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Caregiver sensitivity supported young children’s vocabulary development during the Covid-19

UK lockdowns

Abstract
Previous studies have shown that caregivers’ sensitive, responsive interactions with young children
can boost language development. We explored the association between caregivers’ sensitivity and the
vocabulary development of their 8-to-36-month-olds during COVID-19 when family routines were
unexpectedly disrupted. Measuring caregivers’ sensitivity from home interaction videos at three
timepoints, we found that children who experienced more-sensitive concurrent interactions had higher
receptive and expressive vocabularies (N=100). Children whose caregivers showed more-sensitive
interactions at the beginning of the pandemic showed greater expressive vocabulary growth six (but
not 12) months later (n=58). Significant associations with receptive vocabulary growth were not
observed. Our findings highlight the importance of sensitivity at a time when other positive influences

on language development were compromised.

Introduction

Maintaining high-quality interactions with young children is a highly beneficial parenting behaviour
(Bornstein & Tamis-LeMonda, 1989; Landry. Smith & Swank, 2006). Evidence suggests that high-
quality interactions enable the formation of secure attachment (Ainsworth, Blehar, Waters & Wall,
1978), leading to healthy neural, cognitive, and social development (Kivijirvi et al., 2001; Shonkoff
& Phillips, 2000). The current study explores the links between caregiver sensitivity and young

children’s language development during the COVID-19 pandemic.

The quality of caregiver-infant interaction has been conceptualised in various ways and
operationalised by multiple measures (see Bohr, Putnick, Lee & Bornstein, 2018 for a review). It is
typically coded along several interrelated dimensions that include caregiver behaviours (e.g..
sensitivity, cooperation, availability, acceptance, warmth, responsiveness, intrusiveness, happiness,
hostility, structuring, engagement, variety. and creativity of behaviour), infant behaviours (e.g..
attentiveness, communicativeness, liveliness), as well as measures of the dyadic interaction itself

(e.g., smooth, fun; Murray, Fiori-Cowley, Hooper & Cooper, 1996).

Of these dimensions. a key indicator of interaction quality is caregiver sensitivity. Sensitivity is
defined as a caregiver’s prompt, contingent, and appropriate interaction with their child (Eshel,
Daelmans, Cabral De Mello & Martines, 2006), or the accurate interpretation of their child’s physical
or verbal signals, and their mental states, followed by an appropriate response (Ainsworth et al..

1978). Crucially, sensitive interactions led by caregivers have been shown to benefit infants’ physical,
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cognitive, and socioemotional development (Deans, 2020; Lemelin, Tarabulsy & Provost, 2006; Page,
Wilhelm, Gamble & Card, 2010). As such, sensitivity is widely promoted in parenting programmes
(e.g.. Head Start: Chazan-Cohen, Stark, Mann & Fitzgerald, 2007) and other successful interventions

(see Eshel et al., 2006 for a review).

Caregiver sensitivity may become doubly important for the development of children growing up in
adverse circumstances, for example in socioeconomically disadvantaged backgrounds (Eshel et al.,
2006; Firk, Konrad, Herpertz-Dahlmann, Scharke & Dahmen, 2018; Madigan et al., 2019). However,
these negative conditions may themselves present threats to sensitivity. In a concept analysis of
maternal sensitivity. Shin. Park. Ryu and Seomun (2008) identified several influencing factors: three
positive (social support, maternal-foetal attachment, and high self-esteem) and three negative
(maternal depression, maternal stress, and maternal anxiety). Social networks are a comumon source of
physical, psychological, or financial help, and have a positive relationship with maternal sensitivity
(Belsky & Pasco Fearon, 2002: Shin, Park, & Mi, 2006). Conversely, maternal mental illness presents
risks to the initial mother-infant relationship and the child’s development (Dib, Padovani, & Perosa,
2019). For example, depression affects mother-infant interactions via feelings of disinterest and guilt
(Fernandes & Cotrin, 2013), and anxiety is associated with lower sensitivity (Clavarino et al., 2010),
increased maternal intrusiveness. and decreased interactive behaviours among 3-month-olds (Feldman

et al.. 2009).

The negative impact of COVID-19 on social support and mental health during the pandemic may have
disrupted usual levels of stability in maternal sensitivity. In non-pandemic times, maternal sensitivity
is generally stable across time, interaction contexts, and measures (Behrens, Parker & Kulkofsky,
2014; Kemppinen, Kumpulainen, Raita-Hasu, Moilanen, & Ebeling, 2006: Landry, Smith, Swank,
Assel, & Vellet, 2001: Leigh, Nievar & Nathans, 201 1. though see Belsky & Pasco Fearon, 2002 for
evidence of discontinuity). During the pandemic, social support (in the form of caregivers’ social
networks) was depleted due to social distancing measures. Mental illness rose, particularly among
lower income families (Office for National Statistics, 2021) and in women and parents of preschool-
age children (Fancourt et al., 2022; Pierce et al., 2020). Thus, it is highly likely that caregiver

sensitivity was negatively affected during the pandemic, presenting a risk to children’s development.

Here we hone in on the effect on young children’s language growth during the pandemic. Our study
builds on a large body of evidence showing that children whose primary caregiver responds promptly,
contingently. and appropriately to their vocalisations and other behaviours make greater gains in early
language skills (Bornstein, Tamis-LeMonda & Haynes, 1999: Madigan et al., 2019 : Raviv, Kessenich
& Morrison, 2004). Longitudinally, maternal sensitivity during the child’s first year has been shown
to predict both receptive and expressive language in the second and third years of life (Baumwell,
Tamis-LeMonda & Bornstein, 1997; Leigh et al., 2011: Murray & Hornbaker, 1997: Neuhauser,
Ramseier, Schaub, Burkhardt, & Lanfranchi, 2018). In a comprehensive study measuring the impact
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of multidimensional aspects of responsiveness on significant developmental steps in expressive
language, Tamis-L.eMonda, Bornstein and Baumwell (2001) showed that maternal responsiveness at 9

and 13 months predicted all measured milestones over and above children’s activities.

