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Abstract
Young children today are exposed to masks on a regular basis. However, there is limited
empirical evidence on howmasks may affect word learning. The study explored the effect of
masks on infants’ abilities to fast-map and generalize new words. Seventy-two Chinese
infants (43 males, Mage = 18.26 months) were taught two novel word-object pairs by a
speaker with or without a mask. They then heard the words and had to visually identify the
correct objects and also generalize words to a different speaker and objects from the same
category. Eye-tracking results indicate that infants looked longer at the target regardless of
whether a speaker wore a mask. They also looked longer at the speaker’s eyes than at the
mouth only when words were taught through a mask. Thus, fast-mapping and generaliza-
tion occur in bothmasked and notmasked conditions as infants can flexibly access different
visual cues during word-learning.

Keywords: infants; word learning; fast-mapping; generalization; visual cues; masks

Introduction

Ever since the outbreak of COVID-19, wearing masks in public has become a common
practice, especially for people living in Asian countries such as China, Japan and South
Korea (Feng et al., 2020). Although not compulsory now, masks are still worn mainly for
reasons of protection from respiratory illnesses and air pollution (Crimon et al., 2022;
Greenhalgh et al., 2020). Consequently, young language learners today are exposed to
masks on a regular basis and sometimes must acquire language from adults who wear
masks (Singh et al., 2021). Masks are predicted by researchers to be present in young
children’s learning environment for the long term. It is therefore worth exploring their
effects on language development (Yeung et al., 2020).

Past studies indicate thatmasksmay alter the quality of speech transmission (Corey et al.,
2020; Fecher &Watt, 2011; Saeidi et al., 2016; Saigusa, 2017). Clothmasks have been found
to reduce speech transmission by 3 to 4% and the percentage for N95 masks is 13 to 17%
(Palmiero et al., 2016). Another study found that common types of masks (N95, surgical,
and cloth) affected the acoustic measures of speech (e.g., N95 masks impacted the power
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distribution in frequencies above 3kHz) while other acoustic features such as measures of
voice quality remain unaffected (Magee et al., 2020).

Masks also obscure a speaker’s mouth which provides visual cues for language
understanding (Flom & Bahrick, 2007; Kuhl & Meltzoff, 1982, 1984; Lalonde &Werner,
2019; Lewkowicz, 2010; Lewkowicz & Flom, 2014; Lewkowicz & Hansen-Tift, 2012).
Starting from 6-months, infants can observe lip movements to discriminate between
different phonemes (Teinonen et al., 2008). Four- to 10-month-olds are sensitive to the
temporal synchrony between speech sound and the corresponding mouth movements
(Lewkowicz, 2010). Twelve-month-olds differentiated familiar and unfamiliar words
only under conditions in which the month movements are generally consistent with
the words pronounced (Weatherhead & White, 2017). Starting from 18-months of age,
infants begin to attend more to a speaker’s mouth when exposed to both infant-directed
and adult-directed utterance (de Boisferon et al., 2018). Thus, infants rely on both
auditory and visual cues for language comprehension (Cohn et al., 2021) and masks
could potentially hinder communication.

Studies with adults suggest that masks in some circumstances may affect language
comprehension. For example, Magee et al. (2020) found that adults’ ability to complete
word and sentence translations was affected by all types of masks. Cohn et al. (2021)
discovered that cloth masks affected adults’ ability to repeat speech only when sentences
were produced in a positive-emotional style. For sentences that were spoken in a casual
style, repetition was unaffected by masks. There are also studies that indicate speech
perception is unaffected by masks even in a noisy environment (Atcherson et al., 2017;
Mendel et al., 2008).

Studies with children also produced mixed findings regarding the effect of masks on
communication. For example, Tronick and Snidman (2021) found that mask wearing did
not disrupt mother-child interaction for 5- to 19-month-olds. Lalonde et al. (2022) tested
consonant recognition in children with bilateral hearing loss, children with normal
hearing (between 7 to 19 years of age) and adults with normal hearing. It was found that
speech recognition was similarly impacted by masks for all groups. Schwarz et al. (2022)
asked 8- to 12-year-olds to repeat the last word of sentences presented in audio-visual
format. Children made more mistakes and showed slower processing speed when the
sentences were produced with a mask. In another study by Crimon et al. (2022), French
and Japanese nursery school educators reported that masks reduced their language
quantity and also children’s verbal communication. Nonetheless, educators also reported
increases in the use of non-verbal cues which could compensate for the reduction in
language quantity.

