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Abstract

Research from laboratory and naturalistic settings, has argued for the im-

portance of visual cognition for infants’ early development and noted its pre-

dictive value for later social and cognitive developmental outcomes. To date,

however, few research studies have explored the relationship between mea-

sures of visual cognition in the lab and the real world. The aim of this the-

sis is to understand whether individual differences in visual attention mea-

sured during caregiver-infant interaction relate to individual differences in

measures from a visual working memory (VWM) laboratory task. The thesis

adopts an eco-cultural perspective by embedding this question in the cultural

and socio-emotional context of the caregivers and its connections to their in-

fants. Studies 1 and 2 focus on laboratory measures of caregivers and infants

respectively, and on their connection to the socio-emotional context of the

caregiver in a low-resource setting. Findings suggest that caregivers’ socio-

emotional context influences their own VWM performance but not that of

their infants. In addition, caregiver and infant VWM performances were in-

versely related to each other. Study 3 uses a machine learning pipeline de-

veloped in Chapter 3 to assess dyadic interactions from participants in India,

as well as from a UK group of dyads (high resource setting). Interactions

were recorded by using head-mounted eye trackers, with the machine learn-

ing pipeline being used to extract measures of visual attention in a naturalis-

tic context. Findings revealed similarities and differences across the cultural

groups in line with culturally normative parenting styles. The final study

(Chapter 5) links measures of infants’ visual cognition from the lounge and

iv



the lab, exploring the associations between parental and infant visual cogni-

tion as measured across settings. In Chapter 6, findings are integrated and the

contributions to the literature are discussed. We further consider how the in-

sights from our research can help inform future parent-focused interventions.
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Chapter 1

Introduction

Visual cognition is one of the key tools for infants to learn and acquire knowl-

edge from their surroundings in the early years of their life. How infants

distribute their looks not only tells us about what they are learning but also

how they are learning. Indeed, their deployment of attention informs us of

their learning strategies for constructing knowledge from their surroundings.

Measures of visual cognition are important indicators of infant attention and

speed of processing (Rose, Feldman, & Jankowski, 2002). Studies on infants’

visual cognition from both lab and real-world settings have been associated

with cognitive and behavioural outcomes such as memory formation (Rose,

Gottfried, Melloy-Carminar, & Bridger, 1982), word learning (C. Yu & Smith,

2012; Markus, Mundy, Morales, Delgado, & Yale, 2000), and social interac-

tions (Dawson et al., 2004).

Individual differences in visual cognition are typically measured in lab-

based tasks. Despite being predictive of long-term outcomes, an open ques-

tion is how these lab-based measures relate to the development of visual cog-

nition outside the laboratory, for instance, during caregiver-infant interac-

tions. Given that infants do not grow in a vacuum, we are specifically inter-
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ested in understanding the role of caregivers in the development and deploy-

ment of their infants’ visual cognitive abilities in their naturalistic context.

This is an important issue to understand in the global health context, par-

ticularly in low and middle-income countries, where children’s developmen-

tal status has been primarily characterised by gestational age and nutritional

status rather than direct measures of cognitive function. Moreover, parent-

infant interaction has been used as a tool for intervention as it is low-cost and

scalable and has shown some promising outcomes (Aboud, Moore, & Akhter,

2008; Aboud & Yousafzai, 2015; Attanasio et al., 2014; Britto, Ponguta, Reyes,

& Karnati, 2015; Jeong, Franchett, Ramos de Oliveira, Rehmani, & Yousafzai,

2021).

The core goal of the project entails exploring whether individual differ-

ences in visual cognition (specifically Visual Working Memory; VWM) in the

laboratory are related to individual differences in visual cognition measured

during caregiver-infant interaction in a low-resource context (i.e., rural region

in the north of India). To examine this question, we measure visual cogni-

tion in the laboratory by using a preferential-looking paradigm. In addition,

we develop innovative ways to measure visual cognition as a marker of early

cognitive development outside the laboratory by using head-mounted eye-

trackers and machine learning. We show how both of these approaches can be

deployed in a low-resource setting.

1.1 Visual Cognition in the Lab

Research on visual cognition has noted the importance of measuring individ-

ual differences in laboratory-based tasks (Jankowski, Rose, & Feldman, 2001).

Behavioural measures of visual information processing, such as fixation du-
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ration (sustained visual attention to the target) and shift rate (shifting atten-

tion between two stimuli), have shown to be reliable and stable indicators

for assessing individual differences in visual cognition (Colombo, Mitchell, &

Horowitz, 1988; Jankowski et al., 2001; Rose et al., 2002). The general con-

sensus is that the length of fixation duration and disengaging attention to scan

stimuli inform us of the time an individual takes to encode and process the

information. In terms of infants’ developmental trajectories, these measures

have demonstrated a robust age-related change (Colombo, Mitchell, Coldren,

& Freeseman, 1991). For example, younger infants tend to look longer at a tar-

get stimulus than older infants, suggesting that young infants are slower pro-

cessors than older infants and that slower processors require a longer time to

encode information (Colombo et al., 1991). Similarly, the frequency of shift-

ing looks between stimuli is faster in older infants than in younger infants,

suggesting faster visual information processing (Colombo et al., 1988, 1991;

Frick, Colombo, & Allen, 2000; Rose, Feldman, & Jankowski, 2001).

Importantly, individual differences in the laboratory-based measures of

visual cognition (e.g., fixation duration) during infancy are predictive of at-

tentional and behavioural outcomes in childhood (Papageorgiou et al., 2014;

White, Heck, Jubran, Chroust, & Bhatt, 2022). For instance, in a longitudinal

study by Papageorgiou et al. (2014), results revealed that individual differ-

ences in infants’ fixation duration were positively related to parent-reported

measures of infants’ effortful control, and negatively related to infants’ sur-

gency and hyperactivity-inattention in childhood. These findings show how

individual differences in infants’ visual cognition are predictive of later devel-

opmental outcomes. Thus, understanding the individual differences in visual

cognition in infancy has broad implications.

A central part of visual cognition that develops early in life is Visual Work-
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ing Memory (VWM). VWM comprises the mechanism of actively maintaining,

storing, updating and manipulating information (Baddeley, 2012; Baddeley

& Hitch, 1994) that underpins complex cognitive functions and behaviour

(Moser et al., 2018). As adults, we use this system roughly 10,000 times a day,

either to compare objects that cannot be viewed simultaneously or to detect

changes in the environment (Luck & Vogel, 1997; Vogel, Woodman, & Luck,

2001). For example, while crossing the road, we look to one side and then the

other in order to ensure safety. Doing this, requires holding the initial infor-

mation (e.g., no vehicles are approaching on the right-hand side) in our mind

for a short period of time, even while (and after) we shift our visual atten-

tion to look to the other side. Therefore, it plays an essential role in our daily

functioning.

Individual differences in children’s VWM abilities have been shown to

predict both concurrent and future academic achievements such as reading,

mathematics, science understanding and general intelligence (Bull, Espy, &

Wiebe, 2008; Bull & Scerif, 2001; Holmes & Adams, 2006; Gathercole, Tiffany,

Briscoe, Thorn, & The ALSPAC team2, 2005; Gathercole, Pickering, Knight,

& Stegmann, 2004; Jarvis & Gathercole, 2003; St Clair-Thompson & Gather-

cole, 2006). Holmes and Adams (2006) examined, systematically, the con-

tribution of working memory (WM) components on 8- to 10-year-old school

children’s performance in mathematical skills (e.g. mental arithmetic) as out-

lined by the National Curriculum England, while controlling for general num-

ber fluency. While all components of WM (central executive function, phono-

logical loop, and visuo-spatial sketchpad) predicted unique variance in chil-

dren’s performance-related skills on curriculum-based mathematics abilities,

results specifically indicated a strong role of visuo-spatial working memory

in younger children’s overall performance as well as older children’s perfor-
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mance on difficult questions. Similarly, Bull et al. (2008) conducted a longitu-

dinal study to examine primary school children’s (4.5 years old) performance

on a battery of cognitive tasks and relations to children’s maths and general

learning capacities. Notably, results revealed that across the first three years

of primary school, children’s VWM (measured using the Corsi-blocks task)

was a significant predictor of their performance in maths. These results sug-

gest that VWM predicts wider aspects of scholastic learning, particularly in

young children.

On the other hand, deficits in VWM are associated with learning difficul-

ties such as reading difficulty (Kudo, Lussier, & Swanson, 2015) and dyscalcu-

lia (Szucs, Devine, Soltesz, Nobes, & Gabriel, 2013), which further indicates

the importance of VWM for broader cognitive and intellectual abilities. Crit-

ically, VWM is open to intervention (Holmes, Gathercole, & Dunning, 2009;

Klingberg et al., 2005) and can be assessed as early as four months of age

(Wijeakumar, Kumar, Delgado Reyes, Tiwari, & Spencer, 2019), making it a

good candidate for early assessment and intervention. Given the predictive

value of VWM (e.g. in scholastic achievement), understanding how the mea-

sures of VWM assessed in a laboratory setting relate to the real world can have

important implications.

VWM has been reliably assessed and quantified in laboratory settings us-

ing the change detection task (Luck & Vogel, 1997). In this task, participants

are presented with two arrays of items and are asked to identify if the items

are identical across both arrays. Using the change detection task, research has

shown that children’s VWM capacity continues to develop from 1.5 items at

3 years of age to adult-like capacity by the age of 7 (Riggs, Simpson, & Potts,

2011; Simmering, 2012). In the case of laboratory research with infants, in

which the explicit question of item equivalence cannot be asked, a modified
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version of the change detection task is used to assess VWM capacity, namely,

preferential looking change detection (”VWM-PL” henceforth) (Ross-sheehy,

Oakes, & Luck, 2003). VWM-PL is a simple task that looks at infant VWM

in isolation from other influences. A recent review by Buss, Ross-Sheehy, and

Reynolds (2018) noted that studies in infancy show a substantial increase in

the VWM capacity from 6- to 12- months using the VWM-PL tasks (Oakes,

Ross-Sheehy, & Luck, 2006; Ross-sheehy et al., 2003). Moreover, the task pro-

vides us with reliable behavioural measures of visual cognition that have been

noted to underlie the individual differences seen in working memory capacity

(Rose, Feldman, & Jankowski, 2011). For instance, increased speed of process-

ing during childhood, measured using fixation duration, and shift rate, have

been found to explain the age-related increase in working memory capacity

(Fry & Hale, 1996; Kail & Salthouse, 1994). Given the suitability of the VWM-

PL task for research with infants and the track record of successful research

linking it to actual working memory capacity, we use the VWM-PL task to

obtain the laboratory-based measures used in this project.

Experimental lab-based research is helpful to recreate the phenomenon of

interest in a research context and allows us to control for multiple variables

in order to establish causal relationships. In the context of VWM, it helps

us isolate this specific cognitive mechanism. However, infants’ naturalistic

environment is complex. In a real-world setting, infants often explore their

surroundings along with their social partners, who may follow the infants’

focus but may also influence the process of exploration. Neither the dyadic

engagement nor the busy environment are present in the highly controlled

laboratory setting. Therefore, understanding whether the measures from lab-

oratory research play the same causal role in the real-world context is a key

point for the development of literature in the field.
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A central goal of this project is to connect the research conducted in labo-

ratories, which is expected to have real-world outcomes, with said real-world

outcomes. For example, from lab-based studies, we know that the infant holds

information and discriminates between two stimuli (e.g., VWM-PL task). These

processes are interpreted as being connected to real-life scenarios such as dif-

ferentiating between, say, a toy duck and a cup. While experiments in the

laboratory and naturalistic setting vary in their limitation and strengths and

answer different questions (McCall, 1977), relating the two contexts allows

the development of a more holistic and deeper understanding of develop-

ment (Dahl, 2017). Therefore, in this thesis, we take a step to connect the same

laboratory-based performance to the actual behaviour of the infant along with

their caregiver in a real-world context.

1.2 Visual Cognition in the Lounge

Parallel to laboratory research, an increasingly large number of studies have

been conducted in infants’ naturalistic settings, such as the home environ-

ment, to understand what elements of parent-infant interaction aid infants’

learning and development (e.g. Fausey, Jayaraman, & Smith, 2016; Karasik,

Tamis-LeMonda, Adolph, & Bornstein, 2015; Lamm et al., 2014; Tamis-LeMonda,

Custode, Kuchirko, Escobar, & Lo, 2019; West & Iverson, 2017). Caregiver-

infant interaction has been shown to fuel infant’s early learning experience

such as in word learning (Markus et al., 2000; Mundy et al., 2007; C. Yu,

Suanda, & Smith, 2019), attentional control (Niedźwiecka, Ramotowska, &

Tomalski, 2018), social skills (Landry, Smith, & Swank, 2006), and cognitive

development (Mundy & Newell, 2007; Tamis-LeMonda, Shannon, Cabrera, &

Lamb, 2004).
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A well-known aspect of early caregiver-infant social interaction that has

been of interest to developmental psychologists is Joint Attention. Joint atten-

tion refers to the length of joint fixation by caregivers and infants on the same

target in between attentional switches (Abney, Suanda, Smith, & Yu, 2020;

C. Yu et al., 2019). Parent-infant dyads use joint attention (also labelled as

”joint triadic interaction” when objects are involved in the dyadic interaction;

Little, Carver, & Legare, 2016) during their daily interactions to attend to the

same objects or events. Such coordinated attention with caregivers forms the

basis for infants’ understanding of goals and intentions (Charman et al., 2000)

and underpins word learning (C. Yu & Smith, 2016) by providing key ‘object-

word’ mapping opportunities necessary for learning new words (Baldwin &

Markman, 1989; Mundy et al., 2007). For instance, joint attention supports

word learning by extending infants’ attention to the shared object of interest

(C. Yu & Smith, 2016; C. Yu et al., 2019).

The influence of contingent responses to infants extends beyond the de-

velopment of language (e.g. development of social skills; Mundy & Newell,

2007). Early intervention studies have shown that parents who were trained

to notice and “follow in” on their infants’ attention and hold their infants’ at-

tention to the infants’ object of interest had a positive impact on their infant’s

language, cognitive and social development outcomes (Landry et al., 2006;

Landry, Smith, Swank, & Guttentag, 2008).

It is important to note that in the VWM-PL task, the measures of length of

fixation and frequency of shifting are representative of individual attentional

focus. Thus, when connecting lab and lounge measures, it is important to

consider the relationship between each lab measure (e.g., fixation duration)

and its lounge equivalent during bouts of joint attention as well as outside of

them.
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Even though there is a long research tradition focusing on the study of vi-

sual cognition in naturalistic settings, to date, most of our understanding of

joint attention and its systematic relationship to infants’ cognitive outcomes

almost exclusively comes from highly educated, high-income countries (Bard

et al., 2021). Given that joint attention is interactive, and thus social in na-

ture, considering socio-cultural influences on it, such as those stemming from

variations on caregiving norms (e.g. Abels & Hutman, 2015; Bard et al., 2021;

Little et al., 2016), is of particular importance.

Episodes of joint attention differ qualitatively and quantitatively across

cultures (see Bard et al., 2021). For instance, Salomo and Liszkowski (2013)

studied the frequency and occurrence of joint triadic attention in natural un-

structured interaction between caregivers and their infants in Chinese, Mayan,

and Dutch communities. They found that Mayan infants spent significantly

less time in joint attention than dutch infants and that Chinese infants spent

the most time in triadic joint attention with their caregivers.

Another study by Little et al. (2016) compared triadic object exploration

between parent-infant dyads from the rural subsistence farming community

in Vanuatu and infants from urban California in the US. They did not find a

cultural difference in time spent in triadic object exploration or contingent re-

sponsiveness, but they did find significant cultural differences in the modality

of engagement. Dyads from the US were more likely to engage in visual tri-

adic engagement characterised by caregivers placing themselves in a way that

allowed face-to-face interaction and mutual eye contact with both caregivers

and infants being able to alternate attention towards their social partner and

the objects. Conversely, caregivers in Vanatanu were more likely to engage

in physical triadic interaction, characterised by physical contact with the in-

fant and the object at the same time as well as tactile stimulation. In terms
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of infants’ attention in these dynamic interactions, the results revealed that

caregivers’ actions on a target object were preceded by their infant looking at

the target significantly more often for the dyads from the U.S. compared to

the Vanuatu dyads. Clearly, there are cultural influences in some aspects of

shared attention that may reflect the caregiving practices that shape how the

parent-infant dyads engage with each other and their surroundings. There-

fore, there is a need to understand the social and cultural context in order to

understand the interactions between parents and their infants.

1.3 Cultural Elements in Caregiver-Infant interac-

tion

An important point to consider when addressing cultural variations in parent-

ing practices and dyadic interactions is that caregiver-infant interactions un-

derscore the process of transmission of socio-cultural characteristics such as

values, beliefs and goals from the adult environment to the child’s (Kagitcibasi,

2005; Keller, Borke, Chaudhary, Lamm, & Kleis, 2010). Parenting styles are of-

ten influenced by the cultural expectations linked to social norms (i.e., what is

typically done as well as what should be done). For instance, mothers in most

Indian communities fear the dangers of the ”Evil Eye” or ”Najar”. The fear of

the evil eye stems from the belief that there is a form of supernatural power

within the gaze of others (potentially seen as a malicious gaze with ill inten-

tion toward the individual). The evil eye is social in nature and is connected to

expected feelings of envy and jealousy among others. Therefore, mothers may

not display affection, or praise their children, in public. By doing so, there is

an expectation that they will minimise envy and the risk of being harmed by

the evil eye. Additional practices to protect children from the evil eye include

10
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blacking infants’ eyes with kohl (also known as ”kajal”), tying black thread

around the waist or left leg, and/or wearing a bracelet (Spiro, 2005). There-

fore, how the caregiver interacts with the infant would be dependent on what

they think is the best for their child with reference to the society in which they

live.

With their extensive work on parent-infant interactions across cultures,

Keller and colleagues have shown two distinctive types of parenting: proxi-

mal and distal style (Keller et al., 2009, 2004). The distal style is characterised

by more face-to-face interactions with extensive verbal input, and is primar-

ily a system of the Western, Educated, Industrialised, Rich and Democratic

(WEIRD) societies (Henrich, Heine, & Norenzayan, 2010). In contrast, the

proximal style focuses heavily on body contact and motor simulation and is

typically seen in non-WEIRD, traditional societies e.g. rural India and sub-

Saharan Africa (Keller, Borke, Lamm, Lohaus, & Dzeaye Yovsi, 2011; Lamm et

al., 2015). A key point is that the different parenting styles are considered to

be adaptive to their surroundings (see Kagitcibasi, 2005). Taking into account

proximal and distal parenting styles allows a more nuanced understanding of

caregiver-infant dynamics observed in research.

Although there is a general consensus that, overall, caregivers contingently

respond to their infants across cultures, there are differences in the said re-

sponses (Broesch, Rochat, Olah, Broesch, & Henrich, 2016; Kärtner et al.,

2008). In their research, Kärtner, Keller, and Yovsi (2010) analysed the emer-

gence of cultural-specific contingency patterns during mother-infant interac-

tion in German and Nso communities. They measured the mother’s contin-

gent response (auditory, visual and proximal) to their infants’ non-distress

signals at five time points with two weeks gap. Results indicated that moth-

ers from both cultural groups responded contingently to their infant’s non-

11



1.3. CULTURAL ELEMENTS IN CAREGIVER-INFANT INTERACTION

distress signals. However, variations in the form of responses across both

groups were seen from 2 months of age. Infants from Germany tended to

experience significantly more visually contingent responses from their care-

givers compared to the Nso infants. In contrast, infants from Nso experienced

more proximal (tactile) contingent responses from their caregivers. Interest-

ingly, over time, caregivers in Germany showed a linear increase in visually

contingent response and a decrease in proximal contingent response towards

their infants. However, Nso caregivers showed consistency in the modality of

response (primarily proximal and auditory) throughout infants’ development.

These culturally specific interactions between the infant and their caregivers

embody goals and beliefs that reflect cultural values, e.g., ethnographic work

with Nso mothers notes the importance of bodily closeness and contact as cen-

tral to sensitive parenting and to child development (Goncu, 1999; Kärtner et

al., 2010; Keller et al., 2005; Yovsi & Keller, 2007).

Further research by Chavajay and Rogoff (1999) found that caregivers and

their 14-to-20-month-old toddlers managed their attention in different ways

in Guatemalan Mayan and U.S. European-descent families during a time-

sharing activity which was recorded during a home visit. U.S European-decent

caregivers and toddlers tended to alternate their attention between events

(e.g. stop a conversation with an adult to attend to their toddler and then get

back to the conversation with the adult), whereas parents and toddlers from

the Mayan community simultaneously attended to multiple events (e.g talk

to the interviewer while playing with the child). The authors speculated that

parents attending to several simultaneous events may rely more on the verbal

channel to communicate with adults and non-verbal channel (e.g. body sim-

ulation) to communicate with toddlers (see also Rogoff et al., 1993). Their re-

search suggested that parents may deploy their attention in ways that adhere
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to what the community sees as desirable or valuable during social interac-

tion. Given that parent-infant interactions embody goals and values that are

reflective of socio-cultural demands (Keller, 2018; Keller & Demuth, 2007),

not only should there be social outcomes to dyadic interactions (e.g., infants

learn social values), but the social context and values should be expected to

shape the interactions themselves. Critically, through them, the social context

should be linked to the outcomes of the dyadic interaction.

Although research can be found outside WEIRD populations, its focus is

often ethnographic (Yovsi & Keller, 2007; Keller et al., 2003; Rogoff et al.,

1993) and anthropological (Lancy, 2007, 2014), with psychological research

lacking the comprehensive and systematic focus it has had in the west. The-

ory and research rooted in western views and values risk remaining detached

from the socio-cultural realities for which interventions are devised. Given

that cultural variation in parent-infant interactions is embedded in cultural

values and expectations of what is best for their child, simply applying west-

ern research in a non-western setting that differs in cultural values can result

in varied, weakened, and even poor outcomes. Critically, although there are

variations in wealth and access to resources within nations, socio-economic

differences across nations must be acknowledged. That is, research carried

out in developing countries will not only reveal cultural dimensions but also

the influences of available resources (e.g. access to electricity, running water,

etc.).

When it comes to interventions in developing countries, psychological re-

search can be critiqued for diverting attention from the socio-structural ele-

ments (e.g., poor access to education and poverty) which underlie develop-

mental outcomes and fall outside of the reach of individual and family-based

interventions. Thus, ethical concerns have been raised in relation to research
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and interventions in low- and middle-income countries that fail to under-

stand and engage with the communities, contexts, and values which shape

their needs. In the worst-case scenario, implementing interventions devoid

of contextual understanding can be harmful to the community (Morelli et al.,

2018; Scheidecker, Oppong, Chaudhary, & Keller, 2021). Thus, researching

parent-infant interactions requires situating them within the context in which

they take place, considering both the available resources and the norms of the

society (Rogoff, Dahl, & Callanan, 2018).

Despite limitations, parenting intervention programmes in low and mid-

dle income countries have resulted in positive effects on direct measures of

children’s cognitive and language outcomes (Aboud & Yousafzai, 2015; Britto

et al., 2015). For example, Andrew et al. (2020) conducted a cluster ran-

domised controlled intervention in urban-slum India with the aim of increas-

ing and improving caregiver-child interactions in order to support child de-

velopment. The primary caregivers were trained using a structured curricu-

lum which encouraged the caregiver to respond to their child’s actions and

verbalisation. Outcomes of the intervention included cognitive, language,

and motor development measured through scores in the ASQ-3 and Bayley-

III. Overall, children performed better on the cognitive tasks (e.g exploration

and early memory) and showed marginal improvements on expressive and re-

ceptive language scores. However, there was no significant impact on motor

skills.

Additionally, a recent review on the effect of a parenting intervention on

infants’ developmental outcomes in both low and middle-income as well as

high-income countries found that not only did parenting interventions have

a significant effect on infants’ cognitive, language, and motor development

but that the effects on cognitive outcomes were three times higher in the low
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and middle-income countries compared to the high-income countries (Jeong

et al., 2021). This was particularly the case for interventions that included re-

sponsive caregiving content. Moreover, the benefits of interventions extended

beyond outcomes on parent-infant interaction to parent-level outcomes (e.g.,

parenting knowledge and practices; also see Jeong, Pitchik, & Yousafzai, 2018).

Given that parenting interventions aimed at enhancing parent-infant interac-

tion are not just low-cost but also scalable (Grantham-McGregor et al., 2020)

and have yielded benefits to infant cognitive development, it is crucial to un-

derstand the mechanisms through which infants’ social context impacts their

cognitive development.

The literature consistently indicates the importance of parent-infant inter-

action by highlighting the multiple positive outcomes of interventions, but it

also portrays the need for caution when designing and carrying out interven-

tions across settings and invites further systematic research outside western

nations to inform said interventions. Understanding parent-infant interac-

tions and their outcomes in a more systematic way (e.g., accounting for in-

dividual differences in caregiver visual cognitive abilities as well as socio-

cultural contexts) can help inform interventions that better adhere to the needs

of specific families within concrete contexts (see Morelli et al., 2018). The

present project was carried out in a low-resource rural population (Shivgargh,

Uttar Pradesh, India), so an overlap between cultural and wealth dimensions

is inevitable. Moreover, given that this is an understudied population, the

goal of gaining a comprehensive understanding of the relationship between

maternal and infant visual cognition requires that we are cautious and adopt

an exploratory approach (i.e., not assuming the universality of findings from

research on other socio-cultural settings).

15



1.4. CONNECTING LAB-AND-LOUNGE

1.4 Connecting Lab-and-Lounge

Having addressed the lab and lounge aspects of studying visual cognition sep-

arately, the natural step involves addressing how the two settings can be con-

nected. Dynamic Field Theory (DFT) can provide powerful insights into this

link (Spencer, Perone, & Johnson, 2009). The theory provides a framework

for embodied cognition and suggests that changes in basic neural function

are related to developmental capacity growth. Specifically, we can look at the

DF model of autonomous visual exploration by Perone and Spencer (2013a)

to understand the relationship between VWM in the lab and lounge (also see

Spencer & Schoner, 2003).

The DF model of visuospatial cognition consists of layers of feature-related

excitatory neurons coupled with inhibitory neurons. The model consists of

two components of the neurocognitive system, a perceptual field and a work-

ing memory field. In response to an input (e.g. stimuli), neurons in the per-

ceptual field interact with one another, thus encoding the information. En-

coding within the perceptual field leads to continuous fixation and the forma-

tion of working memory. That is, activation in the perceptual field leads to

excitation in the reciprocally coupled neurons in the working memory field.

Once the activation of the working memory reaches the required threshold, it

suppresses the activation in the perceptual field and results in releasing fix-

ation from the currently attended item. Importantly, activation peaks in the

working memory field are stronger than in the perceptual field and can self-

sustain even when the input is removed following the shift in attention (see

also Perone & Spencer, 2013b). A final element in the model enables learn-

ing. In particular, when working memory peaks form, they boost the strength

of a localised memory trace (akin to strengthening weights in a connectionist

network). The memory trace, in turn, boosts the level of activation locally in
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the field, effectively ’priming’ previously visited feature values. This has the

consequence of leading to more robust working memory peaks over time as

the model (or the infant) learns about visual object features.

Using these mechanisms, Perone and Spencer (2013a) modelled infants’

visual experience in the real world and connected it with infants’ perfor-

mance in the laboratory-based task developed by Rose et al. (2002). Term and

preterm infant models were placed in a virtual world which included multi-

ple items to which the infants were exposed over months. The process mim-

icked how parents and infants play together with multiple toys on repeated

occasions over time, thus accumulating visual experience ”outside the lab”.

Over the simulated time period, and at repeated points, virtual infants were

modelled to perform the preferential-looking task (specifically, a speed of pro-

cessing task). Much like infants in the real world (see Rose et al., 2002), re-

sults captured the infants’ looking behaviour and replicated the developmen-

tal shifts in visual processing speed in real-world infants. They also replicated

the developmental delays found in preterm infants (Rose et al., 2002). The au-

thors explained that the developmental shifts in looking behaviour and speed

of processing (as well as developmental lag for preterm infants) resulted from

the activation peaks formed in the working memory field, supported by the

build-up of memory traces over longer-term learning. Over the DFT develop-

mental trajectory, infants tended to form working memory peaks increasingly

fast as memory traces became stronger, thus leading to shorter looking time

and more switches in the preferential looking task (Perone & Spencer, 2013a).

Having successfully replicated Rose et al. (2002) research, the authors cre-

ated an intervention model for their preterm infant based on the intervention

study by Landry et al. (2006). Landry et al. (2006) found that, caregivers who

were trained to follow in on their preterm infant’s object of attention and hold
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the infant’s attention to the object (e.g. by manipulating the object) enhance

cognitive and social outcomes for their infants. Perone and Spencer (2013a)

modelled the preterm infant to fixate on an item and introduced a ”caregiver”

to sustain the infant’s attention to that item. Sustained attention in the model

was achieved by increasing the input from the object (e.g., hands manipulat-

ing the object that holds the infant’s attention). By 12 months, the looking

behaviour in the preterm model was comparable to the term model, with the

outcome being attributed to robust peaks in the working memory field fol-

lowing the intervention, supported by stronger memory traces.

Although the work of Perone and Spencer (2013a) did not explicitly model

data from real-world settings, it provides insights into the processes that un-

derpin the development of working memory and enables us to connect visual

exploration across lab and lounge. Critically, by modelling the caregiver as

following in on their infant, and linking this to the development of the neu-

ral network and cognitive outcomes, they invite considering elements of joint

attention (particularly when led by infants) in the development of VWM and

deployment of visual attention in the real world and laboratory settings.

1.5 Leveraging technological advances in a low re-

source setting

More than 200 million children, under the age of five, in low- and middle-

income countries, fail to reach their expected level of cognitive outcomes

due to environmental risks such as poverty, stunting, sanitation and lack of

early learning opportunities (Grantham-McGregor et al., 2007; McCoy et al.,

2016; Black et al., 2017). India accounts for 65 million children (Grantham-

McGregor et al., 2007) failing to reach their potential cognitive outcomes. To
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address this, the 2030 Agenda for Sustainable Development by the United Na-

tions (2015), calls for urgent actions by developed and developing countries,

and donors to form global partnerships to achieve the Sustainable Develop-

ment Goals (SDG). The goals are considered central to inclusive and sustain-

able growth in all countries. One of the key issues put forward in this global

agenda entails tackling and improving early child development. Thus, de-

velopmental science has been encouraged to create objective assessments to

understand child development in the local and global contexts in order to

generate knowledge for diverse contexts. Using experimental and longitudi-

nal studies to track progress has become of great importance to help create

evidence-based programs and inform policies linked to SDG.

Studies on infancy or early child development in low-and-middle-income

countries have often been impeded by a lack of suitable methods that can be

adapted to low infrastructure and resource settings (e.g. Milosavljevic et al.,

2019). For instance, most observations of caregiver-infant interactions have

been made by recording free-play sessions in the infants’ home environment

and are largely based on manual coding or qualitative assessment. Not only

does manual coding demand a high investment of time but recordings from a

third-person perspective preclude identifying key information which is only

available from a first-person view (see L. B. Smith, Yu, & Pereira, 2011). Thus,

when considering the deployment of visual cognition in naturalistic settings,

a limiting factor for research in low-and-middle-income countries has been

the limited availability of tools that can offer objective insight into infant cog-

nitive development (Katus et al., 2019).

Despite traditional limitations, recent technological advances have made

it possible to research infants’ cognitive development in their naturalistic set-

ting by using head-mounted eye-trackers (e.g. Fausey et al., 2016). Eye track-
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ers can be useful to capture infants’ low-level responses. Moreover, combined

with a caregiver-infant play session, they can provide a unique and dynamic

insight into infants’ own visual experiences while interacting with their care-

givers, and choosing their visual scene (L. B. Smith, Yu, Yoshida, & Fausey,

2015).

The data for the current thesis comes from a rural region in the state of Ut-

tar Pradesh (UP) in India, a state with 75% of population living in rural area.

In addition to cultural dimensions (already discussed), it is essential to note

that UP is the most populous state in India and scores among the worst hu-

man development index (Dettrick, Jimenez-Soto, & Hodge, 2014). There are

significant caste based disparities in the region such that essential services like

healthcare often does not reach to the poor and the lower caste (Dettrick et al.,

2014; Subramanian et al., 2006). Although healthcare is free India, they are

often seen of ”low quality” and thus low-cost private school and unqualified

private ”doctors” are preferred (Willis et al., 2011). Therefore, our research

not only taps into socio-cultural elements in parenting but is inseparable from

the available socio-economic resources in the region. The setting also informs

the goals of the project. Participants in the current project were recruited from

Shivgarh, Raebareli District in UP. In recent years, there has been community

level interventions by community workers and members aimed at promoting

new-born care practices such as skin-to-skin care and breastfeeding from first

day of birth leading to a decrease in neonatal mortality rate by 54% (Kumar

et al., 2008; Tinker, Parker, Lord, & Grear, 2010). The area has one of the low-

est girl-to-boy ratio in India. Although there is a push toward improving the

nutritional status of children, the aspect of cognitive development is poorly

understood. In our research not only do we use mobile head-mounted eye-

trackers and cameras to capture infants and their caregivers’ visual fields but
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also develop and validate a machine-learning pipeline to extract meaningful

measures of visual cognition from caregiver-infant interaction. This not only

enables us to connect measures from lab and lounge settings but allows us to

gain insights into development within context.

1.6 Thesis Overview

Given the massive brain plasticity in infancy, the first 1000 days of infants’ de-

velopment are of great importance for their cognitive and social development.

During this period, the rapid development of the brain can be vulnerable to

harmful exposure such as poverty as well as receptive to positive stimula-

tion (Jensen, Berens, & Nelson, 2017). This makes the first two years of life

a critical period to understand how the infant’s surrounding contributes to

their development. As argued in the literature review, a key part of cognition

that rapidly develops during this time is Visual Working Memory (VWM).

Behavioural studies have shown that individual differences in VWM tasks are

predictive of later achievements (Rose, Feldman, & Jankowski, 2012). More-

over, it can be assessed as early as the first 3-4 months of an infant’s life (Ross-

sheehy et al., 2003; Wijeakumar et al., 2019), making it a good candidate for

early assessment. Work by Ross-sheehy et al. (2003) has noted that infants’

show an improvement in their VWM capacity between the ages of 6-and 8-

months with 6.5 months infants performing above chance when the memory

load condition has one item. On the other hand, 10- to 13- month old in-

fants show above chance performance in the VWM capacity for two and three

item memory load (for similar age trends on visual working memory linked to

spatial location and changes in configuration of stimuli also see Oakes, Hur-

ley, Ross-Sheehy, & Luck, 2011). Therefore, the current project examined the
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visual cognition with 6- and 9-month old age cohorts in our sample. Hence-

forth, we use a modified version of the preferential-looking task developed by

(Ross-sheehy et al., 2003), to isolate and measure VWM in infants in the lab,

and head-mounted eye-tackers and our machine learning pipeline for con-

structing measures in the lounge.