The benefits of caregiver sensitivity may be especially strong for children at risk of poorer language
outcomes. Sensitivity has been found to mediate the relationship between socioeconomic status (SES)
and cognitive development (Firk et al., 2018), as well as between SES and expressive and receptive
language (Raviv et al., 2004), nuancing the established link between social background and language
development (Hoff, 2013). Positive caregiver-child verbal interactions reduce the risks presented by
less complex and less diverse language input on three- and four-year-olds’ receptive and expressive
language (Vernon-Feagans, Bratsch-Hines & The Family Life Project Key Investigators, 2013).
Frequent verbal imitations by mothers within highly connected mother-infant pairs mediated the

impact of adversity on early communication skills (Smith et al., 2018).

The literature converges to show that caregiver sensitivity supports language development in general
circumstances and can provide a valuable buffer for children growing up in adversity. However, we
do not yet know how these relationships play out when family routines and social networks are
unexpectedly disrupted. The COVID-19 pandemic provides an ideal opportunity to investigate the
interplay of caregiver-child interactions, threats such as disrupted mental health and social support.

and child language outcomes.

We report an exploratory study investigating how the quality of caregiver-child interactions is
associated with young children’s vocabulary during the UK lockdowns. Through a focus on children
in the first three years of life. we examine the role of caregiver interaction at a crucial developmental

stage. We address the following research questions:

1. What is the relationship between caregiver sensitivity and child vocabulary; concurrently and

regarding language growth throughout the pandemic?

2. Is any relationship between caregiver sensitivity and child vocabulary mediated by caregiver

mental health or social support routines?

3. Is caregiver sensitivity stable throughout successive lockdowns?

Method
Participants

Eight hundred and sixty-one UK-based caregivers and their 8- to 36-month-old children were
recruited through University Babylab databases and online adverts via Babylab social media accounts

to take part in the Social Distancing and Development Study. Across the three UK lockdowns
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(labelled Spring 2020. Winter 2020, and Spring 2021%; T1. T2. and T3 respectively) participating
caregivers completed online questionnaires about their family circumstances, their child’s
development and their own mental health. At each timepoint, families were invited to upload a short
video recording of the caregiver and their child interacting together. Participation in this aspect of the
study was optional and not incentivised. More details of measures collected, and data collection

protocols are reported in Hendry et al. (2022).

Only monolingual, English-speaking families where the child had a gestational age of 37 weeks or
over, with no known genetic conditions and who uploaded video recording(s) are included in the
current study. The sample size, therefore, varied across timepoints (Spring 2020: n=100: mean child
age at test =21.1m, SD = 7.0, 43% female children. Winter 2020: n=24, mean child age at test =
27.7m. SD = 7.4, 29% female children. Spring 2021: n=26; mean child age at test = 33.0m. SD =6.1;
50% female children). Ninety-five per cent of the adult participants in these interactions were the
child’s mother, 5% their father. The majority of households were two-parent families (97% in Spring
2020, 96% in Winter 2020 and Spring 2021), educated to degree level or above (80% in Spring 2020,
96% in Winter 2020, and 92% in Spring 2021) and lived in areas in deciles 5-10 of the Indices of
Multiple Deprivation (IMD:; where 1 is the most deprived: McLennan et al., 2019; 55% in Spring
2020, 92% in Winter 2020, 88% in Spring 2021). See SM 1.1 for comparative demographic

information at each timepoint.
Measures
Interaction Quality

Using their own cameras, caregivers made 5-10 minute video recordings of themselves and their child
engaging in an activity of their choosing to provide “a snapshot of life during this exceptional time™.
Setup instructions were limited to suggestions for everyday items that could function as tripods, a
request to try to ensure all participants were visible on screen and to consider recording at a time
when their child was not tired or hungry. Activities in the video recordings included free play, book
reading, arts and crafts. and household chores (e.g., cooking; gardening). For each dyad, 5 minutes
from the middle of the recording were coded using a modified version of the Global Ratings Scale
(GRS: Murray et al., 1996) to produce measures of caregiver and child interactive behaviour. The
original scale focused on preverbal infants in a restricted face-to-face interaction. Therefore, we made
adaptations to extend the range of potential child communicative behaviours (i.e., vocalisations,
words, and gestures) and means by which caregivers could respond to them (i.e., verbal or gestural
bids to engage with an object or activity) across a set of contexts commensurate with the ages and

diversity of activities in our sample. A trained research assistant watched the recordings and rated

! Precise dates for each wave of data collection were 23 March — 28 June (Spring 2020), 27 November - 18
December 2020 (Winter 2020). 27 April - 2 June 2021 (Spring 2021).
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caregivers and their infants along multiple dimensions on a 5-item Likert scale. Following Murray et
al. (1996), scores on subscales measuring caregiver warmth, acceptance, responsiveness, and
sensitivity towards their child were averaged to produce an overall measure of Caregiver Sensitivity.
Higher scores on this dimension indicate a responsive interactive style where the caregiver warmly
responds to their child’s cues (with their face, voice or touch) in a way that is appropriately adjusted
to the child’s behaviour. See Table 1 for a summary of individual subscales; and SM 1.2 for the more
detailed coding scheme. Child Engagement was measured by averaging scores on two subscales
indexing how much the child engaged verbally and non-verbally in the interaction. Higher scores on
this measure indicate a child who is more engaged in the interaction with their caregiver. Internal
consistency measured using Cronbach’s alpha was acceptable for both caregiver (¢=.71) and child
(0=.72) measures. A second trained researcher independently coded a random selection of 17
recordings. Cohen’s Kappa revealed excellent levels of agreement on coding of caregiver sensitivity