Apart from the aforementioned studies, there is an emerging line of research that
specifically investigates the impact of masks on word learning. Word segmentation
(extracting wordforms from running speech), for example, is an ability that facilitates word
learning (Bergmann & Cristia, 2016). In a study by Frota et al. (2022), 7- to 9-month-olds
completed an auditory and an audiovisual word segmentation task in two conditions:
without and with an FFP2mask. It was found that unlike those from a pre-pandemic study
(Butler & Frota, 2018), infants born during the pandemic showed no evidence for word
segmentation both in the presence and absence of amask. The authors argued thatCOVID-
related changes in everyday communication could explain these findings. That is,masks are
only one of the factors within an overall effect of the pandemic that disturbs word learning.
In another study by Sfakianaki et al. (2021), the impact of masks on familiar word
recognition was closely examined. Adults and children aged 6- to 7-years were presented
a low frequency word recognition test in either quiet and noisy environments. Half of the
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words were produced with a mask. The results revealed that word recognition was
compromised when produced with masks regardless of participants’ age and noise level.
Kwon and Yang (2023) investigated the combined effects of mask usage (no mask, surgical
masks and KF94 masks) and room acoustics on familiar word recognition in preschool
children in real classroom settings. It was found that 4- and 5-year-olds’ performance was
disturbed by masks more than 6-year-olds. Using the Intermodal preferential paradigm
(IPL), Singh et al. (2021) investigated 24-month-olds’ ability to recognize familiar words
spoken throughdifferent types ofmasks (nomasks, opaquemasks and clearmasks). Infants
saw two objects (one target and one distractor)while hearing a speaker producing a familiar
word that was supposed to match the target. They then had the opportunity to visually
identify the target. Results showed that 24-month-olds could recognize words spoken
without a mask and through opaque masks, but not through clear masks. The authors
argued that when encountering speakers with masks, infants can access cues other than
those from the mouth to recover information. This finding was supported by studies
suggesting that linguistic cues such as whole-head movement and eye gazes can also
facilitate word learning (Langton et al., 2000; Munhall et al., 2004).

Taken together, previous research produced mixed results regarding the impact of
masks on word learning in young children. However, apart from word segmentation and
familiar word recognition, there are several other fundamental abilities that underlie word
learning (Horváth et al., 2016; Schafer & Plunkett, 1998). For example, fast-mapping refers
to the ability to learn a word (i.e., mapping word forms to an object or an action) after
minimal exposure (Eyer et al., 2002; Houston-Price et al., 2005; Wilkinson & Mazzitelli,
2003). Using the IPL paradigm, Schafer and Plunkett (1998) taught 15-month-olds two
novel words (e.g., bard and sarl) as names of two novel objects. After each object was
named 12 times, infants saw both objects together and heard one word. It was found that
infants consistently looked longer at the target objects than distracter object, revealing that
they could rapidly “fast-map” a novel word to an object. Houston-Price et al. (2005) found
that for 18-month-olds, three repetitions of a word were sufficient for learning to occur.
Using a preferential pointing task, Spiegel and Halberda (2011) suggest that
24-month-olds can fast-map novel words after a brief single exposure and also retain
the word after a one-minute break.

Another ability that facilitates word acquisition is word generalization across objects of
the same category and across different people (Buresh &Woodward, 2007; Graham et al.,
2006; Henderson &Woodward, 2012). This ability helps infants to save cognitive effort in
word learning. That is, after acquiring a new word, infants do not have to learn the word
repeatedly every time they encounter a new speaker or another object of the same category
(Liu & Sun, 2019). Horváth et al. (2016) taught 16-month-olds two novel word-object
pairs. Later in the tests, the objects changed colour and infants heard only one of the
trained words. It was found that when provided enough time to consolidate the informa-
tion (i.e., after taking a nap), infants were able to associate the words with the correct
objects even when the objects changed colour. Using both the habituation and IPL
paradigm, Liu and Sun (2019) repeatedly presented 13-month-olds with novel word-
object pairs. The objects then changed colour and infants viewed the same speaker and a
new speaker using the taught word to name either the different coloured target or
distractor. They were also asked by both speakers to visually locate the correct referents.
Results showed that infants expected both speakers to use thewords for objects of the same
category, thus demonstrating the ability to generalize words across people and across
objects of the same category. These studies were supported by the finding that infants tend
to rely on an object’s shape rather than colour when identifying category (Graham &
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Poulin-Dubois, 1999). This is because shape is more stable than other features such as
colour and size and thus is more relevant for category identification and word general-
ization (Xu et al., 2004; Yoon et al., 2008).

To date, past studies only explored the effect of masks on word segmentation and
familiar word recognition in young children, but there had been little empirical
evidence about whether masks would influence fast-mapping and word generalization.
Targeting this question, the present study adopted the IPL paradigm which has been
reported to be suitable for pre-verbal infants (Ballem & Plunkett, 2005; Mani &
Plunkett, 2008; Singh et al., 2015). Eighteen-month-olds were chosen as participants
because previous literature indicates that, at this age, infants begin to fast-map words
after very few exposures (Houston-Price et al., 2005). In the training trials of the study,
infants were taught two novel word-object pairs for three times each by a speaker who
either wore a cloth mask or did not wear a mask. They then completed the fast-
mapping tests during which they saw the two objects being placed together, heard one
matching word and had to visually identify the correct target object. Later in the
generalization tests, the objects changed colour and a different speaker tested infants
using the same procedure. Based on the mixed findings by Singh et al. (2021) and Frota
et al. (2022), we asked whether mask wearing would impact infants’ fixation on the
objects.

