the screen in case a participant chose to
withdraw from the study4. There was explicit mention in the instructional email that a
participant should click on this ‘Exit’ button if they wanted to withdraw and to request, by
email, the withdrawal of any data collected on their child up to that point if they desired,
without any explanation for their decision.

The experimental procedure began by instructing the parents to place their child on
their lap, with their device’s webcam focused on their child’s eyes. Detailed instructions
were provided, using images, so that the parent could see how to prepare their child for the
experiment. Rough measurements were provided (e.g., place the device at arm’s length,
mirroring what other researchers were trialing at the time for online experiments), and
opportunities were available for the parent to perform test recordings before they began
testing. Based on all this information, the parent deemed when the position of their child
was satisfactory, and when they were ready to begin the task. Parents were instructed not
to engage with their child when starting the experiment.5

The experiment was preceded by four calibration trials in which the word “Look” was
followed by the word “biscuit” and an image of a biscuit appeared on the left-hand side of
the screen. This process was repeated on the left side with the word “monkey” and a
corresponding image. The two words were then repeated with the same images now
appearing on the right-hand side of the screen. Neither of the words were used as targets,
or distractors on critical trials. The calibration phase established a baseline for the
participant’s individual looking pattern and validated that the image was presented on
the correct side and not in a ‘flipped screen’ mode.

The parent controlled the start of the word recognition task by clicking on a button.
The experiment began with a 5000ms black and white attention-getting video showing
simple geometric shapes accompanied by sound. Then, the automatic presentation of
trials began and did not stop in their delivery until all trials had been presented, which
lasted for about three minutes.

Each experimental trial began with a smiley fixation point in the centre of the screen
for 1000ms to focus the child’s attention to the middle of the screen. This was replaced by
two visual stimuli, positioned on the left and right sides of the screen for 5500ms. In an
equivalent lab-based study, a trial would last 5000ms but an additional 500ms was added
in case of clipping at the end of the recording. The auditory stimuli began with a beep for
100ms to coincide with the visual stimulus onset, necessary for analysis. This preceded a
silence and the carrier ‘Look’ before the target word onset at 2500ms. Each trial was thus
divided into a 2500ms pre-naming and 2500ms post-naming window (see Figure 1).

After 12 trials, the same attention-getting video from the start was played to maintain
the child’s attention before a second block of 12 trials resumed. The video also separated
the two blocks in which visual stimuli acted as targets in one block and distractor pictures
in the other. The order of blocks was counterbalanced. The side of the target visual
stimulus was counterbalanced. The experiment ended with the same ‘reward’ video that
was played at the start and middle of the experiment.

4This was only clicked once by mistake, and not because the participant wanted to exit the experiment.
5This could not be controlled due to the remote nature of the testing, which meant that we could not stop

the parent looking at the screen during the experiment. However, video recordings of parent and child
indicated that the parent did not look at the screen continuously, and sometimes they did not look at all as the
parent was sometimes absent.
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To complete the procedure, the parent marked a list of target words as known or
unknown to the child, before a final debrief screen, inviting any questions or comments
and a chance to mark whether any technical difficulties had been experienced during the
tasks.

After completion of the full procedure, a participant’s data were downloaded, and the
calibration trials were checked to confirm audio and video recording was satisfactory.
Questionnaires were reviewed to see if the participant had experienced any technical
issues or if further information relating to their responses in the questionnaires was
required. A final email was sent, requesting clarification pertaining to comments in the
questionnaires (where necessary) and issuing a certificate and £5 Amazon voucher to
acknowledge participation. The final email also included a short debrief of the study’s
aims and application and invited the participant to ask questions if necessary.

Results

Technical Specifications

Devices were restricted to laptops or computers, yet this can still mean a range of screen
sizes. Gorilla records the device type used by a participant, including its screen size. The
average viewpoint size on screens used was 1432x742 with parents classifying the mean
quality of audio as 5 (Very clear, on a scale of 1 to 5. Range: 4-5). Most participants were
using the latest operating systems for their devices, and the latest version of Chrome. The
full range of technical specifications can be seen in Table 3.

Data Processing and Analysis

Using a bespoke online encoder developed by the UoP School of Psychology technical
team, videos of individual trials were uploaded and automatically split into 50ms frames.
For each frame, the primary coder, blind to the visual and auditory stimuli presented,
assessed the digital videos off-line frame by frame, manually marking the position of the
participant’s eye position as left, right, away, or indeterminate by using four correspond-
ing keys on the keyboard. This informationwas saved in .csv format and later downloaded
for analysis.

A second, skilled coder manually coded 10 per cent of the full dataset. Inter-rater
reliability agreement between coders was 87% and according to Cohen’s Kappa calcula-
tion, was moderately reliable ᴋ = 0.47. On further inspection of the discrepancy between
the two coders, out of the total 13% disagreement, 6% was specific to whether a gaze was

Figure 1. Experiment 1. Trial timeline. Onset of the auditory label of the target picture was always at 2500ms.
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Table 3. Experiment 1. Overview of device types used in the online IPL study

Participant Participant OS Participant Browser
Participant
Monitor Size

Participant
Viewport width

Participant
Viewport height

Audio Quality
(1-5)

0hl65s6s Windows 10 Chrome 87.0.4280.88 1536x864 1536 754 Clear enough- 4

26o5cpdq MacOS 10.14.5 Chrome 86.0.4240.193 1440x900 1440 821 Very clear- 5

4k5u5xs8 Windows 10 Chrome 86.0.4240.183 1366x768 1349 625 Very clear- 5

4uoxz04w Windows 10 Chrome 85.0.4183.121 1536x864 1438 704 NA

ksry8lfl MacOS 10.13.6 Chrome 86.0.4240.80 1680x1050 1680 971 NA

reuryabw MacOS 10.14.0 Chrome 87.0.4280.67 1440x900 1050 752 Clear enough- 4

22vg0z4l Windows 10 Chrome 86.0.4240.75 1536x864 1519 722 Clear enough- 4

5ym93g5p Windows 10 Chrome 86.0.4240.75 1366x768 1366 625 Very clear- 5

cpqtjso9 Windows 10 Chrome 86.0.4240.193 1366x768 1349 625 Very clear- 5

qiamsumn Windows 10 Chrome 67.0.3396.99 1366x768 1349 662 Very clear- 5

uibpbg89 Windows 7 Chrome 86.0.4240.111 1920x1080 1920 1009 Very clear- 5

ye42nool Windows 10 Chrome 87.0.4280.66 1280x800 1280 689 Very clear- 5

lfioaben Windows 10 Chrome 86.0.4240.198 1280x720 1280 610 Very clear- 5

odcoevc8 Windows 10 Chrome 86.0.4240.198 1920x1080 1920 969 Very clear- 5

plrudr83 Windows 10 Chrome 86.0.4240.183 1368x912 1368 783 Very clear- 5

pmwyldgf Windows 10 Chrome 86.0.4240.198 1680x1050 1680 939 Clear enough- 4

xtu5nbo8 Windows 7 Chrome 86.0.4240.193 1536x864 1198 630 Clear enough- 4

heojqujc Windows 10 Chrome 86.0.4240.111 1366x768 1349 657 Very clear- 5

iiahp11j MacOS 10.15.7 Chrome 86.0.4240.193 1440x900 1200 667 Very clear- 5

s5xh3nt0 Windows 10 Chrome 86.0.4240.111 1366x768 1366 625 Very clear- 5
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indeterminate or not,meaning the gaze was still on screen, but unclear where exactly. This
might explain the lower-than-expected reliability measure.