(x =.88) and good agreement on the child measure (x = .64).
Child Language

The Oxford CDI (Oxford Communicative Development Inventory: O-CDI: Hamilton. Plunkett &
Schafer, 2000), a caregiver-report measure of child receptive and expressive vocabulary was collected
at each timepoint. Caregivers were asked to record which of 564 early vocabulary words their child
‘understood’ or ‘understood and said’. To calculate vocabulary growth, we subtracted the O-CDI
score at either Winter 2020 or Spring 2021 from the equivalent measure collected in Spring 2020. By
Spring 2021, many children participating in the study had reached the upper age limit of the O-CDI,
so a bespoke caregiver checklist of receptive and expressive vocabulary, the CLT (British English
version of the Cross-Linguistic Lexical Task, based on Haman, Funiewska, & Pomiechowska, 2015),

was also administered. Details of the CLT creation and items are presented in SM 1.3.
Caregiver Mental Health

The Depression Anxiety and Stress Scale (DASS-21) was collected at each timepoint to measure
caregiver’s depression, anxiety and stress (Lovibond & Lovibond, 1995). Reflecting on the last week,
adult participants rated on a 4-item Likert scale the extent to which each of the 21 statements applied
to them. Higher scores (maximum = 42) indicate more severe symptoms of psychological distress.
Following Hendry et al. (in revision), we also calculated a measure of chronic mental health
difficulties. A dichotomous variable was calculated for each participant if they scored in the mild —
extremely severe clinical range for anxiety. depression, or stress at each timepoint. These were
summed across time to produce a score (0-3) indicating chronicity of symptoms across the data

collection period.
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Social Support

In Winter 2020 and Spring 2021, adult participants completed the Medical Outcomes Study Social
Support Survey (Sherbourne & Stewart, 1991). Using a 5-item Likert scale, respondents estimated the
amount of social support that was available to them across 19 items tapping four domains (sources of
advice, practical support, emotional connection, and friendship). A composite score (0-100, where
higher scores indicate more support) was calculated following Sherbourne and Stewart’s (1991)

guidelines.

Table 1. Summary of Modified GRS Caregiver subscales

Subscale Description

Warmth This subscale measures the caregiver’s attitude and feelings towards the
child, with the expression of their love and affection on one hand (e.g.,
“good girl”, “What a nice, big smile”, “clever boy™), and their anger and
criticism on the other (e.g., “that’s not nice™, “stop being naughty™).

(Warm/Positive - Cold/Hostile in Murray et al.. 1996)

Acceptance This subscale measures how accepting a caregiver is of their child’s
experience. So, for instance, if the child looks away, moves away, or
changes the focus of their activity, does the caregiver follow the child’s
attention and accept their experience? (e.g., “What are you looking at? Is
that window interesting? What are you up to now?”), or conversely. do
they criticise or show disappointment? (e.g., “You don’t want to play
with me do you? “You don’t want to eat this for Mummy™).

(Accepting - Rejecting in Murray et al., 1996)

Responsiveness This subscale measures the caregiver’s capacity for being aware of the
child’s signals, and the level of responsiveness to the child’s behaviours-
this includes both appropriate and inappropriate responses.

(Responsive - Unresponsive in Murray et al., 1996)

Sensitivity This subscale measures globally, how sensitively the caregiver responds
to their child in terms of how aware they are of even very subtle child
signals and of the child’s willingness or reluctance to interact; how they
empathise and identify with the child and understands (correctly) what
response the child is looking for or is needed at a particular moment:
and how responsive the caregiver is to the child’s signals and how
appropriate their responses are.

Sensitive - Insensitive in Murray et al., 1996)
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Analytic strategy

All analyses were conducted in R Studio (RStudio Team, 2020) using the MASS package (Venables
& Ripley, 2002). Negative binomial regression was used to model both concurrent vocabulary and
vocabulary growth. Vocabulary measured using the O-CDI produces an over-dispersed count
variable, and negative binomial models can better fit this type of data than linear regression (Smithson
& Merkle, 2013). Measures of caregiver sensitivity and child engagement were grand mean centred in
all models. To account for the wide child age range in our sample, and the inherently dyadic nature of
interaction, child age. and child engagement in the interaction were included as control variables in all
models. Measures of SES (caregiver education and IMD) were considered as additional control
variables. These were not significant predictors in any model of concurrent or language growth and
did not improve model fit (using AIC comparison: Akaike Information Criterion). Model summaries

and AIC values are reported in SM 1.4.

Results

Longitudinal descriptive statistics for respondents who contributed video recordings in Spring 2020
are presented in Table 2. Interactions were characterised by high levels of caregiver sensitivity and
child engagement. Caregiver mental health scores were overall within the normal range. As expected,

receptive and expressive vocabulary scores increased as children grew older.