Methods

Participants

The participants were 72 full term infants (43males, mean age = 18months, 8 days, range
= 17 months, 22 days to 18 months, 18 days) recruited from three nurseries in Shanghai,
China. No participant had known health-related issues and familial or other risks for
language impairment. To detect an effect of partial eta squared = .06 with 80% power in a
repeated-measures, within-between interaction ANOVA (two groups, alpha = .05, non-
sphericity correction = 1), a priori GPower 3.1 analysis suggested that 30 participants
would be sufficient (Faul et al., 2007). However, since a greater number of parents
volunteered to take part in the study, the final sample consisted of 72 participants. Past
studies suggest that larger sample sizes contribute to greater power (e.g., Desmond &
Glover, 2002; Oakes, 2017).

All infants were Chinese and exposed to Mandarin as their first language. They were
randomly assigned into either the No Mask Condition (n = 36, 24 males, mean age =
18 months, 6 days, range = 17 months, 26 days to 18 months, 18 days) or With Mask
condition (n= 36, 19males,mean age = 18months, 11 days, range = 17months, 22 days to
18 months, 17 days). Five additional infants were tested but not included in the final
sample due to insufficient eye-tracking data (had over 25% data loss at calibration or less
than 30% data during recordings at test trials) (n = 4) and technical errors (n = 1). The
criteria for insufficient data were based on infant eye-tracking studies by Johnson et al.
(2003) and Hessels et al. (2015). All parents gave informed consent for the infants’
participation prior to their inclusion in the study.

The present study was conducted in the post-pandemic period. However, all infants
were born during the Covid-19 pandemic period and all parents reported that their
infants were exposed to masks on a daily basis since birth. The estimated mean time of
infants’mask exposure from January 2022 to January 2023 was 1.86 hours per day (SD =
.87, range = 0.50 to 4.00 hours).
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Stimuli

Four familiar objects which were a rabbit puppet, monkey puppet, a book and a ball were
used. Four novel objects (two objects from each object category that differed only in
colour) were also selected (see Figure 1). Infants did not show any biases towards a
particular category of objects (for a detailed analysis see Appendix A).

One object category was named using the novel Mandarin pseudo-word ‘mi (1) dou
(4)’ and another was named “ding (1) ge (2)’. The four syllables “mi” “dou”, “ding” and
“ge” were chosen based on previous findings that 1) /m/, /d/, /g/ were among the first
and most frequent consonant sounds that infants as young as 6-months of age acquire
and produce (Hua & Dodd, 2000; Nathani et al., 2006; Swingley, 2021) and 2) /i/, /ou/, /
ing/, /e/ were also among the most common vowels in Chinese that could be produced
by infants (Du, 2010; Hua & Dodd, 2000). The consonants and vowels were combined
into four syllables and then the syllables were combined into two words. The first,
second and fourth tones were then randomly assigned to the syllables. The above
procedure was repeated to produce two words that did not coincide with existing
Chinese lexicons or bear any inherent meaning. Note that the third tone was not used
because it is significantly longer than the other tones (Cao & Sarmah, 2007). There was
another pseudo-word “niu xing” which was not taught as an object label in the training
trials but was presented in the test trials. The two syllables were selected based on the
finding that the consonants (/n/ and /x/) and vowels (/iu/ and /ing/) are also common in
Chinese and could be articulated by 18-month-old Chinese infants (Hua&Dodd, 2000).
The syllables were combined into a word using the same procedure as for “mi dou” and
“ding ge”.

Twenty adult native-speakers rated the level of resemblance of each pseudo-word to
real words on a five-point scale (0 = no resemblance to real words, 5 = high resemblance to
real words) and the mean rating were 4.92 (SD = .31) for “mi dou” , 4.95 (SD = .22) for
“ding ge” and 4.89 (SD = .28) for “niu xing”.

Figure 1. Novel objects and speakers in the No Mask (left) and With Mask (right) Conditions.
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The word-object pairs were taught and tested by two speakers (one male and one
female, see Figure 1) in the form of videos. Acoustic analyses were conducted for all videos
in the training phase and test phases. Results suggest thatmasks did not affect the acoustic
features of the target words. See Appendix B for detailed analyses.

Eye-tracking

Tobii Pro Fusion eye tracker with a sampling rate of 250Hz was used. Accuracy was about
0.3 degrees for binocular eye movements (M = .29, SD = .07, range = .19 to .43). The eye-
tracker was connected to a laptop (controlled by the experimenter) that presented video
stimuli on the screen and monitored children’s visual attention using the Tobii Prolab
software. The display monitor resolution was 1920 x 1080. The Areas of Interest (AOIs)
were the speaker’s eyes, mouth and hand in the training phase and the objects in the test
phases (see Figure 2). The AOIs were dynamic that changed with movements of the head
and hands. This was achieved using the dynamic AOI tool in the Tobii Prolab software
(Tobii AB, 2023), which readjusted the positions of the AOIs with every movement of the
corresponding areas. Areas in pixels were the same across videos (eyes: 161, 51; mouth:
93, 68; hand: 255, 164; objects: 155, 186).

Procedure

The experiment consisted of a training phase, a fast-mapping test phase and a general-
ization test phase. In all phases, infants sat approximately 60cm from the eye-tracker in a
quiet classroom at the nurseries. They sat in a baby chair with safety straps which
restrained body movements. The surrounding was curtained so children could only see
the screen. A nine-point calibration was first conducted with individual calibration points
repeated until all calibration points were obtained for each participant. The 3D eyemodels
in Tobii eye trackers can compensate for drift and are robust against changes in head
position, therefore it is suggested that calibration is conducted only once prior to the
experiment and needs not to be adjusted during recording (Tobii AB, 2023).