Trials were excluded from analysis if a child did not fixate for a minimum of 750ms,
somewhere on the screen (left, right or indeterminate) (n = 0), or if the child did not know
the target word based on a parent’s report of their child’s word knowledge (n= 21 trials, or
4.38% of trials). The latter ensured that an infant was evaluated only on their under-
standing of known words.

The raw .csv files, generated by coding eye movements using the UoP Encoder, were
uploaded in R Studio (v1.4.1717; R Core Team, 2021) for all further analyses6. The R
tidyverse and dplyr packages (Wickham et al., 2019) were used.

Descriptive Statistics

Table 4 provides the descriptive data for the children’s ages and looking times.
When aggregating all participants’ looking time by condition, on average, participants

spent 82% of the time looking at either the left or right side of the screen, with an
additional 16% of the time looking at the screen but at an indeterminate point on the
screen (i.e., neither clearly left nor right). This time also accounts for saccades between the
left and right sides of the screen. Finally, 2% of looks per participant were looks away from
the screen.

Out of a possible 480 trials (a maximum of 24 trials for each of the 20 participants), a
total of 459 trials were included for analysis. Reasons for exclusion were entirely due to the
target word not being known to the child (21 trials or 4.38%of trials), whichwasmeasured
by parental report. No trials were excluded due to inattentiveness, measured as <750ms
spent looking at the screen per trial. The average number of valid trials per participant was
22.95 (SD = 1.4). In summary, 24-month-old infants were very engaged in an online
looking task when administered in their home. By way of comparison, in a meta-analysis
looking at looking while listening studies, among other methods, Bergmann et al. (2018)
used a linear mixed effects model to predict an exclusion rate of 30% of data for this task
type, including minimum looking time criteria. In a more recent study, Byers-Heinlein
et al. (2021) saw an exclusion rate of 5.07% for equipment failure, parental interference

Table 4. Experiment 1. Descriptive data of the whole sample

Means and Standard Deviations of the children’s age and looking times

M SD

Age (days) 735.05 19.04

Boys’ age 728.58 23.31

Girls’ age 737.50 19.06

Parental education 5.48 0.60

Looking time pre-naming (PLT) 0.50 0.07

Looking time post-naming (PLT) 0.62 0.07

Note. Parental education level is the highest of the two parents’ highest educational levels, ranging from 1 to 6.

6The analysis code is available on request.
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and fussiness, in addition to 23.03% data loss due to infants not attending to objects
during the specified window of analysis.

There was no effect of gender on response rate t(18) = .44, p = .66.

Proportion of Looking Time to the Target

A participant’s looks were aggregated by condition (i.e., target, distractor, away, indeter-
minate) and the proportion of time spent looking at the target compared to the distractor
was calculated for the pre- and post- naming windows.

The pre-namingwindowof analysiswas set at 200ms – 2500mswhich allows for an initial
200ms shift in eye gaze (Fernald et al., 1998, 2001) from an attention-getter to one of the
pictures, followed by 2300ms of free-looking. The post-naming window was set at 2700ms -
5000ms to allow for initial processing of the onset of the audio, followed by the same amount
of free-looking time (equivalent to 46 frames of 50ms per trial, per participant).

The proportion of looking time (PLT) towards the target visual stimulus, relative to the
distractor stimulus, was calculated as the dependent variable for the pre-naming and post-
naming windows, per trial:

Looks to target/ (Looks to target + Looks to distractor)

A two-tailed, paired t-test was run on the PLT in the pre-naming and post-naming
windows of analyses. Overall, twenty-four-month-olds looked at the target longer in the
post-naming window (M = 0.62, SD = 0.07) compared to the pre-naming window (M =
0.50, SD = 0.07) (see Figure 2, with the white square indicating the mean). The difference
between looking behaviour in these two periods was significant with a very large effect
size, t(19) = 17.22, p <. 0001, d = 1.61. This indicates that participants looked longer at the
target picture after it had been named, indexing word recognition.

Figure 2. Experiment 1. Proportion of Looking Time Pre- and Post-naming during the online IPL study.
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Discussion of Experiment 1

A simple word recognition experiment was run using the online experimental platform
Gorilla Experiment Builder (www.gorilla.sc – Anwyl-Irvine et al., 2020b) as a proof of
concept to test the feasibility of running online preferential-looking experiments with
infants. The results fromExperiment 1 indicate that with somemodifications to lab-based
procedures, an online version of an infant methodology can indeed be run successfully.
Experiment 1 adapts the IPL task into an online modality, providing a validation of the
general testing paradigm. As far as we are aware, this procedure is one of the first of its
kind to be conducted on Gorilla Experiment Builder with young children. This is
important as it contributes to the evidence base for testing young children online, using
a different online platform than what is currently being used. We found Gorilla Experi-
ment Builder to be a user-friendly platform, requiring no coding experience and that can
support an IPL procedure. It is unclear if this platform has the potential to replicate in-lab
findings when testing a procedure on infants with a smaller anticipated effect size, such as
a semantic priming task, and this is something we have begun to test (Fitzpatrick, 2023)
and continue to explore. The full set of materials of this experiment has been made open
source for other researchers to use for replication studies.

The results clearly showed that infants aged 24 months looked at a picture on screen
longer when the picture was named, compared to a picture that was unnamed. This is an
expected outcome which indexes word recognition in children and replicates previous
lab-based findings (e.g., Vihman et al., 2007). The novelty lies in the fact that the
24-month-olds were performing the task online, in their own homes and using their
own devices. Participants were not overly distracted by their surroundings, nor were there
significant issues with differing device types and internet speeds. Compared to lab-based
studies, the effect size found in Experiment 1 (d = 1.61) is larger in magnitude (e.g.,
Bergmann et al., 2018, found an average effect size of d = 1.24 in ameta-analysis) which is
a promising finding for other online studies collecting eye movement data.