Table 2. Descriptive statistics for longitudinal measures for respondents who contributed video

recordings in Spring 2020

N Mean SD Min Max Median
Spring 2020 (T1)
Child Age (in months) 100 21.15 7.04 8 36 20
Caregiver Sensitivity 100 4.4 0.4 263 5 4.33
Child Engagement 100 3.8 0.8 1.88 5 4
Expressive Vocabulary 100 196.28 191.77 0 529 142
Receptive Vocabulary 100 29444 178.70 O 539 309
Caregiver Anxiety 89 3.84 5.21 0 22 2
Caregiver Depression 89 7.33 7.66 0 40 6
Caregiver Stress 89 1322 911 0 38 10
Winter 2020 (T2)
Child Age (in months) 58  27.69 6.94 16 43 27
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Expressive Vocabulary 58 34495 18644 0 546 4215
Receptive Vocabulary 58 44222 10988 114 546 4775
Expressive Language Growth 58 1644 128.12 0 459 1295
Receptive Language Growth 58 15344 9992 9 316 1515
Caregiver Anxiety 52 3 497 0 24 2
Caregiver Depression 52 BT 577 0 20 4
Caregiver Stress 52 11 8.06 0 34 10

Spring 2021 (T3)

Child Age (in months) 65 33 6.44 22 48 32
Expressive Vocabulary 65 4488 11733 32 548 492
Receptive Vocabulary 65 502 5222 190 548 516

Expressive Vocabulary Growth 65 261.6 15281 10 520 269

Receptive Vocabulary Growth 65 2014 13599 9 433 196

Caregiver Anxiety 57 3.12 6.11 0 32 0
Caregiver Depression 57 4.7 6.22 0 24 2
Caregiver Stress 57 8.3 6.53 0 34 6

RQI. What is the relationship between caregiver sensitivity and child vocabulary; concurrently and

regarding language growth throughout the pandemic?

We first considered the relationship between caregiver sensitivity and concurrent child vocabulary in
Spring 2020 (Table 3). Negative binomial regression models fit to receptive vocabulary (N = 100, log-
likelihood = -1258.98, overdispersion estimate = .38) revealed effects of child age and caregiver
sensitivity such that older children and those who experienced more sensitive concurrent interactions
had a larger caregiver-reported receptive vocabulary. In an equivalent model fit to expressive
vocabulary (N = 100, log-likelihood = -1106.78, overdispersion estimate = .89), child age and
concurrent sensitive caregiver interactions were again significant positive predictors, this time

alongside child engagement.

Next, we built models to explore the relationship between caregiver sensitivity in Spring 2020 and
child vocabulary growth across the pandemic study period. With respect to O-CDI receptive
vocabulary growth, older children were reported to have learned fewer words between Spring 2020
and Winter 2020 (Table 4; N = 58, log-likelihood = -655.78, overdispersion estimate = .33) and
between Spring 2020 and Spring 2021 (Table 5: N = 65, log-likelihood = -753.46, overdispersion
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estimate = .27), with no other predictors showing a significant effect. For O-CDI expressive
vocabulary, caregiver sensitivity was positively associated with growth between Spring 2020 and
Winter 2020 (N = 58, log-likelihood = -701.42, overdispersion estimate = .73). but not between
Spring 2020 and Spring 2021 (N = 65, log-likelihood = -820.423, overdispersion estimate = .40).
Older children were reported to have learned fewer words between Spring 2020 and Spring 2021

(only).

RQ2. Is any relationship between caregiver sensitivity and child vocabulary mediated by caregiver

mental health or social support routines?

We next explored whether caregiver anxiety, depression, or stress mediated the relationships between
concurrent vocabulary and caregiver sensitivity in Spring 2020 and expressive vocabulary growth in
Winter 2020. Caregiver mental health was not significantly correlated with caregiver sensitivity, or
child vocabulary at either timepoint (Figure 1). Since previous work has suggested that chronic
caregiver mental health problems present the highest risk for child outcomes, we considered our
measure of persistent mental health challenges in Winter 2020 as a mediating factor. There was no
relationship between chronic mental health and caregiver sensitivity (r=.05, p=.71) or expressive

vocabulary growth (r=-.09. p=.51). Grounds for mediation were, therefore. not met.

Sensitivity . Q@ éFP 4;9

"

Receptive Lang Growth 0.3 . GS? ég\a
Expressive Lang Growth 003 @ . Q~° : a

_ é
Receptive Lang 0.81 . 076 . < &

Expressive Lang 0.49 . 0.01 .. ?9 ‘3‘6‘

‘3?
Anxiety 0.91 012035052053. o
Depression 089056 0.4 056 0.86 . . G_:-

Stress 0.980.710.68 0.25 0.44 () @ .

1 £8-0804-02 0 02 04 08 08 1

Figure 1. Correlations with significance levels between caregiver sensitivity, mental health, and child

vocabulary in Winter 2020 and vocabulary growth in Spring 2021

We did not measure social support routines in Spring 2020, and were therefore unable to explore any
mediating effects at this time point. However, as explained below, a post-hoc secondary analysis of
correlations between social support, caregiver sensitivity and child vocabulary in Winter 2020 and

Spring 2021 revealed no relationship between social support and sensitivity at either timepoint.
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RQ3. Is caregiver sensitivity stable throughout successive lockdowns?

A subset of families from the initial Spring 2020 sample (n=26) also provided video-recorded
interactions at least one further time point (Table 6). Caregiver sensitivity in Spring 2020 was
positively associated with the same measure taken both 6 months (n=20, r= .53, p=.02) and one year
later (n=20, r= .53, p=.02). Caregiver sensitivity in Winter 2020 showed a non-significant positive

association with caregiver sensitivity in Spring 2021 (n=13. r= 41, p=.17).