After calibration, the training phase began. There were 10 trials in total. Infants first
saw two speaker familiarization trials. In the first trial, one speaker (e.g., themale speaker)
appeared from behind a table and said “ni hao, wo zai zhe li” ‘hi, here I am’ in Mandarin,
hid behind the table, then appeared again and smiled. Another speaker (e.g., the female
speaker) repeated the same actions in the second trial. Each trial lasted for 8000ms. The
order of speaker presentation was randomized.

Infants then saw two familiar word training trials presented in a random order. Each
trial began with an attention getter (a ringing sound for 1000ms) and one speaker
appeared on screen sitting behind a table with a puppet (e.g., a rabbit) in front of him
or her. The speaker first attracted infants’ attention by making direct eye contact for
2000ms. He or she then gazed at the puppet for 2000ms, named it “tuzi” ‘rabbit’, pointed
at the puppet for another 2000ms and named it the second time by saying “yi zhi tu zi” ‘a
rabbit’. After that the speaker maintained his/her final position (in a still frame) for
3000ms before the trial ended. The second trial involved the same speaker using the same
procedure to name a ball. These two trials demonstrated to infants that the speaker was
explicitly naming the objects.

The familiar word training trials were followed by six novel word training trials. In a
typical trial, the speaker had one of the novel objects in front of him or her and named the
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object “mi dou” for the first time and “yi ge mi dou” ‘a mi dou’ for the second time. The
naming procedure and timing were the same as the familiar word training trials (see
Figure 3 for the timeline of a training trial). This trial was repeated three times as previous
studies suggest that three exposures were enough for 18-month-olds to learn word-object
pairs (Houston-Price et al., 2005). The speaker then used the word “ding ge” to name the
other object in the next three trials before the training phase ended. Note that half of the
infants in each condition learned the word “mi dou” first and the other half was taught
“ding ge” first.

Infants then underwent the fast-mapping test phase which consisted of eight test trials.
The first two trials were familiar word test trials (presented in a random order) for the
words “rabbit” and “ball”. In a typical trial, after a 1000ms attention getter, the speaker
from the training phase appeared on screen with two familiar objects (e.g., rabbit as the
target and monkey as the distractor) in front of him or her. He or she first established eye

Figure 2. Examples demonstrating Areas of Interest in the training trials (top two) and test trial (bottom).
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contact for 2000ms and then said “Tu zi. Tu zi shi na yi ge?” ‘Rabbit.Which is the rabbit?’.
The two sentences were separated by a 1000ms pause. After finishing the questions, the
speaker put down his or her head to break eye-contact so infants weremore encouraged to
look at the objects rather than the speaker’s face. Infants were then allowed 8000ms to
look at the screen before the test trial ended. The second trial involved the speaker asking
infants to find the ball in the presence of a book as the distractor. The familiar word test
trials assessed whether infants could respond to the paradigm by looking at the target
object upon hearing a taught word.

Infants then watched six fast-mapping test trials which were divided into two blocks.
The first block contained three trials (presented in a random order). One test trial
involved the word “mi dou” , one involved “ding ge” and one involved the word “niu
xing” (which was not taught in the training phase). The procedure in these test trials was
identical to the familiar word test trials (see figure 4 for the timeline of a fast-mapping test
trial). The second block was a repetition of the first block. Note that the word “niu xing”
was tested to further confirm that infants learned the association between the taught
words and the two corresponding objects. If infants established the word-object associ-
ations, they were expected to show random looking at the objects (thus not identifying a
target) or not look at the objects upon hearing the word “niu xing”.

After completing the fast-mapping test phase, infants last underwent the generaliza-
tion test phase. This phase began with a new-speaker trial during which a different
speaker (who was in the speaker familiarization trial but not in the training trials)
appeared with two novel objects which changed colours. The speaker established eye-
contact for 3000ms and maintained a neutral expression for 5000ms before the trial
ended. This trial familiarized infants with the new speaker and the different coloured
objects so infants’ looking responses in the subsequent generalization test trials would not
be affected by sudden changes in speaker and object colours. After the new-speaker trial,
infants saw six generalization test trials (arranged into two blocks). The procedures were
identical to those in the fast-mapping test phase except that the speaker and objects’
colours were changed (see Figure 4).

In the above phases, infants in theWithMask Condition saw the two speakers wearing
white surgical cloth masks with ear loops throughout the experiment; and for those in the
NoMask condition, the speakers did not wearmasks. If an infant did not look at the screen
for a particular trial, it was repeated. The following factors were counterbalanced across
infants in each condition: the target object, the positions (left and right) of the target and
distractor and the gender of the speaker who presented the training trials, fast-mapping
test trials and generalization test trials (i.e., infants who watched the male speaker during

Figure 3. Timeline of a training trial in the No Mask Condition.
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training and fast-mapping test phases watched the female at generalization test phase and
vice versa). The study procedure was approved by the Research Ethics Committee in
accordance with the Declaration of Helsinki.