Chapter 2 includes two studies which aim to understand whether par-

ents’ and infants’ visual cognition in the laboratory are related to one another.

Moreover, the studies explore the connections between the VWM capacities

and socio-economic and socio-emotional measures. Knowing parents’ abili-

ties can have important implications as they might modulate the effectiveness

of, for example, parent-based intervention. Studies 1 and 2 serve to tackle

the parents’ side of the equation by tapping into their visual cognition and

understanding what characteristics of the parent are linked to their infants’

VWM. Chapter 2 further provides laboratory measures of VWM-PL, enabling

the exploration of relationships between them and measures from dyadic in-

teractions in later stages of the thesis.

Chapter 3 focuses on establishing how recent technological advances can

be used to quantify caregiver-infant interaction through low-cost and less

labour-intensive methodologies in a low-resource contexts (i.e., a rural region

of northern India). Previous research in western, high-resource settings has

successfully used head-mounted eye-trackers for studying caregiver-infant

social interaction in their naturalistic setting. However, to our knowledge, no

previous study has used these tools in a non-WEIRD context. Although some

researchers have made an effort to capture caregiver-infant interaction beyond

the WEIRD context using hand-held or tripod-mounted cameras (Abels, Pa-

paligoura, Lamm, & Yovsi, 2017) or observations (Roopnarine, Ahmeduzza-

man, Hossain, & Riegraf, 1992), the problems of coding frame by frame in
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an objective manner have remained unresolved. Indeed, the laborious task of

frame-by-frame coding, has inevitably limited sample sizes in research. Thus,

chapter 3 addresses the use of low-cost head-mounted eye-trackers and cam-

eras for collecting first-person dyadic data in both high (urban UK) and low

(rural India) resource settings. The chapter further develops a methodological

pipeline by using freely and openly available machine learning algorithms to

quantify parent-infant interaction. The machine learning pipeline is trained

and validated with data from both UK and India. We also describe the process

of extracting meaningful measures of visual cognition that can be used to ex-

amine the deployment of attention in dyadic interactions (Chapter 4) and the

relationship between infants’ visual cognition from lab and lounge in chap-

ter 5.

The inclusion of the high resource sample in the UK served as a point of

reference for testing the use of the chosen technology within a known and con-

trolled setting (e.g., ensuring consistent access to electricity, and awareness

of technology amongst participants) in parallel to deploying the use of tech-

nology in the low resource setting. In addition to resources, including both

an Indian and a UK sample allowed testing the machine learning pipeline a

greater variety of facial features and objects (toys). Regarding the chosen age

for UK infants, even though having both 6-month and 9-month-old UK par-

ticipants would have served to establish clearer comparisons across settings

(of relevance to Chapter 4), practicalities in the project precluded doing so. It

must be noted that this project is a part of a larger project with multiple lines

of enquiry. The age group of 6 months old was selected as a developmental

baseline of value for all research streams in the overall project. A single age

group was sufficient for testing and developing the machine learning pipeline

in a high resource setting and for enhancing variety of imagery. In terms
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evaluating our data across settings (Chapter 4), this baseline was considered

sufficient (though not ideal) for initial explorations of trends, which provided

a point of comparison at the earliest age.

Following the description of the methodological pipeline, in Chapter 4, we

use our pipeline to extract measures of deployment of attention from a larger

dataset including three groups of participants – dyads with 6-months old in-

fants in the UK, and dyads with 6-months infants in India, and dyads with

9-month-old infants in India. Including a larger data-set serves to 1) validate

the proposed machine learning pipeline from Chapter 3, and 2) understand

the similarities and differences in the deployment of visual cognition across

socio-cultural context during caregiver-infant interaction. Previous research

suggests that parenting strategies and behaviour are reflective of the cultural

models of the society (Goncu, 1999) as well as what is deemed appropriate

for infant development within that society (Harkness & Super, 2020; Keller,

2007; Rogoff et al., 2018). Therefore, chapter 4 uses the eco-cultural model of

parenting (Keller, 2007) to understand the visual dynamics of parent-infant

interaction in each cultural context.

In the final empirical chapter (Chapter 5), we integrate the data from pre-

vious chapters to explore a holistic picture of infants’ development of visual

cognition in India. In it, we explore whether and how caregivers’ and infants’

visual exploratory behaviour in the lounge relates to their visual cognition

measures assessed by using a standardised VWM-PL task in the lab.

It must be noted in regards to sample sizes across our empirical studies,

that decisions were made to ensure, to the greatest degree possible, an ap-

propriate statistical power across research projects. We expected some loss of

data as a result from participants engaging in the numerous tasks required

for the different studies, so large recruitment targets were set with the goal
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of offsetting the impact of potential data loss. Ultimately, analyses were car-

ried out with the available data. (IS THERE AN INITIAL RATIONALE FOR A

TARGET NUMBER?).

In Chapter 6, we synthesise the findings of our research and discuss its

contributions to the literature. We place our findings and interpretations in

the context of low-resource settings and in connection to cultural elements.

Last, we highlight the real-life implications of our findings and consider how

the insights provided by our research can contribute to the development of

interventions in the context of our population.
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Chapter 2

Examining the relationship

between mothers’ and infants’

visual cognition

2.1 Introduction

Throughout Chapter 1, we have established the importance of VWM and the

development of research that connects laboratory and real-life outcomes. The

role of caregivers was highlighted as an important influence on early infant

development, as the latter does not happen in a vacuum. Chapter 2 serves

to establish the empirical base for this project, which was carried out in a

rural region of northern India (Shivgarh, Uttar Pradesh). Studies 1 and 2 ex-

plore the role of caregivers’ visual cognitive abilities and whether (and, if so,

how) these abilities predict infants’ early visual cognitive development. Given

the variability in the effectiveness of interventions in low- and middle-income

countries (Aboud & Yousafzai, 2015; L. Zhang et al., 2021), and the poten-

tial for harm when implementing interventions without understanding the
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context of the community (see Morelli et al., 2018), a central approach to this

thesis entails considering individual differences and contextual characteristics

of caregivers and infants. Thus, Study 1 places the visual cognitive abilities

of caregivers in relation to the caregivers’ socio-emotional characteristics (i.e.,

depressive thoughts, intimate partner violence, and sense of empowerment)

and their social context (i.e., socio-economic status). Study 2 builds on Study

1 by exploring the links between parental visual cognition, as well as their

socio-emotional characteristics and social context, and infants’ visual cogni-

tion.

2.2 Study 1: The Socio-emotional and Visual Cog-

nitive Characteristics of Mothers in Rural In-

dia

The present study sets the base of later research by contextualising mater-

nal VWM and considering its links with depressive thoughts and intimate

partner violence (IPV), including elements of control and empowerment. Re-

search has shown that individuals with depressive thoughts spend a signif-

icant amount of time processing negative information relative to other in-

formation (Levens & Gotlib, 2010; Joormann & Gotlib, 2008; Harvey et al.,

2004). This limits the individuals’ ability to rehearse goal-relevant informa-

tion in working memory as they may find it hard to expel negative thoughts

that arise from a negative mood state – thereby, leading to difficulty in attend-

ing to and processing new information (Gotlib & Joormann, 2010). Given that

caregiving requires multi-tasking between several environmental stimuli (e.g.

responding to the infants’ cues while integrating them with environmental
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demands), it is important to address how maternal depressive thoughts may

relate to her working memory. However, care should be taken to not look only

at depressive thoughts, as it risks leading to reductionism.

The Indian state of Uttar Pradesh (UP) is characterised by high levels of

IPV (Ackerson & Subramanian, 2008) against women. Not only does IPV have

a severe negative impact on women’s physical health (Krug, Mercy, Dahlberg,

& Zwi, 2002) but also on mental health, leading to heightened stress, de-

pression, anxiety and PTSD (Malik, Munir, Ghani, & Ahmad, 2020; Chandra,

Satyanarayana, & Carey, 2009). These factors, in turn, can alter cognition. For

instance, a study by Gonzalez, Jenkins, Steiner, and Fleming (2012) addressed

the association between maternal early adversity experience (i.e., stress) and

maternal sensitivity during parent-infant interaction. Results indicated that

poor performance of spatial working memory mediated the association be-

tween maternal stress (measured using salivary cortisol samples) and lower

maternal sensitivity during mother-infant interaction. The prevalence of IPV

within the population, together with the complex overlap between IPV, stress,

depression (Malik et al., 2020), and visual cognition, require exploring the

unique influence of IPV on VWM.

Within current western perspectives in both research, (e.g., Dutton & Good-

man, 2005; Hamberger, Larsen, & Lehrner, 2017) and policy (Home Office,

2018), understanding of IPV has been extended to account for elements of

coercion, control of aggressors over victims, and victim’s lack of empower-

ment. However, within the cultural setting of our research, empowerment

among women is not necessarily the norm (Cunningham, Ruel, Ferguson, &

Uauy, 2015; Sethuraman, Lansdown, & Sullivan, 2006). Spousal control over

income, household decisions, and child-rearing practices (Cunningham et al.,

2015) can be compounded by other (sometimes coercive) influences from the
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broader family, including in-laws and extended family (Sethuraman et al.,

2006). Thus, within the context of our research, the study of IPV cannot be

separated from elements of maternal empowerment such as physical mobility,

contributing to household decisions, having access to money, and feeling re-

spected within the household. Thus, Study 1 extends the literature by moving

beyond depression and mental health to also investigate the predictive influ-

ence of related, yet distinct, variables (i.e., IPV and sense of empowerment).

The goal of a holistic understanding of maternal VWM also invites ad-

dressing the influence of socio-economic status. There is an awareness that

infants in SES-deprived contexts are at risk of not fulfilling their develop-

mental potential. In relation to VWM, research has shown the positive impact

of higher SES on cognitive development. An essential point to bear in mind is

that adults within these deprived settings have already gone through an ad-

verse developmental trajectory. Indeed, research with older adults has shown

the benefit of education (access to which is central to the socio-economic sta-

tus) for working memory, particularly for females (Pliatsikas et al., 2019).

Thus, considering the impact of their socio-economic status (SES) on indi-

viduals’ visual cognitive capabilities is imperative.

A further key factor that has been associated with VWM is the individual’s

age (Brockmole & Logie, 2013). VWM abilities peak in the early twenties and

then show a steady decline (Brockmole & Logie, 2013). The negative associ-

ation between age and working memory has been found to be moderated by

gender, with male participants experiencing a greater decline over the years

(Pliatsikas et al., 2019). Thus, Study 1 looks at the influence of age on VWM

in a confirmatory manner (i.e., greater age, lower VWM) and at its interac-

tions with key variables of interest (i.e., depressive thoughts, IPV, and sense

of empowerment), in an exploratory manner.
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We begin our empirical work by describing our sample through key de-

mographic variables. We then deepen this understanding by exploring the

demographic influences (SES, maternal age, and infants’ gender) on the socio-

emotional variables of interest (i.e., depressive thoughts, IPV, and sense of

empowerment). In other settings, evidence has suggested links between lower

SES and higher postnatal depression (Shivalli & Gururaj, 2015) as well as be-

tween lower SES and experiencing more domestic violence (LaBore, Ahmed,

Rizwan-ur-Rashid, & Ahmed, 2021). However, our population of interest lives

in an already deprived context, with differences in SES being relative to one

another (rather than comparable with high or low SES status in other regions

of India or countries). Thus, we explore whether relative SES within this con-

text is associated with our socio-emotional variables of interest in an inductive

manner (with no a-priori hypotheses). The same rationale guides the inclu-

sion of the gender of the participants’ infant. Research in India has linked

the infant’s gender to experiences of depression and IPV (Nongrum, Thomas,

Lionel, & Jacob, 2014; Patel, Rodrigues, & deSouza, 2002; Savarimuthu et al.,

2010) with mothers of female infants experiencing more depression and IPV,

which we expect will replicate in our research. Based on the overlap between

empowerment and IPV, infant’s gender is expected to predict empowerment

as well (mothers of female infants feeling less empowered). However, the re-

search that we have addressed focuses on Southern states in India, which have

their own socio-cultural characteristics. Thus, although mothers of female in-

fants can be expected to experience more IPV and depression and feel less

empowered, cultural variability across India requires caution.

Following this, Study 1 characterises mothers’ visual cognition relative to

the maternal demographic and socio-emotional characteristics. Evidence of

the developmental trajectory of VWM supports the prediction that the older
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that mothers are, the lower that their VWM will be. Similarly, the literature

previously described suggests that depressive symptoms and experiences of

domestic violence will predict maternal VWM negatively, whereas SES and

feelings of empowerment will predict it positively. Such predictions, however,

are tentative due to the lack of research in this region. It also must be noted

that the VWM-PL task includes a variable of task difficulty (i.e., load, see fur-

ther in Method) which was expected affect scores (higher difficulty leading to

lower scores; Simmering, 2016b). Task load was also considered in interaction

with variables of interest (age and socio-emotional characteristics) given that

expected trends might only appear at specific difficulties (e.g., when the task

is too simple, age-related variations in VWM may not show in the VWM-PL

scores). We explored further interactions between predictors of interest in a

purely inductive exploratory manner (e.g., socio-emotional measures interact-

ing with age). Through this approach, we develop a comprehensive and holis-

tic understanding of our sample of mothers and their cognitive abilities. This

work sets the stage for Study 2, which examines whether (and how) maternal

visual cognition is associated with individual differences in infants’ emerging

VWM abilities.

2.3 Methods

2.3.1 Participants

Study 1 was part of a larger longitudinal research project on early brain de-

velopment carried out in Shivgarh, UP, India. The project was carried out

in collaboration with a local not-for-profit organisation, the Community Em-

powerment Lab (CEL), who carried out the recruitment. Two hundred and

forty families who were from, and lived in, the Shivgarh block were enrolled
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in the project. Families were initially screened as belonging to either ’high’ or

’low’ SES based on their Educational status. Those with both parents having

greater than 10 years of education were classified as high SES, and those with

both parents having less than or equal to 5 years of education were classified

as low SES. This was based on a concordance between years of education of

both parents and SES in the same area in previous studies, where parental

education was shown to be concordant with the first and last wealth quintiles

generated by using a principal component analysis conducted on a DHS SES

questionnaire (I. Ahmed et al., 2018). Note that ’high’ and ’low’ are relative

terms referring to our sample.

Additional demographic information such as household income, caste, re-

ligion, and resources including access to electricity, type of toilet, cooking

fuel, etc was also collected. Table 2.1 shows the sample demographics. This

information is essential for the understanding of the sample in our research.

Families completed two visits to the laboratory. The first one (Year 1),

when the enrolled infants were 6 or 9 months of age, and the second (Year 2),

when infants were 18 or 21 months of age. Data for the present study were

collected in Year 2 (N = 236) and distributed across 3 rounds of data collec-

tion (in August and November 2018 and February 2019). The final sample for

this study was determined by the tasks completed by the caregivers (all being

mothers of the infants). A hundred and eighty-seven mothers completed the

Edinburgh Postnatal Depression Scale (EPDS), and 138 completed the IPV

and sense of empowerment interviews. Additionally, 136 mothers partici-

pated in the VWM task (72 were mothers of 18-month-old infants; 64 were

caregivers of 21-month-old infants). Eleven mothers were excluded from the

VWM analyses due to technical issues, electricity cuts, and distractions from

their infants. Thus, the final VWM analyses included a sample of 125 moth-
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ers. In total, 120 mothers completed all the interviews and the VWM-PL task.

Figure 2.1 shows a breakdown of participants for each stage of the study.

Year 1 
N = 240

Follow up Year 2
N = 236

EPDS
N = 187

DV + Empowerment 
interview
N = 138

VWM-PL
N = 136

VWM-PL
N = 125

EPDS +VWM-PL
N = 120

Enrolment

Completed

Individual Analyses

Final Combined 
Analyses

DV +VWM-PL
N = 120

Empowerment 
+VWM-PL
N = 120

DV + 
Empowerment 

N = 105

EPDS
N = 132

Figure 2.1: Breakdown of the number of participants for each step of the
study: enrolment, individual and final combined analyses.
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dards. All participants provided written informed consent; where caregivers

were illiterate, a witness gave signed consent accompanied by a thumb im-

pression of the caregiver in place of a signature. All caregivers had normal or

corrected to normal vision. Caregivers were checked for colour-blindness dur-

ing recruitment using the Colour Blind Check app (Check, 2016) on a Sam-

sung Galaxy 4 tablet.
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2.3.2 Materials

2.3.2.1 Demographic information

A set of demographic questions was used to gain a better understanding of

the sample and its context. Examples of items addressing individual charac-

teristics include age, education, occupation, and religion. Information about

their spouses (age, education, and occupation) was also gathered. Other items

targeted family characteristics, such as the caste, number of people the partic-

ipants lived with, the participants’ number of children under the age of five

years, and the family income. To ensure a holistic understanding of SES, in-

formation was collected for the household’s access to electricity, type of toilet

used, cooking fuel used, and type and number of cattle (for personal and eco-

nomic use). For the full demographic questionnaire, please see Appendix A.1,

A.2 and A.3.

2.3.2.2 Maternal socioemotional measures

Edinburgh Postnatal Depression Scale (EPDS). The ten-item EPDS is a com-

monly used postnatal depression screening tool during the perinatal period

(Cox, Holden, & Sagovsky, 1987). Due to feasibility constraints in the project,

this assessment was carried out in Year 2. Given that the questionnaire asks

participants to think about their thoughts and feelings in the last seven days,

we used the EPDS as a way to assess current depressive thoughts or feelings

instead of postnatal depression per se (see Appendix for EPDS questionnaire

in English in Figure B.1, and Hindi in Figure B.2). The items were assessed on

a Likert scale from 0-3 resulting in an overall score from 0-30. Higher scores

represent greater severity. For example, “I have been able to laugh and see the

funny side of things” is scored on a scale of 0 = “as much as I could”, 1 = “Not
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quite so much now”, 2 = “definitely not so much now” and 3 = “not at all”.

Some items are reversed scored. For example, “I have felt sad or miserable”

is scored on a reverse scale of 0 = “yes, most of the time”, 1 = “yes, quite of-

ten”, 2 = “not very often” and 3 = “no, not at all”. EPDS has been translated

and validated in several Indian regional languages including Hindi and has

been used in urban as well as rural India (Benjamin, Chandramohan, Annie,

Prasad, & Jacob, 2005; Patel et al., 2002; Werrett & Clifford, 2006). For the

sake of our study, we used the Hindi version of EPDS scale (Joshi, Lyngdoh, &

Shidhaye, 2020).

IPV & Sense of Empowerment. The IPV and sense of empowerment ques-

tionnaire was constructed by the partner organisation, CEL, based on the in-

dicators used by the Demographic and Health Survey (DHS; DHS Program,

2020). The questionnaire was translated into Hindi. It includes 23 items

across four sub-topics: sense of empowerment (five items), verbal abuse (nine

items), physical abuse (seven items), and sexual abuse (two items). All items

were assessed using a Likert Scale with responses being coded as 0 for never,

1 for sometimes, and 2 for often. The sense of empowerment measure in-

cluded the items in the empowerment subsection, such as “Your husband (re-

spects/respected) you and your wishes?” and ”Does your husband consult you

when making household decisions?”. The IPV measure included the 18 abuse

items, such as “your husband has insulted or humiliated you in front of oth-

ers” for verbal abuse, “does (or did) your husband slap you?” for physical

abuse, and “does or did your husband physically force you to have sexual

intercourse with him even when you did not want to?” for sexual abuse.
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2.3.2.3 VWM-PL Task

Apparatus. A 24-inch BenQ Zowie XL2411P monitor screen was used to dis-

play the stimuli, which were presented using SR Research Experiment Builder.

The monitor was connected to a Gigabyte mini-computer and a Lenovo laptop

that interfaced with the eye-tracking software. An Eyelink Portable Duo (SR

Research, Ontario, Canada) eye-tracker was used in remote mode to collect

looking data. Eye-tracking data was collected using the binocular mode, at

500Hz. The screen, eye-tracker, Gigabyte mini-computer and laptop were all

placed on a table. A large sofa was used for participants to sit, and a target

sticker was used for the eye-tracker to track their head movement and eye po-

sition. All pieces of equipment other than the screen were portable including

a foldable silicone keyboard, a mini Xmi Pte Ltd portable speaker, and a stan-

dard computer mouse. Figure 2.2 shows the setup for the experiment. The

set-up also included a third-person camera, set up on a tripod stand in a way

that it recorded the experiment as it was presented on the monitor as well as

to keep a record of participants doing the task.

Stimuli. We used the Preferential looking task developed by Ross-sheehy

et al. (2003) to assess visual working memory. This task has been used with

adults previously (Simmering, 2016b) and was ideal in our setting given that

no language is involved. The stimuli consisted of two side-by-side blinking

displays, each including an array of coloured squares (set size = two, four, or

six squares). The set size of the array was the same on each side of the display.

Each array was 21cm (h) by 29.5cm (w) in projected size, with a separation of

21 cm between them. All squares measured 5cm (h) by 5cm (w).

The colours of the squares were randomly selected from a set of nine colours:

black, blue, brown, cyan, green, red, violet, white and yellow. All squares si-

multaneously appeared for 500ms and disappeared for 250ms per trial. The
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Figure 2.2: Portable setup for caregiver’s VWM task: 1) participant 2) eye
tracker 3) screen 4) laptop interfacing eye-tracking software.

array on one side displayed no change in the colour of the squares throughout

the trial. The other side contained an array with the change display. That is,

a random square changed colour after each trial. The colour of the changing

square was selected from the set of colours not included in that display so

that no two squares would have the same colour. Each trial lasted 10s, and

the change side was randomly re-selected in between trials. The combination

of set size (2, 4, 6 squares) and change side (left, right) resulted in 6 unique

trial types. There were a total of 18 trials divided into blocks of six trials.

Figure 2.3 shows a schematic trial of set size 2. Loads were classified as low,

medium, and high for 2, 4 and 6 coloured squares, respectively.
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Figure 2.3: Schematic representation of set size 2 from a trial in the VWM-PL
task. Trials for this study consisted of 2, 4 or 6 coloured changing (right panel)
or non-changing (left panel) squares.

2.3.3 Procedure

As noted above, data for this Study mainly belongs to the second year of data

collection. Demographic information was collected in Year 1 and, updated

by CEL when relevant, so it is not included as part of our Procedure. At the

start of each session, families toured the laboratory while all procedures were

explained to them. Families were shown the equipment, it was explained what

each piece of equipment does, and they were given the opportunity to ask any

questions. They were, then, seated in a common playroom where consent was

given.

Task order was randomly assigned: half of the participants completed the

VWM task first, while the other half completed the socio-emotional measures

first. Socio-emotional measures were completed through an interview. To

ensure that the interviews adhered to the National Family Health Survey-3

(NFHS-3) guidelines, the following protocol was observed:

1. Only the caregiver (in this case mother of the infant) was allowed in the
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room. Interviews took place in a quiet room by a trained female inter-

viewer from the same state in India who understood the cultural nu-

ances. Having a trained female interviewer was essential to participants

feeling safe as well as respecting the cultural values of the community.

2. Participants were welcomed in the room, made comfortable and a rap-

port was built.

3. The objective of the session was explained to participants. That is, they

were informed that they were going to be asked questions that were of a

private nature, with questions exploring various aspects of the relation-

ship of the couple that can influence the goal of the project.

4. Participants were informed of the process of maintaining confidentiality

and anonymity of their personal information so that informed consent

could be obtained before the interview. The interview was recorded only

after obtaining individual consent and assuring privacy.

5. If, for any reason, privacy could not be ensured, the interviewer would

skip the IPV questionnaire to ensure the safety of the participant.

The interviews took place in Hindi (language), Awadhi (regional dialect) or

a mix of both. For the EPDS, participants were asked to consider the response

closest to their feelings in the previous seven days. For IPV and empowerment

questionnaires, participants were asked to consider the response closest to

how they felt in the previous 12 months. The interviewer asked the questions

verbally and filled the appropriate response on behalf of the participants. The

interviews lasted between forty minutes to an hour, in total, depending on the

need for engagement with each participant.

For the VWM task, the participant and experimenter were seated in the

same room. Mothers were tested without infants present to prevent distrac-
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tion. A member of the CEL team or a relative of the family (e.g., grandmother,

sister, father) cared for the infant in a nearby playroom. If infants showed dis-

tress due to being separated from their mothers, the experiment was stopped

so that they could be reunited. Instructions for the task were provided both in

Hindi and Awadhi: “For the next few minutes, we will be showing you a set of

videos with displays on the right and left sides of the monitor. We would like

you to watch these displays carefully. We will ask you a few questions about

the displays after the videos are complete. As you watch the videos, we will be

monitoring where you look using this camera. To help us track where you are

looking, we will have you wear this sticker on your forehead. Do you have any

questions?” (see Appendix C.1 for the task instructions in Hindi). The target

sticker was then placed on the participants’ foreheads and the experimenter

adjusted the camera so that the distance from the target to the camera was

approximately 50cm. Adjustments were also made to ensure that the eyes of

participants were in line with the top part of the screen.

The experimenter began the calibration after checking that the corneal re-

flection and pupil were visible in the camera. During calibration, participants

were shown a geometric white and black target shape in five locations of the

screen (middle, top, bottom, left, right). Calibration was used to map raw eye

position data onto the camera image data, allowing mapping of gaze position

to stimulus presentation. Following a successful calibration, the task began.

The calibration took place between each block of trials for caregivers, that is,

three times.

Following the VWM task, participants were asked a set of six questions

such as “what was your impression of the task?”, “did you notice any differ-

ences between the displays? please explain”, and “any other comments?” (see

Figure C.1). The questions were asked to understand whether the partici-
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pants paid attention to the stimuli presented. Experimenters were trained to

not distract, give feedback, or engage with participants during the task. The

VWM session took less than eight minutes.

2.3.4 Measure Construction and Methods of analysis

2.3.4.1 Socioeconomic Status Scores

Selection of demographic information for the sake of calculating SES scores

was carried out based on the updated Kuppuswamy Scale (Saleem, 2020).

Kuppuswamy’s scale has been used in both rural and urban contexts in In-

dia (Mohan & Bhat, 2022; Pandith, John, Bellon-Harn, & Manchaiah, 2021).

The scale uses demographic information including family income, families’

education, and occupation. Figure 2.4 shows spearman’s correlation between

parental education (used to categorise SES Educational status during recruit-

ment), family income, and SES score (calculated based on Kuppuswamy scale),

suggesting that the recruitment criteria fit the SES scores.

2.3.4.2 Maternal socioemotional context

EPDS. The total score for depressive thoughts was calculated by adding up the

scores of each item in the scale. Given that the score of depressive thoughts

was heavily skewed, we excluded participants who scored 0 and carried out a

logarithmic transformation. We assumed zero scores to mean “no depressive

symptoms”. Out of 187 participants, 55 (29.41%) scored 0 on EPDS and were

excluded from the analyses (Figure 2.1 in Participants subsection; also see Ap-

pendix D.1 for a histogram of non-transformed and transformed depression

scores).

IPV and Sense of empowerment. Verbal, physical, and sexual abuse scores

were aggregated into a single Abuse Score. Given that the aggregated Abuse
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R = 0.41, p = 7.4e−09
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Figure 2.4: Scatter plot for SES educational status and family income, parental
education and SES score. Figure A represents the correlation between SES ed-
ucational status and Family Income. Figure B represents the correlation be-
tween SES educational status and SES Scores. Figure C represents the corre-
lation between SES educational status and Mothers’ education scores. Figure
D represents the correlation between SES educational status and Fathers’ Ed-
ucation Score.

Scores were heavily skewed, we excluded participants who scored 0, and we

carried out a logarithmic transformation. Out of 138 participants, 33 (23.91%)

scored 0 and were excluded from the analyses (Figure 2.1; also see Appendix E.1

for a histogram of non-transformed and transformed abuse scores). Sense of

empowerment subsection of the questionnaire items were aggregated into a

single composite Empowerment Score.

2.3.4.3 VWM-PL Task Caregiver

The eye-tracking data was pre-processed using Data Viewer (SR-Research,

Ontario, Canada). Fixations with a duration under 100ms were merged with

the adjacent fixation as long as the latter was within 1 degree. If neighbouring

fixations did not meet these criteria or were not temporally adjacent, the short

42



2.3. METHODS

fixation (<100ms) was discarded. Trials were divided into periods of interest

(IP) using message-based events. To account for calibration errors and drifts

in the eye tracker, the area of interest (AOI) was set to be 50% of the screen

size, such that the looking behaviour resulted in looking to the left, right, or

away from the screen. Sample reports were exported and the raw gaze po-

sition was processed using the statistical package R (R. C. Team, 2017) and

eye-tracking R, a statistical package designed for the analysis of eye-tracking

data (Dink & Ferguson, 2016).

Looking to the target (change side) and distractor (non-change side) at each

point in time during the trial was aggregated into 100ms time bins that al-

lowed calculating the proportion of looks to the target (change side). This

was done using a growth curve model (GCA) to measure how the probability

of looking to the target (change side) changed over time (Mirman, 2014). To

allow for the best possible modelling of the time series data, we trimmed the

data to a five-second window. In each trial of the task, the first opportunity for

the participants to distinguish between the change side versus the no change

side is at 750ms (each display is on for 500ms and off for 250ms). Thus, we

focused on the time window from 1500ms to 6500ms. This gave participants

one ’on’ period after 750ms to start to notice the change. The last 3500ms of

each trial were removed because of their tendency to be noisy, particularly for

the high load conditions.

2.3.4.4 Analytic Strategy

The analytic strategy for Study 1 was developed to place maternal VWM

within the socio-emotional context and characteristics of participants. Al-

though our sample size was sufficiently large relative to other research in de-

velopmental psychology, we deemed it to be insufficient for running complex
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models with multiple variables. Moreover, many participants did not com-

plete all measures and all tasks. That means that the greater the number

of variables included in any analysis, the lower the number of participants

who completed all of them, the smaller the sample size, and the lower the

statistical power. Thus, we took a step-by-step approach to complete our

analyses. Our goal was divided into three key stages: 1) understanding the

socio-emotional characteristics of mothers in our sample; 2) understanding

their VWM performance over time and developing a streamlined model that

allowed us to focus on key areas of interest; 3) placing VWM performance in

relation to the mothers’ socio-emotional context. At each stage, the maximum

number of participants possible was included in the analyses.

In the first stage, descriptive statistics and bivariate correlations were cal-

culated for the three socio-emotional measures (EPDS, IPV, and sense of em-

powerment). Next, we examined the relationships between each of the socio-

emotional measures and contextual variables. Three multiple regression mod-

els were carried out, one per socio-emotional measure, with the participants’

age, SES Scores, and their infants’ gender as predictors. Infants’ gender was

added as a predictor because previous research has indicated the impact of a

spouse’s insistence on a male child, and/or the birth of a female child, are as-

sociated with mothers experiencing domestic violence (Nongrum et al., 2014)

and depression (Savarimuthu et al., 2010; Patel et al., 2002) in India. Two-way

interactions between the three predictors, and the three-way interaction, were

also explored.

In Stage 2, two steps served for an initial exploration of VWM and the

development of a ’base’ model. First, a timecourse analysis was carried out

with Load (low, medium, and high), scaled SES Scores, and first look side as

predictors of the probability of looking at the target (change side). Interac-
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tions between the predictors, and between predictors and time terms were

modelled to evaluate the combined relationships between predictors and the

outcome over time. The time-course analysis served to simplify later models.

In the next step, we carried out analyses on the aggregated scores for the pro-

portion of time looking at the change side. Having simplified the model, the

mother’s age was added as a predictor. Analyses served to further polish the

VWM model, thus informing the next analyses.

The final stages aimed at understanding the relationships between mater-

nal socio-emotional factors and maternal VWM performance, with the stream-

lined model for VWM from the previous step serving as a base. Three separate

models were constructed, each one adding one of the three socio-emotional

variables (EPDS, IPV, and sense of empowerment) to the maternal VWM ’base’

model. A total of 120 participants completed all socio-emotional measures

and the VWM task (Figure 2.1 in the Participants subsection).

2.4 Results

2.4.1 Maternal socioemotional measures

To understand our sample population, we first looked at the mean scores and

bivariate correlations among the three maternal socioemotional measures –

the EPDS, IPV and the sense of empowerment scales. The measures were in-

cluded without transformation in order to avoid losing participants as a result

of removing the scores of 0 (i.e., the sample size would be reduced when re-

moving 0s from EPDS, and then reduced again when removing 0s from IPV).

However, given that measures had a skewed distribution, all correlations were

conducted using Spearman’s rho. Table 2.2 reports the means, standard devi-

ations and correlations between the measures for the 138 mothers who com-
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pleted all three questionnaires.

All correlations between socio-emotional variables were significant, with

depressive thoughts being positively associated with IPV and negatively with

empowerment. The strongest correlation was found between IPV and em-

powerment, with mothers feeling less empowered the greater the IPV that

they experienced. Findings serve to corroborate the expected overlap between

measures, with lack of empowerment and control being closely linked to the

construct of IPV conceptually and both measures being connected to depres-

sive thoughts. Correlations also supported the inclusion of empowerment as

a variable separate from IPV, being distinct despite the conceptual and empir-

ical overlap. That is, medium to strong correlations reveal a clear overlap, but

the amount of shared variance (maximum of 28% between IPV and empower-

ment) indicates the distinctiveness of the variables.

Next, the three multiple regression models on the socio-emotional vari-

ables were run (see Appendix F.1 for Scatterplots between each outcome vari-

able and its predictors), using the lm function of the R package (R. C. Team,

2017). Fixed effects were tested with a Wald Chi-squared test to assess the

contribution of each parameter in reducing residual deviance of the models.

For each model, the effect of parameters was further assessed with an F test

using the ANOVA function from the car ANOVA package (Fox & Weisberg,

2019), which tests whether the model terms are significant. Residuals were

checked for normality using Q-Q plots and the DHARMa R package (Hartig,

2021).

EPDS The model on EPDS scores was not significant overall (F (7, 124) =

1.73, p = .11, R2 = .04). No significant main effects or interaction were found

(see Table 2.3).
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IPV The model on the logged abuse scores also was not significant (F(7, 97)

= 1.382, p = .22, R2 = .02). Nevertheless, results indicated a main effect of

Mothers’ age on the abuse scores (see table 2.4). As can be seen in Figure 2.5,

the older that the mothers were in our sample, the lower the abuse scores. No

other main effect and no interactions were found to be significant.
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Figure 2.5: Relationship between IPV scores and mothers’ age

Sense of Empowerment The final model in Stage 1, on sense of empow-

erment, revealed the main effects of Mothers’ age and of infants’ gender (see

Table 2.5). As shown in figure 2.6, the older that the mothers were, the greater

their sense of empowerment. In addition, mothers of female infants (M = 6.87,

SD = 2.50) scored higher for sense of empowerment than mothers of male in-

fants (M = 5.71, SD = 2.60). No significant interactions were found. It must be

noted that the overall model was not significant once again (F(7, 130) = 1.87,

p = .08, R2 = .04). Therefore, findings should be interpreted with caution.
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Figure 2.6: Relationship between Sense of empowerment scores, mothers’ age
and infants’ gender.