Table 3. Negative Binomial Models fit to concurrent Child Vocabulary in Spring 2020

Receptive Expressive
B(95%C) SD Z P B(95%C) SD Z j%
Intercept 3.14 0.22 1420 <.001 -0.38 035 1.11 0.27
(2.63. 3.65) (-1.24, .50)
Caregiver Sensitivity 0.14 0.07 2.17 003 0.28 0.10 2.67 <.01
(-.00, .29) (0.06, .49)
Child Engagement 0.01 0.07 0.19 084 0.27 0.11 245 <.05
(=12, .15) (0.06, .48)
Child Age 0.11 0.01 11.08 <.001 0.23 0.02 1498 <.001
(.09, .13) (0.19,.27)
Table 4. Negative Binomial Models fit to O-CDI Vocabulary Growth in Winter 2020
Receptive Growth Expressive Growth
B(95%Cl) SD Z p B(95%Cl) SD = )2
Intercept 6.69 0.26 25.25 <.001 5.24 0.39 13.42 <.001
(6.16, 7.23) (4.39,6.12)
Caregiver Sensitivity 0.04 0.07 048 0.63 025 0.11 229 0.02
(-.13,.19) (.02, .46)
Child Engagement 0.01 0.09 0.13 090 0.01 0.13 0.10 0.92
(=15, .17) (-.23, .25)
Child Age -0.08 0.01 -7.11 <.001 -0.01 0.02 -041 0.68
(-.11,-.06) (-.04,.03)
Table 5. Negative Binomial Models fit to O-CDI Vocabulary Growth in Spring 2021
Receptive Growth Expressive Growth
B(95%CI)  SD Z p B(@95%Cl) SD Z )%
Intercept 7.32 0.26  28.28 <001 6.83 031 22.05 <.001
(6.82, 7.83) (6.21,7.47)
Caregiver 0.02 0.06 0.28 0.78 0.10 0.08 1.31 0.19
Sensitivity (-.11, .13) (-.05, .24)
Child -0.03 0.08 -0.40 0.69 0.02 0.10 0.18 0.85
Engagement  (-.19,.11) (-.16, .19)
Child Age -0.10 0.01 -8.87 <001 -0.06 0.01 -448 <.001
(-.12, -.08) (-.09, -.03)

2 To detect a moderate to strong correlation using a two sided test with 5% significance level (¢=0.05) and with
power 80% power ([=0.2) the required sample size is 47.
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Table 6. Descriptive Statistics for repeated measures of Caregiver Sensitivity across all timepoints

Caregiver Sensitivity N Mean SD Min Max Median

Spring 2020 27 43 0.5 26 5 4.3
Winter 2020 20 43 04 35 5 4.3
Spring 2021 20 4.2 02 38 45 43

We conducted a series of post-hoc secondary analyses to further our understanding of concurrent
relationships between caregiver sensitivity. vocabulary, and potential influencing factors by
considering video data collected in Winter 2020 and Spring 2021. Descriptive statistics for these
subsamples are presented in Table 7. We adopted a different analytic strategy here in line with the
reduced statistical power at these timepoints. In the first instance. for models predicting the
relationships between concurrent sensitivity and child vocabulary since vocabulary showed a large
association with age in these sub-samples. we regressed vocabulary scores on age and used the
residuals in analyses. In Winter 2020, caregiver sensitivity (B= 34.00, SD = 14.95, p<.05) and child
engagement (B= 38.36, SD = 14.62, p<.05) were significant positive predictors in a linear model fit to
O-CDI receptive vocabulary (R2adj = .25, p<.05). An equivalent model fit to O-CDI expressive
vocabulary was not significant (R2adj = .03, p=.29). In Spring 2021, child engagement remained a
significant positive predictor of the number of words that caregivers reported their children
understood (B=12.51, SD = 4.06, p<.01: R2adj = .36. p<.01) and said (B=40.42, SD = 1431, p<.01:
R2Adj = .25, p <.05). Models fit to child receptive (R2Adj = .09, p=.91) and expressive (R2Ad] = .01,

p=.36) vocabulary measures using the CLT checklist were not significant.

In the second instance, to develop our understanding of mental health and social support, we ran a
series of correlations to consider the concurrent relationships between these measures, caregiver
sensitivity and child vocabulary in Winter 2020 and Spring 2021 (Figure 2). There was no

relationship between sensitivity and these influencing factors at either timepoint.

Table 7. Descriptive data from respondents contributing video data in Winter 2020 and Spring 2021

N Mean SD Min Max Median

Winter 2020

Child Age (in months) 24 27.70 7.42 17.46 432 27.37
Caregiver Sensitivity 24 43 0.4 35 4.9 4.3
Child Engagement 24 40 0.7 2 4.5 4
Expressive Vocabulary 24 338.8 205.1 16 546  454.5
Receptive Vocabulary 24 4368 124.1 146.0 546  505.0
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Caregiver Anxiety 24 333 5.49 0 24 0
Caregiver Depression 24 5.67 5.13 0 18 6
Caregiver Stress 24 105 7.37 0 26 10
Social Support 24 8542 15.78 4474 100  90.79
Spring 2021
Child Age (in months) 26 3298 6.05 22 48 32
Caregiver Sensitivity 26 4.2 0.2 3.8 4.5 4.3
Child Engagement 26 34 0.8 1.5 5 34
Expressive Vocabulary 26 4693 86.6 144 542 496.5
Receptive Vocabulary 26 5105 312 419 545 5135
CLT Expressive Vocabulary 24 49.50 14.03 30 76 50
CLT Receptive Vocabulary 24 57.54 11.37 33 76 57.50
Caregiver Anxiety 26 277 5.60 0 24 0
Caregiver Depression 26 5.692 6.16 0 22 4
Caregiver Stress 26 8.62 6.59 0 28 8
Social Support 26 80.31 19.52  30.26 100  84.21
& "
& &
Qéé’ QS‘Q &6\
& o) Q@& S 4
&
; i e?’
Depression . Y“\ q Receptive OCOI . ‘(7 és‘ao o\:\
Anxiety 022 . c35 o Expressive OCDI .. Q-“ w
e“ *¢
Siiis 0 . . QQ Receptive CLT . @ . & &

& Expressive CLT . . . . c}‘> 53*

Social Support ° 0.21 007 047 . q.p a‘? Depression 0250.160.970.49 . . ?945 &@“\ @d\

Receptive Lang 068 0.81 096 0.34 009. Q;f{}

Expressive Lang 021 0.73 0.78 0861 0,03 ..