Results

Preliminary analyses

Total attention analyses
An independent samples t-test was first conducted to compare mean total fixation time
(towards all trials) between the NoMask andWithMask Conditions. The analysis showed
no significant difference in fixation time, t(70) = .44, p = .663, indicating that infants were
equally attentive to all videos in the two conditions. For the training trials involving the
two novel words, infants demonstrated a tendency to look more to the With Mask
Condition (M = 81.96, SD = 6.53) than to the No Mask Condition (M = 79.50, SD
=6.12), but the difference did not reach significance, t(70) = 1.65, p = .052. For the test
trials involving the novel words, looking time did not differ significantly between the two
conditions, t(70) = -1.05, p = 296.

Familiar word test trials analyses
To explore whether infants identified the target object upon hearing a familiar word, a
2 (objects: target, distractor) × 2 (conditions: nomask, withmask)mixed-design ANOVA
was first conducted on infants’mean total fixation time in the familiar word test trial for
the word “rabbit”, with objects as the within-subject factor. Fixation time was recorded
immediately after the speaker finished his or her questions (e.g., after the sentence “tu zi
shi na yi ge?” ‘which is the rabbit?’). Results showed a significant main effect of objects,
F(1, 70) = 14.40, p < .001, η2 Partial = .17.

Figure 4. Timeline of a fast-mapping test trial (top) and a generalization test trial (bottom) in the No Mask
Condition.
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To follow up on this main effect and further explore how infants differentiated
between the target and distractor, a paired samples t-test was performed to compare
fixation time to the target and distractor. Results indicated that infants (in all conditions)
looked significantly longer at the target (M = 3.06, SD = 2.23) than at the distractor (M =
1.80, SD = 1.49), t(71) = 3.72, p < .01, d = .66, r = .32, 95 % CI [.58, 1.93]. Longer looking
time towards the target was observed regardless of condition as there were no interaction
effects between objects and conditions, F(1, 70) = 3.72, p = .058.

A similar ANOVA was then conducted on the second familiar word test trial for the
word “ball” and revealed a significant effect of objects (F(1, 70) = 13.43, p < .001, η2 Partial=
.16) but no significant interaction between objects and conditions, F(1, 70) = .84, p = .364.
A follow-up paired samples t-test showed that infants looked significantly longer at
the target (M = 3.13, SD = 2.23) than at the distractor (M = 1.67, SD = 1.89), t(71) = 3.67,
p < .001, d = .71, r = .33, 95 % CI [.66, 2.25].

The above findings indicate that 18-month-olds in the present study could respond to
the paradigm by visually identifying the target object.

Main analyses

Test trials analyses
The focal question of the present study was whether mask wearing would affect infants’
ability to 1) fast-map the two novel words and 2) generalize words across speakers and
objects of the same category. To answer this question, infants’ mean total fixation time
towards the target and distractor (after the speaker finished his or her questions) in the
fast-mapping test phase and generalization test phase were compared within each
condition.

For the No Mask Condition, a 2 (objects: target, distractor) × 2 (test types: fast
mapping test, generalization test) × 3 (words: mi dou, ding ge, niu xing) repeated
measures ANOVA was conducted on mean fixation time towards the target and dis-
tractor in the test trials. The ANOVA showed significant main effects of objects (F(1, 105)
= 109.91, p < .001, η2 Partial = .51), test types (F(1, 105) = 15.50, p < .001, η2 Partial = .13) and
words (F(2, 105) = 9.79, p < .001, η2 Partial = .16). The main effects of object and words
were qualified by a significant interaction between objects and words, (F(2, 105) = 29.50,
p < .001, η2 Partial = .36). No interactions were found for test types.

To obtain more information about the main effect of test types, a paired samples t-test
was performed to compare infants’mean total fixation time (on the objects) between the
two types of tests. The analysis showed that fixation time was longer in the fast-mapping
tests (M = 5.73, SD = 2.81) than in the generalization tests (M = 4.16, SD = 2.28), t(71) =
3.85, p < .001, d = .61, r = .29, 95 % CI [.76, 2.39]. Past studies indicate that infants’
attention tends to decline after repeated presentations of similar test events (Henderson
et al., 2008; Liu & Sun, 2019). Thus the decrease in looking time in the generalization tests
could be a result of general decline of attention because the generalization test trials were
always presented last in each block of test trials.

To follow-up on the interaction effect between objects and words, paired samples
t-tests were performed on fixation time for the target and distractor objects in the fast-
mapping tests and also in the generalization tests (see Figure 5). Results revealed that
when asked to find the “mi dou”, infants looked significantly longer at the target (M =
4.60, SD = 2.66) than at the distractor (M = 1.59, SD = 1.34) in the fast-mapping tests,
t(35) = 5.75, p < .001, d = 1.43, r = .58, 95 % CI [1.95, 4.09]. This pattern was observed in
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86% of the infants (n = 31). Infants also looked significantly longer at the target (M = 3.10,
SD = 1.94) than at the distractor (M = 1.19, SD = .89) in the generalization tests, t(35) =
4.81, p< .001, d=1.27, r= .52, 95%CI [1.48, 2.95]. This was observed in 89%of the infants
(n = 32).