Interestingly, participants remained engaged throughout the procedure despite the
fact that trials were not infant-led – that is, they ran automatically without pause. This is a
very different approach to many lab-based studies in which the start of every trial is
initiated by the experimenter when the infant’s attention is focused on the computer
screen (e.g., Arias-Trejo & Plunkett, 2009; Chow et al., 2017; Floccia et al., 2020; Singh,
2013; Styles & Plunkett, 2009). Automatic presentation of trials was borne out of necessity
while using Gorilla Experiment Builder to administer the task online. According to the
findings of this study, running the experiment without pause does not seem to have had a
negative impact on a child’s ability to perform the task. This may be thanks to the features
integrated into the design of the experiment such as fixation points and video rewards at
the start, middle and end of the procedure.

Participants also remained engaged in the face of a twenty-four-trial experimental
design, which is double the number of trials commonly used in infant studies at this age
(Arias-Trejo & Plunkett, 2009, 2013; Jardak & Byers-Heinlein, 2019). This is encouraging
support for future studies as using this number of trials will help with the power of future
studies in the case of potential data loss occurring, as mentioned above (i.e., distraction,
technical issues etc).

With regards to this particular study, there was very little attrition or data loss (<5%)
compared to some lab-based studies, which can lose up to 30% according to ameta-analysis
performed by Bergmann et al. (2018). This might be due to a participant feeling more
relaxed in their home environment compared to a lab environment. By informally looking
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at the experimental videos, children did not seek out contact as frequently with a parent by
turning around, as they do in the lab. Similarly, the child might have felt more at ease on a
parent’s lap, rather than in an unfamiliar car seat/ booth in a lab. These hypotheses are
supported by the data; there was a high proportion of looks on-screen to the left or right
(82%) versus off-screen (2%). This amount is likely to be larger considering looks on-screen
but to an indeterminate location (16%) may have been looks to the left or right. One
explanation might be the manual coding of eye movement which minimised data loss,
compared to lab-based studies in which the eye-tracker losing signal leads to data loss.

Taken together, these findings provide encouraging support that other infant para-
digms might be suited for adaptation to online testing. Findings from this study indicate
that infants can complete twice as many trials as other, comparable word recognition
studies specify, while still maintaining attention. Using an increased number of trials will
help increase power for testing such hypotheses.

Experiment 2: Word learning in a Switch task at 17 months

Infants can learn word-object associations that can be robustly measured at 12 months
(Curtin & Zamuner, 2014). Waxman and Booth’s (2001) findings suggested that infants of
14 months can identify novel noun words (e.g., “This one is a blicket”) and specifically map
them tonewobjects (e.g., carrot, orange). Stager andWerker (1997) developed the Switch task
to investigate how infants behave in a situation that requires them to link a new label with a
new object. In the Switch task, infants are exposed to a novel word–object pairing where they
see a novel object moving back and forth across the screen, while simultaneously hearing a
novel word repeatedly. This presentation continues until a predetermined decline in looking
is observed in infants. In the following test phase, infants are testedwith two types of trials. On
the “same” trial, the initial object-word pair stays the same while on the “switch trial”, the
object is paired with a different word. If infants notice the difference, they should look longer
on the “switch” than on the “same” trials (Fennell &Waxman, 2010; Stager &Werker, 1997).
A recentmeta-analysis has found a low tomoderate effect size ofCohen’sd=0.32 (141 Switch
tasks in infants aged 12 to 20months; Tsui et al., 2019). Previous research revealed that infants
of 14months learned to associate two distinct sounding words (lif and neem) to two different
objects by looking longer to the “switch” trial. However, infants aged 8 and 12 months fail to
associate the different soundings (Werker et al., 1998). We decided to test 17-month-olds
following Werker et al.’s (2002) demonstration that infants at this age could apply phonetic
detail when learning new words within a short exposure period. We reasoned that it would
give us better chances to observe a large effect and an increased power of word learning with
phonetically dissimilar words when testing online, especially given that at 17 months, infants
are experiencing a boost in vocabulary learning (e.g., Cochet et al., 2011).

Experiment 2 describes an online adaptation of the Switch task with 17-month-olds,
using a combination of Zoom and offline coding. The infants were tested using amodified
habituation paradigm similar to the design used byWerker et al. (1998) but with only one
word-object pairing and not two, as in Fennell and Waxman (2010) and with a different
habituation criterion. Specifically, we did not measure a habituation, that would be
indexed by a pre-specified decrease in looking times, but we fixed a familiarisation time
identical for all participants (see the procedure for more details). The sample size target
was 16 participants as in previous Switch tasks experiments (Fennell & Waxman, 2010;
Fennell & Werker, 2003). It must be noted that the data reported in Experiment 2 were
collected before we read about the study by Bulgarelli and Bergelson (2022) who also
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conducted a one-word Switch task but with 18 younger children (7-9 months), and we
will address their findings as compared to ours in the Discussion.

Method

Participants

A total of 19 parents with monolingual children (10 boys and 9 girls) aged 17 months,
ranging 16months 4 days to 18months 10 days, were recruited from the Plymouth Babylab
database (with the same inclusion criteria). They were all residents of Plymouth and its
surroundings and had signed up to the Babylab to take part in any proposed studies.

Stimuli
The audio stimuli were two nonsense consonants–vowel labels: neem and lef recorded in
infant-directed speech (IDS). IDS is efficient in capturing and keeping the attention of
infants (Fernald, 1985). These stimuli highly differ in articulation and a highly dissimilar
nonsense consonant-vowel noun, pok, was used during the pre- and post-test trials.

An English-speaking female from the SouthWest of England produced several tokens
of each syllable in a rise-fall intonation phase, in an infant-directed speech (Fennell &
Werker, 2003; Stager & Werker, 1997). Following Fennell and Werker (2003), the final
stimuli contained 10 exemplars, each lasting approximately 0.7 sec, including a 1.5-sec
silent interval between each exemplar, resulting in audio files of 22.5 sec in duration.

The stimuli were shown as 3D moving objects to highly attract and maintain infants’
attention (Baldwin, 1989; L. B. Cohen, 1973; Fennell, 2012). A trophy topper was used for
both the pre- and post-tests (see Figure 3a) and amarker toy windmill object was used for
the habituation and test trials (see Figure 3b). During the trials, the two objects spinned,
moved back and forth. The video clips were edited via the Photos laptop Windows
application. The Switch taskwas administered online with the Zoomapp using computer/
laptop devices and it was recorded through the Zoom app for coding purposes.

Material

Zoom was chosen as the platform of testing for this experiment because unlike many
other virtual technologies, it includes advantages that can be used for research purposes.
Indeed, according to Archibald et al. (2019), Zoom’s capacity to safely record and store

Figure 3. Experiment 2. (a) Trophy topper and (b) Marker toy windmill new objects.
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sessions without any other third-party software is one of the advantages of protecting
sensitive research data. Also, they reported that the capacity to back-up recordings to
online server networks such as “the cloud” or local drives, is an additional security benefit
as it allows for recordings to be shared safely for teamwork and real-time encryption
(Zoom Video Communications Inc., 2016).