2.4.2 Development of VWM Base Model

The probability of looking to the target (change side) over time for each par-

ticipant was fit with a binomial, logistic mixed-effects regression model esti-

mated with Laplace approximation using glmmTMB package version 1.0.2.90

(M. E. Brooks et al., 2017) in the R programming language. The number of or-

thogonal time turns was chosen based on the shape of the curve. We modelled

time using quintic orthogonal polynomials (Mirman, 2014), that is, time, time

squared up to time to the power of five but scaled and centred so as not be

correlated with one another. Each time term was nested as a random effect

within the interaction between participants and load. Our model contained

fixed effects of Load (low, medium, and high), scaled SES Scores, first look

side (change vs no change side) and the time terms. The first look side was

determined by the first data frame available within the time window from

750-4500ms; for the majority of trials, the first look was determined during

the second display prior to the onset of the third display (i.e., between 750-
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1500ms; see Spencer et al., 2023). Previous studies have computed the VWM

scores by dividing the total looking time to change side by the total looking

time to both change and no change sides to obtain the measure of change

preference score (VWM Score; e.g., Delgado Reyes, Wijeakumar, Magnotta,

Forbes, & Spencer, 2020). The model was assessed using half-normal plots.

As in Stage 1, fixed effects were tested using Wald chi-squared.

As seen in table 2.6, results revealed the main effects of load and first

look, with performance decreasing the greater the load and when participants

first looked at the no-change side. All two-way interactions between each

time term and load were significant. Additionally, the two-way interactions

between time terms and first look were significant with the exception of the

quadratic time term. Time terms, except for the linear and cubic time terms,

also interacted with SES scores. Results further revealed significant two-way

interactions between load and first look, and between SES scores and first

look. Last, all three-way interactions between first look, SES scores and the

time terms were significant except for the linear time term. Together, the

results provide evidence that the time course of looking to the change side

varies by load, first look, and SES Scores.

The model fit to the raw data can be seen in Figure 2.7. We see a clear effect

of load when the first look is to the no-change side. That is, when there were

fewer items to consolidate in working memory and participants looked to the

no-change side first, they released the fixation more quickly in order to look to

the change side. By contrast, when the first look was to the changing side, par-

ticipants generally continued looking to that side, regardless of the memory

load. The interaction between load and the first look was further qualified

by a three-way interaction with SES scores. In particular, when higher SES

participants first looked to the no-change side in the high load condition, they
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released fixation more robustly to look to the changing side relative to lower

SES participants. Taken together, results show little variability when partici-

pants start by looking at the change side. In contrast, when looking at the no

change side first, the relationships between load and SES, and the proportion

of looking time become apparent. Based on these findings, we focused sub-

sequent analyses throughout this thesis on the proportion of looking to the

change side when the first look was to the no-change side.

A key point to consider here relates to chance. When studying a behaviour

or response with two possible outcomes, a proportion of .50 is considered to

display chance (proportion of 1 divided by number of options). It logically

follows that the further away that scores are from a proportion of.50 (whether

above or below), the greater the certainty that responses are not due to chance.

In our analysis, however, chance largely happens on the first look (i.e., the

chance that the participant will happen to be looking at the change or no

change side at first). When separating scores based on first look, this chance is

already accounted for, leading to distinct patterns of responses. Inevitably, the

first look biases the proportion of looking to the change side, making a score

of .50 not representative of chance. Indeed, as shown in Figure 2.7, when

participants happen to be looking at the no change side first, scores are lower

and tend to remain below .50. Thus, the increase in proportion of looking

time (approaching .50) cannot be interpreted as ”approaching chance levels”

and is better understood in terms of the time taken for participants to release

their fixation rather (as discussed above; see also Spencer et al., 2023).

For the following analysis, we aggregated the proportion of looking time

across the 1500-6500ms time window. A correlation matrix with a scatter plot

and histogram for the proportion of looking to change side for each load along

with its predictor variable (i.e. EPDS, Empowerment Scores, IPV, SES Scores
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Figure 2.7: Model predicted proportion looking to change side by the load by
First Look and SES Score. The grey dotted line depicts chance performance
(0.50). SES Scores were median split for the purpose of visualisation.

and Mothers’ Age) can be found in Figure G.1 for low load, Figure G.2 for

medium load and Figure G.3 high load conditions.

We statistically modelled these data using a linear mixed-effects model

using the lmer function from the lme4 package (Bates, Mächler, Bolker, &

Walker, 2015) in R (R. C. Team, 2017) to predict the proportion of looking to

change side when the first look was no change side. We included a random

effect for participants and fixed effects of Load (low, medium, high), centred

SES Scores, and Mother’s Age. Preliminary analyses compared a model with

main effects only to models with candidate two and three-way interactions.

We first ran a three-way interaction model, which included the main effect of

Load, SES Scores, and Mothers’ Age, as well as two-way interactions between

load and SES, Load and mothers’ age, and SES Scores and mothers’ age, and

the three-way interaction (see table in Appendix H.1 for results). We then

ran a model including only the main effects of the three variables (see table

in Appendix H.2 for results). Although the model with no interactions was
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the most streamlined (an important consideration given the planned inclu-

sion of socio-emotional variables in the later models), it missed potentially

important interactions between task difficulty and maternal age (see table

in Appendix H.1). Thus, we ran a final model that included the main ef-

fects of Load, SES Score, and mother’s age and a two-way interaction between

Load and mothers’ age. Model fit was assessed using ANOVA and comparing

Akaike’s Information Criterion (AIC; Wagenmakers & Farrell, 2004). The best

model fit was achieved by the final model (see table in H.3).

Results of the final model revealed a main effect of load and interaction

between load and mothers’ age (see table 2.7 for detail on Wald chi-squared

test). The main effect of load is visualised in Figure 2.8. As was evident in

the timecourse model, the proportion of looking to the changing side was

higher in the low and medium loads relative to the high load condition. That

is, participants released fixation from the non-changing side more robustly

when there were fewer items to consolidate in working memory.
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Figure 2.8: Aggregated proportion of looking to change when the first look is
no change side. The grey dotted line depicts chance performance (0.50).

Figure 2.9 shows the interaction between load and mother’s age. The older

52



2.4. RESULTS

that the mothers were, the higher the change preference scores in the low

load condition. The association was reversed in the medium load condition,

with increasing changes in preference scores being found the younger that the

mothers were.
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Figure 2.9: Mothers VWM base model predicted proportion looking to change
side by load and mothers’ age. The grey dotted line depicts chance perfor-
mance (0.50).

2.4.3 VWM in relation to Socio-emotional factors

Maternal EPDS scores and VWM To understand how maternal depressive

thoughts predict VWM performance, we added the main effect of log-transformed

EPDS scores to the base VWM model. Two-way interactions between EPDS

and the predictors in the base model (load, SES, and mothers’ age) were also

included. Additionally, we modelled the three-way interaction between load,

mothers’ age, and depression to see if depression moderated the earlier sig-

nificant findings. Consistent with our VWM base model, results revealed the

main effect of load on participants’ VWM performance. However, the inter-
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action between mothers’ age and the load was not significant in the current

model. Additionally, depressive thoughts did not significantly predict VWM

performance on their own or through interactions (see table 2.8 for statistics).

Maternal Abuse Scores (IPV) and VWM In addition to the base model, we

included a main effect of log Abuse scores. The two-way interactions between

IPV and all predictors in the base VWM model were also included as predic-

tors. The three-way interaction between load, mother’s age, and IPV was also

modelled. The main effect of load from the base model ceased to be signifi-

cant in the current model, but the interaction between load and the mother’s

age was significant. Regarding the IPV scores, there was no main effect of

the log abuse score on the proportion of looking to the changing side. There

was, however, a significant 2-way interaction between log abuse scores and

SES Scores was revealed. As seen in figure 2.10 A, there was a negative rela-

tionship between the proportion of looking to the changing side and log abuse

scores only among mothers with higher SES Scores. That is, for participants

of higher SES, the higher the abuse scores, the poorer the VWM performance.

There was also a significant 3-way interaction between load, mothers’ age

and abuse scores (see Figure 2.10 B). In low load conditions, both older and

younger mothers’ showed poorer VWM performance the higher the abuse

scores. At the medium load, the same relationship was evident for younger

mothers; however, older mothers tended to perform better in the VWM task

the higher the Abuse scores. In the high load condition, there was no clear

relationship between abuse and VWM performance (see table 2.9 for Wald

chi-square statistics).

Maternal Sense of Empowerment and VWM The third linear mixed-effects

model building on the VWM base model includes the empowerment score
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Figure 2.10: A) Model predicting proportion looking to change side with
log(Abuse scores) and SES Score as dependent variables. B) Model predict-
ing proportion looking to change side with log(Abuse scores), mothers’ age
and task load set size 2,4,6) as dependent variables. SES scores and mothers’
age were median split for visualisation purposes. The grey dotted line depicts
chance performance (0.50)

as well as infants’ gender as predictors. We added gender in this analysis

to be consistent with the socio-emotional analyses above, where infants’ gen-

der predicted maternal sense of empowerment. As in previous models, two-

way interactions between empowerment and the three predictors of the base

model, as well as the three-way interaction with the mother’s age and load

were included in the analysis. The same 2-way interactions with the base

model were tested in relation to gender. An interaction between gender and

empowerment was added as a predictor as well. To elaborate on the poten-

tial 2-way interaction between empowerment and gender, 3-way interactions

between empowerment, gender and load, SES score, and mother’s age were

modelled. Last, the four-way interaction between load, mother’s age, empow-
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erment, and gender was also included among predictors (see Table 2.10 for

Wald chi-square statistics).

Results revealed no main effects on the proportion of looking to the chang-

ing side. The interaction between the mother’s age and load from the base

model was also not significant. The only significant 2-way interaction was

found between SES Scores and infants’ gender. Among the 3-way interac-

tions, significant results were found for the interaction between SES Scores,

infants’ gender, and sense of empowerment scores (see figure 2.11). The vi-

sual representation of the data suggests that for lower SES mothers of male

infants, there was a positive relationship between sense of empowerment and

the proportion of looking to the changing side. That is, the lower SES moth-

ers of male infants performed better on the VWM task the higher their sense

of empowerment. The relationship was reversed among mothers of female

participants, which showed that mothers of lower SES performed worse the

higher their sense of empowerment. The opposite was found for higher SES

mothers. Among those who had female infants, the higher sense of empower-

ment, the better the performance on the VWM task. For high SES mothers of

male infants, the higher the empowerment, the poorer the performance.

To further evaluate the 3-way interaction, we split the data by gender and

ran follow-up analyses (with the same predictors) on VWM for each gender

separately. The analysis on mothers with male infants showed no significant

main effects of the maternal sense of empowerment on her VWM performance

and no interactions. That is, among mothers of boys, the relationship between

empowerment and VWM was not different for mothers of higher versus lower

SES (c.f., apparent interaction in Figure 2.11). However, analyses on mothers

with female infants indicated a significant main effect of SES Score on VWM

performance, with VWM improving the higher the SES. A significant 2-way
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Figure 2.11: Model predicting proportion looking to change side with sense
of empowerment, infants’ gender and SES Score as dependent variables. SES
Scores were median split for visualisation purposes. The grey dotted line de-
picts chance performance (0.50)

interaction between SES Score and maternal sense of empowerment on VWM

performance was also found. Maternal VWM performance increased together

SES scores but only for mothers with a higher sense of empowerment.

2.5 Discussion

Results of Study 1 serve to contextualise our sample and their VWM per-

formance. Initial analyses served to corroborate the expected overlap be-

tween socio-emotional variables of interest (depressive thoughts, IPV, and

sense of empowerment) as well as their distinctiveness. Interestingly, de-

pressive thoughts among our participants were found to be independent of

demographic variables of interest, not being predicted by maternal age, SES

score, the gender of the infant, or their interactions. However, both IPV and

sense of empowerment were predicted by maternal age, with mothers experi-
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encing less IPV and feeling more empowerment the older they were. Mothers

of female infants also reported a greater sense of empowerment.

Previous research has indicated that the gender of children in one’s family

is a relevant predictor of depression and IPV among Indian mothers due to

the social desire for a male child (see Nongrum et al., 2014; Patel et al., 2002;

Savarimuthu et al., 2010). However, in our sample, not only did the gender of

the infant fail to predict these outcomes, but it also predicted empowerment

in the opposite direction to what might be expected based on the literature,

with mothers of female infants reporting a greater sense of empowerment. It

is important to treat this result with caution as mothers in the present study

often had multiple children and our analyses only focused on the gender of

the infant enrolled in the study. Thus, mothers of female participants in our

study could also have male children of other ages. In regards to sense of em-

powerment, social preference for a male child may result in greater family

focus and involvement on child-rearing decisions when the infant is male.

Greater paternal pressure and control (as well as enhanced interference from

the in-laws) linked to the upbringing of a male child compared to a female

child could be related to our findings on sense of empowerment. Family pres-

sure and control may be particularly low if the infant is female and a male

has already been born. Researching potential interactions between the gender

of the infant and the gender of their older siblings will help clarify some of

the complexities and nuances related to maternal feelings of empowerment.

Moreover, accounting for the influence of mothers’ relationship with their na-

tal kin may further serve to enhance a holistic and contextualised understand-

ing of empowerment (Bloom, Wypij, & Das Gupta, 2001).

Findings from the VWM base model served to replicate previous research

on VWM with adults (Simmering, 2016a). The time course analysis revealed
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that our sample showed decreased VWM performance as the task became

more demanding as the load increased. Critically, the load interacted with

the side that participants’ were looking at first, so that the effects of task dif-

ficulty were clearer when participants first focused on the no-changing side.

Moreover, performance also changed across SES scores, with higher SES par-

ticipants releasing fixation more quickly when starting on the no-changing

side, suggesting that high SES mothers consolidated the items in VWM more

quickly at this load.

Findings on the aggregated VWM scores further revealed an age-related

decline in VWM performance for the medium condition with a weaker de-

clining trend in the high load condition. This fits with results from previous

studies indicating that VWM performance peaks around the age of 20 (our

youngest participants were 18 years old) and then declines over the lifespan

(Brockmole & Logie, 2013; Costello & Buss, 2018). The finding showing a re-

verse trend for the low-load condition, however, creates some tension with the

literature. A potential explanation for the results is that, in the easiest condi-

tion, mothers with a stronger VWM (the youngest) may have disengaged. The

medium load, however, may have provided the ”Goldilocks” spot to encour-

age engagement and display the developmental trajectory across age (with a

noticeable decline over time). Trends in the high load condition still suggested

a negative relationship with performance decreasing over time. Nevertheless,

the greater difficulty of the task may have brought all performances closer to-

gether. That is, the task was sufficiently difficult for all mothers to perform

relatively poorly. Indeed, the average performance was lowest in the high load

condition independently of age and other variables.

With respect to understanding the impact of socio-emotional context on

mothers’ VWM we found no association between maternal depressive thoughts
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and her VWM in our sample. Results revealed both negative and positive im-

pacts of IPV, with the latter being unexpected. Overall, experiencing domestic

violence was associated with decreased working memory performance in the

higher SES group. IPV also interacted with mothers’ age and load. In the low-

load condition, higher scores in IPV were associated with lower VWM across

all ages. In contrast, in the medium-load condition, greater IPV was associ-

ated with higher working memory performance for the older mothers in our

sample and with lower performance for the younger mothers. A possible ex-

planation for this might be that older mothers who have, perhaps, experienced

abuse for a long time may be hyper-vigilant and hypersensitive to detecting

changes in the environment. Indeed, hypervigilance has been argued to be

linked to the search of threats in the environment through excessively scan-

ning the environment, broadening attention, and focusing on threat-related

stimuli (Eysenck, 1997; Richards, Benson, Donnelly, & Hadwin, 2014). Given

the overlap between hypervigilance, anxiety, and the deployment of attention

in search for threats (Richards et al., 2014), future research on IPV and cogni-

tion should consider the influence of anxiety as a measure of relevance.

In regards to sense of empowerment, findings indicated that among moth-

ers with female infants, VWM performance was higher as SES scores im-

proved, but only for mothers with higher sense of empowerment. Results

suggest that, on their own, improvements in the socio-economic status of a

given population (e.g., increased access to education) may not be sufficient to

achieve specific outcomes such as the improvement of VWM. However, fur-

ther research is necessary on order to enhance the understanding of the influ-

ence of empowerment on cognitive outcomes. For instance, research can be

aimed at teasing out the unique contribution of different aspects of empow-

erment (e.g., decision making, accessing resources, freedom of movement)
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on working memory (also see Bliznashka, Udo, Sudfeld, Fawzi, & Yousafzai,

2021).

Taken together, the results evidence the complex interplay of numerous

variables on maternal visual cognition, from socio-economic measures to ex-

periences of IPV and sense of empowerment. It must be noted, however, that

our research studied the socio-emotional measures of depressive thoughts,

IPV, and sense of empowerment independently, without controlling for the

shared variance between them. Our analytical approach is inseparable from

considerations of statistical power, given that including all variables in the

same model would have resulted in the loss of data from participants who

did not complete all measures plus further losses due to the transformation

of scores. Future research, with larger samples, may address the unique con-

tribution of each variable. Considering mediational chains, such as increases

in maternal age leading to higher empowerment and lower IPV, and the latter

variables predicting VWM, will also serve to further polish our understanding

of the complex array of influences on VWM.

Despite limitations, Study 1 invites a range of new research, provides in-

sights into analytical strategies when researching VWM with preferential-

looking tasks, and succeeds in highlighting the importance of individual dif-

ferences as well as socio-economic characteristics and conditions for the study

of VWM. Moreover, through addressing maternal VWM and its predictors, it

successfully sets the stage for Study 2, which focuses on infant VWM. Moth-

ers play a crucial role in infants’ early development, and their socio-emotional

context and cognitive abilities are likely to impact what mothers bring to the

table during parent-infant interaction. Study 2, thus seeks to extend Study 1

to understand ’whether’ and ’’how’ maternal socio-emotional context and cog-

nitive abilities influence their infants’ visual cognitive skills.
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2.6 Study 2: Are mothers’ socio-emotional context

& visual cognition related to infants’ visual cog-

nition?

Study 2 builds on Study 1 by relating the maternal socio-emotional context

and VWM performance to their infants’ VWM performance. As argued in

Chapter 1, infant cognition does not develop in isolation but through count-

less forms of interaction with others (primarily their caregivers). Thus, the

context in which a family lives, the resources available, and the characteris-

tics of infants’ social partners are all likely to play a part in the development

of infants.

VWM, marked by highly limited capacity, develops early in life, can be as-

sessed as early as 4 months of age with a remarkably noticeable improvement

from 6 months of age (Oakes, Baumgartner, Barrett, Messenger, & Luck, 2013;

Ross-sheehy et al., 2003), and continues to develop through infancy. Although

VWM capacity peaks around the age of 20 (Brockmole & Logie, 2013), it al-

ready reaches an adult-like level during childhood (Riggs, McTaggart, Simp-

son, & Freeman, 2006) displaying a rapid increase throughout infancy. A re-

liable method of measuring VWM of infants is the preferential-looking task

developed by (Ross-sheehy et al., 2003), which has the advantage of not re-

quiring verbal communication. Recent research by Wijeakumar et al. (2019)

has successfully used the VWM preferential-looking task in rural India. Be-

havioural results indicated that 6- and 9-month infants successfully detected

change in the VWM preferential looking task at low and medium conditions.

The authors suggest medium load condition as the key behavioural marker for

VWM performance and note that infants from Higher SES backgrounds per-

formed better at medium load conditions than infants from lower SES back-
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grounds. A key point of consideration is that low, medium, or high load con-

ditions adhere to considerations of task difficulty and, thus, are relative to

age (Ross-sheehy et al., 2003). That is, the same number of items held in the

working memory could be classified as difficult (i.e., ”high-load”) for younger

infants but would become of medium difficulty (i.e., ”middle-load”) for older

infants. Taken together, variables of infants’ age, load and SES background

are central to understanding infants’ VWM.

In regards to maternal influences on the development of VWM among in-

fants, studies from high-income countries have reported a negative impact of

maternal depression on infants’ later cognitive and socio-emotional develop-

ment (Murray & Cooper, 1996; Feldman et al., 2009). Maternal depressive

symptoms can include the loss of interest in daily tasks, fatigue, negative af-

fect, sleep disturbances, concentration problems, agitation, and feelings of

worthlessness (Clay & Seehusen, 2004). Such depressive symptoms measured

in both clinical (Brookman et al., 2020) and non-clinical populations can have

a negative impact on the quality of mother-infant interaction (Skotheim et

al., 2013; Vieites & Reeb-Sutherland, 2017). For example, loss of interest or

irritability can make mothers pay less attention to infants or be less tolerat-

ing of their behaviour (Lovejoy, Graczyk, O’Hare, & Neuman, 2000). Mothers

with depressive symptoms tend to respond less contingently to their infants

and with lower sensitivity, tending to be withdrawn during social interac-

tion compared to non-depressed mothers (Cohn, Matias, Tronick, Connell, &

Lyons-Ruth, 1986).

While early childhood adversities such as child abuse and neglect, and

their long-term effects (including social and cognitive developmental outcomes),

have been well-documented (Kessler et al., 2010; Reuben et al., 2016), re-

search on the effects of caregivers’ experience of Intimate Partner Violence
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(IPV) on infants’ cognitive outcomes is scarce. To our knowledge, there is only

one study, from the U.S., on the link between caregiver’s experience of IPV and

24, 30 and 36-month-old toddlers’ executive function (EF) at 60 months of age

(Gustafsson, Coffman, & Cox, 2015). Results showed that the association be-

tween maternal experience of IPV and infants’ EF was mediated by maternal

sensitivity. That is, higher IPV was related to lower sensitivity and through

it, to lower EF. Findings are not surprising given that maternal responsiveness

and sensitivity are important factors that influence infant cognitive and social

development (Landry et al., 2008).

Just like IPV can be expected to negatively affect victims and those around

them, women’s sense of empowerment can lead to a better quality of life for

both women and their family members. Positive outcomes, of course, can

occur through multiple pathways. Women’s autonomy, including decision-

making in household activities, employment, education, access and control

over resources, and freedom of movement (e.g. going to the market) have

been shown to be associated with a variety of outcomes for their infants. For

instance, Sethuraman et al. (2006) studied the relationship between women’s

empowerment and their 6- to 24-month infants’ nutritional status in rural and

tribal communities in South India. They found that women who were empow-

ered to make decisions in the family tended to have infants with better nutri-

tional status. Similarly, women with greater autonomy and freedom of move-

ment (e.g. going to the market, visiting health centre) tended to have children

with significantly less stunted growth (Shroff, Griffiths, Adair, Suchindran, &

Bentley, 2009) and have been shown to be more likely to seek antenatal care

(Bloom et al., 2001).

While there is a large body of literature from low and middle-income

countries (LMIC) examining the relationship between maternal empowerment
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and infants’ nutritional status and growth (Cunningham et al., 2015; Sethura-

man et al., 2006; Shroff et al., 2009), to our knowledge there is only one study,

from a sub-Saharan context, that has looked at the association between ma-

ternal empowerment and infants’ cognitive development (Bliznashka et al.,

2021). Although the study only found a weak association between mater-

nal empowerment and their infant’s cognitive development, more empowered

women were found to be less likely to have infants with sub-optimal cognitive

development.

Caregiving can be physically and emotionally demanding, requiring dy-

namic coordination of the brain and behaviour to reach multiple goals. For

caregivers in a naturalistic environment, interacting effectively with infants

requires several cognitive processes such as motivation, attention, and cogni-

tive flexibility (Barrett & Fleming, 2011). For instance, caregivers need to re-

spond contingently in order to attend to their infants’ needs. These contingent

responses require maintaining and manipulating information in the environ-

ment while attending to the infant and thus are connected to VWM. Moreover,

contingent responses to infants have been found to result in improved devel-

opmental outcomes, including language acquisition (K. E. Smith, Landry, &

Swank, 2006; Tamis-LeMonda, Bornstein, & Baumwell, 2001), which are par-

tially underpinned by the infant’s developing VWM. Exploring the connection

between the VWM of mothers and that of their infants, thus, can serve to con-

nect the dots provided by the literature and develop a clearer picture of the

development of infants.

Based on the literature available, we hypothesised that infant age will pre-

dict VWM positively and load will predict it negatively. Moreover, SES scores

are expected to predict VWM-PL scores positively (Wijeakumar et al., 2019).

In regards to maternal socio-emotional characteristics, the literature invites
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hypothesising that caregiver depressive symptoms and experiences of IPV will

negatively predict their infant’s VWM-PL scores (see Feldman et al., 2009;

Gustafsson et al., 2015)). Links to empowerment, however, are less clear in

the literature reviewed, so the variable was included in an exploratory man-

ner. Although logical speculation suggests that empowerment should posi-

tively predict infants’ VWM due to its close links with IPV, the lack of ev-

idence from previous research precludes stating a priori hypotheses. Last,

we hypothesised that caregivers’ and their infants’ VWM scores will be pos-

itively associated. The hypothesis is informed by the demands of caregiving

increasingly hindering engagement with one’s infant the lower the resources

available (including cognitive ones). Considering the inheritability of cogni-

tive skills (Cuevas et al., 2014), the shared genetics and environment between

caregivers and infants further support the expected relationship between their

characteristics. Once again, we take a step-by-step approach, which starts by

evaluating infants’ VWM performance on its own. We then explore the mater-

nal socio-emotional factors addressed in Study 1, namely maternal depressive

thoughts, IPV, and sense of empowerment, in relation to infants’ VWM per-

formance. Last, we consider the links between mothers’ and infants’ VWM

performances and explore the modulating role of maternal socio-emotional

variables.

2.7 Method

2.7.1 Participants

Infants aged 6-months ±15 days of age or 9-months ±15 days were eligible for

the study. Like in Study 1, the recruitment of participants happened within

the sample of a larger project. Due to the nature of the VWM-PL task, par-
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ents of infants were screened for colour vision deficits. Infants of parents with

any congenital problems, or gestational age <26 weeks at birth, were excluded

from the study. Initially, 257 families came to the lab for the VWM-PL assess-

ment in year 1. However, 17 families (10 6-month-old infants; 7 9-month-old

infants) did not complete the assessment and were excluded from the study.

The remaining 240 families were followed up for the duration of the study

which included the following: (1) a laboratory-based VWM-PL assessment in

year 1 at 6 or 9 months of age; (2) a laboratory-based VWM-PL assessment in

year 2 at 18 or 21 months of age. Enrolment for this study was distributed over

4 phases. Each phase was separated by three months and involved enrolling

approximately 60 infants for data collection.

In Year 1, 228 participants contributed to the visual working memory data.

This includes infants aged 6 months old (N = 119; N females = 58 ) and infants

aged 9 months old (N = 109; N females = 56). Out of the 228 participants in

Year 1, 188 participants contributed visual working memory data in Year 2.

This includes infants at 18 months of age (N = 94; N females = 45) and infants

at 21 months of age (N = 94; N females = 46). Participants in Study 2 were the

infants of the mothers who participated in Study 1. It must be noted that more

data was lost for mothers, who completed multiple measures (i.e., EPDS, IPV,

empowerment), than for infants, who only completed the VWM task. That

means that our sample of infants was larger (N = 228) for the evaluation of

VWM on its own, but was later reduced when linking infant VWM to the ma-

ternal socio-emotional measures (EPDS, N = 131 dyads; IPV, N = 104 dyads;

sense of empowerment, N = 138 dyads) after the log transformation of EPDS

and IPV scores. The sample with all measures needed to connect maternal

VWM to infant VWM was 120 dyads. As mentioned in Study 1, all partici-

pants were from the Shivgrah block of Uttar Pradesh, India. The experiment
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was conducted with the understanding and written consent of each partici-

pant’s parents. Where parents were illiterate, a witness gave signed consent

accompanied by a thumb impression of the caregiver in place of a signature.

At the end of each laboratory session, families received a small token of ap-

preciation.

2.7.2 Materials

2.7.2.1 VWM-PL Task infant

We administered the same VWM-PL task, using the same stimuli as Study 1

(see figure 2.3)with the exception of variations in the size of the sets of squares.

In Year 1, when participants were 6- and 9- months of age, the stimuli con-

sisted of 1, 2 and 3 coloured squares (set size) corresponding to low, medium

and high load conditions respectively. Previous studies have shown that in-

fants around age 13 months of age show above chance performance for change

preference scores at set sizes 1,2,3 whereas older infants and toddlers show

above chance change preference scores at loads 2, 4 and 6 (Ross-sheehy et al.,

2003; Simmering, 2016b). Thus, we varied the VWM load between 1, 2 and

3 squares on each side for infants at 6- and 9 -months of age. Similarly, we

varied the load between 2, 4 and 6 items for children in Year 2, when they

were of 18 and 21 months of age. Participants were presented with a total

of 36 total trials in six blocks of 6 trials. Like in Study 1, each trial lasted

for 10s. In terms of the set-up, a 42-inch LCD monitor, connected to a PC

running Experiment Builder, was used to display the stimuli. Looking data

were collected using an Eyelink 1000 Plus eye-tracker (SR Research) operat-

ing in binocular remote mode, at 500Hz. In the cases in which eye-tracking

data were not available (due to reflection, poor lighting, or unwillingness of

the infant to wear the calibration sticker), looking data were collected with a
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webcam. This was hand-coded on a frame-by-frame basis offline for left or

right looking by a blind observer using Datavyu (D. Team, 2014). Infants sat

on their mother’s lap on a chair approximately 100cm from the screen. A tar-

get sticker was placed on the infant’s forehead for the eye-tracking system to

track the infant’s head movement. Each display contained coloured squares

that subtended a visual angle of 0.2°.

2.7.3 Procedure

Participants with their families were welcomed and seated in a common play-

room, where testing procedures were explained and consent was obtained.

Parents and their infants were, then, accompanied to a quiet room where test-

ing was carried out. Parents were seated on a chair in front of the camera and

infants sat on their laps. The task began with a short animated video of lo-

cal cartoons while the participant settled in. A 5-point standard calibration

sequence was administered to ensure correct eye-tracking at the top, bottom,

left, right and centre of the screen. Following this, the VWM-PL task began.

Due to a range of constraints (e.g. power cuts, long travelling hours), we

could not always rely on reviewing the data in real-time or while in India.

Therefore, where infants and parents were willing to continue, additional

blocks of data were sometimes collected. Each additional block contained 3

trials (one for each load) for each change side. Where necessary, participants

could take a break between blocks. Participants completed on average 20.99

trials in Year 1 (SD = 9.72) and 26.25 trials in Year 2 (SD = 9.66). Each trial

was preceded by an attention-getter presented at the centre of the screen until

the infant looked toward it.
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2.7.4 Measure Construction and Methods of analysis

The eye-tracking data was exported frame by frame using Data Viewer (SR-

Research, Ontario, Canada). Since we also gathered video data to reduce data

loss, the area of interest around the two objects on the screen was increased

such that the eye-tracking data would match video-coded data. The primary

distinctions were looking to the left, right, or away. In case of no recorded eye-

tracking data or where the tracker was unable to register any looking on the

screen during the 10-second trial, the hand-coded video data from that trial

was included in place of the eye-tracking data. Hand coding was done frame-

by-frame (30 frames per second) to determine looking to the left, centre, and

right of the screen.

Cohen’s Kappa was used to examine the reliability of the coded data. 17%

of the data was re-coded to check reliability. The mean Kappa for the 6-month

cohort of 0.73 and a mean Kappa for the 9-month cohort of 0.83 suggests

good reliability. Note that Kappa values from 0.6 - 0.8 indicate substantial

reliability; scores greater than 0.8 indicate almost perfect agreement. For the

change preference analysis, we focused on the analysis period from 1500ms

to 6500ms. This is the same window as maternal VWM. We trimmed the last

few seconds of data from each trial as the number of eye-tracking samples

diminished as infants’ attention waned.

Maternal demographic and socio-emotional measures were computed in

the same way as in Study 1. Logarithmic transformations were carried out

once again for scores of EPDS and IPV.

2.7.4.1 Analytic strategy

As in Study 1, the analytic strategy was divided across different stages, focus-

ing on 1) the infants’ VWM unrelated to maternal measures, 2) the exploration
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of maternal socio-emotional measures as predictors of infants’ VWM, and 3)

the relationship between the VWM of mothers and their infants. Based on

findings from Study 1, all analyses focused on the preferential looking perfor-

mance when the first look was directed at the no change side.

In Stage 1, descriptive statistics and correlations between key variables are

addressed. Next, infants’ VWM is assessed on its own, with predictors directly

related to them (i.e., infant age, Year of the study, and SES scores) and to the

task (i.e., Load) being included in order to develop a minimal baseline model.

No maternal measures were included in this Stage.

Stage 2 focuses on the influence of maternal socio-emotional measures on

infants’ VWM. As in Study 1, the loss of data resulting from including multi-

ple variables in the same model (i.e., not all mothers completed all measures)

and from transformations of skewed data prevents us from computing a sin-

gle model which controls for all variables. Thus, three separate models are

evaluated, one for each socio-emotional measure (depressive thoughts, expe-

rience of IPV, and sense of empowerment) in addition to the predictors in the

base model from Stage 1. Within each of the three models, interactions be-

tween the socio-emotional measure and the predictors in the baseline model

are explored.

Last, in Stage 3 links the VWM performances of infants and their moth-

ers. The model includes the VWM scores of mothers and the infants’ baseline

model as predictors. Given that analyses from Study 1 indicated that maternal

VWM performance was more noticeable at medium and high load conditions,

we decided to exclude low load conditions and aggregate the scores from

medium and high load conditions. When compared to the alternative lin-

ear mixed model, with the main and interactive effects of all maternal VWM

scores (centred), the simplified model improved the AIC score, and therefore,
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the model’s relative quality (assessed using the Anova function in R).

2.8 Results

2.8.1 Infant VWM baseline

The baseline model for the change preference measure of VWM was a linear

mixed-effect model including the year (1 or 2), load (low, medium or high),

SES Score (centred), and age cohort (cohort 1 = 6 and 18 months, cohort 2 =

9 and 21 months) as predictors. Year and age cohorts were difference-coded,

and the load was input as a factor. To allow for individual differences across

year and load, the model included a random intercept for each participant. To

arrive at a minimal baseline model, we began with a model that only included

the main effects. We then introduced two-way, three-way, and four-way inter-

actions, only including interactive effects that showed evidence of improving

the model fit (for detailed step-wise strategy and results on interaction effects,

see Spencer et al., 2023). The final baseline model only included the main ef-

fects. All models were assessed for fit based on a Q-Q plot of the residuals and

using the R package DHARMa (Hartig, 2021). Analyses are reported as Wald

Chi-squared tests (see table 2.12). Results indicated the main effect of age and

the main effect of load on infants’ visual working memory. As the load in-

creased, VWM performance decreased. Moreover, the cohort of 9-month-old

infants (21-month-old in Year 2) performed significantly better than the other

cohort. Figure 2.12 shows a visual representation of the results of the base

model.
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Figure 2.12: Infants had lower visual working memory scores with increased
load. 9-month cohort infants show higher visual working memory scores
across the loads (dark orange) compared to 6-month cohort infants (light or-
ange).