For the word “ding ge”, infants looked significantly longer at the target (M = 4.24,
SD = 2.53) than at the distractor (M = 1.04, SD = .98) in the fast-mapping tests, t(35) = 7.27,
p < .001, d = 1.67, r = .64, 95 % CI [2.31, 4.11]. This was observed in 92% of the infants
(n = 33). Infants also looked significantly longer at the target (M = 3.44, SD = 2.56) than at
the distractor (M= 1.00, SD=1.07) in the generalization tests, t(35) = 4.96, p< .001, d=1.24,
r = .53, 95 % CI [1.44, 3.44]. This was also observed in 92% of the infants (n = 33).

Infants did not discriminate between the target and distractor upon hearing the word
“niu xing” (which was never associated with the objects in the training phase) in both the
fast-mapping tests (t(35) = -.37, p = .358) (47% of the infants (n = 17) looked longer at the
target) and in the generalization tests (t(35) = -.03, p = .486) (52% of the infants (n = 19)
looked longer at the target).

For the With Mask Condition, a 2 × 2 × 3 repeated measures ANOVA was conducted
and showed significant main effects of objects (F(1, 105) = 43.51, p < .001, η2 Partial = .30),
test types (F(1, 105) = 6.62, p = .011, η2 Partial = .06) and words (F(2, 105) = 11.94, p < .001,
η2 Partial = .19). The main effects of object and words were qualified by a significant
interaction between objects and words, (F(2, 105) = 16.09, p < .001, η2 Partial = .24). No
interactions were found for test types.

For the main effect of test types, a paired samples t-test revealed that fixation time on
the objects was longer in the fast-mapping tests (M = 5.63, SD = 2.44) than in the
generalization tests (M = 4.48, SD = 2.27), t(71) = 2.99, p = .002, d = .49, r = .24, 95 % CI
[.38, 1.91], again suggesting a general decline of attention in the test phases.

To further examine the interaction effect between objects and words, paired samples
t-tests were carried out on fixation time for the objects in the fast-mapping and
generalization tests (see Figure 6). Results revealed that in the With Mask
Condition, after hearing the word “mi dou”, infants looked significantly longer at the
target (M = 3.70, SD = 2.25) than at the distractor (M = 2.12, SD = 1.67) in the fast-
mapping tests, t(35) = 3.01, p = .002, d = .80, r = .37, 95 % CI [.52, 2.64]. This preference
for the target was observed in 81%of the infants (n= 29). Infants also looked significantly
longer at the target (M = 2.95, SD = 1.85) than at the distractor (M = 1.38, SD = 1.73) in

Figure 5. Infants’ mean looking time towards the target and distractor in the fast-mapping and generalization
tests in the No Mask Condition (* indicates significant differences, p < .05).
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the generalization tests, t(35) = 3.37, p < .001, d = .88, r = .40, 95 %CI [.63, 2.51]. This was
observed in 89% of the infants (n = 32).

For the word “ding ge”, infants looked significantly longer at the target (M = 3.55,
SD = 2.17) than at the distractor (M = 1.83, SD = 1.53) in the fast-mapping tests,
t(35) = 3.65, p < .001, d = .92, r = .42, 95 % CI [.76, 2.67]. This pattern was shown in 83%
of the infants (n=30). They also looked significantly longer at the target (M=3.45, SD=2.01)
than at the distractor (M = 1.17, SD = 1.05) in the generalization tests, t(35) = 6.04, p < .001,
d=1.42, r= .58, 95%CI [.38, 1.52]. This patternwasmanifested in 89%of the infants (n=32).

Infants again did not discriminate between the target and distractor upon hearing the
word “niu xing” in both the fast-mapping tests (t(35) = -1.00, p = .162) (53% of the infants,
n = 19 looked longer at the target) and in the generalization tests (t(35) = -.93, p = .181)
(50% of the infants, n = 18).

Training trials analyses
Besides examining the test trials, the present study also analysed looking time in the
training phase to uncover visual cues that infants relied on to achieve fast-mapping and
generalization. Fixation patterns towards the speaker’s eyes, mouth and the hand
(pointing to the object) were compared between the two conditions. The objects were
not included as AOIs because the primary interest of the training trials analyses was to
identify visual cues initiated by the speaker that assisted infants to acquire the novel
words. However, before analyses, the experimenter performed a prior examination of the
eye-tracker recordings to ensure that all infants had at least one fixation point on the
objects after the speaker named the object for the first time.

Proportion of looking time to the eyes,mouth and hand in relation to total looking time
to the three visual cues were calculated (e.g., proportion of looking time to the eyes =
looking time to the eyes / total looking time towards the eyes, mouth and hand) and
compared within each condition. Paired-samples t-tests revealed that in the No Mask
Condition, proportion of looking time did not differ between the eyes (M = .43, SD = .27)
andmouth (M = .42, SD = .29), t(71) = .21, p = .419. However, infants looked significantly
longer at the eyes than at the hand (M = .15, SD = .17), t(71) = 6.54, p < .001, d = 1.24, r =
.53, 95 % CI [.19, .36]. They also looked longer at themouth than at the hand, t(71) = 5.57,
p < .001, d = 1.14, r = .49, 95 % CI [.17, .35] (see Figure 7).