Pilot

Using Zoom, a small number of participants participated in a pilot study (N = 9). Piloting
the experiment was essential to test the quality of the stimuli (video and sound), the data
collection and to check how many habituation trials were needed for this online Switch
task. A laptop Lenovo ThinkPad and the Photos app in Windows 10 were used to create,
edit the video stimuli, and conduct the experiment. Participants were asked to operate
with a computer or laptop to ensure satisfactory visual stimulus presentation.

A limitation of testing online with Zoom was the impossibility of controlling the pace
of the trial presentation due to our specific set-up using the auto-advance feature of the
Photo app. Therefore, all trials were presented at once without being able to control when
to present the next one (as in Experiment 1 using Gorilla). Piloting showed that looking
times noticeably declined after 4 trials, therefore the habituation phase was set at 4 trials
for further data collection.

Procedure
The parent was sent via email the consent and information forms. At the same time, the
parent completed a Communicative Development Inventory (short form of the Oxford
CDI, Hamilton et al., 2000). TheOxford CDI is a list of words that are typical in children’s
vocabularies. Parents were asked to tick whether their child could understand and/or say
the words on the list. Then, the parent and child were invited to participate in the online
Switch task.

Contrary to Experiment 1 where the researcher was not in the same virtual space as the
child, here the researcher, the parent and the child were connected on Zoom together. The
researcher was sitting in front of a laptop, while the child was sitting at home in front of
the family electronic device. The session was video recorded. The child was asked to look
at the computer’s screen and the parent sat in a chair next to his/her child. It should be
noted that the researcher was not visible to the infant during the testing task.

When the child was attentive, the researcher started a 3min30s video to the participant
consisting of 8 trials from the Switch task including a short clip of 30s (a talking bunny
chasing a flying kite) to test if the participant’s devices’ sound and camera were correctly
working. The infants were tested using a modified habituation paradigm, similar to the
structure used byWerker et al. (1998) but with only one word-object pairing and not two,
as in Fennell and Waxman (2010). Also, it was modified for the trial duration (increased
from 14 sec to 22.5 sec). Each trial started with a flashing red light to get the infant’s
attention on the screen. On the first trial, infants were presented with a pre-test stimulus:
the label pok paired with the trophy topper. This pre-test stimulus was re-presented at the
end of the experiment, during the post-test phase, and acted as a control of infants’
attention. During the following habituation phase, the infant was shown one word–object
pairing (word neem and object toy windmill ). After exactly 4 trials, the habituation phase
ended, and was followed by the test phase. One test trial was the “same” trial, in which the
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word-object pair presented during the habituation phase was shown again to the infant.
The other test trial, called the “switch” trial, contained the familiar toy windmill object but
was paired with a novel word lef. The order of presentation of the trials was counterbal-
anced across participants. If infants had learned the pairing, it was expected that they
would notice the switch and look longer during the “switch” trial than during the “same”
trial (Fennell & Werker, 2003). In the final post-test trial, the child was presented again
with the word pok and the trophy topper. It was expected that if infants remained engaged
throughout the experiment, the looking time during this last trial would be similar to the
looking time during the pre-test trial (Fennell & Werker, 2003) (see diagram in Figure 4
for more details).

Coding
Using a frame-by-frame analysis (1 frame = 50 ms), coders scored infants’ looking times.
To ensure the reliability of themain experimenter’s coding, a second trained coder scored
the looking times of 25% of the participants. Inter-rater reliability agreement between
coders was 81.78% and according to a Cohen’s Kappa calculation, was strongly reliable, ᴋ
= 0.86. 18.22% of disagreement between the two coders was due to whether the gaze of the
child was still on screen or away, but that was equally distributed across the Switch and

Figure 4. Experiment 2. Diagram of the online Switch task.
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Same trials, which means that it wouldn’t have had an impact on the direction of the
results.

Results

Table 5 provides the descriptive data for the children’s ages, gender (10 boys and 9 girls),
parental education, income deprivation scores, CDI scores and looking times.

To ensure that infants did not lose interest throughout the experiment, a paired sample
t-test was conducted to compare looking time on the pre-test versus post-test trial.
Contrary to what was expected (Fennell, 2012; Werker et al., 2002), children were
significantly more engaged at the beginning of the task during the pre-test (M = 19.67,
SD = 5.39) than during the post-test (M = 14.95, SD = 7.80, t(18) = 3.85 p = .001).

The main set of analyses addressed infants’ performance on the test trials. A paired
sample t-test revealed a significant main effect for test trials, with the children looking
longer to the switch trial (M= 17.89, SD= 5.52) than the same trial (M= 13.37, SD= 7.96),
t(18) = -2.31, p = 0.03, Cohen’s d = 0.53. There was no main effect of gender and age on
looking times. Thus, the 17-month-old infants exposed to the first pairing of word-object
did notice the switch in label (see Figure 5).

A Pearson correlation was conducted between vocabulary knowledge as assessed by
the CDI (see Table 2 for vocabulary statistics) and the performance on the Switch task as
indexed by the “switch” versus “same” difference score in order to determine whether
vocabulary size is related to children’s Switch task performance (Werker et al., 2002). The
correlation was not significant for comprehensive, r(17) = -.54, p = .816, nor for
production scores, r(17) = -.34, p = .883. Age and gender did not have a significant effect
on children’s performance either.

Table 5. Experiment 2. Descriptive data of the whole sample

Means and Standard Deviations of the children’s age, gender, CDIs scores and looking times during the
different phases of the Switch task trials.

M SD

Age (days) 517.21 18.74

Boys’ age 514.46 18.14

Girls’ age 525 18.73

Parental education 4.48 0.93

IDS 0.15 0.2

CDI knows (percentile) 38.52 18.78

CDI says (percentile) 9.52 10.2

Looking time pretest (s) 19.67 5.39

Looking time posttest (s) 14.95 7.8

Looking time same trial (s) 13.37 7.96

Looking time switch trial (s) 17.89 5.52

Difference score (s) 4.53 8.6

Note. Difference score is the difference between the looking time to same and switch trials.
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Discussion of Experiment 2

In this second experiment, 17-month-old infants successfully learned the association
between a new object and a new label, as indexed by their longer looking time in switch
trials as compared to same trials. Thus, they were able to encode phonetic detail when
learning a new word, which is consistent with previous in-lab findings (e.g., Stager &
Werker, 1997; Yoshida et al., 2009). Our results are also consistent with Bulgarelli and
Bergelson’s (2022) which showed that younger infants successfully performed the one-
word Switch task on Zoom.

No significant relation was found between vocabulary size and performance on the
minimal-pair word-learning task, which is not in line with Werker et al. (2002). They
found that at 14 months, both comprehensive and productive vocabulary size correlated
with performance on the Switch task, and at 17 months, the correlation was found for
comprehension only. However, they did not find an association between vocabulary size
and performance success on the Switch task at the age of 20 months. It must be pointed
out that many previous studies did not find a consistent relation between vocabulary
knowledge as assessed by the CDI and word recognition (Hamilton et al., 2000; Swingley
& Aslin, 2000). According to Werker et al. (2002), this would imply that vocabulary
knowledge is only predictive of the phonetic detail when children are first building their
vocabulary. After the vocabulary reaches some critical threshold, as measured by either
comprehension or production, the relation is no longer consistent.