2.8.2 Infant VWM and maternal socio-emotional measures

We ran three linear mixed-effect models with the socio-emotional measures

as well as the infants’ VWM base model (i.e., year, load, SES Scores, and age

cohort) as predictors. Each of the socio-emotional measures (EDPS, IPV, and

sense of empowerment) was included in a separate model (see Figure I.1, Fig-

ure I.2 and Figure I.3 in Appendix for Scatterplots between infants VWM-PL

scores and maternal socio-emotional measures). We, also, introduced two-

way interactions between the maternal socio-emotional measures (EPDS, IPV,

or sense of empowerment scores) and the load, SES Score, and Year. No other

interactions were modelled.

EPDS Results indicated no significant main effect of log EPDS scores on in-

fants’ VWM scores. No modelled interactions were found to be significant

for maternal depressive thoughts either. Only infants’ age predicted VWM
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performance (see table 2.13 for Wald Chi-squared test).

IPV As in the EPDS model, we found no significant main or interaction ef-

fects of maternal experiences of IPV on their infants’ VWM scores (see ta-

ble 2.14 for Wald Chi-squared test). Significant effects from the infants’ VWM

base model (age and load) remained significant after including IPV and its in-

teractions.

Sense of Empowerment Consistent with the analysis in Study 1, we added

the infants’ gender (male, female) as a predictor along with the variables in-

cluded in the EPDS and IPV models. Given the addition of gender, two-way

interactions were added between it and empowerment, load, SES Score, and

year. Additionally, three-way interactions were modelled. All three-way inter-

actions included Empowerment and Gender, with each one also including the

Load, Year, or SES. Results indicated no significant main or interaction effects

of the sense of empowerment on infants’ VWM scores (see table 2.15 for Wald

Chi-squared tests). As in the EPDS model, only age remained significant from

the base model.

2.8.3 Infants’ & Mothers’ VWM

The model on infants’ VWM included maternal VWM scores (aggregated across

the medium and high load) and maternal age as well as the SES score as pre-

dictors (based on results from Study 1). Additionally, we included fixed effects

of infant age (6 or 9 months), Year ( 1 or 2), infants’, and VWM Load condition

(low, medium, high; based on infant VWM base model). All two-way interac-

tions between SES Score (centered), maternal age (centered), and maternal

VWM, and the three-way interaction between them, were also modelled. A

random effect for participants was included to account for variability within
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the participants. The model was assessed for fit based on a Q-Q plot of the

residuals and using the R package DHARMa (Hartig, 2021).

For scatterplot, histogram and correlation between infants’ VWM-PL scores

(divided by Year and Load) and their predictors (i.e., Maternal VWM-PL scores,

Maternal Age, SES Scores, and Infant age, see Figure J.1, Figure J.2, Figure J.3,

Figure J.4, Figure J.5, and Figure J.6 in Appendix.

As in the infants’ base model, age and load were found to be significant

predictors of the infants’ VWM scores. Additionally, a main effect of mater-

nal VWM and the three-way interaction effect of SES Scores, maternal VWM

scores, and maternal age were also significant (see Table 2.16).

Figure 2.13 graphically depicts the data suggesting that maternal VWM

performance for younger mothers across the SES background, as well as older

mothers from higher SES background, tends to have an inverse relationship

with infants’ VWM performance. However, older mothers’ from lower SES

backgrounds tend to have a positive relationship with infants’ VWM scores -

though not strong as the other group.

2.8.4 Discussion

Study 2 examined the VWM of infants over time and explored its relation-

ships with the maternal socio-emotional context and VWM. Results from the

infants’ VWM base model indicated that, overall, the older cohort (9 months

old in Year 1 and 21 months old in Year 2) performed better at VWM tasks

than the younger cohort (at 6 and 18 months of age). Additionally, both age

groups showed a decline in performance as the task got more difficult. That

is, as the load increased, infants’ proportion of looking to the change side

decreased. These findings converge with previous research indicating devel-

opmental changes in infants VWM (Ross-sheehy et al., 2003; Oakes et al.,
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Figure 2.13: Effect of maternal VWM scores, age and socio-economic score on
infants’ VWM scores. Maternal age and SES Scores were median split for the
purpose of visualisation.

2013). It must also be noted that the Year of data collection did not predict

the VWM performance of infants. Results are not surprising given that the

task was more difficult in Year 2 (for 18 and 21 months-old infants). In Year 1,

the stimuli consisted of 1, 2, and 3 coloured squares for each load condition,

but in Year 2, the number of squares per load condition was doubled. The fact

that performance was equivalent across years (it was neither better nor worse)

indicates that the change in square set sizes served to keep the difficulty of the

task stable relative to the developmental growth of participants over time.

With regards to maternal socio-emotional context and infants’ VWM scores,

results indicated no main or interaction effects of maternal depressive thoughts,

the experience of IPV, or sense of empowerment on infants’ VWM perfor-

mance. It is worth considering, however, that scores of depressive thoughts

and IPV were very low in our sample, precluding a comprehensive evaluation

of their potential influences. The fact that increases among the lowest scores
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on the scales do not predict infant VWM does not necessarily entail that find-

ings would replicate with the inclusion of greater levels (even if only mid-

range) of depressive thoughts and experiences of IPV. It is also important to

note that in the population that we studied, families are larger than in western

settings, and infants frequently have multiple caregivers, including older sib-

lings (often sisters) and grandparents. It may be that a more collectivistic ap-

proach to caregiving serves as a protective factor in the development of infants

against the potential negative influences of maternal depressive thoughts, ex-

periences of IPV, and lack of empowerment. Future research that takes into

account not only the maternal socio-emotional characteristics but also the de-

gree to which caregiving time is shared with other family members and the

interaction between both will help enhance our understanding of the devel-

opment of infants’ visual cognition in relation to maternal characteristics in

collectivistic cultures.

In terms of mothers’ performance on the VWM task and its relation to in-

fants’ VWM, results indicated that the higher the VWM capabilities of moth-

ers, the lower the VWM capabilities of their infants. There was also an inter-

action between mothers’ VWM performance, her age, and SES Scores which

indicated that the negative trend of results did not apply to the infants of

older mothers from the lower SES. The overall negative association between

the VWM of mothers and their infants clashes with what we would have logi-

cally expected based on the literature. That is, because caregiving interactions

are underpinned by maternal visual cognition, which allows handling infor-

mation and coping with caregiving demands, higher VWM should enable in-

teractions of better quality, which would in turn foster the development of in-

fant VWM. Moreover, neither bio-genetic views on the inheritability of traits

and capabilities nor socio-contextual explanations serve to intuitively explain
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the trends in results given that mothers and infants in our study would share

both genes and environmental influences to some degree.

Findings may be explained by the potential effects of a mismatch between

the abilities of the mother and those of the infant. Taking the earlier consid-

eration (in Study 1) regarding people’s potential disengagement from simple

tasks, it may be that mothers with lower VWM capabilities have a greater

tendency to remain focused on their infants and the objects to which they

are attending. In contrast, mothers with higher VWM capabilities may dis-

engage, or at least divert their attention and that of their infants towards a

broader range of elements. This could result in them overloading the infants’

underdeveloped cognitive capabilities and inadvertently hindering their de-

velopment. Moreover, mothers with greater VWM capabilities may multitask

to a larger degree, which may, in turn, reduce the quality of the mother-infant

interaction. A key limitation of the study, thus, is that the use of laboratory

tasks does not allow evaluating the mother-infant interaction in a naturalistic

setting. Explanations that consider said interactions remain speculative un-

less the laboratory data is related to the real-life behaviour of mothers and

their infants. Note that we directly look at this issue in the final empirical

chapter.

Last, looking at the overall picture of our findings, it is important to bear

in mind that considerations of sample size and missing data guided our ana-

lytic approach toward focusing on direct effects. However, it is possible that

although there was no direct relationship between maternal socio-emotional

characteristics and infant VWM in our sample, there may be indirect associ-

ations through relevant variables including maternal VWM. Indeed, findings

of Study 1 revealed connections between socio-emotional variables and mater-

nal VWM and Study 2 linked the latter to the cognition of their infants. Other
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indirect relationships may be revealed through maternal responsiveness and

sensitivity during caregiver-infant interaction. Future research could consider

the role of more proximal antecedents of infant VWM in connecting maternal

socio-emotional characteristics to their infants’ developmental outcomes.

2.8.5 General Discussion

Studies in the current chapter have provided an initial understanding of our

sample, of how the socio-contextual characteristics of mothers relate to their

VWM capabilities, and of how these relate to the VWM of their infants. Study

1 revealed that, in our sample, specific elements of the maternal socio-emotional

context, including the experience of domestic violence and the sense of em-

powerment, were associated with their visual cognition. Moreover, Study 2

served to link maternal VWM to that of their infants. Interestingly, findings

in Study 2 opposed an intuitive application of knowledge from the litera-

ture, with higher VWM among mothers relating to poorer VWM performance

among their infants. Potential explanations for the findings remain specu-

lative and require connecting the laboratory findings to real-life caregiver-

infant interactions.

Taken together, Studies 1 and 2 also invite future research. Larger and

more comprehensive models will enable us to account for indirect effects from

the socio-emotional characteristics of mothers to the visual cognition of their

infants via maternal cognitive capabilities. Similarly, further research con-

necting laboratory measures to real-life interactions will serve to clarify our

findings and enhance the understanding of infants’ cognitive development. It

is the latter point what this thesis will aim to cover in Chapter5. However,

before proceeding to address the real-life data of mother-infant dyadic inter-

actions, it is imperative to elaborate on the methodological approach. Chap-
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ter 3, therefore, addresses the selection and extraction of variables of visual

cognition from video recordings which can be linked to the laboratory data.

It also elaborates on the development of the machine learning pipeline that

enables the analysis of our data.
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Table 2.1: Summary of key demographic features of our participants from
Shivgarh, UP, India.

Participant Demographics

Completed Measures
EPDS

n = 187
IPV & Emp

n = 138
VWM

n = 125

Age in Years
Mean

(SD)

26.4

(4.8)

26.1

(4.4)

26.2

(4.5)
Median

[min, max]

25

[18, 47]

25

[18, 42]

25

[18, 42]
Maternal Education
Primary or lower n (%) 102 (54.5) 72 (52.2) 65 (54.4)
Secondary or high 85 (45.5) 66 (47.8) 60 (48.0)
Income in INR
<= 50,000 n (%) 85 (45.5) 51 (37.0) 49 (39.2)
50,001 - 1,19,999 67 (35.8) 57 (41.3) 51 (40.8)
>= 1,20,000 35 (18.7) 30 (21.7) 25(20.0)
Caste
Scheduled Caste (SC) and
Scheduled Tribe (ST)

n (%) 122 (65.2) 91 (66.0) 83 (66.4)

Other Backward Caste
(OBC)

56 (29.9) 38 (27.5) 34 (27.2)

General 9 (4.8) 9 (6.5) 8 (6.4)
No. of Family Members

Mean

(SD)

6.8

(3.1)

6.8

(2.9)

6.8

(3.0)
Median

[min, max]

6

[3, 25]

6

[3, 16]

6

[3, 16]
No. of Children Under 5

Mean

(SD)

1.6

(0.7)

1.7

(0.7)

1.7

(0.7)
Median

[min, max]

2

[1, 4]

2

[1, 4]

2

[1, 4]
Access to Electricity
Yes n (%) 114 (61.0) 87 (63.0) 77 (61.6)
No 73 (39.0) 51 (37.0) 48 (38.4)
Cooking Fuel Type
Wood n (%) 136 (72.7) 113 (81.9) 102 (81.6)
Cow dung 22 (11.8) 8 (5.8) 6 (4.8)
LPG 29 (15.5) 17 (12.3) 17 (13.6)
Toilet Type
Toilet at home (flush or pit) n (%) 43 (23.0) 31 (22.5) 32 (25.6)
Open defecation 144 (77.0) 107 (77.5) 93 (74.4)
Note. EPDS, Edinburgh Post-natal Depression; IPV, Intimate Partner Violence;

Emp, Empowerment; VWM, Visual Working Memory.81



2.8. RESULTS

Ta
bl

e
2.

2:
M

ea
ns

,s
ta

nd
ar

d
d

ev
ia

ti
on

s
an

d
co

rr
el

at
io

ns
be

tw
ee

n
ke

y
m

at
er

na
lm

ea
su

re
s

M
at

er
na

lM
ea

su
re

s
M

ea
n

SD
R

an
ge

1
2

3
4

5
6

1.
E

P
D

S
5.

11
5.

23
0-

21
1

.2
9

**
*

-.
28

**
.1

3
-.

13
.0

6
2.

IP
V

4.
15

4.
66

0-
21

1
-.

53
**

*
-.

24
**

*
-.

14
-.

02
3.

E
m

p
ow

er
m

en
t

6.
23

2.
64

0-
10

1
.1

6
.0

1
-.

22
**

*
4.

M
ot

he
r

A
ge

26
.1

6
4.

35
18

-4
2

1
-.

14
.0

4
5.

SE
S

Sc
or

e
9.

73
3.

82
4-

26
1

-.
04

6.
In

fa
nt

G
en

d
er

1
N

ot
e.

EP
D

S
st

an
ds

fo
r

Ed
in

bu
rg

h
po

st
na

ta
ld

ep
re

ss
io

n
sc

or
e.

IP
V

st
an

ds
fo

r
In

ti
m

at
e

Pa
rt

ne
r

vi
ol

en
ce

.S
D

st
an

ds
fo

r
st

an
da

rd
de

vi
at

io
n.

B
la

nk
in

di
ca

te
s

p
>

.0
5,

*
in

di
ca

te
s

p
<

.0
5,

**
in

di
ca

te
s

p
<

.0
1,

**
*

in
di

ca
te

s
p
<

.0
01

82



2.8. RESULTS

Table 2.3: Regression results for Maternal Measures with EPDS Scores as cri-
terion

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable sum sq df F statistics p-value

(Intercept) 281.39 1 396.49 <.001 ***
SESScore s 0.27 1 0.384 .53
MotherAge s 1.84 1 2.59 .12
Gender s 1.55 1 2.19 .14
SESScore s:MotherAge s 1.59 1 2.24 .14
SESScore s:Gender s 0.07 1 0.099 .75
MotherAge s:Gender s 0.58 1 0.83 .36
SESScore s:MotherAge s:Gender s 2.11 1 2.97 .09 .
Residuals 88.00 124

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

Table 2.4: Regression results for Maternal Measures with IPV as criterion

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable sum sq df F statistics p-value

(Intercept) 168.18 1 225.88 .000
MotherAge 4.34 1 5.83 <.05 *
SES Score 0.00 1 0.00 .96
Gender 0.02 1 0.03 .87
SES Score:MotherAge 0.03 1 0.05 .83
SES Score:Gender 1.16 1 1.56 .21
MotherAge:Gender 0.53 1 0.72 .40
SES Score:MotherAge:Gender 1.78 1 0.27 .61
Residuals 72.22 97

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

Table 2.5: Regression results for Maternal Measures with Empowerment
Scores as criterion

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable sum sq df F statistics p-value

(Intercept) 5317.02 1 794.13 .00
SES Score 0.03 1 0.00 .94
MotherAge 31.76 1 4.74 <.05 *
Gender 43.86 1 6.55 <.05 *
SES Score:MotherAge 3.73 1 0.56 .46
SES Score:Gender 10.12 1 1.51 .22
MotherAge:Gender 0.11 1 0.02 .90
SES Score: MotherAge:Gender 1.78 1 0.27 .61
Residuals 870.40 130

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001
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Table 2.6: Mothers’ VWM-PL regression results using proportion looking to
change side over time as the criterion

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 1.24 1 .27
ot1 1.69 1 .19
ot2 0.05 1 .82
ot3 0.89 1 .35
ot4 0.02 1 .88
ot5 0.76 1 .38
Load 6092.21 2 <.001 ***
FirstLook s 75669.66 1 <.001 ***
SESScore s 1.76 1 .19
ot1:Load 464.71 2 <.001 ***
ot2:Load 1110.29 2 <.001 ***
ot3:Load 64.02 2 <.001 ***
ot4:Load 14.91 2 .001 ***
ot5:Load 87.18 2 <.001 ***
ot1:FirstLook s 73.37 1 <.001 ***
ot2:FirstLook s 0.25 1 0.615
ot3:FirstLook s 224.77 1 <.001 ***
ot4:FirstLook s 62.43 1 .001 ***
ot5:FirstLook s 45.93 1 <.001 ***
Load:FirstLook s 4981.08 2 <.001 ***
ot1:SESScore s 1.26 1 .26
ot2:SESScore s 8.83 1 <.01 **
ot3:SESScore s 0.88 1 .35
ot4:SESScore s 4.77 1 <.05 *
ot5:SESScore s 9.13 1 <.01 **
Load:SESScore s 742.36 2 <.001 ***
FirstLook s:SESScore s 163.39 1 <.001 ***
ot1:Load:FirstLook s 512.78 2 <.001 ***
ot2:Load:FirstLook s 71.16 2 <.001 ***
ot3:Load:FirstLook s 584.00 2 <.001 ***
ot4:Load:FirstLook s 146.95 2 <.001 ***
ot5:Load:FirstLook s 191.89 2 <.001 ***
ot1:Load:SESScore s 352.99 2 <.001 ***
ot2:Load:SESScore s 87.58 2 <.001 ***
ot3:Load:SESScore s 170.64 2 <.001 ***
ot4:Load:SESScore s 241.16 2 <.001 ***
ot5:Load:SESScore s 748.83 2 <.001 ***
ot1:FirstLook s:SESScore s 0.83 1 .36
ot2:FirstLook s:SESScore s 1251.70 1 <.001 ***
ot3:FirstLook s:SESScore s 371.96 1 <.001 ***
ot4:FirstLook s:SESScore s 31.26 1 <.001 ***
ot5:FirstLook s:SESScore s 655.76 1 <.001 ***
Load:FirstLook s:SESScore s 822.67 2 <.001 ***
ot1:Load:FirstLook s:SESScore s 1431.26 2 <.001 ***
ot2:Load:FirstLook s:SESScore s 1268.27 2 <.001 ***
ot3:Load:FirstLook s:SESScore s 482.87 2 <.001 ***
ot4:Load:FirstLook s:SESScore s 148.99 2 <.001 ***
ot5:Load:FirstLook s:SESScore s 1182.75 2 <.001 ***

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001
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2.8. RESULTS

Table 2.7: Regression results for maternal VWM-PL performance with the
proportion of looking to change side Scores as criterion

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 493.95 1 <.001 ***
Load 14.41 2 <.001 ***
SESScore s 0.04 1 .85
MotherAge s 0.03 1 .85
Load:MotherAge s 9.51 2 <.01 **

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

Table 2.8: Results for maternal VWM-PL scores with EDPS scores as a predic-
tor.

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 77.44 1 <.001 ***
Load 8.39 2 <.05 *
SESScore s 0.08 1 .78
MotherAge s 0.46 1 .50
log(DepTotal) 0.18 1 .68
Load:MotherAge s 1.73 2 .42
Load:log(DepTotal) 2.61 2 .27
SESScore s:log(DepTotal) 0.0005 1 .98
MotherAge s:log(DepTotal) 0.62 1 .43
Load:MotherAge s:log(DepTotal) 0.44 2 .80

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

Table 2.9: Results for maternal VWM-PL scores with IPV scores as a predictor.

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 105.79 1 <.001 ***
Load 5.06 2 .08 .
SESScore s 3.43 1 .06 .
MotherAge s 0.25 1 .62
log(AbuseScore) 0.11 1 .74
Load:MotherAge s 13.82 2 <.001 ***
Load:log(AbuseScore) 1.09 2 .58
SESScore s:log(AbuseScore) 4.99 1 <.05 *
MotherAge s:log(AbuseScore) 1.22 1 .27
Load:MotherAge s:log(AbuseScore) 10.98 2 <.01 **

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001
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2.8. RESULTS

Table 2.10: Results for maternal VWM-PL scores with Sense of Empowerment
scores as a predictor.

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 51.32 1 <.001 ***
Load 2.47 2 .29
SESScore s 1.17 1 .28
MotherAge s 0.05 1 .82
EmpowermentScore 0.10 1 .75
Gender s 0.29 1 .59
Load:MotherAge s 0.35 2 .84
Load:EmpowermentScore 0.18 2 .91
SESScore s:EmpowermentScore 0.99 1 .32
MotherAge s:EmpowermentScore 0.01 1 .93
Load:Gender s 2.18 2 .34
SESScore s:Gender s 7.66 1 <.01 **
MotherAge s:Gender s 0.02 1 .88
EmpowermentScore:Gender s 1.0 1 .30
Load:MotherAge s:EmpowermentScore 1.93 2 .38
Load:MotherAge s:Gender s 0.98 2 .61
Load:EmpowermentScore:Gender s 1.84 2 .40
SESScore s:EmpowermentScore:Gender s 8.32 1 <.01 **
MotherAge s:EmpowermentScore:Gender s 0.02 1 .90
Load:MotherAge s:EmpowermentScore:Gender s 1.16 2 .56

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

Table 2.11: Results for maternal VWM-PL scores with Sense of Empowerment
scores as a predictor for mothers of female infants only.

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 19.45 1 <.001 ***
Load 1.44 2 .49
SESScore s 5.46 1 <.05 *
MotherAge s 0.001 1 .97
EmpowermentScore 0.20 1 .66
Load:MotherAge s 0.59 2 .75
Load:EmpowermentScore 0.61 2 .74
SESScore s:EmpowermentScore 5.91 1 <.05 *
MotherAge s:EmpowermentScore 0.0004 1 .98
Load:MotherAge s:EmpowermentScore 1.97 2 .37

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001
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2.8. RESULTS

Table 2.12: Infant VWM-PL regression results with Load, Year, SES Score and
Age as criterion (Infant VWM Base Model)

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 1257.21 1 <.001 ***
Load 11.11 2 <.01 **
Year s 2.22 1 .14
SESScore c 0.59 1 .44
Age s 11.67 1 <.001 ***

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

Table 2.13: Infant VWM-PL regression results with maternal log EPDS scores
as criterion

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 206.18 1 <.001 ***
Age s 9.86 1 <.01 **
Load 1.15 2 .56
Year s 0.17 1 .68
SESScore c 0.03 1 .86
log(DepTotal) 0.84 1 .36
Load:log(DepTotal) 2.92 2 .23
Year s: log(DepTotal) 0.10 1 .75
SESScore c:log(DepTotal) 0.06 1 .80

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

Table 2.14: Infant VWM-PL regression results with maternal log IPV scores
as criterion

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 159.16 1 <.001 ***
Age s 5.40 1 <.05 *
Load 7.50 2 <.05 *
Year s 0.21 1 .65
SESScore c 1.44 1 .23
log(AbuseScore) 3.53 1 .06 .
Load:log(AbuseScore) 2.52 2 .28
Year s:log(AbuseScore) 0.03 1 .85
SESScore c:log(AbuseScore) 1.96 1 .16

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001
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Table 2.15: Infant VWM-PL regression results with maternal sense of empow-
erment scores as criterion

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 124.13 1 <.001 ***
Age s 6.97 1 <.01 **
Load 2.88 2 .24
Year s 0.10 1 .75
SESScore c 0.23 1 .64
EmpowermentScore 0.34 1 .56
Gender s 0.09 1 .76
Load:EmpowermentScore 0.63 2 .73
Year s:EmpowermentScore 0.15 1 .70
SESScore c:EmpowermentScore 0.77 1 .38
Load:Gender s 1.56 2 .46
Year s:Gender s 2.10 1 .15
SESScore c:Gender s 0.11 1 .74
EmpowermentScore:Gender s 0.58 1 .45
Load:EmpowermentScore:Gender s 1.63 2 .44
Year s:EmpowermentScore:Gender s 2.79 1 .09 .
SESScore c:EmpowermentScore:Gender s 0.11 1 .74

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

Table 2.16: Regression results for Infants VWM scores with Maternal age and
VWM scores as predictors

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 224.85 1 <.001 ***
Age s 6.33 1 <.05 *
Load 6.12 2 <.05 *
Year s 1.94 1 .16
SESScore c 0.31 1 .58
Prop mom NC 4.11 1 <.05 *
MotherAge s 0.05 1 .83
SESScore c:Prop mom NC 0.67 1 .41
SESScore c:MotherAge s 3.32 1 .07 .
Prop mom NC:MotherAge s 0.11 1 .75
SESScore c:Prop mom NC:MotherAge s 4.98 1 <.05 *

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001
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Chapter 3

Leveraging technological advances

to overcome challenges in assessing

visual cognition in naturalistic

low-resource settings

Chapter 2 established the association between the visual cognitive abilities

of the caregivers and their infants within our sample, i.e., mother and infant

VWM are inversely related to each other in a lab-based task. However, in real-

world settings, infants’ visual experience is more complicated than simply

attending to the stimuli on a screen. In this cluttered world, we want to be able

to understand how infants deploy their visual attention to interact with the

objects and people around them. For example, we might assess the duration

of looks to an object, how often they shift between objects or objects and faces,

and so on. Given that in the real-world setting, infants engage with their social

partners who have their own visual experience, and attention abilities, we also

need to understand how both deploy visual cognition when interacting in a
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naturalistic setting.

In this context, it is important to capture the dynamic interaction between

parents and their infants in a meaningful way by extracting key measures

of visual cognition (e.g., look duration, and shift rate) within the ongoing

stream of interaction. Previous anthropological and psychological research

on parent-infant interaction has used a third-person view to capture parent-

infant interaction in low-resource settings and analysed data by annotating

the videos frame by frame. This has created two main issues: 1) a limited

amount of participants’ data can be collected because of the time and ef-

fort that goes into frame-by-frame coding, and 2) the third-person perspec-

tive offers only limited insight into parents’ and infants’ own visual experi-

ences. The current chapter focuses on using technological advances to create

a pipeline to collect, process, and analyse parent-infant interaction data from

low and middle-income countries using open-source and freely accessible al-

gorithms.

Recently researchers in western, high-resource contexts have quantified

parent-infant interactions using innovative technology (Aslin, 2009; L. B. Smith

et al., 2011, 2015; Yoshida & Smith, 2008; C. Yu & Smith, 2012). One such

technology is the head-mounted eye-tracker which has been established to

be reliable equipment to quantify parent-infant interactions in naturalistic

settings. Unlike other technologies (e.g., hand-held cameras), head-mounted

cameras and eye trackers provide the closest possible approximation to what

individuals see and how they deploy their attention (e.g., being sensitive to

head movements). Using these technologies, researchers have found that, in

an active context, the visual dynamics of parent and infant are very differ-

ent compared to a third-person’s view. For example, L. B. Smith et al. (2011)

recorded a ten-minute toy play session between parents and their 17- to 19-
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month-old infants using head-mounted cameras and eye-trackers with the

aim to understand infants’ first-person visual experiences. Results suggested

that the infants’ first-person view was highly selective with one dominating

object (toy) in view thus blocking the view of other objects around the in-

fant. The study defined a dominating object as an object whose relative size

in view was at least double the size of all other objects combined. In con-

trast, the parents’ first-person view was broader and more stable. Parents

tended to shift their gaze between visual targets (toys, hands and infant’s face)

rapidly with all objects equally in view. Interestingly, infants’ momentary vi-

sual experience included more hands (own or partners’) and hands manip-

ulating objects than parents’ momentary visual experience (also see Yoshida

& Smith, 2008). Therefore, head-mounted eye trackers and cameras enable

us to capture first-person visual experiences which can systematically differ

from a third-person perspective (Aslin, 2009) and are not intuitive relative to

the adult third-person view (Yurovsky, Smith, & Yu, 2013).

A key explanation for the difference in visual experience comes from the

fact that infants’ bodily movements such as turning heads or reaching for a

toy, together, have a major influence on their visual dynamics (Schneiberg,

Sveistrup, McFadyen, McKinley, & Levin, 2002; Yoshida & Smith, 2008; L. B. Smith

et al., 2011). In addition to infant’s own bodily dynamics playing a role in

selecting their visual experience, parents also played a complementary role

in selecting targets for the infant’s momentary visual experience (Xu, Chen,

& Smith, 2011) allowing infant and caregiver to spontaneously choose their

visual stimuli within the constraints of their own bodily actions. Franchak,

Kretch, Soska, and Adolph (2011) examined the visual experience of 14 months

old, mobile infants, using head-mounted eye-trackers during a parent-infant

play session. They noted that infants frequently fixated on caregivers’ hands
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and bodies instead of caregivers’ faces. Moreover, infants were more likely

to look at the mother’s face if the mother was sitting down at the infant’s eye

level versus standing upright. Given the infant’s own bodily constraints, the

caregiver’s contribution to the infant’s visual experience, and the fact that it is

common for caregivers to sit on the floor while interacting with their infants

in rural India, we wanted to examine these key factors that might impact in-

fants’ visual dynamics.

Extending the use of these tools to rural India is also important given the

western sampling bias in psychological research. Much of the research in psy-

chology comes from middle-class white families. Lack of technological in-

frastructures such as consistent access to electricity or power cuts as well as

lack of portable equipment have made it difficult for researchers to collect

data from rural low- and middle-income countries (LMIC). Given the afore-

mentioned technological advances such as head-mounted eye-trackers, it is

now possible to collect data from countries with a lack of technological in-

frastructure. To our knowledge, no study has incorporated head-mounted

eye-trackers and head cameras in low-resource settings. In the present study,

we use head-mounted eye trackers and head cameras to extract measures of

visual cognition during parent-infant interaction in Norwich, UK (urban UK)

and Shivgarh, India (rural India). By having both lines of video recording to-

gether, we can look at the dynamic interaction between parents’ and infants’

visual worlds, thus extracting measures of visual cognition across social con-

texts.

Technology enabling data collection goes hand in hand with the devel-

opment of data processing tools such as machine learning algorithms. Ma-

chine learning algorithms can enable us to process data quickly and efficiently.

Because of this, we are now able to collect data such as videos from head-
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mounted cameras from a large data set, extracting variables of interest such

as joint attention and sustained attention.

In this context, the core of Chapter 3 focuses on the process of creating

a common methodological pipeline to quantify parent-infant interaction that

can be used across high and low resource settings, in a way that ensures that

we are extracting meaningful data connected to what parents and their infants

view. Our goal is to quantify how long each partner in the dyad is looking at

an object or how much they are shifting between objects and faces, whether

they are looking at the same object at the same time, how long they sustain at-

tention on objects and faces, and who is leading and who is following each at-

tentional episode across both settings. Moreover, the current chapter focuses

on using open-source machine learning algorithms with the goal of avoid-

ing laborious frame-by-frame hand coding. This can enable the processing of

large datasets as well as objectively code data in a way that is fully transferable

across cultures.

The present chapter proceeds as follows. First, we introduce the data col-

lection methods used in both the UK and rural India. Next, we discuss the

machine learning tools used to process the data set, including a face-detection

network and an object recognition network. For each machine learning ap-

proach, we discuss how the networks were trained and validated, including

the key metrics we focused on and methods used to optimise performance.

We then present an overview of the full processing pipeline that applied these

machine learning tools to the processing of the eye-tracking and head camera

data, including a discussion of a toolkit for analysing the resultant time series

data. Next, we apply this pipeline to a subset of 12 infant-caregiver dyads:

4 from a 6-month-old UK cohort, 4 from a 6-month-old India cohort, and 4

from a 9-month-old India cohort. Here, we validate the pipeline performance
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3.1. DATA COLLECTION METHODS

by quantifying the accuracy of the resultant data set relative to hand-coded

data. We also quantify – for the first time – differences in dyadic interactions

across high- and low-resource settings. This work sets the stage for a larger

cross-cultural comparison of dyadic interactions which is presented in Chap-

ter 4.

3.1 Data Collection Methods

3.1.1 Participants

We present data from 4 parent-infant dyads (3 females) that were recruited by

the Developmental Dynamics Lab at the University of East Anglia, UK, for an

ongoing longitudinal project on early brain development. Inclusion criteria

for dyads included (1) normal or corrected-to-normal vision; (2) uncompli-

cated single birth between 37 and 42 weeks; (3) no reports of alcohol or drug

illicit use during pregnancy; (4) no pre-existing neurological conditions or

major head injury; (5) no familial history of major depressive or psychiatric

illness confirmed during the parental interview during enrolment. Parents

were informed of the experiment’s aim and procedure, and written consent

was obtained. Remuneration comprised of 20 pounds, travel expenses, a t-

shirt and a toy for each participant.

The Indian sample was recruited with the help of the Community Em-

powerment Lab (CEL) which works in the rural area of Shivgarh in the state

of Uttar Pradesh. Uttar Pradesh constitutes one of the highest infant mortality

rates in India with 60 deaths per 1000 live births for children under five years

of age (see National Family Health Survey report 2019-2021). CEL, in part-

nership with the community, created an intervention that helped reduce the

infant mortality rate in the intervention villages by 54% (Kumar et al., 2008).
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3.1. DATA COLLECTION METHODS

The current study reports a subset of data from a longitudinal project which

recruited 240 families. In the current study, we processed and analysed data

from eight dyads. Of the eight dyads, four infants were aged 6 months ±15

days (3 females, M = 6.06 months, SD = 0.23 months) and four infants were

aged 9-month ±15 days (3 females, M = 9.02 months, SD = 0.42 months). All

the infants were full-term and typically developing.

This project was supported by the Bill & Melinda Gates Foundation Grant

No. OPP1164153 and the NIH Grant No. R01HD083287, both were awarded

to Prof. John P. Spencer. The data reported here is part of a larger study

examining infant brain health in India and probing the neural basis of visual

working memory in early development in the UK.

3.1.2 Materials

Mobile eye-tracking. Parent eye movements and caregivers’ and infants’ vi-

sual fields were recorded using light-weighted (36gms) mobile eye-trackers

developed by Pupil Labs (Kassner, Patera, & Bulling, 2014). The eye tracker

was used with the software Pupil Capture (versions 0.09 to 0.9.15). The eye-

tracker has an infrared eye camera, placed close to the eye, that recorded

monocular pupil and corneal reflections from the images of one of the eyes

at a resolution of 640x480 pixels and a sampling rate of 120 Hz. The sam-

pling rate from the world camera was captured at 30 Hz at a resolution of

1280x720 pixels. The set-up includes connecting both the eye-tacker and

head-mounted camera to Pupil Labs recommended mobile phones. For data

collection in Shivgarh, we used Nexus 5XN4F2T mobile phones. For the UK,

we used Google Pixel 2 mobile phones. Each mobile phone in both contexts

consisted of Pupil Mobile apps that captured the data on the mobile phones.