Figure 6. Infants’ mean looking time towards the target and distractor in the fast-mapping and generalization
tests in the With Mask Condition (* indicates significant differences, p < .05).
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In theWithMask Condition, proportion of looking time to the eyes (M= .52, SD= .27)
was larger than that of themouth (M= .30, SD= .26) (t(71) = 3.70, p < .001, d= .83, r= .38,
95 %CI [.10, .34] and the hand (M = .18, SD = .17) (t(71) = 7.82, p < .001, d = 1.51, r = .60,
95 % CI [.24, .41]. Infants also looked longer at the mouth than they did at the hand, t
(71) = 2.68, p = .005, d = .55, r = .26, 95 % CI [.03, .19].

Additional analyses were then conducted to compare how proportion of looking time
for each visual cue differed between the two conditions. A 3 (visual cues: eyes, mouth and
hand) × 2 (conditions: no mask, with mask) mixed-design ANOVA (with visual cues as
the within-subject factor) revealed a significant main effect of visual cues, F(2, 284) =
37.09, p < .001, η2 Partial = 21. This was qualified by a significant interaction between visual
cues and conditions, (F(2, 284) = 4.53, p = .012, η2 Partial = .03.

Follow-up independent samples t-tests suggested that infants allocated greater pro-
portion of looking time towards the speakers’ eyes in theWith Mask Condition (M = .52,
SD = .27) than in the NoMask Condition (M = .43, SD = .27), t(142) = -1.93, p = .028, d =
.33, r = .16, 95 % CI [-.18, .00]. In contrast, larger proportion of looking was allocated
towards the mouth in the NoMask Condition (M = .42, SD = .30) than in theWith Mask
Condition (M = .30, SD = .26), t(142) = 2.56, p = .012, d = .43, r = .21, 95 % CI [.03, .21].
There was no significant differences observed for the hand, t(142) = -1.10, p = .272.

Discussion

Previous studies produced mixed results regarding the impact of masks on basic
word learning abilities such as word segmentation and familiar word recognition

Figure 7. Infants’ mean proportion of looking time towards the speaker’s eyes, mouth and hand areas in each
condition (* indicates significant differences, p < .05).
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(e.g., Frota et al., 2022; Sfakianaki et al., 2021; Singh, 2021). The present study expanded
previous literature by exploring the potential impact of masks on fast-mapping and
word generalization, which are also precursors of word learning (Houston-Price et al.,
2005). The key research question was whether masks would impact infants’ fixation on
the objects in the fast-mapping and generalization tests. Results demonstrated that
masks did not greatly impact fixation patterns: thus fast-mapping and word general-
ization occurred in both masked and not masked conditions. After being taught two
novel words and required to identify the matching objects, 18-month-olds showed a
consistent pattern of looking longer at the target object than they did at the distractor.
Observation on an individual basis also indicates that the preference for targets upon
hearing the words “mi dou” and “ding ge” was manifested in a majority of infants
(i.e., more than 80%). Thus, infants in the present study could visually identify the
referents of the two novel words after only three exposures of each, constituting an
ability to fast-map new words (Houston-Price et al., 2005). In addition, when provided
with the word “niu xing”, infants did not discriminate between the target and distractor.
This further indicates that longer fixation time on the targets for the word “mi dou” and
“ding ge” reflected infants’ understanding of the word-object associations rather than a
case of random selections of referents. Furthermore, 18-month-olds also preferred to
fixatemore on the target rather than the distractor in the generalization tests (which was
also observed in more than 80% of the infants). These findings indicate that after
learning a novel word, infants expected different speakers to apply the same word to
another object that belonged to the same category (i.e., an object that differed from the
previous object only in colour).

Most importantly, the consistent preference for the target was observed in both the No
Mask and With Mask Condition. However, the effect sizes of the differences in looking
time between the target and distractor were generally larger in the No Mask Condition.
The differences in the strength of effect sizes between the Mask and No Mask Condition
could indicate that word learning in the With Mask Condition was comparatively less
robust. That is, theWithMask Condition could contain less ostensive visual cues which in
turn would make learning more difficult for infants. Nonetheless, the effect size values in
both conditions were greater than .80 which could be qualified as large effect sizes (Bakker
et al., 2019; Borenstein et al., 2009; Cohen, 1992; Whitehead et al., 2016). Singh (2021)
found that opaque masks had no effect on familiar word recognition in 24-month-olds.
The present findings add to previous literature by demonstrating that fast-mapping and
word generalization in younger infants are not totally inhibited by masks.

Previous studies report that selective attention to different face areas, including the
mouth, is important to language development (Brooks & Meltzoff, 2005; Lewkowicz,
2010; Weatherhead & White, 2017; Young et al., 2009). Results from the training trials
analyses in the present study indicate that out of the three visual cues (i.e., eyes,mouth and
hand), infants devoted the least attention to the hand in both conditions. For the other two
cues, they allocated equal proportion of looking time towards the eyes and mouth in the
No Mask Condition and looked longer at the eyes than the mouth in the With Mask
Condition. These findings were further supported by the results that infants looked longer
at the eyes in the With Mask than in the No Mask condition. Conversely, they looked
longer at the mouth in the No Mask Condition compared to the With Mask Condition.
Together, these results indicate that when a new word is presented without a mask, the
speaker’s mouth is as relevant as the eyes. However, when a speaker’s mouth is occluded
by a mask, infants tend to adjust their attention to look more at the eyes. The above
findings are in concert with previous research (Cruz et al., 2020; Pejovic et al., 2021;
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Sekiyama et al., 2021). For example, Frota et al. (2022) found that in response to masks,
infants looked more at the eyes, whereas without the mask, they alternated between the
eyes and mouth.