Another unexpected finding is that we did not find a renewed interest in the post-test
phase as compared to the pre-test, suggesting that children’s interest in the task decreased
as the trials went on. It should be noted that Bulgarelli and Bergelson’s (2022) Switch task
did not have a post-test phase and therefore cannot speak to whether attention recovery
was comparable to offline testing. One first reason for our finding is that we used a fixed
familiarisation phase, due to technical limitations, contrary to previous researchers who
applied a sliding habituation criterion (e.g., Bulgarelli & Bergelson, 2022; Fennell &

Figure 5. Experiment 2. Mean looking times to same and switch trials for each child.
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Waxman, 2010; Werker et al., 2002). Therefore, some of our participants might have lost
interest by the time the test phase ended. Maintaining children’s interest and engagement
for a prolonged period of time can be a limitation of onlinemethods, at least for the Switch
task. Another reason might be that our selection of new objects might have been less
interesting than, for example, the objects used by Fennell (2012). Also, the effect size
obtained in our study (Cohen’s d = 0.53), which is smaller than the effect size of 1.04 by
Bulgarelli and Bergelson (2022), was noticeably higher than the average effect size of 0.32
computed in the meta-analysis by Tsui et al. (2019), which might potentially suggest a
robust online replication of the main finding in the Switch task – that is, that children
react to a change of word-object pairing. It should be noted that this interpretation cannot
be certain as we cannot know whether our results reveal the robustness of the effect or an
over-estimate of the effect size.

Experiment 3: Language assessment task in 19 to 26 months

Developmental language research typically involves the estimation of children’s language
knowledge, which tends to rely on parental questionnaires like the MacArthur CDI
(Fenson et al., 2006). However, there are situations where a face-to-face assessment is
needed, to complement or replace a parental questionnaire. In this experiment, a
comparison between a parental report of the child’s vocabulary knowledge and a
vocabulary test directly administered to the child was explored (regardless of the setting).
But most importantly, we also asked whether administering a test online would provide
equivalent data to running it face-to-face. Most available language tests have been
standardised with face-to-face data, with clinical evaluation requiring a face-to-face
assessment of a child’s language skills. It was an open question as to whether similar
scores could be obtained for an online and a face-to-face version of the same standardised
test. This is a pragmatic question: could early years professionals, practitioners and
researchers trust data obtained in a virtual space? In our third experiment, we collected
data with a standardised language assessment test, the WinG test (Cattani et al., 2019) to
estimate toddlers’ vocabulary knowledge, either online or in the Babylab. It was expected
that children’s performance on the WinG test would be affected by the environment the
test is administered in (home vs Babylab). Our initial hypothesis was that face-to-face
children would outperform online children on the WinG test, because it would be more
difficult to maintain their attention remotely, and because sound and picture quality
might get in the way of a clear communication.

Parents were also asked to fill in the Oxford CDI, which they would do similarly in
their own time, whether the sessionwould take place online or in the lab, and therefore the
setting (online or face-to-face) was not expected to affect the CDI scores. Additionally, we
analysed whether our WinG scores collected were positively correlated with the CDIs
scores. Indeed, when the external validity of the WinG was assessed, a subsample of
children performed one or more other language assessments including the Oxford CDI.
The receptive score of the CDI was significantly positively correlated with the WinG
comprehension subtests (noun (n = 116) and predicate (n = 104) separately). Similarly,
the expressive score of the CDI was significantly positively correlated with the production
subtests (noun and predicate separately) of theWinG (WinGmanual: Cattani Krott et al.,
2019).

A sample size of 60 participants was chosen for a study described in another
manuscript, which examined the relationship between children’s vocabulary knowledge
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and parental screen time. Before reaching the sample size target, we did not analyse and
compare the results of the online and face-to-face groups.

Method

Participants

Seventy children were tested and the data from 8 children were excluded due to the non-
full completion of the WinG test (4 online and 4 face-to-face participants). The final
sample included sixty-two healthy monolingual infants (31 boys and 31 girls) aged 19 to
26 months who were recruited from the Plymouth Babylab database with the same
inclusion criteria as before. Thirty-two participated in the experiment online due to Covid
restrictions at the time of testing and thirty were invited to do it face-to-face in the Babylab
when restrictions were lifted. Participants were recruited the same way but were not
randomly assigned to participate in the experiment remotely or face-to-face as a result of
the COVID-19 pandemic. Forty-six parents completed theCDI (16 from the online group
and 30 from the face-to-face group).

Materials

After completing a consent form, parents first filled in a demographic questionnaire to
collect information about the family’s socioeconomic status (SES). Then, they were
invited for their child to do a language test, the WinG test (Cattani et al., 2019), either
online, or in the Babylab. At the same time, they were asked to complete the Oxford CDI,
prior to the WinG test or during the visit to the Babylab. Parents were also involved in
another task related to their usage of screens, with data reported elsewhere (Nguyen,
2024).

For the video chat condition, the WinG was administered online with the Zoom app
using computer/laptop devices. The test consists of 44 groups of 3 cards, 4 pre-tests and
40 experimental. Each set of 3 cards contains a comprehension card, a production card and
a distractor card. The comprehension task contains 20 nounwords and 20 predicate words,
the production task also contains 20nounwords and 20predicate cards. For each of the four
components, a standardised score andpercentile can be calculated for the number of correct
answers that should be reached for each age and each gender. Following the WinG
recommendations, only the comprehension tasks for both the noun and predicate were
administered with children aged from 19 to 24months old, whereas for children aged 24 to
26 months, the production task for the noun score was additionally given. The WinG
scoring sheet was used to code the child’s answers, as included in theWinGmanual. For the
video chat condition, the WinG test was recorded through the Zoom app, and children’s
responses were transcribed later. For the face-to-face experiment, the WinG test was
recorded on a Canon video camera and responses coded afterwards.

Procedure

The parent was sent via email the consent and information forms. Then, the parent and
child were invited to participate in the WinG game test.

For the Zoom session, theWinG cards were set standing against a cardboard box on a
table, so that the cards would be visible through the child’s screen. The researcher was
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sitting in a chair behind the table and a laptop was placed in front of the table, facing the
picture cards. The child was in a room at home and sat in front of the electronic device
using Zoom and the parent sat in a chair next to their child.

For the face-to-face language test condition, the parent and child were invited to enter
the Babylab, in which the WinG cards were set upon a table, with two chairs adjacent to
each other on the table (for the child and the experimenter). The parent was sitting beside
their child. The camera recorded the session to code offline the responses from theWinG
test on the scoring sheet.