These mobile phones were in turn connected to a laptop (HP laptop in In-
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3.1. DATA COLLECTION METHODS

dia and Mac laptop in the UK) through a WiFi network for the simultaneous

streaming of the video. Here, the experimenter can leave the room and see a

live gaze position in the form of a red dot relative to the headset. These eye-

trackers interface with the world camera and record the subject’s field of view

while the eye-tracker records the eye movement. This open-source software

combines the world camera information with pupil position information. The

parent wears the head-mounted eye-trackers like glasses with the nose-piece

placed on the nose. The infant’s head-mounted camera is embedded into a

headband for comfort as well as to avoid slippage. In line with previous re-

search using head-mounted cameras, we placed the camera low on the infant’s

forehead (L. B. Smith et al., 2011).

3.1.3 Stimuli

Ten toys were organized into two sets with each set containing five toys in

the UK. The toys include utensils, animals, and/or different shaped blocks

of single main colour (see fig 3.1). If and when the toys broke during data

collection, they were replaced by another toy. For example, a toy apple in the

UK was replaced with a toy pear.

Figure 3.1: Set of toys used in the UK. Top (left to right) Train, Elephant,
Kettle, Apple, Butterfly. Bottom (left to right) Giraffe, Rattle, Cup, Camera,
Duck.

Similarly, ten toys were used in Shivagrh including objects used as toys
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in the local community (e.g. plate, spoon), familiar toys (e.g rattle, ball) and

novel toys (see figure 3.2). If the toys broke during the one-year phase of data

collection, we either replaced them with another toy or taped them with the

exception of one toy (GLOW) as parents and infants continued to play with

the dismantled toy.

Figure 3.2: Set of Toys used in India. For some objects, we made up names
to create labels to train them in the YOLO algorithm. Top (left to right) Blue
ball, Candy, Plate, Glow, Spoon. Bottom (left to right) Yellow ball, Man, Green,
Ratte, Puzzle.

3.1.4 Setup UK

Trained researchers visited the participant’s home at the time when the par-

ents confirmed that the infants were usually awake and fed. After obtaining

the consent form from the parents, the eye trackers and tripod cameras were

set up in an area where the parents typically played with the infant. Infants

wore a vest to which the mobiles were attached at the back for freedom of

movement. If the infant was on a boppy pillow, then the cable and phone

were left on the side. Parents were briefed that they were free to pick up their

infants and move the phone/cable as desired. The experimenter adjusted the

scene and eye cameras when necessary. Parents wore a lab coat with a pocket

or velcro at the back of the lab coat to attach the phone for freedom of move-

ment. Two tripod-mounted cameras captured the play session from a third-

person view (see figure 3.3 for an example of the setup). A LENA device was
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placed near parents and their infants.

Figure 3.3: Caregiver-Infant interaction set up in the UK. Caregiver-infant
dyads played together with a set of toys in a naturalistic setting. Each
wore head-mounted cameras to collect egocentric video (left) and the care-
givers also wore eye-tracker to track gaze positions. A stationary camera also
recorded from a third-person perspective (right).

3.1.5 Setup India

Due to infrastructural and technological constraints (e.g. lack of electricity),

the parent-infant interaction study took place in several rooms set up as an

open laboratory space in a palace where we could bring in a generator for

power cuts. Before the sessions began, families toured the laboratory while

all procedures were explained to them. Families were shown the equipment,

explained its function and were given the opportunity to ask any questions.

They were, then, seated in a common playroom where consent was given.

The parent-infant interaction room consisted of a mattress on the floor

as a play area. Two cameras were placed on opposite walls such that they
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record parent-infant interaction from a third-person view. Figure 3.4 shows

an example of the setup for the head-mounted eye-trackers and cameras in

India. The set-up for eye-trackers was the same as in the UK with the excep-

tion that caregivers in India did not wear lab coats and hence mobile phones

were placed next to them. Caregivers felt uncomfortable wearing white lab

coats for two reasons: 1) In the Hindu community in India, white is the colour

of mourning, and 2) mothers’ would feel shy wearing a lab coat that was very

different from their usual attire. Caregivers were briefed that they were free

to move around holding their mobile phones if needed. Culturally, sitting on

the floor, cross-legged or in a squatting position is an everyday practice. The

caregivers hardly ever moved around the room or even displayed the need to

move around the room with their infants.

Figure 3.4: Caregiver-Infant interaction setup in Shivgarh, India. Caregiver-
infant dyads played together with a set of toys in a naturalistic setting. Each
wore head-mounted cameras to collect egocentric video and the caregivers
also wore eye-tracker to track gaze positions (left). A stationary camera is
recorded from a third-person perspective (right).
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3.1.6 Procedure

There were two experimenters in the room. In India, one of the experimenters

was a staff member from the Community Empowerment Lab (CEL) organ-

isation and one was from the local community. Experimenter 1 helped the

caregiver wear the head-mounted eye-tracker. Prior to calibrating the eye-

tracker, Experimenter 1 would ask the parent to follow their finger (left, right,

top, bottom) to make sure that the pupil was captured properly and to en-

sure that it was visible in the world camera. We start recording the parent

eye-tracker to calibrate with a minimum of nine calibration points performed

using Pupil Capture software (for more information see https://docs.pupil-

labs.com/core/). During calibration, the caregiver fixated on the calibration

marker (Appendix L.1) while keeping the head stationary, and the experi-

menter moved the marker around while staying within the participant’s visual

field (about 1.5-2m away). The experimenter moved the calibration marker in

such a way that it covered the 2D screen that was monitored by experimenter

2. Following the calibration, one of the two experimenters would distract the

infant with a toy while the other experimenter would place the headband on

the child’s head. Experimenter 1 moved the toy in different directions (top,

down, left, right) while Experimenter 2 adjusted the angle of the camera to en-

sure that the toy was in the infant’s field of view when they moved their heads

in different directions. Once the cameras were set up, we started the infants’

head camera and the LENA device recording. The experimenter placed the

toys near the dyads within reach. Caregivers were instructed to play as they

usually would with their infants. The experimenter placed a clapperboard

between the parent and their infants’ head camera such that it was visible on

both the recordings as well as close to the LENA device and clap it three times

to synchronise the onset of the play session. Both the experimenters would
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leave the room (India) or move to a corner of the room (UK) and check the

play session as it streamed live on the laptop for any issues (such as removing

the head camera, technical issues, software errors etc). The play sessions were

recorded for approximately 10 minutes.

3.2 Setting up Machine Learning Tools

In recent years, the use of CNNs (convolutional neural networks) has gained

popularity due to its vision-related applications including face detection (K. Zhang,

Zhang, Li, & Qiao, 2016), object recognition (Redmon, Divvala, Girshick,

& Farhadi, 2016) and image-based diagnostic applications such as detecting

anomalies in X-ray and MRI images (K.-H. Yu, Beam, & Kohane, 2018). Here,

we used several specific CNN tools to objectively detect the presence of faces

and toys in the video data collected from the mothers’ eye-tracker and the

infants’ head cameras.

3.2.1 Multi-Cascade Convolutional Neural Network for Face

Detection

We used a publicly available multi-cascade convolutional neural network (MTCNN)

available at https://github.com/ipazc/mtcnn focusing on the MTCNN face

detection network built by K. Zhang et al. (2016). MTCNN is a fast, efficient

and robust face detection algorithm (N. Zhang, Luo, & Gao, 2020) built to ac-

count for various illuminations and occlusion in real-world environments. It

uses three steps to identify faces.

1. It proposes candidate facial windows in the image.

2. Then, it refines the facial windows by rejecting a large number of non-
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face windows.

3. And finally, it refines the result to produce five landmark positions (see

figure 3.5 for an example).

In Developmental science, we are aware of only one study using machine

learning algorithms for face detection (Long, Sanchez, Kraus, Agrawal, & Frank,

2022). The study compares open-source neural networks such as Open Pose

and MTCNN to understand changes in infants’ visual fields across 8- to 16-

month old infants. Long et al. (2022) note that while both MTCNN and

Open Pose outperform ViolaJones classifier (see Viola & Jones, 2004), overall,

MTCNN shows slightly better performance in face detection than Open Pose

thus suggesting good accuracy for face detection. Moreover, unlike OpenPose,

MTCNN is a specialised face detector that can be used both on static images

and videos.

Figure 3.5: An example of five facial landmark positions for MTCNN detec-
tion on the left and right eye, nose, left and right edges of the mouth (circled
in yellow). The red bounding box indicates the facial window.

We set up the MTCNN environment using Anaconda Navigator, a graph-

ical user interface that helps manage the virtual environment and consists of
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several data science packages required for machine learning. We used the Ten-

sorflow implementation of the MTCNN algorithm available at https://github.com/ipazc/mtcnn.

To test the accuracy of the MTCNN algorithm, we extracted 10 images

from 10 dyads (5 from the parent head camera and 5 from the infant head

camera), including dyads that are not included in the current analyses. The

final test data set for UK and India dyads consisted of 100 images each. Out

of the 100 images, each data set consisted of 80 face images and 20 non-face

images. Half of the images were of infant faces and another half of caregivers’

faces. Images with various orientations, lighting and distance were selected

(see figure 3.6 for an example of raw data). All the images were hand-labelled

for faces using ImageJ, an open-source image processing and analysing soft-

ware (Schneider, Rasband, & Eliceiri, 2012) yielding an a.ROI file for each

image containing the coordinates of the labelled box. These hand-labelled

data sets were called the ”Ground Truth” (GT) data set. Faces were classified

as present if at least half of the face was visible.

FACE NO FACE FACE NO FACE

INDIA UK

Figure 3.6: Example of a subset of raw data with and without faces. We used
MTCNN algorithm for face detection for both India (left) and the UK (right)
cohort.
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To account for the impact of variation in lighting in the dyadic videos (e.g.

sometimes poor lighting in the home context or face against the light), we

use Contrast Limited Adaptive Histogram Equalization (CLAHE) which takes

care of over-amplification of contrast (see Zuiderveld, 1994). We used CLAHE

to check if it made any difference in the accuracy of face detection. We, then,

ran these images through the MTCNN algorithm with and without CLAHE.

This gives us a prediction file with the following information: 1) image name,

2) prediction confidence, and 3) box coordinates of the prediction (see fig-

ure 3.7 and figure 3.8 for an example output of predictions with and without

CLAHE).

Parent Faces Without CLAHE 

Parent Faces With CLAHE 

Infant Faces Without CLAHE 

Infant Faces With CLAHE 

Figure 3.7: Example of MTCNN evaluation output with and without CLHAE
for India cohort.

To evaluate the performance of the MTCNN face detector on our test data

sets, we used an open-source evaluation metric developed by Padilla, Pas-

sos, Dias, Netto, and da Silva (2021). The source code was downloaded from

GitHub onto a mini mac computer and a Python environment was created to

run the software. The metric used Intersection Over Union (IoU) to measure
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Parent Faces Without CLAHE 

Parent Faces With CLAHE 

Infant Faces Without CLAHE 

Infant Faces With CLAHE 

Figure 3.8: Example of MTCNN evaluation output with and without CLHAE
for UK cohort.

the accuracy of detection (see figure 3.9). IoU provides us with information

on the extent of overlap between the GT and the prediction (the greater the

overlap, the greater the IoU). Figure 3.10 displays the GT in green and the

prediction in red, with increasing overlap across images. Figure 3.10 A has

the least overlap and IoU, and Figure 3.10 C has the largest.

To evaluate the precision and recall of the detections, it is necessary to es-

tablish an IoU threshold. The larger the threshold, the larger the IoU, and

therefore overlap required. Figure 3.11 serves to further visualise the eval-

uation process. Each of these images, except figure 3.11G, has at least one

target object of the class face. The GT labels are the bounding boxes in green.

MTCNN predicted eight faces, represented by the red bounding boxes. In this

case, the IoU would be higher in figure 3.11B than in figure 3.11E as the extent

of overlap between the GT and the prediction is larger. The evaluation metric
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Figure 3.9: Illustration of Intersection over Union (IoU). The IoU is com-
puted by dividing the area of overlap between the predicted and ground truth
bounding boxes by the area of union between the predicted and ground truth
bounding boxes.

Figure 3.10: An example of detecting a face in the image and calculating IoU.
Ground Truth is depicted in green and the predicted bounding box is depicted
in red. Image A (extreme left) has the least overlap between the ground truth
and predicted bounding boxes, and Image C (extreme right) has the most over-
lap.

will classify each detection as:

1. True Positive, if IoU between the GT and prediction is greater than the

IoU threshold (e.g., figure 3.11 A);

2. False positive, if the IoU between GT and prediction is less than the IoU

threshold or if there is a prediction for no associated GT (e.g. figure 3.11

image C and G respectively);

106



3.2. SETTING UP MACHINE LEARNING TOOLS

3. False Negative, if the GT has no associated prediction (e.g. figure 3.11

image D);

4. True Negative, if the frame has no GT and prediction.

Therefore, if IoU threshold is, say 0.5, and the IoU value for the prediction

is 0.7, then we classify the prediction as True Positive. On the other hand, if

IoU is 0.3, we classify it as a False Positive.

A B C D

E F G H

Figure 3.11: An example of detecting faces in the validation data set and cal-
culating IoU in the India sample. Ground Truth is depicted in green and the
predicted bounding box is depicted in red. The closer the predicting bound-
ing box to the ground truth bounding box, the larger the IoU.

To use the evaluation metric, we convert the ROI images to a .csv file

with image path, image name, size/coordinates of the bounding box and label

name (in this case, face) for the GT data. We, then, created .xml files from the

.csv files for the GT data and loaded the .xml files and raw images into the

evaluation metrics software. We then checked the GT statistics to examine
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if any labels were missing or incorrectly labelled. Figure 3.12 shows visual

example of this step.

(a) Example of .xml file (b) Sanity check for manually annotated
ground truth labels.

Figure 3.12: Example of steps that lead into the evaluation metrics. Figure
(a) shows a .xml file output consisting of image path, name, coordinates of
bounding boxes and label name. Figure (b) shows a visualisation process of
the metrics that enables us to check the ground truth for the missing label.

We ran two evaluation metrics for each cohort (India, UK). One evalua-

tion included MTCNN predictions with CLAHE and another without CLAHE.

Within each output, we extracted results using an IoU threshold of 0.50. Fig-

ure 3.13 shows the evaluation metric output for the UK cohort. Precision,

here, is the total number of true positives divided by the total number of true

positives and false positives, in other words, it is the correctly identified faces

out of all the identifications. Similarly, the recall is the ratio of true positives

and total GT positives, i.e., true positives divided by the sum of true positives

and false negatives. The trade-off between precision and recall performance

can be manipulated by adjusting the IoU threshold such that with a less re-

strictive IoU threshold, higher recall values can be obtained with the high-

est precision. For instance in figure 3.13 (a), the detector can retrieve about

55.34% of the total ground truths without any miss detection. Similarly, in

figure 3.13 (b), the detector can retrieve 62% of total ground truths without

any miss detection. AP in the figures denotes average precision. AP is a single

value obtained by summarising the precision-recall curve, i.e., precision av-
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eraged across all unique recalls. Precision indicates how precise our model is

for each class using the equation -

P recision =
T P

T P +FP

where TP denotes the True positive and FP is the False positive. Recall, here,

indicates how good the model is at recalling the class (that is, Face) from all

the inputted face images. In other words, out of all the face images in the

dataset, how many faces was the model able to detect? See below equation for

calculation of Recall -

Recall =
T P

T P +FN

where TP denotes the True positive and FN is the False negative. A precision-

recall curve is used to visualise the trade-off between the precision and recall

for different thresholds.

(a) Evaluation metric without CLAHE (b) Evaluation metric with CLAHE.

Figure 3.13: Evaluation metric output for the UK at IoU 0.50. AP, average pre-
cision, i.e., precision averaged across all unique recalls. The blue line denotes
the Precision-Recall curve.

We ran the same evaluation metric for the India cohort. Figure 3.14 shows

that for both outputs with (b) and without (a) CLAHE, the detector can re-

trieve 54.71% of total ground truths without any miss detection. Based on
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these evaluation metrics, we decided to use CLAHE for both India and UK

cohorts.

(a) Evaluation metric without CLAHE (b) Evaluation metric with CLAHE.

Figure 3.14: Evaluation metric output for India at IoU 0.50. AP, average pre-
cision, i.e., precision averaged across all unique recalls. The blue line denotes
the Precision-Recall curve.

To increase the precision, we need to decrease the false positives. To as-

sess potential filters needed to decrease the number of false positives, we ran

a dyadic video from each cohort through the MTCNN algorithm and visu-

alised the predictions. Visualisations were then converted into a video format,

at 90fps, for a qualitative check. To do this, we manually coded the videos

using an open-source, video coding software called BORIS – Behavioral Ob-

servation Research Interactive Software (Friard & Gamba, 2016). BORIS al-

lows us to create a list of observations, add comments for observation, choose

between state (with duration) and point (no duration) events, extract plots

and time budgets of the events and has a coding pad that allows coders to

start/stop the event in real-time (see http://boris.readthedocs.io for full doc-

umentation). After making a qualitative pass on the chosen dyadic video, we

noted potential filtering steps needed to improve accuracy.

The first filtering step required manipulating the size and confidence of

bounding boxes. Therefore, we filtered the data through different sizes of
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bounding boxes and confidence thresholds (ranging from 60-80%) of bound-

ing boxes until we got the best precision. The best bounding box size and

confidence threshold that suited both cohorts were 5 and 70% respectively at

an IOU threshold of 0.30. Figure 3.15 shows that the average precision for the

UK cohort increased by 7.18% and for India increased by 3.45%.

(a) Evaluation metric for UK (b) Evaluation metric for India

Figure 3.15: Evaluation metric with CLAHE at IoU threshold 0.30, with the
minimum size of the bounding box 5 and confidence threshold set at 70%. AP,
average precision, i.e., precision averaged across all unique recalls. The blue
line denotes the Precision-Recall curve.

As a point of reference, prior research by Long et al. (2022) has shown a

precision of .94 and recall of .62 when using MTCNN with a random sample

(c.f., figure 3.15). Although precision and recall were comparable, if not su-

perior, for our UK dataset, the evaluation metrics for the India sample were

lower. To increase the accuracy further, we incorporated four additional fil-

tering steps. The final filtering steps consisted of:

1. Filter by confidence. Any detection with the confidence of <70% was

discarded;

2. Filter by minimum size. Any bounding box with size <5% of the image

was discarded;
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3. Filter by asymmetry. If an edge of the bounding box was five times

longer than the adjacent side, then it was discarded;

4. Removal of duplicates. If there were two bounding boxes for the same

item (e.g. parent face) on the same frame, then this filtering step re-

moved the duplicate. Removal was prioritised primarily based on the

size of the bounding box (i.e. the largest bounding box was kept) and

secondarily based on the confidence (i.e. if two bounding boxes were

the same size, we kept the bounding box with the highest confidence

value).

3.2.2 You Only Look Once for Object Recognition

You Only Look Once (YOLO) is a state-of-the-art object detection algorithm

developed by Redmon et al. (2016). It uses Convolutional Neural Networks

(CNNs) to detect objects with better than real-time performance, typically

processing in excess of 40 frames per second. The advantage of using YOLO

over other algorithms, such as a Fast Regional Convolutional Neural Network

(FRCNN), is the highly efficient method it employs to detect objects. While

other approaches to object detection go through each image hundreds of times

to detect objects, YOLO runs through each image only once to return a com-

plete list of detected objects; hence its name, You Only Look Once. YOLO’s

speed comes with a slight trade-off in terms of the accuracy of detection that

it provides ( 69% mean average precision for YOLO versus 70% for FRCNN).

However, given the speed of detection, it is the preferred approach for a num-

ber of real-life applications where real-time processing is required. For exam-

ple, YOLO has been used to identify cars, people and traffic signals on busy

roads for autonomous driving applications (Boukerche & Hou, 2022; Mas-

moudi, Friji, Ghazzai, & Massoud, 2021; Pouyanfar et al., 2019). Hence, YOLO
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can be a useful method for detecting objects.

Here, we use YOLOv5, freely available at https://github.com/ultralytics/yolov5.

The network uses the following steps (see figures 3.16, 3.17, 3.18, 3.19 and

3.20). First, the YOLO algorithm overlays a grid on the chosen image (see fig-

ure 3.16) and makes a prediction for each cell in the grid (e.g., figure 3.17

A). Based on the predictions across cells, it sets bounding boxes and confi-

dence values (see figure 3.17 B). Predictions, bounding boxes, and confidence

values are set for all cells, regardless of whether there are any salient objects

or specified targets within them (see figure 3.18). Logically, these will tend

to have lower confidence values. Then, YOLO expands the bounding boxes

by an amount proportional to the confidence of each prediction (figure 3.17

B versus figure 3.18 B). The process, therefore, allows a threshold parameter

to be specified which defines the minimum probability that a bounding box

must reach in order to be said to contain an object. As a result, YOLO creates

a map with multiple bounding boxes ranked by their confidence value (see

figure 3.19 A), which serves to identify where the objects are located in the

image.

In order to detect what the objects are, the algorithm predicts the condi-

tional class probability for each grid cell. That is, it predicts the probability

that the image contains an object of a given class (e.g., plant) at each specific

location. Predictions are conditional at this stage because they do not specify

the presence of an object. Instead, they set the condition that ”if” there is an

object within the cell, that object will be of the given class. Figure 3.19 B,

depicts a coarse segmentation map, with the conditional class predictions for

each cell. Within this map, the condition would be, for example, that if there

is an object located within the red section, then it will be a plant.

Once YOLO has set the location of bounding boxes and the probable classes,
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Figure 3.16: Image A depicts the raw image containing three classes of objects,
(left to right) helmet, bottle and plant. YOLO divides the raw image into grids
as seen in Image B.

Figure 3.17: Image A shows an example of each grid predicting a bounding
box and image B shows an example of each grid predicting the confidence
value of the bounding box. In Image B, the thick bounding box depicts a
higher confidence value than the thinner bounding box.
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Figure 3.18: Image A shows a prediction cell with no target image. Image B
shows the predicted bounding box and confidence for a no-target bounding
box. Note, that the thin bounding boxes depict a lower confidence value of
prediction.

the information is merged. First, the algorithm multiplies the conditional

probability with the objects’ confidence value. This results in bounding boxes

weighted by their actual probabilities of containing the desired object(s) (fig

3.6 a). Then, it discards predictions with lower confidence values, thus reduc-

ing redundancy and narrowing down the location of the target object with the

greatest probability of containing it (figure 3.20 B).

We trained separate YOLO models for the UK and India dyads. To train

the models for the 11 UK toys and 10 India toys (and an additional class for

a mobile phone), we manually annotated a small subset of data to be used

as training and validation data. For the UK dyads, we labelled 1295 frames,

sampled from 28 UK dyads, and for the India dyads, we labelled 1238 frames

sampled from 113 dyads. The frames were extracted from both the parent

and infants’ head-mounted cameras. The initial selection of frames was ran-

dom, however, we then inspected the selection and added additional frames
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Figure 3.19: Image A visualises multiple predictions in the raw image. Pre-
dictions with lower confidence values are depicted in thin bounding boxes
and predictions with higher confidence values are depicted in thick bound-
ing boxes. Image B depicts an example of a coarse segmentation map of class
probability. Blue cells depict the areas with a conditional probability for the
class helmet. Yellow cells identify the class bottle. Red cells depict the class
plant.

to make sure that the data contained a good variety of different scales and

orientations of each toy (see figure 3.21 for an example).

All frames were labelled by trained research assistants using a software

package called LabelImg (Tzutalin, 2015). LabelImg is an open-source soft-

ware package written in Python. It is used to annotate images for the purpose

of providing data for training and validating object detection software. We

used it to create training and validation data sets for training YOLO (see fig-

ure 3.22 for an example). The annotations were saved in a text format, i.e.,

one text file per image, with each line containing the numeric representation

of the class label for each object in the image. Subsequent columns identi-

fied the location and size of each object’s bounding box. From each cohort’s

training data set, we extracted 128 (UK) and 117 (India) images to create a val-
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Figure 3.20: Image A depicts a combination of the bounding box, confidence
and class predictions. Image B depicts the final output after discarding pre-
dictions with low confidence.

Figure 3.21: Example of different orientations of a toy from India (left) and
UK (right).

idation dataset to assess the YOLO model’s performance, leaving us with 1167

images to train the UK model and 1120 to train the India model. The accuracy

of the models was assessed using the precision (of the toys detected, how ac-

curate were the detections), recall (how many toys were successfully detected

out of the total number of toys) and mAP (mean average precision; the mean

of average precision for all classes). All models were run at a threshold of 0.50
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for Intersection Over Union (IoU), which means that the detected bounding

boxes had to overlap with the labelled boxes by at least 50% in order to count

a successful detection.

Figure 3.22: Example of labelling toys using LabelImg annotation tool with a
minimal enclosing bounding box.

The training, validation and testing of the YOLO algorithm were under-

taken at the University of East Anglia’s High-Performance Computing Clus-

ter (HPC). The HPC allows for the processing of multiple dyads in parallel,

rather than sequentially, as is more often the case on a conventional computer.

The image data for training, validation and testing were uploaded to the HPC

and organised into directories of the same name. The training and validation

directories contained a sub-directory named ”labels”, in which the annota-

tions from the LabelImg software were stored. A configuration file (a yaml

file) was populated with the directory locations of the training and validation

directories.

The version of YOLO used in our work was YOLOv5 (Jocher et al., 2022).

The source code for this toolbox was downloaded from GitHub onto the HPC

and a Python environment was created to enable the software to run. The
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YOLO toolbox contains separate Python scripts for training and testing. The

model training used by YOLO is a form of transfer learning, meaning that

a pre-trained model is first loaded, and then the weights in that model are

fine-tuned for the specific task at hand. The pre-trained model will already

have been trained using many hundreds of thousands of images, drastically

reducing the amount of new data required to adapt the model. The metric

used to monitor the training performance is called loss. Loss is the difference

between the model input and the input reconstructed by first passing the data

through and then backward through the network. If a network is training

properly, loss is expected to fall as the training progresses and the network

becomes better able to represent the data passed through it.

Training is conducted in a series of steps called epochs. In each epoch,

small chunks of data (batches) are passed through the network and the weights

at each node of the network are tuned. We chose to train the model to 250

epochs and used the default batch size of 12 images. YOLO uses an early

stopping criteria causing the training to stop automatically if the loss stops

reducing significantly between epochs. The training process produces two

models: The model produced by the final epoch and the best model, as iden-

tified by the model with the lowest loss. We use the best model for processing

our validation and test data.

An HPC job submission script was created to call the YOLO training script

with the parameters required for training. These parameters included: the

location of the yaml configuration file, the location of initial model weights

for YOLO, the number of epochs to train the model for, and the size of the

batch. YOLO automatically processes the validation data through the network

at each epoch, providing the mAP and other performance metrics. Note that

the validation data is used only for the purpose of inference (testing) and does
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not influence the model training itself. Finally, the validation data is also

passed through the best model generated during training.

Once the best YOLO model has been generated, it is ready to apply to the

dyads that were set aside for testing. A bash script was written which gener-

ates and submits separate job submissions scripts for each parent and child,

in each dyad. Each submission script calls YOLO’s detection script, which is

the script used for testing. The testing script requires several parameters: The

path of the best model generated during training, the directory containing a

dyad’s images, and the selection of the type of data output. In this case, we

save the detected toys in a YOLO label file for each dyad, which is the same

format as those annotated for the training data.

YOLOmodel evaluation UK Table 3.1 shows the metric output from model

1 consisting of 1167 images in the training data set and 128 images with 352

labels in the validation data set. An mAP of 0.832 was achieved with a preci-

sion of 89% and a recall of 77.9% across all toys. All toys with the exception

of the camera (TOY CAM), elephant (TOY ELE) and giraffe (TOY GIR) had an

mAP of over 80%.

Next, we incrementally increased the number of frames for the poorly per-

forming toys to see if this improved the accuracy. We started by adding 20 toy

elephant labels to the training dataset. Table 3.2 shows an overall improved

performance across toys with an mAP of 0.858 with a precision of 91.7% and a

recall of 77.7%. Model 2 showed a slightly increased accuracy for toy elephant

as well as for camera and giraffe.

On looking through the validation data set, we noted some missing as well

as mislabelled data. Fixes included relabelling as well as creating new labels

for missing toys. Therefore, Model 3 consisted of the same number of training
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Table 3.1: Performance of object detector at IoU Threshold 0.50 with 1167
images in the training dataset, 128 images in validation data set and 352 labels
in the validation dataset.

Model 1

Class Label Precision Recall mAP@.5
All 352 0.89 0.779 0.832
TOY APP 24 0.875 0.792 0.873
TOY BUT 30 0.993 0.867 0.893
TOY CAM 26 0.914 0.692 0.75
TOY CUP 35 0.921 0.8 0.865
TOY ELE 32 0.872 0.639 0.733
TOY GIR 37 0.673 0.568 0.609
TOY DUC 34 0.97 0.941 0.974
TOY GRE 27 1 0.865 0.893
TOY KET 41 0.967 0.722 0.831
TOY RAT 29 0.753 0.897 0.861
TOY TRA 37 0.853 0.784 0.875

Note. APP, Apple; BUT, Butterfly; CAM, Camera; CUP, Cup, ELE, Elephant, GIR, Giraffe, DUC,
Duck; GRE, Green; Ket, Kettle; RAT, Rattle; TRA, Train.

Table 3.2: Performance of object detector at IoU Threshold 0.50 with 1187
images in the training dataset, 128 images in validation data set and 352 labels
in the validation dataset.

Model 2

Class label Precision Recall mAP@.5
all 352 0.917 0.777 0.858
TOY APP 24 0.928 0.75 0.902
TOY BUT 30 1 0.763 0.845
TOY CAM 26 0.952 0.769 0.852
TOY CUP 35 0.958 0.829 0.908
TOY ELE 32 0.898 0.688 0.745
TOY GIR 37 0.793 0.519 0.628
TOY DUC 34 0.91 0.971 0.976
TOY GRE 27 1 0.81 0.891
TOY KET 41 0.891 0.805 0.881
TOY RAT 29 0.821 0.897 0.933
TOY TRA 37 0.932 0.746 0.877

Note. APP, Apple; BUT, Butterfly; CAM, Camera; CUP, Cup, ELE, Elephant, GIR, Giraffe, DUC,
Duck; GRE, Green; Ket, Kettle; RAT, Rattle; TRA, Train.
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Table 3.3: Performance of object detector at IoU Threshold 0.50 with 1167
images in the training dataset, 128 images in validation data set and 364 labels
in the validation dataset.

Model 3

Class label Precision Recall mAP@.5
All 364 0.922 0.797 0.868
TOY APP 24 0.912 0.866 0.94
TOY BUT 35 1 0.682 0.748
TOY CAM 27 1 0.784 0.862
TOY CUP 35 0.909 0.857 0.915
TOY ELE 32 0.954 0.719 0.778
TOY GIR 37 0.874 0.676 0.728
TOY DUC 35 0.969 0.893 0.939
TOY GRE 27 0.891 0.889 0.922
TOY KET 45 0.929 0.756 0.908
TOY RAT 31 0.871 0.871 0.944
TOY TRA 36 0.836 0.778 0.866

Note. APP, Apple; BUT, Butterfly; CAM, Camera; CUP, Cup, ELE, Elephant, GIR, Giraffe, DUC,
Duck; GRE, Green; Ket, Kettle; RAT, Rattle; TRA, Train.

images as model 1 (i.e. 1167 images) and increased labels in the validation

data set (from 352 to 364). Table 3.3 shows an improved accuracy for object

detection with an overall mAP of 0.868 across all toys with 91.7% precision

and 77.7% recall.

Our final model included updated training data set with 60 new labels (20

elephants, 20 giraffes and 20 cameras) as well as the updated validation set

with 364 labels. As shown in table 3.4, the overall mAP across toys was 0.856

with 96.2% precision and 75.2% recall.

YOLO model evaluation India India models were generated after the UK

models, hence we looked through the data prior to running models to ensure

that there were no missing or mislabelled labels. One of the toys in India

broke, and parent and their infants started using them as novel toys so we

decided not to change them. Therefore, during labelling for the India train-

ing dataset, we labelled the TOY GLO as a whole and its dismantled parts as

TOY RED and TOY MIX.
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Table 3.4: Performance of object detector at IoU Threshold 0.50 with 1227
images in the training dataset, 128 images in the validation data set and 364
labels in the validation dataset.

Model 4

Class label Precision Recall mAP@.5
all 364 0.962 0.752 0.856
TOY APP 24 1 0.762 0.841
TOY BUT 35 1 0.667 0.748
TOY CAM 27 1 0.739 0.841
TOY CUP 35 1 0.785 0.933
TOY ELE 32 0.999 0.688 0.789
TOY GIR 37 0.797 0.568 0.684
TOY DUC 35 1 0.841 0.925
TOY GRE 27 0.993 0.815 0.92
TOY KET 45 1 0.721 0.913
TOY RAT 31 0.89 0.871 0.927
TOY TRA 36 0.908 0.82 0.9

Note. APP, Apple; BUT, Butterfly; CAM, Camera; CUP, Cup, ELE, Elephant, GIR, Giraffe, DUC,
Duck; GRE, Green; Ket, Kettle; RAT, Rattle; TRA, Train.

Table 3.5 shows evaluation metric output from the first India YOLO model.

The overall mAP across toys was 0.839, with 84.1% precision and 81.4% re-

call. However, labels such as TOY RED, TOY MIX and TOY GLO showed a

relatively poor performance. Therefore, to enhance the results for these la-

bels, we added CLHAE image processing to our training data set (previously

used in MTCNN).

As can be seen from table 3.6 adding CLHAE did not increase the overall

performance of the detector. However, it did increase the accuracy of perfor-

mance on TOY MIX and TOY GLO but not for TOY RED. For our next model,

we decided to combine labels of TOY GLO, TOY MIX and TOY RED into one

label, namely, TOY GLO given that they were all dismantled parts of the same

toy.

Model 3 showed an improved accuracy for object detection with an overall

mAP of 0.898 across all toys with a 93.5% precision and 83.3% recall. As can

be seen in table 3.7, the performance for TOY GLO increased by merging the

toys under one label.
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Table 3.5: Performance of object detector at IoU Threshold 0.50 with 1120
images in the training dataset, 117 images in the validation data set and 364
labels in the validation dataset.