When aword is taught through amask, infants’ tendency to lookmore to the eyes could
be explained by the finding that the eyes and mouth can both provide valuable cues that
assistword learning and generalization.Gliga andCsibra (2009) found that 13-month-olds
who saw a person looking and pointing at a position (called “ostensive cues”) and
providing a familiar object label (e.g., “a spoon”) later expected a matching object to
appear at the hidden location, indicating that they are sensitive to a range of visual cues to
identify a referent of a word. Past studies also reveal that infants are prepared to interpret
ostensively presented information as generalizable to other objects and other people
(Csibra & Gergely, 2009). For example, only when provided with cues such as direct
eye-contact and greetings, 9-month-olds modify their information encoding strategies to
pay more attention to generalizable properties (i.e., the shape) of an object (Yoon et al.,
2008). Therefore, 18-month-olds’ fixation patterns in the training trials suggest that when
taught by a speaker whose mouth is masked, infants can flexibly rely more on visual cues
from eye gazes to derive valuable information such as the intention to name objects and
shared meanings (Baldwin, 1995; Brooks & Meltzoff, 2008; Corkum & Moore, 1998;
Langton et al., 2000; Lewkowicz & Hansen-Tift, 2012). This would in turn allow them to
accomplish fast-mapping and word generalization, given that the speaker is making his or
her communicative intentions clear (Csibra & Gergely, 2009; Farroni et al., 2002).

In addition, since the proportion of looking time to the hand was the smallest among
the three visual cues and did not differ between the two conditions, the present study also
suggests that the eyes andmouth might provide more valuable cues than the hand during
fast-mapping and word generalization. However, previous research reveals that infants
rely on pointing to learn new words (Grassmann & Tomasello, 2010; Paulus & Fikkert,
2014). One possible explanation of the present finding is that the action of pointing was
always presented after the eye gazes and utterance of the novel word (which was a design
based on previous word learning and generalization studies by Horváth et al., 2016; Liu &
Sun, 2019). This could result in the hand receiving the least attention. Therefore, future
studies should present the pointing hand in synchrony with the eye gazes and utterance of
the word to further explore its importance to word learning.

One limitation of the study is that although the naming procedure was designed to be
more natural than previous studies (infants viewed the speaker’s naming actions instead
of static images of a speaker’s head and objects), it was still laboratory based thus lacked
ecological validity. In particular, visual cues were prominently available to the infants in
the experiment. That is, the speaker provided ostensive communicative cues such as
unambiguous eye gazes and pointing to the object. However, such cues may not be always
present in real life settings (Gampe et al., 2012). Thus, infantsmay relymore on themouth
to extract auditory cues, which could result in an adverse effect ofmasks onword learning.
One future step would be to conduct a similar experiment without explicit cues.

The second limitation is that the experimental tasks could be too easy to reveal
differences in learning across the No Mask and With Mask Condition. One related
problem is that word learning entails both comprehension and production but the study
only investigated the former. Young et al. (2009) demonstrated that attention to the
mouth contributes to successful language learning since infants could form associations
betweenmouth shapes and speech sounds. Tenenbaum et al. (2015) suggest that attention
to the mouth and gaze following behaviours at 12-months correlated with productive
vocabulary development at 18- and 24-months. Thus, future studies should investigate if
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masks would influence infants’ ability to pronounce novel words. Third, the generaliza-
tion test phase was always presented after the fast-mapping phase. This was mainly
because the generalization task posed more challenges for infants. If infants underwent
the generalization tests first and found it difficult, they could potentially lose interest in
the test trials and not focus on the fast-mapping tests at all. Results also indicate that
although infants’ fixation times on the objects reduced in the generalization tests, they still
discriminated between target and distractor. In addition, since the old speaker who
presented the training trials always appeared before the new speaker in the test trials,
this could have alerted infants about how to respond for the new speaker. However, a past
study that adopted the same design suggests that the order of speaker presentation is very
unlikely to affect infants’ looking responses in the two types of tests (Liu & Sun, 2019).
Last, it is important for future studies to measure infants’ vocabulary development and
examine whether it is associated with infants’ attention to different visual cues in the No
Mask and With Mask Conditions.

In summary, the present study reveals that 18-month-olds can fast-map new words
and generalize these words across people and objects of the same category when words
were taught with or without a mask. The findings also shed light on the importance of
visual cues in word learning by suggesting that when aword is taught by a speaker without
a mask, infants rely equally on the eyes and mouth. However, when a speaker’s mouth is
masked, infants can flexibly rely more on the eyes to achieve fast-mapping and word
generalization.

Supplementary material. The supplementary material for this article can be found at http://doi.org/
10.1017/S0305000923000697.
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