The WinG test was administered in line with the instructions from the WinG manual
(Cattani et al., 2019), where children were invited to pick up or touch the card correspond-
ing to a target word (in the comprehension task). However, for the WinG test online with
Zoom, children could not touch or take the cards. Instead, they were asked to point to their
computer’s screen at the correct card. The session was video recorded, and the child’s
answers were scored offline according to their hand gesture and/or eye gaze going to the
right, middle or left card. The WinG test started with 2 pre-tests of 3 cards each to give the
child practice of what is required for the game. The 3 cards were presented in a random
order in a line in front of the child, one comprehension, and 2 distractor cards. The children
were first asked to point out or touch the named comprehension card; once they pointed to
one of the cards, it did not matter if it was the right one. Then, the comprehension and
distractor cards were taken away to move on to the next set of cards (see diagram in
Figure 6). This was repeated for the next set of pre-test cards, all 20 experimental noun
cards, the 2 sets of pre-test cards for the predicate condition and all 20 experimental
predicate cards. Praise was always regularly provided, irrespective of the child’s answers.

The WinG test was performed to the best of the child’s ability, lasting around
30 minutes. Not all children can stay focused during the entire length of the testing
session. Following the WinG manual, when a child began to show signs of boredom or

Figure 6. Experiment 3. Diagram of the structure of the WinG.
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restlessness, theywere offered a short break (e.g., getting a snack or drink).When the child
was ready to resume testing, the administrator restarted from the last set of pictures before
the break. If necessary, the test was stopped and was resumed another day within one
week. The data collected for this study were the children’s percentile score for noun
comprehension and predicate comprehension as calculated by the standardised scores in
theWinGmanual. Moreover, the two parents’ highest educational levels were used as the
SES. The parent’s postcode was collected with the demographic questionnaire and was
used as a proxy for income, leading to the income deprivation score (IDS). The IDS were
obtained from a government website (Ministry of Housing, Communities, and Local
Government, 2019). The scores hold significance and correspond to the percentage of the
relevant population experiencing that type of deprivation in that area. So, for instance, if
an area receives a score of 0.27, it indicates that 27 percent of the population in that area is
experiencing income deprivation. The larger the score, the more deprived the area.

It should be noted that the production task data were not reported here because none
of the online children did the production task of the WinG test (as they were less than
24 months old and the WinG production part can only be tested on children older than
24 months), so we could have not compared production scores between the online and
face-to-face participants.

Results

Table 6 provides the descriptive data for the children’s ages, gender (31 boys and 31 girls),
parental education, income deprivation scores, CDI scores, and WinG scores.

There was an absence of correlation between parental education and the income
deprivation score (r = -.062,N = 77, p = .63). Therefore, only parental education was kept
as the SES indicator as it is usually the best predictor of children development (Davis-
Kean et al., 2021; Duncan & Magnuson, 2003).

First, participants from the two groups were compared on demographicmeasures. The
online group included 16 boys and 16 girls, and the in-person group had 14 boys and
16 girls. Online participants had similar educational levels (M = 4.94, SD = 0.70) to the

Table 6. Experiment 3. Descriptive data of the sample

Means and Standard Deviations of the children’s age, gender, CDIs scores and WinG scores.

M SD

Age (days) 666.89 63.48

Boys’ age 666.32 60.64

Girls’ age 667.45 67.2

Parental education 4.82 0.82

IDS 0.1 0.06

CDI knows (percentile) 69.93 17.43

CDI says (percentile) 34.52 28.26

WinG nouns (percentile) 37.02 23.67

WinG predicates (percentile) 40.08 21.17
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in-person parents (M = 4.70, SD = 0.91; t(60) = -1.15, p = .25). Children from the online
group were about a month younger (M = 649.22, SD = 54.14) than those in the in-person
group (M = 685.73, t(60) = -2.35, p = 0.02).

Then correlations were made between the CDI scores and the WinG scores. No
associations were found between the CDI comprehension scores and the WinG compre-
hension (neither on nouns nor on predicates) scores. Our sample might have not been
large enough to detect a relation between the CDI and WinG scores.

Next, independent t-tests were conducted to compare the online and face-to-face
children’s WinG performances. The results were adjusted by the Bonferroni correction
(Abdi, 2007) as the nouns and predicates are both measures of comprehension. Thus, the
significance value was divided by 2 and adjusted to 0.025.

It should be noted that standardised WinG scores incorporate age and gender. Online
children performed significantly better on the WinG test noun comprehension (M =
45.47, SD = 22.05) than face-to-face children (M = 28.00, SD = 22.27); t(60) = 3.10,
p = .003. Similarly, online children did better at the WinG test predicate comprehension
(M = 45.94, SD = 21.08) than the in-person group (M = 33.83, SD = 19.73), t(60) = 2.34,
p = .023. Figure 7 illustrates the comparison of the online and in-person performances on
the noun comprehension.

On CDI comprehension, a regression model forcing age, parents’ education, gender
and the type of performance (online/in-person) led to a significant model (R2 =
.32, F(4,41) = 4.83, p = .003) with only age as a significant contributor (β = .15, t =
4.09, p <. 001). On CDI production, the same regression model led to a significant model
(R2 = .37, F(4,41) = 5.90, p= .001) with only age (β= .20, t= 3.44, p = .001) and gender (β=
17.52, t = 2.50, p = .016) as significant predictors.

Independent t-tests were conducted to compare the online and face-to-face groups on
their CDI comprehension and production scores. No corrections for multiple compari-
sons were made as comprehension and production vocabulary scores are different
measures of language. Results indicated that there were no significant differences on
the CDI comprehension between online children (M = 68.06, SD = 16.57) and in-person
children (M = 71.03, SD = 18.11); t(44)= 1.06, p =. 57. Also, there were no significant
differences on the CDI production between online participants (M = 26, SD = 20.56) and
face-to-face participants (M= 39.52, SD= 31.18); t(44) = -1.60, p= .12. Childrenwhowere
tested online did not have significantly higher scores on the CDI. It supports the finding
that online participants outperformed those who did the language test at the Babylab, but

Figure 7. Experiment 3. Comparison ofWinG comprehension scores between online participants (N = 32) and face-
to-face participants (N = 30).
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only for the WinG test. However, having no significant differences on the CDI scores
between the online and face-to-face groups does not establish that there is no difference
between the two groups, which we will discuss further in the discussion.