Model 1

Class Label Precision Recall mAP@.5
All 324 0.841 0.814 0.839
TOY BBAL 21 0.93 1 0.978
TOY CAN 38 0.913 0.895 0.933
TOY GRE 5 0.826 0.8 0.803
TOY MAN 46 0.872 0.913 0.938
TOY PLA 49 0.95 0.816 0.876
TOY PUZ 4 0.848 1 0.995
TOY RAT 6 1 1 0.995
TOY RED 12 0.623 0.667 0.684
TOY SPO 49 0.904 0.673 0.767
TOY YEL 8 0.9 1 0.995
TOY MIX 17 0.345 0.882 0.585
TOY GLO 42 0.965 0.31 0.599
MOBILE 27 0.852 0.63 0.763

Note. BBAL, Blue Ball; CAN, Candy; GRE, Green; MAN, Man; PLA, Plate; PUZ, Puzzle; RAT,
Rattle; RED, Red; SPO, Spoon; YEL, Yellow Ball; MIX, Mix; GLO, Glow.

Table 3.6: Performance of object detector at IoU Threshold 0.50 with 1120
images in the training dataset, 117 images in the validation data set, 364 labels
in the validation dataset and CLAHE histogram equalizer.

Model 2

Class Label Precision Recall mAP@.5
All 324 0.853 0.972 0.816
TOY BBAL 21 0.939 1 0.963
TOY CAN 38 0.961 0.895 0.943
TOY GRE 5 0.927 0.8 0.8
TOY MAN 46 0.909 0.87 0.9
TOY PLA 49 0.073 0.738 0.802
TOY PUZ 4 0.677 1 0.995
TOY RAT 6 0.854 1 0.972
TOY RED 12 0.694 0.567 0.582
TOY SPO 49 0.933 0.633 0.707
TOY YEL 8 0.959 1 0.995
TOY MIX 17 0.417 0.882 0.591
TOY GLO 42 1 0.248 0.631
MOBILE 27 0.846 0.667 0.722

Note. BBAL, Blue Ball; CAN, Candy; GRE, Green; MAN, Man; PLA, Plate; PUZ, Puzzle; RAT,
Rattle; RED, Red; SPO, Spoon; YEL, Yellow Ball; MIX, Mix; GLO, Glow.
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Table 3.7: Performance of object detector at IoU Threshold 0.50. The training
dataset included 1120 images. The validation dataset included 117 images
and3 64 labels. CLAHE histogram equalizer was added to the model. TOY -
RED, TOY MIX and TOY GLO were combined into TOY GLO.

Model 3

Class Label Precision Recall mAP@.5
All 324 0.935 0.833 0.898
TOY BBAL 21 0.942 1 0.95
TOY CAN 38 0.969 0.835 0.943
TOY GRE 5 0.927 0.8 0.8
TOY MAN 46 0.918 0.87 0.91
TOY PLA 49 0.949 0.767 0.81
TOY PUZ 4 0.839 1 0.995
TOY RAT 6 1 0.729 0.995
TOY SPO 49 0.975 0.633 0.747
TOY YEL 8 0.96 1 0.995
TOY GLO 71 1 0.859 0.925
MOBILE 27 0.804 0.667 0.803

Note. BBAL, Blue Ball; CAN, Candy; GRE, Green; MAN, Man; PLA, Plate; PUZ, Puzzle; RAT,
Rattle; RED, Red; SPO, Spoon; YEL, Yellow Ball; MIX, Mix; GLO, Glow.

3.3 Overview of the Pipeline

Now that the CNNs for faces and objects were trained and validated, we

moved on to create a full processing pipeline for the data set. Figure 3.23

shows the steps to be followed using this pipeline. The first step includes

processing gaze data from the eye-trackers and annotating dyadic videos to

identify the synchronised onset and any infant crying for more than 1 minute.

Next, we discuss two processes that we ran in parallel 1) extracting synchro-

nised frames from dyadic videos, and 2) optimising the use of object recog-

nition (YOLO) and face detection (MTCNN) by filtering the resultant data.

Following this, we discuss event detection for faces and objects, leading to

analyses of joint attention using an existing analysis toolkit.
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Figure 3.23: A flow diagram demonstrating the steps of the pipeline.
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3.3.1 Eye-tracker

We first pre-processed the eye-tracking recordings by mapping gaze points.

The pupil player software comes with several visualisation plugins that can

be added to the video processing. We used the Vis Circle plugin to visualise

gaze position for caregivers’ eye-tracker (see Appendix K.1). While the pupil

player automatically loads pupil positions that were detected and stored dur-

ing pupil capture recording, it also allows for post-hoc pupil detection. We

used post-hoc pupil detection for the following reasons: 1) to ensure that the

calibrated gaze was mapped onto the target circle on the calibration marker

and hence validate the calibration, and 2) to enhance accuracy by trimming

any dark eyelashes. This can be done using a built-in algorithm where the

Region of Interest (ROI) could be adjusted closer to the edges of the eye (Ap-

pendix K.2). We noted that adjusting the ROI could be particularly useful for

the India cohort that had dark, long eyelashes or for caregivers wearing mas-

cara. If the number of calibrations dismissed by the software was over 40%,

the data were excluded. After post-hoc calibration, the software generates

the gaze position (visualised using Vis Circle) that maps onto the caregivers’

world camera view. This was verified by visually checking the data to en-

sure that the gaze dot mapped onto the calibration marker. Figure 3.24 shows

frames from a processed video from a dyad in India, with the parent gaze

mapped onto the world camera. We, then, export the following: 1) the play

session video with gaze position overlayed on the video, 2) a .csv file consist-

ing of the pupil and gaze coordinates and confidence, and 3) timestamps in

NumPy format (for complete documentation, see Pupil Player docs).
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Figure 3.24: Processed dyadic video from India. Here, we extracted a few
frames to depict the output after processing the parent eye-tracker and head-
camera through Pupil Player. The image of the eye in the top left corner of
each frame is captured via the eye-tracker. The green dot depicts the parents’
gaze. The yellow circle within the green dot depicts fixation.

3.3.2 Annotation

We used the annotation plugin in pupil player software to synchronise the

parent and infant head camera videos. The Clapper board is used as a ref-

erence to annotate the synchronised onset of the play session for both parent

and infants’ head cameras. The offset was synchronised either at the end of

the ten-minute play session or when the session ended (in case of infant fussi-

ness). Any crying event for more than a minute was annotated to remove

from the processing during the frame extraction phase. The crying event was

mainly from the parents’ head camera view as they are more likely to see the

infants’ faces. On exporting the annotation, we get a .csv with world or scene

camera index, timestamp (NumPy file), the label of annotation and duration

of the event.
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3.3.3 Frame Extraction

We organised folders for each participant that consisted of parent and in-

fant raw .mp4 video, its corresponding timestamp (i.e. NumPy file), anno-

tation.csv, and gaze position file for parents only. The synchronised frames

are extracted in MATLAB using FFmpeg (frame extraction code available on

GitHub). The code compensates for any fluctuations in time sampling. It then

uses the parent or infants’ annotations as a referent signal, whichever had

fewer frames. In the case of annotations related to infant crying, it filters any

crying epoch for more than a minute.

The matlab code, then, downsamples the other stream using the times-

tamp information to pick the frame that best matches the timing of each frame

in the reference signal. Once the frames are synchronised, it renames the files

such that each synchronised frame for the parent and the infant has the same

frame number (e.g. ID Parent 00001 and ID Child 00001). Following this,

the code finds the gaze timestamps (from the eye-tracker) that match care-

givers’ synchronised frames (from the head camera). This gives us a new gaze

data file with normalised positions X and Y for each gaze point with its corre-

sponding frame for the parents. This step yields an equal number of synchro-

nised frames for parents and the infants’ head cameras, along with parents’

gaze data that matched the extracted frames (new gaze position file) for each

dyad.

3.3.4 Machine learning

We submitted both MTCNN and YOLO script jobs on the HPC. MTCNN in-

cluded two additional filtering steps to further improve the data quality:

1. Fill length. When an item was detected for at least 3 frames (e.g. bound-
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ing box on parent’s face), then detection ceased for a frame, and the

item was detected again for 3 frames, the filtering step filled the miss-

ing frame. This filter served to reduce the number of false rejections

(misses);

2. Minimum length of sequential frames with detection. When the iden-

tification of items lasted for a single frame, the filtering step discarded

the detection. This served to minimise false positives.

For YOLO, we used the weights from Model 4 for the UK cohort (see table 3.4)

and Model 3 for the India cohort (see table 3.7) as our final models for object

recognition.

3.3.5 Visualisation and BORIS

To verify the MTCNN face detection and filtering approach and to check the

accuracy of YOLO object recognition, we processed data for four dyads from

the UK and eight dyads from India for manual inspection using BORIS. For

this purpose, we visualised the MTCNN and YOLO predictions by convert-

ing the synchronised frames for each dyad into a video format at 90fps. Each

video consisted of the predictions visualised using green bounding boxes for

toys and faces with the predicted accuracy (in %) and a blue gaze position

with a blue extended bounding box around it. The gaze position for parents’

eye-tracker is based on the gaze output from the pupil player. We created the

gaze position for the infants’ headcamera at the centre of the frame. Both gaze

points included an extended bounding box. The gaze box was determined by

the approximate central vision field of view (FOV), the FOV of the camera, and

the camera sensor resolution. The camera FOV for pupil labs is 60 degrees

and we assumed that the central human FOV is approximately 15 degrees.
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We, then, converted the raw gaze data obtained from pupil player process-

ing and converted it to pixel coordinates for the central blue dot. The height

and width of the extended gaze box were calculated from the aforementioned

FOV values. The top left corner of the extended gaze box was generated by

halving the gaze width and height and subtracting that from the gaze x, and

y coordinates.

Figure 3.25 shows example frames from a dyad from the UK (images A and

B) and India (images C and D). Trained experimenters coded hit for correct de-

tection, miss for incorrect rejection, false-positive for incorrect detection, and

true negative for correct rejection for each video. For instance, in figure 3.25

A, detection of a face on the infants’ onesie (label 0 with prediction confidence

79.3%) would be coded as a false positive, missed detection of toys puzzle and

glow in image C would be labelled as a miss, and all other detection in all four

images would be labelled as a hit. For, YOLO, each toy was coded twice, once

from a parent’s headcamera and once from the infant’s headcamera.

3.3.6 Event Detection

After validating both MTCNN and YOLO detection through manual coding in

BORIS, we created event detection files for each prediction (MTCNN, YOLO)

for each member of the dyad (parent, infant). The event detection script reads

in the gaze report and predictions and creates a new csv file that informs us

of what object each partner is looking at. The event csv file outputs three

columns: 1) the onset frame of each label, 2) the offset frame of that label,

and 3) the corresponding label for that duration of the frame (i.e., the object

that the parent/infant is looking at). An event was defined as a continuous

series of 3 or more frames (or 99msec) looking at the same label (toy, face).

In case there is more than one object in the dyad’s view (e.g. figure 3.25 A
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PARENT VIEW UK

PARENT VIEW INDIA

CHILD VIEW UK

CHILD VIEW INDIA

A B

C D

Figure 3.25: Example frames from machine learning visualisation output for a
dyad from the UK (image A and B) and India (image C and D). Images A and
B depict a frame from the parent’s and infant’s view, respectively. The blue
bounding box with a circle depicts the gaze. The red bounding boxes depict
toys predicted by the algorithm that does not overlap with the parent/infant’s
gaze. Green bounding boxes depict toys and faces predicted by the algorithms
that overlap the parent/infant’s gaze. Images C and D depict a frame from the
parent’s and infant’s view, respectively from an Indian dyad. A blue bounding
box with a circle depicts the gaze. The cyan bounding boxes depict toys pre-
dicted by the algorithm that does not overlap with the parent/infant’s gaze.
Green bounding boxes depict toys and faces predicted by the algorithms that
overlap the parent’s gaze. Each predicted bounding box consisted of the label
for the object or face (in numbers for the UK and in letters for the India dyad)
and well its corresponding prediction confidence in percentage.

and B), then the most central bounding box with the largest confidence would

be considered as the main object in view (e.g. toy elephant in figure 3.25 A

and toy giraffe in image B). The onset and offset for each label consist of a

minimum of three frames for it to be considered an event. The YOLO and

MTCNN event file is then combined into a single csv file for each dyad.
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3.3.7 Time is Very imPortant toolkit (TimeVP)

Unlike screen-based stimuli, parents and their infant’s interaction within the

3D world goes beyond simply looking left and right on the screen. Following

the extraction of meaningful measures using gaze reports from pupil labs and

machine-learning tools (i.e., what infant or parent are looking at), the natural

next step is to analyse the behavioural data to understand the dynamic inter-

action between parent and their infants. Here, we use Time is Very impor-

tant (TimeVP) toolkit developed by the Developmental Intelligence Lab (also

see C. Yu & Smith, 2016), available on GitHub https://github.com/devintel-

lab/timevp. TimeVP uses the events files generated in the previous step and

computes the variables of interest. First, the toolbox provides us with visu-

alisation tools that can be crucial to checking data quality, validating pre-

processing as well as examining patterns in our data (C. Yu, Yurovsky, & Xu,

2012). Next, it provides us with the following key measures of visual cogni-

tion to compute descriptive statistics: 1) Mean Look Duration (MLD) at the

target (toys, face) in seconds, and 2) Switch Rate (SR) between targets (toys,

face) per minute (normalised in 60 seconds). MLD was defined as the dura-

tion of looking towards the target (face, toy) without any looks away from the

target (that is, offset - onset = MLD). SR was defined as looks between targets

(face, toys). Lastly, it enables us to extract coupled behaviours to understand

the temporal relations between two events such as episodes of joint attention

led by parents vs. infants. Infant-led JA was defined as looking to a target

initiated by the infant and could be terminated either by the infants them-

selves or the parent. Here, the infants’ onset time of looking to the target (e.g.

blue toy) was less than that of their caregivers’ onset to the target (looking

to the blue toy). Caregivers’ onset look to the object (blue toy) was less that

their infants offset to the same object (toy). The overlap between the looks to
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target was defined as JA. Same process was followed to calculate parent-led

JA episodes except that the caregivers initiated the look (onset) to the target

object.

To match the data format required for the TimeVP toolbox, each event de-

tection file containing onset and offset frames was converted into onset and

offset seconds. Parent and infant event files were saved in each individual

dyad’s folder (see figure 3.26 for an example). We then ran four MATLAB

scripts for each cohort (6 months UK, 6 months India, and 9 months India).

The first scripts visualised the sequential temporal events. Next, we ran two

individual scripts for parents and infants to compute individual and over-

all statistics such as proportion, duration and frequency of looks on a target.

Last, we ran the paired event script that informs us of the temporal relation

between two events such as joint attention and its characteristics.

Figure 3.26: Data organisation and format for TimeVP toolbox. Columns A
and B (right) show a sequence of events in seconds.
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3.4 Results

3.4.1 Evaluation of MTCNN Accuracy

Results from manual coding for MTCNN revealed an overall percentage cor-

rect for faces was over 90% across all four dyads in the UK cohort (see ta-

ble 3.8) and over 88% across all eight days in the India cohort (see table 3.9).

The proportion of the hit, miss, false positive, and true negative is evaluated

over the video length for each dyad. We added hits and true negatives to

calculate all the correct identifications and rejections for each dyad (”Overall

Percent Correct”). A visualised example of the parameters coded for a UK and

India dyad can be seen in figure 3.27 and figure 3.28 respectively. The mean

accuracy across all dyads in the UK was 95.41% (SD = 0.04) with 97.06% pre-

cision and 86.43%. The mean accuracy across dyads in India was 96.08% (SD

= 0.04) with 85.98% precision and 83.63% recall. Within the UK dyads, the

mean accuracy for the data captured via infants’ head-camera was 96.93%

(SD = 0.03) with a precision of 96.08% and recall of 88.89%, and the mean

accuracy for the data captured via parents’ head-camera was 93.90% (SD =

0.04) with precision of 97.67% and recall of 85%. Similarly, the mean accu-

racy for infants’ head-camera in the Indian cohort was 97.36% (SD = 0.03)

with a precision of 76.81% and recall of 76.24%, and the mean accuracy for

parents’ head-camera was 94.79% (SD = 0.04) with a precision of 88.31% and

recall of 85.48%. Thus, compared to Long et al. (2022), MTCNN performed

very well on our data sets with consistently high precision and recall for the

UK data set. While the precision for the India data set was slightly lower than

that of Long et al. (2022), the recall was consistently higher.
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Table 3.8: The proportion of false positives, hits, misses and true negatives for
MTCNN (UK).

Participant False positive (%) Miss (%) Hit (%) True Negative (%) Overall Percent Correct (%)

Child1 1.6 1.3 6.4 90.7 97.1
Parent1 0.5 3.1 23.3 73.0 96.3
Child2 0.2 0.8 59.7 39.3 99.0
Parent2 0.4 8.6 54.8 36.1 90.9
Child3 0.7 6.6 1.9 90.8 92.7
Parent3 0.7 9.1 17.9 72.3 90.2
Child4 0.5 0.5 5.6 93.3 98.9
Parent4 1.3 0.6 25.3 72.9 98.2

Mean 0.7 3.8 24.4 71.1 95.4

Table 3.9: The proportion of false positives, hits, misses and true negatives for
MTCNN (India).

Participant False positive (%) Miss (%) Hit (%) True Negative (%) Overall Percent Correct (%)

India Child1 1.1 0.9 1.8 96.1 97.9
India Parent1 1.9 9.8 15.3 73.0 88.3
India Child2 1.0 5.7 1.8 89.4 91.2
India Parent2 0.8 3.3 19.4 76.5 95.9
India Child3 1.1 2.0 0.8 96.1 96.9
India Parent3 0.7 5.4 20.3 73.7 94.0
India Child4 1.4 0 4.2 94.4 98.6
India Parent4 0.9 0.5 14.7 83.8 98.5
India Child5 0.4 0.1 3.8 95.7 99.5
India Parent5 0.8 1.3 23.6 74.4 98.0
India Child6 1.4 0 0.2 98.4 98.6
India Parent6 9.1 0.6 3.5 86.8 90.3
India Child7 0.6 0 13.3 86.1 99.4
India Parent7 1.7 1.0 20.6 76.7 97.3
India Child8 2.3 0.9 4.9 91.9 96.8
India Parent8 2.4 1.6 20.9 75.1 96.0

Mean 1.7 2.1 10.6 85.5 96.1
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Figure 3.27: MTCNN results from manually coded parameters in BORIS. Plot
A is the observation from a parent’s headcamera and Plot B is the observation
from an infant’s headcamera from the UK cohort.

3.4.2 Evaluation of YOLO Accuracy

Table 3.10 and table 3.11 show results from manual coding for YOLO object

recognition. The overall percentage correct for object recognition was over

70% for the UK cohort and over 84% for the India cohort (for visualisation see

Appendix N.1 for a plot using BORIS for a toy from the UK and appendix N.2

for a toy from India). The mean accuracy across all dyads in the UK was

92.61% (SD = 0.07), and the mean accuracy across dyads in India was 96.52%

(SD = 0.06). Within the UK cohort, infants’ head-camera yielded a mean accu-

racy of 94.64% (SD = 0.06) and parents’ head-camera of 90.58% (SD = 0.08).

Similarly, within the Indian cohort, data captured from infants’ head-camera

resulted in a mean accuracy of 99.54% (SD = 0.05) and the parents’ head-

camera resulted in 93.44% (SD = 0.05). Thus, YOLO performed very well on

our data sets.
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Figure 3.28: MTCNN results from manually coded parameters in BORIS. Plot
A is the observation from a parent’s headcamera and Plot B is the observation
from an infant’s headcamera from the India cohort.

Table 3.10: Proportion of false positives, hits, misses and true negatives for
toys from dyads in UK.

UK Toys False positive (%) Miss (%) Hit (%) True Negative (%) Overall Percent Correct (%)

TOY BUT Child 0 3.1 61.5 0.35 96.9
TOY BUT Parent 0 5.0 73.6 21.4 95.0
TOY RAT Child 0.2 0.8 33.0 66.0 99.0
TOY RAT Parent 0 4.7 29.1 66.2 95.3
TOY CAM Child 0 11.3 24.3 64.4 88.7
TOY CAM Parent 0 12.5 31.7 55.9 87.6
TOY ELE Child 0 4.2 47.3 48.4 95.7
TOY ELE Parent 0 8.1 17.5 74.4 91.9
TOY GIR Child 0 10.0 43.7 46.3 90.0
TOY GIR Parent 0 8.0 48.7 43.3 92.0
TOY KET Child 0 2.7 79.9 17.4 97.3
TOY KET Parent 0 18.3 75.3 6.4 81.7
TOY APP Child 0 1.0 42.4 56.6 99.0
TOY APP Parent 0 6.8 68.1 25.1 93.2
TOY CUP Child 0 17.1 28.4 54.5 82.9
TOY CUP Parent 0.1 27.4 32.1 40.4 72.5
TOY TRA Child 0 2.5 65.8 31.7 97.5
TOY TRA Parent 0.1 3.3 75.1 21.5 96.6
TOY DUC Child 0 0.6 52.8 46.6 99.4
TOY DUC Parent 0 0 69.6 30.4 1.0
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Table 3.11: Proportion of false positives, hits, misses and true negatives for
toys from dyads in India.

India Toys False positive (%) Miss (%) Hit (%) True Negative (%) Overall Percent Correct (%)

TOY RAT Child 0 1.7 32.4 65.9 98.3
TOY RAT Parent 0 9.1 69.7 21.3 91.0
TOY PUZ Child 0 1.6 10.3 88.1 98.4
TOY PUZ Parent 0 0.7 47.7 51.6 99.3
TOY MAN Child 0 2.2 40.9 56.9 97.8
TOY MAN Parent 0 0 43.8 56.2 1.0
TOY PLA Child 0.5 1.1 36.3 62.1 98.4
TOY PLA Parent 0 5.5 30.2 64.3 94.5
TOY CAN Child 0.1 0 17.6 82.3 99.9
TOY CAN Parent 0.1 4.6 38.8 56.5 95.3
TOY SPO Child 0 3.9 5.6 90.5 96.1
TOY SPO Parent 0 15.6 6.7 77.8 84.5
TOY YEL Child 0 0.1 9.7 90.2 99.9
TOY YEL Parent 0 6.9 49.4 43.8 93.2
TOY GLO Child 0.3 3.5 8.6 87.6 96.2
TOY GLO Parent 6.8 3.5 37.9 51.8 89.7

3.4.3 Quantifying the dyadic data using the TimeVP toolkit

First, we looked at the visualised temporal data stream for parents and their

infants during toy play. As can be seen in Figure 3.29, the parent-infant inter-

action varies qualitatively across the three cohorts. In our sample, dyads with

6-month-old infants in the UK tend to look more toward their social partner’s

faces (indicated in dark blue). There also seems to be a longer looking dura-

tion at the regions of interest (longer periods with a single colour). For the

6-month-old infant dyads in the India cohort there seem to be fewer looks to

social partners’ faces in 6-month-old Indian cohort. Nine-month-old infant

dyads in India seem to be looking more at their partner’s faces. White areas

across the dyads indicate that the member of the dyad is looking at something

other than the toys and faces that were labelled as the target of interest (see

Appendix M.1 for the colour map for faces and individual toys). There is a

good deal of variability in white space across dyads, with perhaps more white

space for the 6-month India cohort.
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Next, we look at the overall Mean Look Duration for caregivers and infants

across cohorts (6 months UK, 6 months India and 9 months India). Figure 3.30

indicates that 6-month-old infants from the UK had the longest MLD (M =

0.70, SD = 0.25). Within the Indian cohort, the 9-month-old infants (M =

0.50, SD = 0.07) had slightly longer MLD than the 6-month-old infants(M =

0.49, SD = 0.35) during the interaction. Caregivers’ in the UK also had the

longest MLD during the dyadic interaction M = 0.38, SD = 0.16 compared to

the other groups. This was followed by the caregivers of 6 month old infants

(M = 0.36 SD = 0.01) and 9-month-old infants (M = 0.34, SD = 0.05) in India.
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Figure 3.30: Mean Look Duration in seconds. A) Infants’ Mean Look Duration
for all targets. B) Caregivers’ Mean Look Duration for all targets. Cohort 6UK
represents 6-month-old infants from the UK; 6IND represents 6-month-old
infants from India; 9IND represents 9-month-old infants in India.

In terms of switch rate, figure 3.31 depicts the highest switch rate per

minute for the 9-months infant (M= 8.75; SD = 0.50) and their caregiver’s’

(M = 8.25; SR = 0.50) from India. 6-months-old infants (M = 7.0 ; SD = 1.83)
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and their caregiver’s (M = 8.0; SD = 0.82) had lower switch rates with 6-month

old UK dyads showing the least number of switches per minute (M = 4.67; SD

= 0.58 , for infants and M = 5.0; SD = 1.0, for caregivers).
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Figure 3.31: Switch rate between the target (toys, faces) per minute. A) Infants
switch rates per minute. B) Caregivers switch rate per minute. Cohort 6UK
represents infants and caregivers of 6-month-old infants from the UK; 6IND
represents infants and caregivers of 6-month-old infants from India; 9IND
represents infants and caregivers of 9-month-old infants in India.

Next, we divided MLD into two categories, that is, MLD when looking at

a target alone and MLD when looking at a target in a joint attention bout.

As seen in figure 3.32, 9- months-old infants from our Indian sample had

the longest MLD when looking at a target (toys, face) in a non-joint attention

episode (M = 0.46; SD =0.63) followed by 6-months old infants in the UK (M=

0.45; SD = 0.72) followed by 6-month-olds in India who had the shortest MLD

(M = 0.43; SD = 0.79). Infants from all three cohorts showed an increased

MLD during episodes of joint attention (note the increased range of the y-

axis in the figure) with 6-months old infants from the UK showing the longest

MLD (M = 1.74; SD = 1.97). This was followed by 6-months-old infants from
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India (M = 1.25; SD = 1.50) which did not vary much from the 9-month-old

infants’ MLD (M = 1.06 ; SD = 1.07).
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Figure 3.32: Mean Look Duration in seconds. A) Infants’ Mean Look Duration
alone. B) Infants’ Mean Look Duration during Joint Attention. Cohort 6UK
represents 6-month-old infants from the UK; 6IND represents 6-month-old
infants from India; 9IND represents 9-month-old infants in India.

Similar to infants looking behaviour, caregivers tended to have longer MLD

in joint attention episodes versus when looking at the target alone (see fig-

ure 3.33). Caregivers of 6 months old infants in the UK showed the longest

MLD (M = 0.35; SD = 0.44) when looking at the target alone while caregivers

of 6 months old infants (M = 0.35; SD = 0.48) and 9-month-old infants (M=

0.31; SD = 0.38) in India showed shorter MLD while looking at a target alone.

Caregivers of 6-month-old infants from India tended to have the highest MLD

in joint attention episodes (M = 0.74 , SD= 0.91), followed by caregivers of

6 months old infants in the UK (M = 0.53, SD = 0.69) and caregivers of 9-

months-old infants in India (M = 0.64, SD = 0.71).

As seen in Figure 3.34A, over 50% of joint episodes are initiated by infants,

suggesting a common trend across cohorts where caregivers tend to follow in
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Figure 3.33: Mean Look Duration in seconds. A) Caregivers’ Mean Look Dura-
tion alone. B) Caregivers’ Mean Look Duration during Joint Attention. Cohort
6UK represents caregivers of 6-month-old infants from the UK; 6IND rep-
resents caregivers of 6-month-old infants from India; 9IND represents care-
givers of 9-month-old infants in India.

on their infants’ attention. A large proportion of joint attention was initiated

by infants in the UK compared to India. Results did not indicate a large differ-

ence between the proportion of joint attention episodes led by 6- and 9- month

old infants in India. Contrarily, less than 50% of joint attention tends to be

terminated by infants. Figure 3.34B shows that infants from the UK tend to

terminate joint attention the least whereas 6-months infants from India tend

to terminate joint attention episodes the most in our sample.

Next, we looked at whether there were any differences in how caregivers

and infants’ MLD varied when looking at each others’ faces in joint attention

episodes (JA) versus when looking at their partners’ faces when not in joint at-

tention (i.e., alone). As seen in figure 3.35, infants looked longer at their care-

giver’s faces when in joint attention across cohorts compared to when looking

at the partners’ faces alone. Infants in the UK looked the longest to the care-

144



3.4. RESULTS

50

60

70

80

6UK 6IND 9IND

Cohort

P
ro

p 
of

 J
A

 E
pi

so
de

s 
le

d 
by

 In
fa

nt
s

A

20

30

40

50

6UK 6IND 9IND

Cohort

P
ro

p 
of

 J
A

 E
pi

so
de

s 
te

rm
in

at
ed

 b
y 

In
fa

nt
sB

Figure 3.34: A) The proportion of infants led to joint attention in percentage.
B) Proportion of joint attention terminated by infants in percentage. Cohort
6UK represents 6-month-old infants from the UK; 6IND represents 6-month-
old infants from India; 9IND represents 9-month-old infants in India.

giver’s face, both alone (M = 0.34; SD = 0.45) and during the joint attention

episode (M = 1.47; SD = 1.18). Six-months old infants from India has shorter

MLD to caregiver’s faces when alone (M = 0.27; SD = 0.40) with a slight in-

crease in MLD during joint attention (M = 0.29; SD = 0.68). Nine month old

infants showed shorter MLD to caregiver’s faces when alone (M = 0.26; SD =

0.28) compared to when attending to each other’s faces in joint attention (M =

0.71; SD = 0.70).

Results for caregivers show a similar trend of looking to faces as for infants

across cohorts (see figure 3.36). Caregivers across cohort showed an increase

in MLD when looking at faces in joint attention (M = 0.64; SD = 0.23, for care-

giver’s of 6-months old infants in the UK; M =0.48; SD = 0.76, for caregiver’s

of 6-month old infant in India, and M = 0.55; SD = 0.53, for caregiver’s of

9 month old infants in India) compared to when looking at the infant’s face

alone (M = 0.28; SD = 0.32, for caregiver’s of 6-months old infants in the UK;
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Figure 3.35: Mean Look Duration in seconds. A) Infants’ Mean Look Dura-
tion to caregivers’ faces when caregivers are not looking at infants’ faces. B)
Infants’ Mean Look Duration when both infants and caregivers are looking at
each other’s faces. Cohort 6UK represents 6-month-old infants from the UK;
6IND represents 6-month-old infants from India; 9IND represents 9-month-
old infants in India.
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M = 0.25; SD = 0.27, for caregiver’s of 6-month old infant in India, and M =

0.21; SD = 0.23, for caregiver’s of 9 month old infants in India).
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Figure 3.36: Mean Look Duration in seconds. A) Caregivers’ Mean Look Dura-
tion to infants’ faces when infants are not looking at infants’ faces. B) Infants’
Mean Look Duration when both infants and caregivers are looking at each
other’s faces. Cohort 6UK represents caregivers of 6-month-old infants from
the UK; 6IND represents caregivers of 6-month-old infants from India; 9IND
represents caregivers of 9-month-old infants in India.

3.5 Discussion

The current chapter aimed to create a single methodological pipeline to pro-

cess real-world, dynamic, parent-infants interaction recorded using head-mounted

eye-trackers and a camera in a low-resource setting. In this process, we pro-

vide solutions to two key issues in developmental science: 1) diversifying our

participant pool by going beyond the western, middle-class society and 2)

processing parent-infant interaction in a less laborious and efficient way that

can be used on large data set (or videos of long periods of time).

In the present chapter, we described a pipeline and accompanying code to
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process the dynamic interaction between parents and their infants in a non-

biased way that is transferable across cultural settings. We, first, demonstrate

that parent-infant interaction videos, from a first-person perspective, can be

obtained from both high (urban UK) and low (rural India) resource settings.

Next, we generated gaze reports for caregivers’ eye-trackers and synchronised

annotation files using open-source pupil player software. This was accompa-

nied by code that extracted synchronised frames from caregiver-infants inter-

action videos. Once the synchronised frames were extracted, we used machine

learning algorithms to detect faces and recognise toys in the videos.

Note, we focus on face detection and not face recognition as there is only

one other face (either infants or their parents) in the videos. Additionally, we

used pre-trained face detection models (MTCNN) that have already been la-

belled on 32,203 images with 393,703 faces labelled, making the process of

face detection less laborious. However, using a pre-trained model does not

come without limitations. As seen in figure 3.15, the initial accuracy (pre-

filtering stage) for our UK and India cohort was 70% and 60% respectively.

While adding the filtering step increased the accuracy by 20-28%, we sus-

pect that the WIDER face dataset used by MTCNN to create a pre-trained

model consists of fewer infant faces, and mostly of adults and children faces.

It would be useful for future work to explore this by running two separate

models of equal quality on parent and infant faces and comparing the accu-

racy. Alternatively, the MTCNN model can be updated by training infant faces

(across ethnicity) and adding the weights to the existing pre-trained model.

Next, we showed that a YOLO object recognition algorithm performed re-

markably well across cohorts. It would be useful for future work to validate

the pipeline using novel objects. We acknowledge that the pipeline is not

completely automated and requires the user to make decisions, particularly
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at the filtering step, after making a qualitative pass on the output obtained

from the machine learning algorithm. We expect, however, that the filtering

steps applied here will be applicable to other projects.

Given that training the data can be time-consuming, as it requires labelling

and annotating a large dataset, setting up a larger database could solve this

issue. Training up a network with a large set of commercially available stan-

dardised toys, worldwide, could then be used in multiple studies. This would

enable researchers across borders to simply use the training weights to run the

pipeline without any additional training. Not only would this simplify using

the pipeline but also make the process faster.

Future research could also expand the pipeline by looking at other features

such as detecting hands (F. Zhang et al., 2020). Work by C. Yu and Smith

(2013) in the western setting have noted that the infants’ and toddlers’ visual

field often consists of hands and hands manipulating toys. Similarly, a study

by Jayaraman, Fausey, and Smith (2017) have noted an age-related increase in

the input of hands in infants’ visual view. There, adding a feature of hand can

enable us to replicate the findings in low-resource settings. Moreover, it can

also further our research in understanding deaf infants and caregiver dyads

using sign language (R. Brooks, Singleton, & Meltzoff, 2020).

In terms of data analyses, the TimeVP toolbox successfully enabled us to

compute measures of interest such as MLD, shift rate, and caregiver versus

infant-led joint attention episodes. Given that the aim of this chapter was

to construct a methodological pipeline yielding key measures of interest, we

chose to report only the descriptive statistics from a small number of partic-

ipants. Interestingly, however, this small sample revealed several similarities

and differences across cohorts.

Some key highlights from the results indicated that overall infants tend to
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lead a large proportion of joint attention bouts compared to their caregivers.

Specifically, infants from the UK tended to lead a larger proportion of joint

attention bouts. This may be indicative of the western child-centred approach

where infants are encouraged to lead and guide a play interaction (Lancy,

2014). Similarly, infants in the UK also tend to show longer MLD to targets

(e.g. faces) during joint attention bouts than alone. Previous work on infants’

sustained attention, with dyads from a western context, have also noted that

infants tend to engage in looking longer to targets in a joint attention bout

compared to alone (Wass et al., 2018; C. Yu & Smith, 2016). Thus, finding

similar results serves as a good validation for our pipeline.