1 08 06 0402 0 02 C4 06 08 1

Anxiety 0{040050.720 6801 .. A

Sensitivity 043024 07 048037027037 &
Social Support 0/470210:260 680.860.620.91007 ()

-1 08 0604 02 0 02 04 06 08 1

Figure 2. Correlations with significance levels between caregiver sensitivity, mental health, and child
vocabulary in Winter 2020 (L) and Spring 2021 (R).
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Discussion

We investigated the impact of caregiver sensitivity on child language in a cohort of UK families
during the first year of the COVID-19 pandemic. Our primary research question probed the
relationship between caregiver sensitivity and child vocabulary, concurrently and on its growth
throughout the pandemic study period. In Spring 2020 (T1), we found that children who experienced
more-sensitive concurrent interactions had higher caregiver-reported receptive and expressive
vocabularies than their peers experiencing less-sensitive interactions. Children experiencing more-
sensitive interactions in Winter 2020 (T2) also showed larger concurrent receptive vocabularies. This
association was not replicated at the final timepoint (Spring 2021: T3). nor did it hold for expressive

vocabulary beyond the first timepoint.

Considering language growth, we found that children whose caregivers showed more-sensitive
interactions at the beginning of the pandemic had greater expressive vocabulary growth six months
later. This effect did not endure to subsequent timepoints or extend to receptive vocabulary growth at

any timepoint. We discuss potential explanations below.

The association between sensitivity and language growth chimes with other research with young
children during the pandemic. Kartushina et al. (2022) found greater vocabulary growth during
lockdown than expected (based on normative data), and a relationship between vocabulary growth
and parent-child reading activities. They suggest that toddlers may have benefited from more
intensive caregiver-child interaction during the pandemic, which may have also been more sensitive

in nature,

Our data show that sensitivity did not predict expressive and receptive vocabulary in the same way
over time in our cohort. It was associated with both aspects concurrently in Spring 2020, with
receptive vocabulary concurrently in Winter 2020, and with expressive vocabulary growth in Winter
2020. Comparable literature® also shows an asymmetry. Murray and Hornbaker (1997) and Neuhauser
et al. (2018) found that sensitivity was predictive of receptive but not expressive growth at 24 months,
both citing the relative instability of expressive language at this point in development, potentially
compounded by measurement error stemming from elicitation methods for very young children.
Paavola, Kemppinen, Kumpulainen, Moilanen and Ebeling (2006) found a similar pattern,
hypothesising that sensitive mothers may better support their child’s learning style, leading to gains in
receptive language. Maternal sensitivity was found to explain more of the variance in receptive than

expressive models by Raviv et al. (2004). Discussing this converging evidence, Raviv et al. (2004)

3 Extant studies focus only on either expressive (e.g.. Leigh et al.. 2011) or receptive growth (Baumwell et al.,
1997), or only on concurrent expressive (Bornstein et al., 1999), or do not disaggregate receptive/ expressive
skills in meta-analyses (Madigan et al., 2019), making it challenging to form hypotheses about the effect of
sensitivity on children’s emerging expressive and receptive skills.
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suggest that environmental input such as caregiver sensitivity strongly influences receptive language,
whereas other factors (e.g., maturation) may be more important for expressive language. Regarding
this stronger association with receptive language, it may be that a caregiver shows more sensitivity if
their child can understand what they say. Further, a caregiver who reports lower receptive language in
their child may demonstrate sensitivity in ways that are less easy to pick up in video coding, e.g.,
touch, facial expression, etc. We welcome future theoretical and empirical work that investigates the

distinct influence of sensitivity on receptive versus expressive language.

Overall, our data align with evidence showing that children whose primary caregiver responds to them
sensitively show stronger language skills both concurrently and longitudinally in the first three years
of life (Baumwell et al., 1997; Bornstein et al., 1999; Leigh et al., 2011; Madigan et al., 2019: Murray
& Hornbaker, 1997; Neuhauser et al., 2018; Paavola et al., 2006; Raviv et al.. 2004; Tamis-LeMonda
et al., 2001). These effects appear to be relatively short-lived in our data. However, there are
limitations to the conclusions we can draw. Firstly, our test instruments may have obscured language
growth as children reached the end of the study period. Our results revealed that age was a significant
negative predictor of language growth in Winter 2020 and Spring 2021. The observation that older
children’s language grew less is likely due to them reaching the ceiling of the O-CDI (26 months) at
the final timepoint (mean age 33 months; max = 48). This ceiling effect has implications for what can
be inferred about the impact of sensitivity across the developmental timeframe in this sample: effects
may only be visible at younger ages concurrently, or in the short-term provided there is sufficient
variance in the measure (as we find with expressive vocabulary growth in Winter 2020). Secondly.
our relatively small sample size at the Winter 2020 and Spring 2021 timepoints (n=24 and 26,
respectively) and the modelling choices they afforded may have contributed to null effects at these

later timepoints.