Discussion of Experiment 3

In this last experiment, we investigated the reliability of using a language assessment test,
the WinG, online as compared to face to face. We originally expected that the children
who did the WinG in the Babylab would outperform the online participants. Indeed,
online children were not able to touch or take the cards which could diminish their
engagement. In addition, they might have not seen the pictures and heard the words as
clearly as in face-to-face interaction. However, the findings are exactly opposite to this
hypothesis as online children outperformed the in-person group. Critically the two
groups did not differ on CDI scores. A possible explanation for those results is that
online children might have been more focused on the task because, first, they were in a
familiar environment at home, and second, looking at a computer’s screenmight bemore
unusual and compelling. This is in line with what was found in the two previous
experiments, where high effect sizes and low attrition rates were observed when testing
online. Those results are in line with P. M. Nelson et al. (2021) who compared children’s
performances between face-to-face and online tasks. They tested children aged 4 to 5 years
old on various tasks related to workingmemory – for example, visual spatial, and numeral
competences. On five tasks out of eight, findings did not reveal differences across the two
formats that they administered, but on the three other tasks (two related to verbal
comprehension and one related to fluid reasoning), online children were found to
outperform face-to-face ones.

There could be other explanations for our findings. Participants were recruited the
same way and have similar SES but were not randomly assigned to participate in the
experiment remotely or face-to-face as a result of the COVID-19 pandemic. Differences
in composition of the sample can be one of the reasons why the online and offline group
results differ onWinG scores. However, we did not find a difference in CDI scores, so our
results are unlikely to be due to the online group having better language skills than the
offline group. It might be more likely that participants recruited during the lockdowns
might have performed better on the language test because they might have been more at
ease with computers due to parents engaging more with them this way at home.

Our findings demonstrate that online data collection might be a feasible option for
children’s language assessment; however, it also means that norms may not be useful
when testing online. Note that our data do not allow us to conclude firmly in this
direction: the face-to-face group scored around 30 on the WinG test, and the online
group around 50. As expected of standardised scores, 50 is what would be expected from a
representative group similar to the population from which standardised scores were
derived. It is possible that our face-to-face participants scored particularly low.

One possible explanation for children scoring low in the face-to-face condition was
that all adults wore an opaque mask in the aftermath of lockdown. However, it was found
by Singh et al. (2021) that opaquemasks do not prevent children from recognising spoken
words. In their study, 2-year-old toddlers were asked to identify eighteen familiar spoken
words (e.g., “Can you see the spoon?”) under three distinct conditions: words spoken
without any mask, words transmitted through a transparent mask, and words conveyed
through an opaque mask. The results indicated that the toddlers could identify familiar
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words when presented without a mask or through opaque masks. However, they had
difficulties to recognise words when heard through clear masks. Moreover in our study,
we ensured at the start of the testing that children understood what was being said with
the pre-test cards.

Another possibility would be about the timing of the visits and the general effect of the
lockdowns. The online children were tested about 6 months after the start of the initial
lockdown in the UK, which means that they had experienced their first years of life in a
normal environment. In contrast, the face-to-face group was seen after having experi-
enced lockdowns for at least one year, which represents a proportionally longer time of
non-typical experience. Although their language skills might have been comparable
(as demonstrated by the CDI scores in the two groups), their level of engagement might
have been different enough to explain their lower scores on the WinG test. Davies et al.
(2021) showed that children aged 8 to 36months who did not attend childhood education
and care (ECEC) during lockdowns had lower cognitive executive functions skills
(cognitive flexibility, inhibitory control and working memory) than those who did.

The important conclusion of our findings here is that children tested online, and who
were drawn from the same population as those tested face to face, outperformed the latter.
It would have been interesting to replicate these findings, but the data collection
opportunity was unique and unrepeatable due to the exceptional lockdowns’ circum-
stances.

General discussion

We adapted three paradigms into online experiments to investigate various ways to
estimate looking behaviour in young children. The results from the three experiments
provide support for online testing reliability. With some modifications to lab-based
procedures, the IPL and Switch tasks successfully collected eye movement data and
provided solid replications of established results. In Experiment 1, previous lab-based
findings were replicated (e.g., Vihman et al., 2007) and showed word recognition in
children. In Experiment 2, infants significantly learned a new word which is consistent
with previous in-lab (e.g., Yoshida et al., 2009) and online research (Bulgarelli &
Bergelson, 2022) involving the Switch task. Finally, Experiment 3 demonstrated that
children can perform well on a language assessment test administered online and that
they were strongly engaged and responsive to the task.

The three experiments presented here have highlighted a number of advantages to
testing in an online paradigm. Firstly, there can be high levels of engagement for young
participants when tested in the home environment (Experiments 1 and 3). Indeed, we
found that instead of being distracted by their surroundings, children remained engaged
for the duration of the experiment which might be due to children feeling more
comfortable and at ease in their home, according to Tsuji et al. (2022). A higher level
of engagement in online experimentsmight also explainwhy children performed better in
our Experiment 3 and in other previous studies (e.g., Bacon et al., 2021; P.M.Nelson et al.,
2021).

Another advantage to testing online was the higher than expected effect sizes
(Experiments 1 and 2). Comparing online to in-lab testing we found that effect sizes
were not only replicated, but were much higher in magnitude. This is promising support
for testing online, especially for studies in which small effect sizes are usually expected
(e.g., semantic priming studies).
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Another interesting finding was that trials which are not infant-led still replicated
findings in-lab (Experiments 1 and 2), which generally require participants to attend to
the screen before proceeding to the next trial.

A final, but important advantage to testing online was our finding of very little attrition
or data loss (e.g., Experiment 1 <5%) compared to some lab-based studies, which can lose
up to 30% according to a meta-analysis performed by Bergmann et al. (2018).

Having considered the advantages to testing online, we now turn to specific consid-
erations when testing online. As with all new findings, more replication studies are
required before generalising beyond these three paradigms that testing online is suitable
for other infant paradigms and other infant populations.

Another point to consider is that children’s attentionmight fade throughout the online
session. Indeed, Tsuji et al. (2022) reported that it may be more difficult to maintain
children’s engagement and interest during online tasks than in the lab. They quoted
Chuey et al. (2021) and Shields et al. (2021) who recommended keeping the tasks short
and eliciting regular responses from children with synchronous tasks to monitor chil-
dren’s engagement. In our three experiments, we only found evidence for a reduction in
attention during one experiment (Experiment 2) which differs, for example, from
Experiment 1 in which very few trials were lost, suggesting that children remained
engaged throughout this particular experiment. Future testing might explore if these
behaviours were specific to the individual experiments.

Additionally, experimental findings in online testing might differ from clinical meas-
ures, such as being able to identify language delays (see Experiment 3). Indeed, experi-
mental results obtained through online testing may not align with clinical evaluations,
particularly in terms of detecting language delays in children. Standardised children’s
language tests, which are traditionally validated and considered clinically reliable when
administered face-to-face, might notmaintain the same level of validity or accuracy when
conducted online (Frizelle et al., 2023). Children’s language tests are established through
meticulous procedures that involve face-to-face interactions between the child and the
assessor. These tests are designed to assess various linguistic skills, including compre-
hension, vocabulary, grammar, and overall language development. During in-person
assessments, clinicians can observe not only the child’s responses but also their non-
verbal cues, engagement, attention span, and other contextual factors that might influ-
ence their performance. This comprehensive approach helps in obtaining a holistic
understanding of the child’s language abilities and facilitates more accurate diagnoses
or identification of language delays (see systematic review by Alfano et al., 2022).