To further evaluate the utility of this pipeline, the following chapter will

apply the given pipeline to a larger-data set (sample size >20) across the two

resource settings, examining the similarities and differences across the three

cohorts. Evaluating the pipeline on a larger data set will enable us to connect

the measures of visual cognition obtained from lab and lounge settings in a

robust manner.
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Chapter 4

Exploring caregiver-infant

interaction across cultural settings

using the machine learning

pipeline

4.1 Introduction

In Chapter 3, we addressed the methodological pipeline created to process

and analyse the data recorded during caregiver-infant interactions. We dis-

cussed the use of technological advances to quantify the recorded data in a

less laborious and more objective manner across both high (urban UK) and

low-resource (rural India) settings. Using machine learning algorithms, we

successfully extracted key measures of visual cognition related to joint atten-

tion from the recorded dynamic caregiver-infant interactions. Measures in-

cluded caregiver and infants’ Mean Look Duration (MLD) to objects and to

faces, Switch Rate (SR) between targets of interest, and episodes of caregiver-
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and infant-led joint attention. Chapter 4 expands on Chapter 3 by implement-

ing the machine learning pipeline on a larger data set from the high and low

resource contexts. The goal of the chapter is to explore and understand the

similarities and differences between the measures of visual cognition related

to joint attention across socio-cultural contexts (India and UK) as well as be-

tween age cohorts (6- and 9- months old infants) for the Indian participants.

Joint attention has been conceptualised and operationalised in different

manners across studies, time and socio-cultural contexts (Bard et al., 2021;

Siposova & Carpenter, 2019). While there is a general consensus that the

infant’s ability to engage in joint attention lays the groundwork for devel-

opmental advances such as language learning (Carpenter, Nagell, Tomasello,

Butterworth, & Moore, 1998; Mundy & Gomes, 1998), social cognition(Mundy

& Newell, 2007), and theory of mind (Nelson, Adamson, & Bakeman, 2008),

characteristics of joint attention in social interaction are complex and can

emerge via many pathways. These include initiating and responding to joint

attention, maintaining attention to the common target of interest, ending the

joint attention bout as well as shifting to or disengaging from an object. These

instances of coordinated joint attention, in turn, predict infants’ engagement

in sustained attention (C. Yu & Smith, 2016) and vocabulary development

(Abney, Smith, & Yu, 2017). For instance, a study by C. Yu and Smith (2016)

explored the influence of social context on parent-infant interaction during a

free-flowing play session. They found that when the parent visually attended

to the same object to which the infant was attending, infants attended to that

object for longer than in the case when the parent was attending to a different

object. Caregivers’ labelling an object in such instances also predicted infants’

later vocabulary.

As argued in Chapter 1, infant development takes place in interaction
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with others, and therefore, specific aspects of said interactions should be ex-

pected to be of relevance. Characteristics of attention constitute the ability

to engage, maintain, disengage, and shift focus (Rose, Feldman, & Jankowski,

2005). Holding attention for longer or shorter periods of time on a given ob-

ject or face, the rate at which visual attention shifts between targets, and the

different ways in which joint attention is initiated, sustained, and ended, not

only can be indicative of the development of the infant but also may shape

development.

Thus, the current study examines these characteristics in a large sample

of infants in high- and low-resource settings. This comparison is important

as most of our knowledge about joint attention comes from research con-

ducted with infants from what Henrich et al. (2010) described as the WEIRD

(i.e., Western, Educated, Industrialised, Rich, and Democratic) setting (also

see Bard et al., 2021). Therefore, one cannot simply claim a universal joint

attention behaviour from a small sample of participants. Indeed Nielsen,

Haun, Kärtner, and Legare (2017) showed that less than 3% of research in

developmental psychology comes from countries with approximately 85% of

the world’s population. Therefore, the current chapter sought to explore and

understand the real-life ecologies of visual cognition during caregiver-infant

interaction in a ”non-WEIRD” and low resource context. To do so, we use

the objective measures of visual cognition extracted using the machine learn-

ing pipeline in Chapter 3 and understand them through the lens of the eco-

cultural model of parenting (Keller et al., 2005; Keller, 2007).

In the eco-cultural model of parenting, Keller (2007) identified two key

parenting styles, distal and proximal. Distal parenting style involves exclu-

sive focus on face-to-face interaction, object simulation, and child-centred re-

sponsiveness as well as emphasising ”positive” affect during caregiver-infant
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interaction. This parenting style has typically been characteristic of the ur-

ban, middle-class families from western cultures. The approach entails a

pedagogical way of playing with the child, i.e., with the aim of teaching the

child (Lancy, 2010). On the other hand, the proximal parenting style con-

stitutes modalities such as body contact, tactile simulation, focus on calm-

ing and soothing the infant as well as a directive, adult-centred interaction,

which has been typically characteristic of rural, subsistence farming families

of traditional villages (e.g. Abels et al., 2017, work in rural Gujarat in India).

Proximal parenting style takes on the approach of responding to their infant’s

distress signals, almost always by breast-feeding, or doing something to calm

down the infant, i.e., ”a quiet baby is a healthy baby” (Lancy, 2007, p.275).

Other research examining the cultural similarities and differences in ma-

ternal parenting have also looked at parenting style and conversational pat-

terns between mothers and their 3-month-old infants in Delhi and Berlin us-

ing cultural models of autonomy and relatedness. This work found that moth-

ers in Delhi shaped the interactions with their 3-months infants by leading

and defining the structure of the play (Keller et al., 2010). By contrast, in-

fants in Berlin tended to take on an active role in leading the interaction by

directing their mothers’ attention to, e.g., a toy. The autonomous model, an

extension of the distal parenting style, involves caregivers addressing their

infants as someone with an agency and emphasising the development of au-

tonomy, wherein, infants actively directed and initiated interactions. On the

other hand, the parenting style in urban Delhi consisted of a combination of

autonomous-relatedness, i.e., mothers having higher formal education (linked

to the autonomous style) as well as a bias towards traditional family ties and

kinship (linked to relatedness). This was further indicated in the maternal

parenting style. That is, while the mothers’ showed a bias for proximal care-
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giving style (i.e., more body contact), they did not significantly differ in the

use use of both proximal and distal parenting style during the play. Thus,

they used body contact, tactical stimulation as well as playing with the ob-

ject. By contrast, mothers in Berlin showed a clear bias towards distal (and

autonomous) parenting style.

It is important to note that the goal of this study is not to make inferences

regarding what parenting style is better or worse. Instead, we focus on evalu-

ating the similarities as well the differences in how parent and infants deploy

their visual attention during instances of social interactive play. Therefore, we

include both the UK and India samples in our study to understand the infant

and their caregiver’s deployment of visual attention within its social context,

hence broadening our understanding of different populations. Additionally,

in line with the work by C. Yu and Smith (2016), in the present research, we

use the term ”joint attention” to refer to a process in which caregiver and their

infants focus their visual attention, together, on a common object or each oth-

ers’ faces at the same time (also see C. Yu & Smith, 2013). As mentioned in

Chapter 3, joint attention includes any looking behaviour for a minimum of

three frames (i.e., 90msec).

Despite our exploratory focus, the evidence of developmental trajectories

and existing differences in social interaction across cultural settings, allow

considering some specific predictions. First, in regards to switch rate and

MLD measures among infants, the more developed visual cognitive system

among older infants is expected to lead to the 9-month-old group display-

ing shorter MLD and a higher switch rate overall. This is likely to be sus-

tained across targets, particularly when looking at the target alone. We fur-

ther explore whether the pattern is sustained during episodes of joint atten-

tion. For the parent measures, given that the Indian cohorts are defined based
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4.2. STUDY 3: WHAT ARE THE SIMILARITIES & DIFFERENCES IN
CAREGIVERS & THEIR INFANTS’ VISUAL EXPLORATORY ACROSS
CULTURAL CONTEXTS?
on the infants’ age, there is no reason to expect any differences between them

based on parental characteristics. However, variation may appear as a result

of differences in infant characteristics. That is, greater mobility and agency

among older infants may lead caregivers to deploy their cognitive resources

to a larger degree, leading to greater switch rate and lower MLD. Further-

more, differences are explored across cultural groups given the variation in

parenting styles. Differences are specifically expected during episodes of joint

attention. Indeed, the deployment of visual cognition (switch rate and MLD)

among parents and infants may differ depending on who initiated the episode

of joint attention and the degree to which the initiation fits the parenting style

(e.g., parent-led bouts in the more directive Indian setting). Similarly, regard-

ing the initiation of joint attention, the distal style of parenting expected in the

UK is predicted to result in a greater proportion of joint attention bouts being

initiated by infants, the more directive proximal style common to India re-

sulting in a greater proportion of joint attention being initiated by caregivers.

4.2 Study 3: What are the similarities & differences

in caregivers & their infants’ visual exploratory

across cultural contexts?

4.3 Method

4.3.1 Participants

Data for the current study are reported from a sub-sample of the data re-

ported in Chapter 2 and Chapter 3. For the UK sample, we present data from

25 dyads of 6-month-old infants (15 females) recruited by the Developmental
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Dynamics Lab at the University of East Anglia, the UK through the same pro-

cedure as mentioned in chapter 3. The data for the UK sample was collected

between 2017 and 2020. Parents were informed of the experiment’s aim and

procedure, and written consent was obtained. Remuneration comprised of 20

pounds, travel expenses, a t-shirt and a toy for each participant.

For the Indian sample, we report data from 31 six-month-old infants ±15

days (17 females) and 37 nine-month-old ±15 days (15 females) infants’ and

their caregivers. Characteristics of the sample from both India and the UK

are summarised in table 4.1. The procedure and protocol for recruitment of

participants were the same as Chapter 3. The data for the India sample was

collected between 2016-2018.

The studies in India and UK were supported by the Bill & Melinda Gates

Foundation Grant No. OPP1164153 and the NIH Grant No. R01HD083287,

both were awarded to Prof. John P. Spencer. The data reported here is part of

a larger study examining infant brain health in India and probing the neural

basis of visual working memory in early development in the UK.

4.3.2 Materials and Stimuli

The stimuli and the setup were identical to the study in Chapter 3 for both

UK and Indian cohorts.

4.3.3 Procedure

The procedure for capturing caregiver-infant interaction was the same as the

study in Chapter 3.
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4.3. METHOD

4.3.4 Data processing

We processed the data, step-by-step, through the pipeline mentioned in Ch-

pater 3, except for the visualisation and validation through BORIS manual

coding. That is, each dyad’s video was processed through pupil player soft-

ware wherein the synchronised frames were annotated for onset and offset of

caregiver-infant interaction. Here, we also processed caregivers’ eye-tracker

to generate gaze reports. Caregiver and infants’ synchronised videos were

extracted as synchronised frames excluding any crying event for more than a

minute. This step included generating new gaze position files that correspond

to each extracted frame. Next, we submitted a bash script to run each dyad’s

synchronised frames through MTCNN face detection and YOLO object recog-

nition algorithm using the university’s HPC. Once the MTCNN and YOLO

predictions were generated, the data went through a filtering stage using the

same filtering steps mentioned in Chapter 3. Object and gaze coordinates

were overlapped followed by generating an events file that consists of onset

and offset for each event (e.g., toy or face look). The final step included pro-

cessing the data through the TimeVP toolbox (also see C. Yu & Smith, 2016)

that computed measures of Mean Look Duration (MLD), Switch Rate (SR) and

episodes of caregiver and infant-led joint attention.

4.3.5 Analytic strategy

The analyses are divided into three sections. In the first section, we look at

scores of the overall mean look duration and switch rate per minute, i.e., in-

cluding a focus on both faces and toys for both caregivers and their infants

across the three cohorts (6UK, 6IND, 9IND). In section 2, we shift the focus to

exploring the episodes of joint attention, addressing differences between the

three groups in terms of the total number of episodes of joint attention, the
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4.4. RESULTS

proportion of the said total in which the joint attention was led by the infants,

and the proportion which was terminated by the infants. Across the first two

sections, we performed Welch two-sample t-tests to compare the means of co-

horts. In section 3, we analyse the differences in infants’ mean look duration

towards toys and faces across three conditions: when the infant was looking

at toys or caregivers’ faces by themselves, i.e., without the caregiver looking

at the same target; when the infant initiated the joint attention episode, and

when the caregiver initiated the joint attention episode. The same analyses on

mean look duration towards toys and faces were then repeated for the care-

givers. As with natural behaviour, the mean-looking duration for participants

was such that most were very brief and some very long. Therefore, to com-

pare the MLD between cohorts we used the Mann-Whitney U test due to the

skewed distribution of looking behaviour rather than Welch’s two-sample t-

test that assumes normality (Gibbons & Chakraborti, 2011; Yuan, Xu, Yu, &

Smith, 2019).

4.4 Results

Figure 4.1 illustrates the raw data, that is, the coupled data streams from

caregiver-infant interactions across the three cohorts (6UK, 6IND, 9IND). As

can be seen in the figure, there are some interesting patterns across cohorts.

First, there is more face looking (see dark blue colour) in the 6-month cohorts

(both 6UK and 6IND) with longer bouts of sustained looking to faces. Next,

there is more white space in the 6UK time series. This may reflect differences

in the context of the interactions. Recall that UK dyads were tested in the

home, while Indian dyads were tested in a lab with few objects in the sur-

roundings. Thus, it is likely that UK infants and caregivers looked at other
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4.4. RESULTS

objects in their surroundings more often – objects which were not captured

by the machine learning approach. Finally, it looks like the 9-month cohort in

India has more distributed looking patterns with shorter bouts of sustained

looking. This may reflect a developmental shift in looking patterns from 6 to

9 months.

Figure 4.1: Visualisation of the coupled data stream and joint attention for
each dyad across three cohorts (6 months UK, 6 months India and 9 months
India) using the TimeVP toolkit. For each cohort, the first row indicates data
for infants followed by their caregivers’ (second row). Each colour indicates a
different object or social partner’s face. Dark blue indicates the social partner’s
face. White space indicates looking at a non-target.

4.4.1 Overall MLD & SR

Scores of the overall mean look duration and switch rate per minute for in-

fants and caregivers across the three cohorts are shown in figure 4.2A and B

(also see Table 4.2). The Welch two sample t-tests on the the MLD of infants

across the three cohorts found no significant differences (t6IND,9IND(42.79) =
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4.4. RESULTS

Table 4.2: Overall means and standard deviation for caregiver and infants
Mean Look Duration and Switch Rate.

Infant Caregiver

MLD

Cohort Mean SD Mean SD
6UK 0.46 0.23 0.30 0.12
6IND 0.47 0.22 0.38 0.07
9IND 0.53 0.11 0.35 0.05

Cohort SR

6UK 4.54 1.06 4.67 0.96
6IND 7.35 1.4 7.97 1.0
9IND 8.25 1.02 8.32 0.78

Note. MLD stands for Mean Look Duration (in seconds). SD stands for Standard Deviation (in
seconds). 6UK denotes dyads with 6-month-old infants from the UK, 6IND denotes dyads with
6-month-old infants from India and 9IND denotes dyads with 9-month-old infants from India.

-1.38, p = 0.18; t9IND,6UK (30.53) = 1.46, p = 0.15; t6IND,6UK (49.08)= 0.20, p

= 0.84). On the other hand, the switch rate between targets (e.g., between

toys, or between toys and faces) differed significantly across cohorts. Infants

in the 9-month-old cohort from India had higher switch rate compared to

the 6-month old infants in India (t6IND,9IND(54.09) = -2.94, p <0.01). In turn,

the 6-month-old infants from India displayed a significantly higher switch

rate compared to those from the UK(t6IND,6UK(52.98) = 8.46, p <.001). Note

that the low switch rate for the 6UK infants is consistent with the observation

above that visualisations from the UK cohort had more white space. More

white space would create longer gaps between events, thereby lowering the

shift rate per minute.

Analyses for caregivers’ MLD revealed that the caregivers’ of 6-month-old

infants in India tended to have longer MLD than caregivers of 6-month-old

infants in the UK (t6UK,6IND(34.74) = 2.85, p <.01). However, there were no

differences between the two Indian cohorts (t6IND,9IND(56.94) = 1.82, p = .074;

also see figure 4.2C) nor between the MLD of caregivers from the 6-month

cohort in the UK and 9-month old cohort in India (t6UK,9IND(28.88) = -1.95, p
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4.4. RESULTS

= .061).

In term of switch rate, caregivers of 9-month old infants in India switched

at a significantly higher rate than caregivers in the UK (t6UK,9IND(42.04) =

-15.56, p <.001; see figure 4.2D). Caregivers in the 6-month-old infant co-

horts also differed in their switch rate (t6UK, 6IND(50.65) = 12.49, p <.001)

such that caregivers of the Indian cohort showed significantly higher switch

rate. However, there was no difference between the two cohorts in India

(t6IND,9IND(58.49) = -1.63, p = .11). Again, this is consistent with the obser-

vation of greater white space in the raw data visualisation in the UK cohort

which would lead to lower switch rates in the UK caregivers.

4.4.2 Proportion of Joint Attention Episodes

Table 4.3 shows the descriptive statistics for the total bouts of joint attention,

and the proportion of joint attention bouts led and terminated by infants.

Results revealed no significant differences between the cohorts in regards to

overall joint attention episodes (t6IND,9IND(50.05) = 1.84, p = .07; t9IND,6UK

(33.91) = 1.91, p = .07; t6IND,6UK (29.89)= 0.50, p = .62; figure 4.3A). However,

the proportion of infant-led joint attention differed significantly across the

three cohorts, with 6-months-old infants from India leading a significantly

smaller proportion of joint attention episodes than their 9-month-old coun-

terparts (t6IND,9IND(40.99) = -2.24, p <.05). In turn, 9-month-old infants from

India led a significantly smaller proportion of joint attention episodes com-

pared to the UK cohort (t6UK,9IND(30.70) = 2.53, p <.05; also see figure 4.3B).

Lastly, the proportion of joint attention bouts terminated by infants did not

differ by cohort(t6UK,6IND(44.84) = -0.23, p = .82; t6IND,9IND(44.41) = 0.97, p =

.34); t6UK,9IND(28.60) = 0.47, p = .64).
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Figure 4.2: Overall MLD in seconds and switch rater per minute across cohort
for caregivers and infants.
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Table 4.3: Overall means and standard deviation for the total number of joint
attention episodes, and the proportion of infant-led and terminated joint at-
tention episodes in percentage.

Total no. of JA Episodes Infant-led JA episodes Infant-terminated JA Episodes

Cohort M SD M SD M SD
6UK 118 89.4 68.6 14.9 45.7 18.6
6IND 145 99.41 52.8 17.4 46.8 15.8
9IND 115 50.7 60.3 7.45 43.8 7.91

Note. JA stands for Joint Attention. M stands for Mean. SD stands for Standard Deviation. 6UK
denotes dyads with 6-month-old infants from the UK, 6IND denotes dyads with 6-month-old

infants from India and 9IND denotes dyads with 9-month-old infants from India.
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Figure 4.3: Box plots indicate A) the total number of joint attention episodes in
each cohort, B) the proportion of joint attention episodes imitated by infants
in each cohort (in percentage) and C) the proportion of joint attention episodes
terminated by infants in each cohort (in percentage). Each large circle in the
box plot indicates means and each horizontal line within the box plot indicates
the median.
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4.4.3 Infants’ MLD for Faces and Toys

The descriptive statistics for the overall scores of Infant MLD towards toys and

towards the caregivers’ face split across contexts of attention (alone, infant-led

joint attention, parent-led joint attention) are summarised in table 4.4 (also

see Appendix O.1 for infants’ median scores split by target, context and co-

hort). We discuss analyses of each context in turn below.

Table 4.4: Overall means, standard deviation, median and range for infants’
MLD in various categories of caregiver-infant interaction.

Infant

Mean SD Median Range
Toys
Infant MLD (Alone) 0.38 0.54 0.17 0.06-5.00
Infant MLD in Infant-led JA 1.56 1.83 0.93 0.06-14.33
Infant MLD in Caregiver-led JA 0.5 0.81 0.2 0.06-11.90
Caregivers’ face
Infant MLD (Alone) 0.31 0.49 0.13 0.06-5.00
Infant MLD in Infant-led JA 3.00 3.26 1.67 0.06-14.86
Infant MLD in Caregiver-led JA 0.63 1.19 0.23 0.06-14.86

Note. MLD stands for Mean Look Duration (in seconds). SD stands for Standard Deviation. JA
stands for Joint Attention.

Infant MLD to toys when looking Alone. As shown in figure 4.4A, infants’

MLD differed significantly across cohorts in the ’looking alone’ context. When

looking by themselves, 9-month-old infants from India showed the longest

MLD directed at the toys and 6-month-old infants from India showed the

shortest MLD when looking at the toys, with the UK sample falling between

both. Differences between all groups were significant.

Infant MLD to toys in Infant-led joint attention episodes. Results showed

that when infants initiated the joint attention episodes, 9-month-old infants

in India showed significantly longer MLD to the toys compared to 6-month-

old infants in both India and the UK. Among the 6-month-old infants, those

from India showed significantly shorter MLD than their UK counterparts (see

figure 4.4B). These findings mimic the results from the looking alone context,
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although overall, mean look durations were longer in the infant-led joint at-

tention context.

Infant MLD to toys in Caregiver-led joint attention episode. With regard to in-

fants’ MLD in caregiver-led joint attention episodes, as shown in figure 4.4C,

the 9-month-old infants once again displayed longer MLD than the two 6-

month-old cohorts. Moreover, the 6-month-old infants in India displayed

shorter MLDs than the UK group. Once again, these cohort differences are

similar to the other contexts. Note, however, that MLDs overall were short-

est in the ’looking alone’ context, longer during parent-led joint attention

episodes, and longer still during child-led joint attention episodes.

Infant MLD to caregivers’ face when looking Alone. When looking at the

caregiver’s faces by themselves, the 6-month-old infants from India showed

significantly longer MLD compared to the 6-month-old infants in the UK and

the 9-month-old infants in India. Results indicated no significant difference

in the MLD between the latter two cohorts (see figure 4.4D).

Infant MLD to caregivers’ face in Infant-led joint attention episode. As shown

in figure 4.4E, during episodes of joint attention initiated by the infants, 6-

month-old infants from India spent a significantly longer time looking at their

caregiver’s faces compared to the two other groups. Moreover, 6-month-old

infants from the UK spent significantly longer MLD focused on their care-

givers’ faces compared to the 9-month Indian infants.

Infant MLD to caregivers’ faces in Caregiver-led joint attention episode. As in

the previous analysis, when caregivers led the joint attention bouts, 6-month-

old infants from India tended to look for longer at their caregivers’ faces than

infants in the other two cohorts (see figure 4.4F). In contrast to the analysis of

infant-led joint attention, the MLD of 6-month-old infants from the UK was

significantly shorter than that of 9-month-old infants in India.
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Figure 4.4: Comparing infants MLD using Mann-Whitney-U test across the
three cohorts. The top row depicts infants’ Mean Look Duration (MLD) to
toys when A) looking alone B) looking with a caregiver in an infant-led joint
attention episode C) looking with a caregiver in a caregiver-led joint attention
episode. The bottom row depicts infants’ Mean look Duration to caregivers’
faces when D) looking alone E) looking at each others’ faces in infant-led joint
attention episodes F) looking at each others’ faces in caregiver-led joint atten-
tion episodes. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01,
*** indicates p <.001
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Table 4.5: Overall means, standard deviation, median and range for caregivers
MLD in various categories of caregiver-infant interaction.

Caregiver

Mean SD Median Range
Toys
Caregiver MLD (Alone) 0.31 0.43 0.17 0.60-10.97
Caregiver MLD in Infant-led JA 0.38 0.53 0.20 0.06-9.03
Caregiver MLD in Caregiver-led JA 1.04 1.29 0.60 0.06-11.24
Caregivers’ face
Caregiver MLD (Alone) 0.29 0.40 0.16 0.06-7.23
Caregiver MLD in Infant-led JA 0.38 0.51 0.20 0.06-6.37
Caregiver MLD in Caregiver-led JA 1.12 1.22 0.70 0.06-7.20

Note. MLD stands for Mean Look Duration (in seconds). SD stands for Standard Deviation. JA
stands for Joint Attention.

4.4.4 Caregivers MLD for Faces and Toys

The overall caregivers’ MLD for each target across the three categories (alone,

infant-led, caregiver-led) is summarised in table 4.5 (also see Appendix O.2

for median across the target, categories and cohorts). We discuss each result

below in turn.

Caregiver MLD to toys when looking Alone. Results showed that caregivers’

of 6-month-old infants in the UK had significantly shorter MLD, compared to

caregivers of Indian cohorts (see figure 4.5A). However, no significant differ-

ence in MLD to toys was found between the two Indian cohorts.

Caregiver MLD to toys in infant-led joint attention. With regards to care-

givers’ MLD to toys in joint attention episodes led by infants, as shown in

figure 4.5B, caregivers in the UK cohort once again displayed significantly

shorter MLD than those in both Indian cohorts. There was also no significant

difference in the MLD of caregivers between the two Indian cohorts.

Caregiver MLD to toys in caregiver-led joint attention. Here as well, the MLD

of caregivers’ from the UK was significantly shorter than the MLD of 6- and 9-

month caregivers in India. However, unlike in the previous results, caregivers

of 6-month-old infants in India displayed longer MLD than those in the 9-
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month cohort (see figure 4.5 C).

Caregiver MLD to infants’ face Alone. No significant differences were found

on caregivers’ MLD toward their infants’ faces outside of episodes of joint

attention (see figure 4.5 D).

Caregiver MLD to infants’ face in infant-led joint attention. In joint attention

episodes initiated by infants, caregivers of the UK group showed significantly

shorter MLD to their infants’ faces compared to caregivers in the two Indian

groups. Caregiver MLD to their infants’ faces did not differ between the two

Indian cohorts (see figure 4.5 E).

Caregiver MLD to infants’ face in caregiver-led joint attention. As shown in

figure 4.5 F, during caregiver-led joint attention, caregivers’ from the UK dis-

played shorter MLD towards their infants’ faces compared to the Indian care-

givers. Once again, caregivers from the two Indian cohorts did not signifi-

cantly differ in MLD.

4.5 Discussion

Chapter 4 has yielded a rich array of findings using the pipeline described

in Chapter 3, which allows us to 1) validate the proposed pipeline with a

larger data set and 2) explore how infants and their caregivers deploy their

visual attention during a dyadic interaction playing with toys across different

settings (the urban UK and rural India) and cohorts (dyads with 6-month-

old infants from the UK and India, and dyads with 9-month old infants in

India). Specifically, the current study aimed to address the similarities and

differences across settings and cohorts between measures associated with vi-

sual cognition, such as mean look duration (MLD) and shift rate (SR). Overall,

findings indicated consistent trends in the deployment of visual attention by
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Figure 4.5: Comparing caregivers’ MLD using Mann-Whitney-U test across
the three cohorts. The top row depicts Caregivers’ Mean Look Duration
(MLD) to toys when A) looking alone, B) looking with caregiver in infant-
led joint attention episode, and C) looking with caregiver in caregiver lead
joint attention episode. The bottom row depicts infants’ Mean look Duration
to caregivers’ faces when, D) looking alone, E) looking at each others’ faces
in infant-led joint attention episodes, and F) looking at each others’ faces in
caregiver-led joint attention episodes. Blank indicates p >.05, * indicates p
<.05, ** indicates p <.01, *** indicates p <.001
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caregivers and their infants that reveal a complex interplay of influences on

caregiver-infant interaction. Henceforth, I discuss findings through the lens

of the eco-cultural model of parenting (Keller et al., 2005; Keller, 2007) and

establish links to the visual cognition literature which enables us to connect

this chapter to prior studies and sets the base for the final empirical chapter

in this thesis (5).

In regards to the overall MLD, which indicates the sustained looking to-

wards the target of fixation, we found no overall differences for infants across

groups suggesting that they deployed their visual attention similarly. On the

other hand, analyses on caregiver MLD showed no differences between the

two Indian cohorts and revealed that the caregivers in the UK looked for a

shorter amount of time towards targets compared to parents of 6-month-olds

in India. Interestingly, this difference did not hold when comparing the care-

givers from the UK to the caregivers of the older (9-month-old) Indian cohort.

Together, the findings suggest a cultural element of similarity between the two

groups of Indian caregivers as well a degree of difference when comparing the

British caregivers to the Indian caregivers of younger infants but not those of

the older ones.

When looking at the overall switch rate, caregivers and infants displayed

a similar pattern. In the cases of both caregivers and infants, Indian cohorts

switched more between targets of fixation than the UK cohort. When look-

ing at differences between the Indian groups, older infants displayed larger

switch rates but no difference was found for caregivers. Apparent cultural

differences in the deployment of visual attention, however, need to be inter-

preted with caution. Typically, MLD and switch rate are interrelated such that

longer MLD is related to fewer switches (or slower disengagement) (Colombo

et al., 1991). In contrast in this study, we found that caregivers with higher
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MLD also tended to have a higher switch rate.

A key point to consider here is that although both Indian groups com-

pleted the play session in the same controlled environment, British families

carried out the study in their own homes. This is of particular importance

because the measure of switch rate only takes into account switches between

targets set in the TimeVP toolbox. Thus, if participants switched between the

coded targets, the switch was computed. However, if participants shifted from

a coded target to a non-coded target, no shift was recorded. Given that the

rooms in which British families completed the study had many more objects

and decorations in their surroundings (e.g., TV, sofa, photographs), which

were not included in the TimeVP as targets of interest, multiple instances

of switches of attention are likely to have been missed. Indeed, looking back

at the raw data, visualised in figure 4.1, it suggested more consistent shifts to

non-targets (i.e., white spaces in the figure) for the dyads in the UK than the

Indian cohorts.

Differences between the two Indian cohorts, however, can be assessed with

confidence as both cohorts were tested in the same, fully controlled environ-

ment. Here, we found higher switch rates for 9-month-old infants in India.

This suggests there are changes in looking dynamics as the child grows. Such

differences may stem from changes in parental engagement, changes in the

capabilities of the infant, or a mix of both. Here it is important to note that no

differences were found between the two Indian groups in terms of caregiver

MLD or their switch rate. With the equivalent overall deployment of visual

attention among caregivers, differences in switch rates among infants may be

best explained by their own development and the age differences between the

cohorts. Infant developmental influences would include a more developed

visual cognitive system with an expected faster rate of switching for older in-
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fants (Rose et al., 2001, 2002). There are also likely to be improvements in

motor development which enhances the exploratory capabilities and field of

vision of older infants.

When exploring the joint attention episodes, which are considered of great

importance and shape infant development (Carpenter et al., 1998; Mundy &

Newell, 2007; Nelson et al., 2008), we found a similar number of total episodes

of joint attention in all cohorts, showing consistency across samples, both in

terms of cultural setting and differences in infants’ age. Similarities extended

to the proportion of joint attention bouts which were terminated by infants,

but not to the episodes initiated by them. UK infants led a greater proportion

of joint attention episodes during caregiver-infant interaction than the two In-

dian groups. Indian infants of 9 months of age also led a greater proportion of

joint attention than their 6-month-old counterparts. Differences can be inter-

preted as revealing a cultural element of difference in parenting styles. That

is, UK parents, are more likely to follow child-centred distal parenting styles

and be less directive (Keller, 2007), thus providing greater opportunities for

their infants to lead the interactions (Keller et al., 2010). In contrast, the prox-

imal parenting style, which is more common in rural India, is more directive,

thus resulting in parents leading a greater proportion of joint attention bouts

(Keller et al., 2010). These apparent cultural differences are further nuanced

by the infants’ age. Perhaps, greater mobility and cognitive skills allow the

9-month infants in India to create further opportunities for interaction with

their caregivers and engage more actively in leading joint attention.

Considering the context of attention (e.g., joint vs alone) further served

to reveal that the overall MLD similarities found among infants of all groups

should not be taken at face value. Indeed, findings indicated differences be-

tween the groups of infants when MLD was considered across targets and in
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the context of joint attention. When infants directed their attention at toys, 9-

month-old infants consistently showed longer MLD than the other two groups

regardless of whether they were attending on their own, during joint attention

led by them, or joint attention led by their caregivers. Among the 6-month-

old cohorts, MLD across all contexts was greater for the British infants. Given

the sustained attention element of MLD, results indicate greater sustained at-

tention, potentially due to greater interest and engagement among the oldest

infants. The finding of sustained attention by older infants, compared to those

led by younger infants, fits long-standing research on the developmental tra-

jectory of infants in the context of coordinated attention in interactions with

objects (Bakeman & Adamson, 1984).

Regarding attention toward the caregiver’s face, the 6-month-old infants

from India consistently had longer MLD regardless of whether they were at-

tending to the target on their own or in joint attention episodes. The other

two groups displayed similar MLD towards their caregiver’s face when look-

ing on their own but displayed interesting differences during bouts of joint

attention. When joint attention was led by infants themselves, British infants

sustained their attention on their caregivers’ faces for longer than the Indian

9-month infants. However, when joint attention was led by caregivers, the

opposite was found. That is, the group of older Indian infants sustained their

look towards their caregiver’s face for longer than the British infants.

Findings showing that 6-month-old infants in India displayed lower sus-

tained attention towards toys but greater focus on faces, when compared to

the other groups, may be partly explained by how they were positioned as

well as by their mobility (Fausey et al., 2016; Soska & Adolph, 2014). Pre-

vious research has indicated that the infant-perspective field of view changes

with age-related development due to changes in their motor abilities, skills, as
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well as caretaking needs (Fausey et al., 2016; Jayaraman et al., 2017). Not only

do younger infants have more input from faces in their daily lives (Fausey et

al., 2016), but they also have fewer opportunities to manually and visually

explore objects when in supine and prone positions (Soska & Adolph, 2014).

In the case of our findings, both infants’ positioning and motor capabilities

would interact with parental practices, as the younger Indian infants tended

to be placed on their backs, directly in front of their parents. Furthermore,

caregivers directed the interaction, moving the toys in and out of the infants’

range of vision. Less directive and more child-centred practices in the UK

would shift the world that is accessible to infants. Last, for the older Indian

infants, their greater motor and cognitive development (hence, capabilities)

would allow them to explore their surroundings in a more proactive way, de-

spite directive caregiving.

Accounting for cultural differences in parenting styles also serves to ex-

plain differences in MLD directed at caregiver faces between the 9-month In-

dian infants and the UK cohort. The 9-month-old Indian infants have grown

in a setting of more directive parenting, with interactions being more adult-

centred whereas the British infants are accustomed to more child-centred in-

teractions (Lancy, 2014). Each group, thus, engages with their parents differ-

ently, with Indian infants being more responsive to parental-led attention and

British infants being more proactive in generating joint attention and sustain-

ing their focus.