Our second research question examined the influence of environmental factors on sensitivity and
language. Drawing from Shin et al.’s (2008) framework, we focused on caregiver mental health (as a
negative influencing factor) and social support (as a positive influencing factor) on the relationship
between caregiver sensitivity and child vocabulary as the pandemic wore on. Neither mental health
(chronic or otherwise) nor social support was associated with sensitivity at either tested timepoint
(Winter 2020, Spring 2021), meaning that a mediation analysis was not licensed. This dissociation
was somewhat surprising in light of previous research finding that depression and anxiety impede
mother-infant interactions (Fernandes & Cotrin, 2013: Clavarino et al., 2010) and that social networks
have a significant positive relationship with maternal sensitivity (Shin et al.. 2006, i.a.). It may be that
the extreme changes to the forms of social support permitted during the pandemic do not facilitate
sensitivity in the same way as pre-pandemic social support. Another possibility is that this

dissociation is due to our self-selected sample, as parents with poor mental health and a lack of social
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support were probably less likely to film themselves and submit a video (see limitations for further

discussion).

Our final research question probed the stability of caregiver sensitivity throughout successive
lockdowns. In line with the literature (Behrens et al., 2014: Kemppinen et al., 2006: Landry et al.,
2001, Leigh et al., 2011), we found sensitivity remained consistent over our study period,
demonstrating the resilience of caregivers during the adverse circumstances presented by the

pandemic.
Limitations and Conclusions

Due to limitations with instrument sensitivity and sample size, later associations between sensitivity
and language may have been masked as the pandemic continued into 2021. We appeal for future work
to develop an easily-administered/caregiver-reported, standardised vocabulary measure which spans

infancy to the preschool years.

Variance in levels of measured sensitivity was also limited in our data. Overall, caregiver sensitivity
was high, which was somewhat against our expectations for caregiver behaviour during times of
adversity. This may be linked to the mental health of our sample (which was within the normal range),
enabling them to record and submit videos at a time of high domestic and professional demands. They
may have also selected videos showing enhanced interaction quality. Although these factors should be
acknowledged when assessing the generalisability of our findings. we would also highlight the
naturalism inherent in the activities depicted in the videos, compared with other work which measures

caregiver sensitivity using specified. observed activities.

We also acknowledge that manifestations of sensitivity are culturally bound. Our coding scheme is
derived from literature in which parent-child interaction styles associated with white, Western,
neurotypical, socioeconomically-advantaged families are held up as the ideal. It also emphasises
verbal or more extraverted manifestations of sensitivity, rather than physical signs which may align
with a more proximal nature of caregiver—infant interactions in some non-Western populations (e.g.
Kértner, Keller, & Yovsi, 2010). Thus, our measure may miss caregiver behaviours that support
development in more diverse family contexts. Future work should seek to identify measures that
capture culturally-diverse aspects of caregiver sensitivity, as linked to healthy child development

(Bohr et al., 2018; Mesman et al., 2018).

Future work addressing these limitations should provide insights into the holistic understanding of
how caregiver-child interactions, mental health. the social environment, and language development
interrelate. This will represent a significant expansion of research that has previously been limited to
analyses of individual factors in language growth. Furthermore, a more fine-grained coding of the

data will allow a deeper understanding of these relationships.
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This exploratory study has revealed a positive relationship between caregiver sensitivity and
children’s vocabulary development during the Covid-19 pandemic. Our findings highlight the
robustness of caregiver resourcefulness during this novel type of adversity and emphasise the
importance of sensitivity for young children’s development at a time when other positive influences
on language development were compromised, e.g., access to high-quality Early Childhood Education

and Care (Davies et al., 2021).
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Supplementary Materials

SM 1.1 Demographic profile for participants across timepoints. Values show Mean (SD).

Sample N Household Household Caregiver Neighbourhood
Education’  Income’ 0(‘(‘.11[}::“1'0113 deprivation*

Original 862 5.24 (1.24) 4.90(1.91) 6.88(1.60) 6.86 (2.60)

With Spring 100 5.7(1.2) 5.1 (L.7) 7.3 (1.3) 7.26 (2.3)

2020 video

With Winter 24 5.9(0.9) 5.2(1.9) 7.6 (1.2) 6.6 (1.9)

2020 video

With Spring 26 5.8(1.0) 4.7 (1.9) 7.2 (1.1) 6.9 (1.9)

2021 video

! Categories of highest level of education completed: 1= Primary school, 2=Secondary school.
3=Sixth form or college, 4=Vocational college, 5=Undergraduate, 6=Postgraduate, 7=MBA, 8=
Doctoral degree.

?Household income brackets: 1=£0-£20k, 2=£21k-£30k, 3=£31k-£40k, 4=£41k-£50k. 5=£51k-£60k,
6=£61k-£70k. 7=£71k or over

* Occupational prestige where 1 = lowest prestige, 9 = highest prestige (Hollingshead, 1975)

*Index of Multiple Deprivation decile. where 1= most deprived, 10 = least deprived (Noble et al..
2019)

SM 1.2 Modified Caregiver subscales from the Global Ratings Scale (GRS: Murray et al.. 1996)

These scales rate the extent to which the caregiver responds to their child’s cues in a way that is

appropriately adjusted to the child’s behaviour, responding to their agenda, and measures warmth and
acceptance.

Subscale Score Description

Warmth

5 The caregiver makes many positive comments. Their face and voice
express affection and endearment. With younger children, they may hold
or touch the child in a supporting, caressing way.

4 The caregiver’s tone of voice is warm, and their expression is
affectionate. They may make only a few positive comments about their
child but make no negative comments.
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Subscale

Score Description

3

A mixture of moderate affection and mild criticism. Or, no positive
comments at all, and no, or very few, mildly negative ones (neutral).

[§5]

A predominance of critical and/or cold comments, but with a few signs
of affection. Or, an absence of any warmth or affection, but without
overt criticism (neutral - cold).

No, or almost no, signs of affection and warmth, together with quite a
few critical or cold comments.

Acceptance

The caregiver never criticises, ignores, dampens, or makes substitutions
for the child’s expressions or behaviour. They follow their interests and
reflect their states of excitement well.