Conducting these standardised tests in an online format introduces several potential
challenges and limitations that can affect their validity. Online testing lacks the direct,
in-person interaction between the experimenter and the child (Frizelle et al., 2023), which
restricts the experimenter’s ability to observe non-verbal cues, maintain engagement, or
adjust the assessment based on the child’s behaviour or reactions during the test.
Furthermore, the adaptation of standardised tests to an online format might not have
yet undergone validation processes as might their traditional face-to-face versions
(Manning et al., 2020).

Another limitation is that certain types of paradigms might not be adaptable to an
online format depending on the age. Indeed, Lapidow et al. (2021) showed age-related
differences in the performance of young children (aged between 2 and 5 years) that are not
apparent when conducting studies in person. Their study examined the same develop-
mental task across three different methodologies: in-person, an online synchronous
version, and an online asynchronous version. They investigated whether children’s
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inferences of unobserved populations are influenced by the variability of the observed
samples. To examine this, children observed an experimenter randomly selecting balls
from two identical containers (Lapidow et al., 2021). One container contained four balls
of different colours (varied-sample), while the other container contained four balls of the
same colour (uniform-sample). Subsequently, children were asked to determine which
container was more likely to hold a ball of a different colour. In the in-person context
which consisted of Experiment 1, 72.5% of children significantly chose the correct answer
which was the varied-sample container and there were no age-related differences on the
performance. In the online context, which included Experiments 2 and 3a-b, the
researchers failed to replicate the in-person performance with the majority of children
responding by chance. However, there was an effect of age with Experiment 2 which
might have explained the results suggesting that children’s online performance may
become more robust with age. Considering that the age and overall population charac-
teristics of the participants were identical in both settings, they conducted another online
Experiment 3c with only children aged 4 years old. Similar to the in-person experiment,
most of the children (76.2%) significantly chose the varied-sample. Additionally, in the
online Experiments 2 and 3a-b, only children older than 3.5 years in the synchronous
version and above 4 years in the asynchronous version performed above chance. The
findings suggest that children’s age significantly influences their performance in an online
setting. Notably, older children performed better compared to younger children. These
results differ from what would typically be observed in a lab or in-person setting.

An important consideration when testing online is that some platforms collecting eye
movement data can involve offline coding of video data which is time-consuming (see
C. M. Nelson & Oakes, 2021), though there are platforms, such as LabVanced, which can
automatically code the looking behaviour (see Bánki et al., 2022). Despite this fact,
performing offline coding on the video data can reduce data loss (see Venker et al.,
2020) compared to the automatic calculations performed by in-lab eye-tracking software.
Data loss from testing in a lab setting tends to occur when an eye-tracker loses connection,
but manually assessing each frame when coding video data offline for online experiments
does not present this issue.

Though our findings do not indicate that parents influenced the behaviour of their
children during testing, the lack of control over the testing environment and how parents
behave during testing should be considered. At a veryminimum, clear instructions should
be given (with instructional images or videos where possible) to the parents, indicating
how they should behave, with an explanation of why this is important. However, further
online testing might indicate if this type of instruction is necessary during at-home or
in-lab testing, which could inform the instructions we give to parents during in-lab
testing.

A final limitation to testing online is that while online testing has the potential to reach
broader demographic groups in theory, in order for online testing to work well, basic
requirements such as a suitable up-to-date device and a stable internet connection are
linked to a financial situation and lifestyle that enable this access. Furthermore, using the
same avenues for recruitment (i.e., an institutional database of families) does not extend
our reach to test under-represented groups.

Another potential limitation is the use of non-standard exclusion criteria pertaining to
less than 6 weeks of prematurity in our experiments, and the absence of information on
participants’ birth weight. Our participants’ samples would have captured “late preterm”
births (between 34 weeks up to 37), but not early preterm births. Late preterm births,
constituting approximately 8% of all births (Loftin et al., 2010), have been associated with
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cognitive outcomes generally poorer than those of full-term infants (see Martínez-Nadal
& Bosch, 2021, for a review). However, contextual factors such as preschool attendance
and experiencing sensitive parenting have been identified as potential moderators of these
outcomes (Shah et al., 2023). This is a very different picture than for extremely preterm or
very preterm infants who are at high risk of experiencing cognitive difficulties, including
in language development (Foster-Cohen et al., 2007).

Therefore, it is possible that about 8% of our participants were moderately premature,
and that out of those, a proportion would have had difficulty with language skills at the
time they came to the Babylab. However, they would have been evenly distributed across
the three experiments; in addition, what we observed across the three experiments is low
attrition rate and robust effect sizes, which suggest that if anything, excluding these
children would have led to even more robust effects.

These studies provide encouraging support that other infant paradigms might be
suited for adaptation to online testing. For instance, paradigms for measuring children’s
knowledge of syntax can be applied to online testing such as the elicited production that
investigates whether young children have abstract knowledge of a particular structure
(e.g., Ambridge, 2011). Paradigms to assess socio-emotional regulation in infants can also
be adjusted for online experiments – for example, the Face-to-Face Still-Face paradigm
(e.g., Barbosa et al., 2020; Giusti et al., 2018) where the parent and infant engage face-to-
face for 2 min (e.g., Play episode). Next, the parent is told to stop engaging and
communicating with the child. Instead, they are instructed to maintain eye contact with
the child while keeping a still face for 2min (e.g., Still-Face episode). This paradigm could
work online by video live recording the interaction between the caregiver and the infant
via a video call application. Indeed, for example, a recent study by McElwain et al. (2022)
validated an online procedure that assessed mother and infant behaviour during the Still
Face Paradigm (SFP). They compared data collected during in-person lab visits with data
collected during remote Zoom visits to establish the validity of the online procedure. For
the online procedure, prior to the online session, mothers received an email giving
information about the necessary equipment needed for the Zoom visit, such as a bouncy
seat or high chair (McElwain et al., 2022). The online session was recorded and during the
visit, the experimenter used the Zoom’s screen sharing functionality to display slides
containing comprehensive instructions for each task. Throughout all the activities, the
experimenter disabled the video camera and microphone, with the exception of the
Baseline video where he/she remained unmuted. He/she collaborated with the mother
to find themost suitable video angle, ensuring that the faces of both themother and infant
were captured effectively (McElwain et al., 2022). When comparing virtual visits to
laboratory visits, during the SFP, mothers and infants had similar vocalisations, gaze
directions and proportions of facial expressions. Additionally, infants also displayed
similar behavioural changes across SFP episodes.

In conclusion, this paper demonstrates that the recent pandemic has inadvertently
opened promising avenues of investigation in early language studies, and it is likely that
future research will harvest the benefits of the enforced development of online experi-
ments, reaching out to multicultural and multilingual populations around the world.
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