For the majority of the interaction the caregiver behaves as in rating
no. 5, however, they may mildly criticise their child, OR cut gaze once
or twice (with younger children), OR make 1 clear substitution, OR
respond at a lower level of positive affect once.

The caregiver shows some mild disappointment or makes mildly
negative comments two to three times, OR they make one substitution
and 1 cut in gaze with some mild criticism.

The caregiver makes many critical comments, they may cut the child’s
gaze (for younger children in particular), make substitutions, or respond
at a lower level than the child.

The caregiver exhibits a complex of the behaviours described in rating
no. 2 with much marked criticism of the child’s behaviour.

Responsiveness

The caregiver is very imitative and responsive, picking up and
responding to all the child’s signals (facial expressions and noises,
gestures and utterances and actions), even the very small ones.

The caregiver is responsive; however, they miss a few of their child’s
expressions or behaviours/actions because they are too busy talking,
engaging in an alternative activity or because the cues are very subtle
(e.g., eyebrow raises, smiles etc.).

The caregiver responds to the most evident signals (yawns, vocalisations,
statements, gestural requests) but not the subtle ones (raised eyebrows,
quiet vocalisations or statements, quick state, or attentional changes); OR
they are responsive for half the session and not for the other half.

8]

Most of the child’s signals/behaviours are not responded to. The
caregiver does not generally pick up on obvious signals like
vocalisations. comments or marked state changes. activities, or mood:
however, they may respond a few times.
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Subscale Score Description

1 The caregiver does not respond to, or ignores, almost all of the child’s
signals and expressions, even those which are very obvious, throughout
the interaction.

Sensitivity

5 Caregiver is aware of and tries to interpret even the most subtle signal
from the child.

4 All but a few of the child’s signals are sensitively recognised.

3 Overall the caregiver is sensitive to the child’s needs for half of the
interaction and insensitive for the remaining half, their behaviour is
inconsistent.

2

The caregiver is generally insensitive towards their child- they may be
either unresponsive or intrusive, with little empathy or acceptance of the
child’s behaviour.

1 Does not try to interpret the majority of the child’s signals, the caregiver
does not respect their attempts to communicate or engage with them or to
identify with and respond appropriately to their intentions/motivations.
They may mock or laugh at the child or have little or no sympathy for
them.

SM 1.3 CLT Item Creation.

A bespoke caregiver checklist of receptive and expressive vocabulary was created to capture variance in child
language development in Spring 2021 as participants reached the upper age limit of the O-CDI. The measure
was based on the British English version of the Cross-Linguistic Lexical Task (CLT: Haman et al, 2013,
Haman, E., Luniewska, M., & Pomiechowska, B., 2015). We considered all four parts of the CLT (naming
nouns, naming verbs, comprehension nouns, comprehension verbs), and identified items which did not overlap
with the O-CDI and extended O-CDI. 78 additional words (27 nouns and 51 verbs), listed below, were included
in our final vocabulary questionnaire.

Nouns 10. Drum 21. Chain
11. Guitar 22. Barrel
; ;ﬁ‘;ﬁo 12. Desk 23. Ladder
2 Tailb 13. Per.1c1l 24. Roof
= : 14. Paintbrush 25. Snowman
‘:' sz;lr(:smelon 15. Basket 26. Rainbow
o 16. Match 27. Heart
g' 525 i 17. Lighter
' 18. Needle
8. Scarf 19. Scale
9. Lipstick 20. Gate
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Verbs 47.  Sweat
48.  Talk [on the phone]
;' Ezi 49. Tear
' 50. Water
3. Brush [teeth] 51 Whistle
4. Burn
5. Build
6. Burst
7. Clap
8. Climb
9. Conduct [music]
10. Cook
11. Crawl
12. Dive
13. Drag
14.  Drip
15. Drown
16. Fight
17. Hammer
18. Hatch
19. Hitchhike
20. Iron
21. Kiss
22.  Knit
23. Laugh
24. Light
25. Listen
26. Marry
27. Massage
28.  Melt
29. Mix
30. Mop
31. Paint
32. Peel
33. Plant
34. Roast
35, Row
36. Sail
37. Sharpen
38. Shave
39. Shear
40. Sit
41. Ski
42.  Spin
43.  Squeeze
44.  Sting
45, Stir
46. Stroke
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SM 1.4 Summary of AIC and predictors for base model (sensitivity. child age. child engagement)
with additional demographic controls (education and IMD)

+ indicates positive significant predictors (p <. 05)

- indicates negative significant predictors (p <. 05)

T1=Spring 2020, T2=Winter 2020, T3=Spring 2021

Base Model with with IMD with
(AIC/ Sig Predictors) Education Education/IMD
Receptive Vocab T1 AIC: 1269 AIC: 1271 AIC:1269 AIC:1271
+Age +Age +Age +Age
+Sensitivity +Sensitivity  +Sensitivity ~ +Sensitivity
Expressive Vocab T1 ~ AIC:1117 AIC: 1119 AIC: 1118 AIC: 1120
+Age +Age +Age +Age
+Sensitivity +Sensitivity ~ +Sensitivity ~ +Sensitivity
+Child +Child +Child +Child
Receptive Growth T2 AIC:665 AIC:668 AIC:668 AIC:670
-Age -Age -Age -Age
Expressive Growth T2  AIC:711 AIC:713 AIC:713 AIC:713
+Sensitivity +Sensitivity  +Sensitivity ~ +Sensitivity
Receptive Growth T3 AIC:763 AIC:765 AIC:765 AIC:767
-Age -Age -Age -Age
Expressive Growth T3 ~ AIC:830 AIC:832 AIC:832 AIC:834
-Age -Age -Age -Age