Regarding the caregiver’s deployment of visual attention, UK caregivers

displayed shorter MLD towards toys across all contexts of attention and to-

wards the face of their infant in both joint attention contexts. When looking

at the Indian groups, differences in MLD only appeared when the targets were

toys and during joint attention episodes led by the caregiver. That is, care-
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givers of the 9-month cohort displayed shorter MLD directed at toys when

they led the joint attention episodes but deployed their visual attention com-

paratively to the caregivers of the younger cohort in all other cases. Caregivers

in all groups displayed comparable MLD towards their infant’s face when out-

side of joint attention. Given that caregivers should be expected to be familiar

with their infants’ faces, this similarity may be an indication of short bouts of

attention that allow caregivers to check up on the infant.

Once again, differences between groups can be seen in the context of par-

enting styles as well as the caregivers’ understanding of their infant’s capa-

bilities and their expectations of what the interaction should be like. In the

UK, where child-centred parenting fosters the view of children as a subject

with a degree of agency since early infancy, parents are more active and en-

gaged in play interactions (Keller et al., 2010). In India, infants are seen to

a larger degree as passive, which shapes parental engagement in the interac-

tion. In the older Indian cohort, in which infants are more developed and have

greater mobility, caregivers may be seeing them to a lower degree as passive

and shift their behavioural patterns. Indeed, the fact that differences between

the Indian caregivers only appeared in caregiver-led joint attention episodes

suggests that said differences do not result from varying capabilities between

the two Indian groups and are more likely to stem from shifts in the engage-

ment of caregivers.

Imagine a caregiver shaking a rattle. The caregiver may shift their focus

to the infant to see their response (is the child interested?), and back to the

rattle more frequently, thus sustaining MLD for less time, when there is an

expectation that the infant may reach out to the object or move to grab it. The

same caregiver may sustain their attention on the rattle for longer (even if only

slightly) if the child is not expected to have the capability to approach, reach
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out, or grab the rattle. In a way, the parent is more on guard when the infant

can move than when they are seen as passive. Given the directive/proximal

parenting approach in India, it is logical for this shift in the parental deploy-

ment of attention to be particularly noticeable in joint attention episodes led

by the caregiver. Critically, as shown by our findings on infants’ attention

towards their caregiver’s face when caregivers initiate joint attention, their

infants also tend to respond to the parental direction.

Although the goal of this chapter is not to make claims about Visual Work-

ing Memory (VWM), the trend of shorter MLD among caregivers in the UK

invites considering differences beyond parenting style, including potential

differences in the speed of visual information processing of the caregivers. In-

deed, it is likely that differences in the deployment of visual attention among

caregivers are indicative of differences in VWM, with greater VWM allow-

ing British caregivers to process information faster and reducing the need

for sustained attention on the targets of interest. It is important, however,

not to oversimplify results as solely displaying differences in VWM between

the British and Indian cohorts given the differences found in the deployment

of attention of Indian caregivers of infants of different ages. That is, differ-

ences between caregivers’ characteristics, including VWM, are likely to inter-

act with cultural values and parenting styles, leading to a range of differences

in parental engagement with their infants.

Interestingly, in the case of infants, those with greater VWM (the older co-

hort; see Chapter 2 Study 2) sustained their attention towards toys for longer

than the other two groups. In contrast, they displayed shorter MLD towards

their caregiver’s face in episodes of caregiver-led joint attention. An impor-

tant nuance to consider here entails the difference in VWM capabilities be-

tween parents and infants. That is, whereas processing the visual information
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related to familiar faces and simple objects is easy and within the expected

capabilities of parents, the same should not be expected for infants.

Infants will have had massive exposure to their caregivers’ faces. As the

facial visual information is processed on multiple occasions it becomes more

familiar and easier to process. Thus, shorter sustained attention toward the

caregiver’s face may be indicative of better VWM. On the other hand, the

infants’ exposure to the specific toys used in this research was much lower.

Moreover, the toys can be in motion and infants need to process the visual in-

formation from multiple perspectives. To make things more complicated for

the infants, they may be holding the objects at some times but not others, with

additional sensory information (e.g., tactile) providing further input. Thus,

infants are just learning about the novel objects and longer sustained looking

is expected to support VWM. Thus, infants with longer MLDs might learn

more about the objects and, more generally, show better VWM abilities.

Two key limitations in this study should be considered in order to inform

future research. The first entails the different degrees of control across play

sessions addressed when interpreting differences in switch rates. The first

point of lack of control results from British dyads completing the play session

in their own homes, each with their own environments and distractors. This

lack of control is inevitable when carrying out research in naturalistic settings

and should be seen as a methodological characteristic rather than a key limi-

tation. However, the fact that all Indian dyads completed the play session in

a highly controlled environment with almost no distractors or additional ob-

jects is a key limitation. On one hand, it reduces the ecological validity sought

from naturalistic research. On the other, the fact that some groups completed

the task in the artificial laboratory setting creates a confound that hinders the

interpretation of findings when comparing the different groups.

179



4.5. DISCUSSION

The methodology followed in this study was an inevitable consequence

of the limited access to the home environment of participants in rural In-

dia. While it is tempting to state that future research should go into homes

in rural India, such an endeavour goes hand-in-hand with technological de-

mands. Given the lack of constant electricity in infra-structurally underde-

veloped contexts, the battery life of available portable equipment does not

allow for collecting data from more than two participants per day. In cases

in which travelling from the data collection points to locations with access to

electricity is time-consuming, moving back and forth to recharge the equip-

ment becomes costly in time and money. For our own research, the limited

time spent in India in data collection rounds, limitations in available technol-

ogy, lack of electricity while in the field, and the distance and time required

for travelling to recharge equipment resulted in the decision to sacrifice the

ecological validity and invite families to the make-shift lab for the play ses-

sions. Bringing the UK families to the lab as well required a further sacrifice

of ecological validity and was disregarded due to the value of validating the

pipeline in a fully naturalistic setting. For these reasons, the interpretation

of analyses has focused on MLD and switch rates have been interpreted with

caution. Future technological advances may enable future research that re-

duces limitations of this type.

The current chapter has served to understand the deployment of visual

attention in a naturalistic setting across socio-cultural groups. Results indi-

cate consistent patterns in caregiver and infants’ visual exploratory behaviour

such that infants from the UK tend to initiate a higher proportion of joint

attention compared to the other groups. This fits the eco-cultural model of

parenting wherein caregivers in western middle-class families tend to take

a child-centric approach (Keller, 2017; Keller et al., 2005). In comparison,
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infants in India, particularly the younger cohort, tend to lead fewer joint at-

tention episodes. However, both age groups in India tended to sustain their

attention to caregivers’ faces in caregiver-led joint attention episodes, thus

responding to their caregiver’s attention, compared to the infants in the UK

who showed sustained attention in a self-led bout of joint attention. In terms

of visual information processing, consistent with research on visual cognition,

6-month-infants in India have shown longer MLDs across contexts suggesting

slower information processing speed compared to the 9-month-old infant in

India. Similarly, caregivers in the UK have shown shorter MLD compared to

the caregivers in India indicating faster visual information processing. To,

further, our understanding of how these real-life measures of visual cognition

relate to the visual cognition measured in the laboratory-based task, the next

chapter focuses on addressing the connection between caregivers and their

infants’ visual exploratory behaviour in the naturalistic setting to their VWM

in a standardised lab-based task.
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Chapter 5

Exploring the relationship between

measures of visual cognition from

lab and lounge

5.1 Introduction

Throughout this thesis, studies have served to provide insights into the Visual

Working Memory (VWM) of infants and their caregivers. Through labora-

tory tasks, Studies 1 and 2 (Chapter 2) linked the VWM of Indian mothers to

their socio-emotional context and the VWM abilities of their infants. Study 3

(Chapter 4) focused on the deployment of visual cognition by caregivers and

infants from the UK and India in the context of naturalistic dyadic interac-

tions during play. Here, we used available portable technology and developed

a machine learning pipeline to measure key aspects of dyadic interactions

across cultures including quantifying joint attention episodes. In Chapter 5,

we use these same measures to link the visual cognition of infants and care-

givers in the lounge to measures of VWM in the lab (as seen in chapter 2).
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Specifically, we explore whether and how infants’ and caregivers’ visual expe-

rience when interacting in the real world relates to their performance in the

standardised visual cognition task measured in the laboratory.

Visual cognition is important for gathering information from our surround-

ings, allowing us to attend to, and hold information about, objects and people.

It also is a key tool that enables infants to learn from their surroundings. Con-

temporary knowledge of infants’ visual cognition and its development has

risen from two key traditions, one focused on researching development in the

lab and the other on the lounge. Laboratory-based research, involving highly

controlled environments and stimuli, has highlighted the importance of mea-

suring individual differences in visual cognition (Jankowski et al., 2001). For

instance, visual cognition assessed in infancy has been found to be predictive

of long-term outcomes such as academic achievement and IQ at 11 years of

age (Rose et al., 2012). More specifically, within the umbrella of visual cog-

nition, the development of VWM has been argued to play a pivotal role in

infants’ cognitive development, with increases in VWM underlying improve-

ments in speed of processing among other cognitive processes. Indeed, as

noted by Spencer (2020), the development of VWM is conceptualised not just

as an influence but as foundational in cognitive development.

In empirical research, laboratory measures of VWM have been found to

be related to learning and academic outcomes (S. F. Ahmed, Tang, Waters, &

Davis-Kean, 2019; Allen, Higgins, & Adams, 2019). For instance, the devel-

opment of mathematical skills is frequently associated with working mem-

ory (Bull & Scerif, 2001; Bull et al., 2008; Holmes & Adams, 2006; Holmes,

Adams, & Hamilton, 2008). A recent study by Fanari, Meloni, and Mas-

sidda (2019) conducted a longitudinal study with young children to assess

visuospatial working memory and early mathematics skills measured using
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standardised mathematics measures for primary school children. A battery

of laboratory-based tasks was administered to test working memory in the

school setting. The results showed that performance on the visuospatial work-

ing memory test at 6 years was predictive of mathematics achievements at 7-8

years of age.

Despite the wealth of laboratory research and its many contributions, a key

challenge is to relate lab-based measures to how visual cognition is deployed

in the real world. In the real-world, infants encounter more complex visual

stimuli than what has been used in the highly controlled lab setting (e.g., the

screen-based stimuli used in a preferential-looking task). Similarly, the real-

world is much more complex, with more opportunities for distraction. Of

course, as with all other laboratory research, this limitation can be raised to

challenge the degree to which findings can be applied in real-world settings.

These gaps are covered by the second tradition of interest to this thesis, which

has focused on researching the visual exploratory behaviours and deployment

of attention of infants in naturalistic settings.

As with lab-based approaches, naturalistic developmental research con-

ceptualises visual cognition in general, and VWM more specifically, as essen-

tial to infants’ socio-cognitive development (C. Yu et al., 2019). Infant devel-

opment, however, is observed and studied in the ”messy” real world, with its

richer stimuli and, perhaps more importantly, the influence of social partners

on infants’ experiences of the real-world. Social partners influence how in-

fants deploy their attention, from what infants prioritise attending to, to the

time spent holding their attention. This, in turn, shapes the development of

VWM and its multiple outcomes (e.g., word learning). For instance, C. Yu et

al. (2019) have argued that VWM may be critical to the visual information pro-

cessing of an object, thus enabling the infant to sustain their attention towards
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it, which is essential to understanding the object and mapping it in order to

learn its name. Joint attention episodes with a caregiver serve to prolong the

sustained attention on the target and thus facilitate the understanding of the

object and learning of the new word (Vlach & Johnson, 2013; C. Yu et al.,

2019). More specifically, caregivers who ”follow-in” on their infants’ atten-

tion and sustain it have been found to promote early world learning (C. Yu &

Smith, 2016; C. Yu et al., 2019). Thus, it is not surprising that being able to

coordinate attention with a social partner on an object of interest is consid-

ered to be an important developmental milestone (Moore & Dunham, 1995;

Scaife & Bruner, 1975).

Although naturalistic research has advantages, it also has limitations. For

many years, research in naturalistic settings has used hand-held or tripod-

based cameras to record caregiver-infant interactions, with researchers manu-

ally coding the dyads’ visual exploratory behaviour as perceived from a third-

person perspective. However, recent technological advances (e.g., mobile head-

mounted cameras and eye-trackers) have revealed a different ”visual” story.

Work by Yoshida and Smith (2008) has shown that infants’ and their care-

givers’ visual field are different compared to what is perceived and coded from

a third-person perspective (also see L. B. Smith et al., 2011). Infants’ visual

scenes consist of one or two objects, which are placed close to their heads and

faces, thus taking up most of their visual field. Additionally, infants hardly

look at their parents’ faces and instead mostly look at hands (their own or

of their caregivers) manipulating objects. This has been found when infants

play with toys together with their caregivers regardless of positioning, such

as when playing on the floor (Franchak, Kretch, & Adolph, 2018) and on the

table (C. Yu & Smith, 2013).

The problems stemming from limitations such as this one have been re-
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duced by technological advances, but the higher ecological validity of natu-

ralistic observations still comes at a cost. The very fact that stimuli in the real

world are more complex and messy, means that the exercise of understanding

the development of visual cognition becomes equally messy. Indeed, complex

environments and reduced control preclude establishing clear-cut or straight-

forward explanations on the individual’s experience of the world or the effects

(individual or interactive) of the colour, shape, movement, or accompanying

sound of different stimuli on the infants experience, their deployment of at-

tention, and the outcomes these have for the development of VWM.

As well as having their own limitations, each tradition makes its own as-

sumptions. As addressed in the discussion of findings from Study 2, a key

assumption of laboratory research is that its findings have real-world impli-

cations. Similarly, research focused on naturalistic settings and the observa-

tion of interactions assumes that observed behaviour and the deployment of

attention are representative of how VWM works. Both traditions have strong

theoretical and empirical support but their connection remains unaddressed.

Exploring the connections between both, and integrating the knowledge con-

structed through them, allows us to reduce their limitations and establish

clearer findings with less dependency on the traditional assumptions. That

is, rather than assuming the real-world outcomes relate to lab-based VWM

measures, the integration of methodologies allows us to test the actual associ-

ations between the lab and lounge (Dahl, 2017).

To our knowledge, only one research has addressed the connections be-

tween measures of visual cognition in laboratory screen-based tasks and semi-

naturalistic free play tasks. More specifically, the study by Wass (2014) fo-

cused on peak look duration towards novel stimuli across the two settings.

The author found relationships between the screen-based scores (including
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static and non-static stimuli), but not between the screen and semi-naturalistic

paradigms. Moreover, an exploratory factor analysis revealed two underlying

factors, with three out of four screen-based measures (again including static

and dynamic images) loading on the first factor and the free play scores load-

ing on the second. Interestingly, a single screen-based measure (using static

images of complex scenes) cross-loaded on both factors. Its primary load was

on the second factor (together with semi-naturalistic tasks) but it loaded in

the opposite direction to the more naturalistic measures. The authors con-

sidered a range of influences which could explain findings, ranging from the

field of vision of infants (with screens taking up a greater proportion of it) to

the contrast in luminescence (between the targets and their surroundings as

well as between the edge of the screen and its surroundings), additional audi-

tory stimuli present in the screen-based tasks, and autonomic arousal linked

to changes in luminance in the screen tasks. By focusing on different mea-

sures and using different tasks, our research expands on that of Wass (2014)

and builds upon our knowledge on whether measures of visual cognition are

equivalent, or at least related, across contexts.

Drawing from laboratory and naturalistic research we can identify good

indicators of VWM across methodological settings. Measures of mean look

duration (MLD) as well switch rates (SR) in the lab and lounge, and the change

preference scores as measured by VWM laboratory tasks all provide robust

indices of aspects of VWM. Additionally, episodes of joint attention in real-

world interactions are critical given that they not only serve to indicate the de-

velopment of infant VWM but also foster it. More specifically, factors such as

initiating and responding to bouts of joint attention have been shown to have

unique associations with word learning at different stages of infancy (Mundy

et al., 2007) and significant impairment in initiating joint attention, in clinical
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OF VWM FROM THE LOUNGE TO THE LAB.

research, is indicative of autism (Mundy et al., 2003; Mundy & Newell, 2007).

Thus, we draw from the above measures, as obtained in previous studies in

this Thesis, to develop a more comprehensive picture of the links between the

lab and lounge.

Henceforth, Study 4 connects the laboratory (also see Chapter 2, Studies

1 & 2) and naturalistic (see Chapter 4, Study 3) measures of MLD and switch

rate of both infants and caregivers. We further explore the links between nat-

uralistic measures of MLD and of infant/caregiver-led joint attention and lab-

oratory VWM-PL scores for both infants and caregivers. Last, we tackle the

unresolved inverse relationship between laboratory VWM-PL scores of moth-

ers and their infants by testing our mismatch hypothesis in connection to nat-

uralistic measures.

5.2 Study 4: Examining the relationship between

measures of VWM from the lounge to the lab.

5.3 Method

5.3.1 Participants

The VWM-PL task, as noted in chapter 2, was completed by 228 infants in

Year 1 and 186 in Year 2. In terms of dyadic interaction, 69 dyads contributed

to the data. Of the 69 dyads, 4 dyads did not have SES data and one infant did

not have VWM data. Therefore, the analyses looking at the relationship be-

tween infants’ measures of visual cognition in the lab and lounge consist of 64

participants. Similarly, 125 caregivers completed the VWM-PL task, however,

when combined with the dyadic data, final analyses for caregivers’ visual cog-
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Table 5.1: Means and standard deviation of Infant and Caregivers’ age and
SES Score for lounge-to-lab analyses

N = 64 N = 46

6-month Infants 9-month Infants Caregiver (Y2)

N 28 36 -
Infant Gender 16 Female 12 Females -
MAge (Y1/Y2) 6.04/ 18.12 8.91/ 20.86 25.54
SDAge (Y1/Y2) 0.36/ 0.56 0.34/ 0.55 3.95
MSES Score 10.38 10.07 10.26
SDSES Score 3.85 3.74 3.66

Note. M denotes Means; SD denotes Standard Deviation; Y1 denotes age at Year 1 of testing; Y2
denotes age at Year 2 of testing. Missing one 6-month-old and five 9-month-old infants’

demographic data at Year 2.

Table 5.2: Means and standard deviation of Infant and Caregivers’ age and
SES Score for Mismatch analyses.

N = 37

Dyads 6 months Dyads 9 months
N 16 19
Infant Gender 9 Females 7 Females
MSES Score 10.94 9.88
SDSES Score 3.7 4.08

Infant Caregiver Infant Caregiver

MAge (Y1/Y2) 5.99/18.01 26.25 8.91/20.94 25.94
SDAge (Y1/Y2) 0.35/0.54 5.09 0.37/0.55 2.7

Note. M denotes Means; SD denotes Standard Deviation; Y1 denotes age at Year 1 of testing; Y2
denotes age at Year 2 of testing. Missing one 6-month-old and five 9-month-old infants’

demographic data at Year 2.

nition measures from the lab to the lounge included 46 caregivers. Means and

standard deviations of infants and caregivers’ age and socio-economic scores

are indicated in Table 5.1. Lastly, of the 120 caregivers and infants that com-

pleted the VWM-PL task, and 69 dyads who contributed to the dyadic data,

the final ’mismatch’ analyses consisted of 37 dyads with VWM-PL measures

from both infant and caregiver as well as dyadic data (see table 5.2 for partic-

ipant age and SES Score summary).
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5.3.2 Materials and Procedure

The materials, apparatus, and procedure for the laboratory data are the same

as in Studies 1 and 2 in Chapter 2 (for caregivers and infants respectively).

The materials and the procedure for the dyadic interaction data are the same

as in Chapters 3 and 4.

5.3.3 Measure Construction and Methods of Analysis

Measures from the Lounge MLD measures from the dyadic interaction were

created for the infants and for the caregivers. As in the previous study, mea-

sures were taken from three different types of episodes: 1) when looking

at a target (toy, face) outside of joint attention episodes (henceforth, ”MLD

Alone”), 2) during infant-led joint attention episodes, and 3) during caregiver-

led joint attention episodes.

Infant switch rate (SR) measures from the dyadic interaction included the

number of times per minute that the infant switched their attention from one

target to another (e.g., from face to toy, between toys).

The proportion of infant-led joint attention episodes was calculated by di-

viding the number of infant-led joint attention episodes by the total number of

joint attention episodes. For the caregiver analyses, the proportion of joint at-

tention measure was re-computed to display the proportion of joint attention

episodes led by caregivers (1 - the proportion of infant-led joint attention).

Measures from the Lab Infant MLD in the VWM-PL is the length of each

fixation within the target box containing the array of squares. Given that the

score of MLD of infants was skewed, we carried out a logarithmic transforma-

tion (see Appendix P.1 for a histogram of non-transformed and transformed

scores).
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Infant Switch-rate consisted of the number of times per second that the

infant switched between the change and no-change sides of the display.

VWM-PL scores indicated the proportion of time spent looking at the chang-

ing side of the preferential-looking task when the first look was directed at the

no-change side. Two VWM-PL measures were computed, one for the infants

and the other for the caregivers.

A mismatch Ratio was calculated in order to address the mismatch hypoth-

esis proposed to explain the inverse relationship between maternal and infant

VWM found in Study 2. The measure was computed by dividing the infants’

VWM-PL score by their caregivers’ VWM-PL score, thus summarising the re-

lationship in a single value. High ratio values indicated an infant with high

VWM scores paired with a caregiver with low VWM scores. By contrast, low

ratio values indicated infants with low VWM scores paired with caregivers

with high VWM scores. It must be noted that even caregivers with the lowest

VWM capabilities would still surpass the VWM of their infants (even those

with the highest VWM).

Demographic Measures Demographic measures of mothers’ age, infants’

age, and SES scores of the family were taken from Chapter 2 studies 1 and 2

(also see table 5.1 and table 5.2).

5.3.3.1 Analytic Strategy

In order to explore the relationship between VWM as displayed in the lab and

lounge, we divided analyses across four stages. Given that we lacked data

for all participants when accounting for all tasks, we deemed the sample size

insufficient for running complex models with multiple variables.

The four stages were as follows: 1) understanding the relationship between
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infants’ measures of MLD and switch rate between the lab and lounge; 2) un-

derstanding the association between infants’ naturalistic measures of MLD

and proportion of infant-led joint-attention episodes and their lab VWM-PL

performance; 3) exploring the same relationships as in (2) but focusing on

caregiver measures, and 4) examining the correlations between measures of

caregiver-infant interaction from the real-world setting and the mismatch be-

tween caregiver and infant’s VWM noted in Chapter 2. At each stage, the

maximum number of participants possible was included in the analyses.

In the first stage, we start by creating two baseline models, each address-

ing infant lab measures of MLD and SR as outcomes. Predictors in both mod-

els were the same as those included in the infants’ VWM base model from

Study 2, that is, year of study (1 or 2), load (low, medium, or high), SES Score

(centred), and age cohort (cohort 1 = 6 and 18 months, cohort 2 = 9 and 21

months). Year and age cohorts were difference-coded, the load was input as a

factor, and the model includes the main effects only. No caregiver-infant in-

teraction measures were added at this point. We then added measures from

the dyadic interaction as predictors to the baseline model. Given that we had

three measures of MLD, three separate linear mixed-effect models were com-

puted, one including MLD Alone, another including MLD in infant-led joint

attention, and the last with MLD in caregiver-led joint attention. In addi-

tion to main effects of the baseline model and MLD (centred) measures, each

model included a two-way interaction between MLD and Load.

The same approach was taken for the model on laboratory SR, with SR

from the dyadic interaction data being added as a predictor to the base model.

Given that there is only one switch rate measure, a single model was com-

puted. Once again, a two-way interaction between task load and SR was in-

cluded.
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In Stage 2, four models were computed in order to address the relationship

between infants’ dyadic measures of MLD and infant-led episodes of joint

attention and their VWM-PL scores. Each model is built on the infant VWM

baseline model from study 2 in chapter 2 (computed as in Stage 1). As in the

previous stage, three separate models were created to address the association

between MLD in the lounge and VWM in the lab, one for each MLD measure.

Thus, models 1, 2, and 3 include a main effect of the relevant measure of

infants’ MLD as well as a two-way interaction effect between MLD and Load

(from the VWM-PL task). Model 4 shifted from the focus on MLD and instead

included the proportion of infant-led joint attention episodes as a main effect

to the baseline VWM model. Once again, the two-way interaction between the

proportion of infant-led joint attention and load was included as a predictor.

In stage 3, we repeated the same steps from Stage 2 but focusing on the

caregiver measures. Thus, we ran four mixed-effect models on the VWM-PL

scores of caregivers, building upon the caregivers’ VWM baseline model from

Study 1 in Chapter 2 (i.e., main effects of Mother’s age, centred SES Scores,

and Load, as well as the two-way interaction between load and mothers’ age).

As in Stage 2, three models were computed with the caregiver MLD measures

from the lounge as predictors. Within each model, the two-way interaction

between the relevant MLD measure and load was included. Model 4 built

on the baseline by including the proportion of caregiver-led joint attention

episodes as a main effect and interacting with load.

Each model in stages 1, 2, and 3 included a random intercept for each

participant to allow for individual differences. All models were assessed for

fit based on a Q-Q plot of the residuals and using the R package DHARMa

(Hartig, 2021).

The fourth and final stage addressed the inverse relationship between the
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VWM-PL performance of caregivers and their infants found in chapter 2. We

used the mismatch ratio computed with the infants’ and caregivers’ VWM

scores and explored possible correlations with the dyadic interaction mea-

sures of visual cognition of both caregivers and their infants.

5.4 Results

5.4.1 Infants Mean Look Duration and Switch Rate in lounge

and lab

Figure 5.1 shows correlations between MLD measures from VWM-PL task to

A) MLD Alone, B) MLD in infant-led JA, C) MLD in caregiver-led JA, and, D)

Switch rate measure between VWM-PL task and SR measure in the lounge.

Furthermore, a scatterplot showing the correlations between lab measures,

i.e., MLD, SR, and VWM-PL scores can be found in Figure Q.1 in Appendix.

MLD Results of the MLD baseline model indicated a main effect of load and

a main effect of year on infants’ MLD as measured in the VWM-PL task (see

table 5.3 for Wald Chi-squared tests), with infants’ MLD increasing as the

task became more difficult. Moreover, as shown in figure 5.2 infants’ MLD

significantly increased from Year 1 to Year 2. When considering the effects of

the year of testing on MLD, it must be noted that task difficulty was increased

and more items needed to be consolidated in working memory in the Year 2

VWM-PL task (set sizes 1, 2, 3 versus 2, 4, 6).

Next, we added the infants’ MLD measures (alone, infant-led joint atten-

tion, caregiver-led joint attention) from the caregiver-infant interaction to the

’base’ MLD model. Consistent with our base model, results from all three

models indicated a main effect of load and a main effect of year. However, no
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Figure 5.1: Scatterplot for MLD lab and MLD lounge measures (A-C) and SR
lab and SR lounge measures (D) across low, medium, and high load conditions
(from VWM-PL task). 6 indicates 6-month-old and 9 indicates 9-month-old
infants’ age cohort.
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Table 5.3: Infant MLD baseline regression results with Load, Year, SES Score
and Age as criterion

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 9.20 1 <.01 **
Load 102.74 2 <.001 ***
Year s 274.27 1 <.001 ***
SESScore c 2.03 1 .15
Age s 2.62 1 .11

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001
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Figure 5.2: Boxplots show the regression results for infants’ Mean Look Dura-
tion in VWM-PL task (baseline model).

main effects were found for any of the three MLD scores taken from the dyadic

interaction. No two-way interaction effects between infants’ MLD measures

and load on the MLD lab score were found (see Appendix R.1 for the table

with MLD alone, Appendix R.2 for the table with MLD in infant-led joint-

attention, and Appendix R.3 for the table with MLD in caregiver-led joint-

attention).

Switch Rate As shown in figure 5.3, results of the baseline model once again

indicated a main effect of load on infants’ SR in the VWM-PL task such that
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the SR decreased as the task difficulty increased (also see table 5.4 for Wald

chi-square tests). There were no other main effects.
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Figure 5.3: Switch Rate in VWM-PL task.

Table 5.4: Infant Switch Rate baseline regression results with Load, Year, SES
Score and Age as criterion

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 318.73 1 <.001 ***
Load 14.75 2 <.001 ***
Year s 0.15 1 .70
SESScore c 1.01 1 .31
Age s 0.69 1 .40

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

In terms of the relationship between infants’ SR during caregiver-infant

interaction as predictors of SR in the VWM-PL task, results revealed no sig-

nificant main or interaction effects of infants’ SR from the dyadic setting (see

table in Appendix S.1). The main effect of load on infants’ SR as measured in

the lab remained significant.
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5.4.2 Infants’ measures of visual cognition from the lounge

related to their VWM score in the lab

Figure 5.4 shows a scatterplot with correlations between Infants’ VWM-PL

scores in lab to A) MLD Alone, B) MLD in infant-led JA, C) MLD in caregiver-

led JA, and, D) proportion of infant-led JA episodes measures in the lounge

setting.

R = 0.079, p = 0.58

R = − 0.12, p = 0.37

R = 0.17, p = 0.23

R = 0.2, p = 0.15

R = − 0.032, p = 0.82

R = 0.16, p = 0.23

9

Low

9

Medium

9

High

6

Low

6

Medium

6

High

0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Infants' MLD (alone) in lounge

In
fa

nt
s'

 V
W

M
−

P
L 

S
co

re
s 

in
 la

b

Load Low Medium High
A

R = − 0.13, p = 0.39

R = − 0.0038, p = 0.98

R = 0.096, p = 0.52

R = 0.22, p = 0.11

R = − 0.04, p = 0.78

R = − 0.049, p = 0.72

9

Low

9

Medium

9

High

6

Low

6

Medium

6

High

1 2 3 1 2 3 1 2 3

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Infants' MLD (infant−led JA) in lounge

In
fa

nt
s'

 V
W

M
−

P
L 

S
co

re
s 

in
 la

b

Load Low Medium High
B

R = − 0.1, p = 0.47

R = − 0.0046, p = 0.97

R = 0.044, p = 0.76

R = 0.13, p = 0.35

R = − 0.14, p = 0.32

R = 0.054, p = 0.69

9

Low

9

Medium

9

High

6

Low

6

Medium

6

High

0.4 0.8 1.2 1.6 0.4 0.8 1.2 1.6 0.4 0.8 1.2 1.6

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Infants' MLD (caregiver−led JA) in lounge

In
fa

nt
s'

 V
W

M
−

P
L 

S
co

re
s 

in
 la

b

Load Low Medium High
C

R = − 0.098, p = 0.5

R = − 0.0084, p = 0.95

R = 0.17, p = 0.23

R = 0.14, p = 0.34

R = − 0.2, p = 0.16

R = − 0.12, p = 0.38

9

Low

9

Medium

9

High

6

Low

6

Medium

6

High

0 25 50 75 0 25 50 75 0 25 50 75

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

Proportion of infant−led JA in lounge

In
fa

nt
s'

 V
W

M
−

P
L 

S
co

re
s 

in
 la

b

Load Low Medium High
D

Figure 5.4: Scatterplot for MLD lab and MLD lounge measures (A-C) and SR
lab and SR lounge measures (D) across low, medium, and high load conditions
(from VWM-PL task). 6 indicates 6-month-old and 9 indicates 9-month-old
infants’ age cohort.

MLD lounge to VWM lab As the first step in Stage 2 of analysis, we com-

puted the VWM baseline model with the smaller sub-sample from this study.
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Results in table 5.5 show that the main effects of load and age found in Study

2 remained significant in our subsample. The following three models fur-

ther included the infants’ MLD while looking at a target (face and toys) as

predictors of their VWM performance on the lab-based task. Regarding the

association between infants’ MLD (alone) and VWM-PL, results from Model

1 indicated that the main effect of load remained significant after controlling

for the MLD (alone) measure. Moreover, a two-way interaction was found

between load and infants’ MLD (alone) as measured in the caregiver-infant

interaction (see table 5.6). No main effect of MLD (alone) was found. As can

be seen in figure 5.5, the longer the MLD when infants looked at targets out-

side of joint attention, the better their performance on the VWM-PL lab-based

tasks in middle and high load conditions.

In the case of infants’ MLD in infant and caregiver-led joint attention

episodes on their VWM performance, results from Model 2 (for table with

infant-led joint attention see Appendix T.1) and Model 3 (for table with caregiver-

led joint attention see Appendix T.2) revealed no significant main or interac-

tion effects of the infants’ MLD on the VWM-PL scores. Once again, consistent

with the baseline model, the main effect of load remained significant across

both models.

Table 5.5: Results for infants’ VWM baseline model.

Variable χ2 Df p-value

(Intercept) 839.54 1 <.001 ***
Load 101.99 2 <.001 ***
Year s 3.46 1 .06 .
SESScore c 0.23 1 .63
Age s 3.85 1 .05 *

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates
p <.001
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Figure 5.5: Relationship between infants’ visual working memory score as-
sessed in the laboratory setting and the MLD when looking at the target alone
in the naturalistic setting.

Table 5.6: Results for infants’ VWM scores from VMW-PL task with infants
MLD (alone) in dyadic interaction as a predictor.

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 836.64 1 <.001 ***
Load 102.39 2 <.001***
Year s 3.48 1 .06 .
SESScore c 0.23 1 .63
Age s 3.84 1 .05 .
ChAloneDur mean c 2.48 1 .12
Load:ChAloneDur mean c 6.33 2 .04 *

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

Proportion of infant-led JA in the lounge on VWM from the lab Within

Stage 2 of our analysis, we further explored whether the proportion of infant-

led joint attention episodes predicted their performance in the VWM-PL task.

For the difference between the 6- and 9-month-old infant-led proportion of JA

see figure U.1 in Appendix.

We found no main effect of the proportion of infant-led joint attention

episodes on their VWM-PL performance. Once again, the main effect of load
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remained significant in the model. Moreover, there was a significant two-

way interaction effect of load and proportion of infant-led joint attention on

the VWM outcome (see table 5.7 for Wald-chi square test). As shown in fig-

ure 5.6, in the medium load condition, the higher the proportion of infant-led

joint attention episodes the higher the working memory scores. This pattern

was inverted in the high load condition, although there was quite a bit of vari-

ability in the VWM scores in this condition.

Table 5.7: Results for infants’ VWM scores from VMW-PL task with the pro-
portion of infant-led joint attention episodes as a predictor.

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 348.86 1 <.001 ***
Load 9.34 2 <.01 **
Year s 0.02 1 .88
SESScore c 0.03 1 .86
Age s 3.71 1 .05 .
prop ch led JA c 2.99 1 .08 .
Load:prop ch led JA c 6.57 2 <.05 *

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

5.4.3 Caregivers’ measures of visual cognition in caregiver-

infant interaction and their VWM score in the lab

Figure 5.4 shows a scatterplot with correlations between Catregivers’ VWM-

PL scores in the lab to A) MLD Alone, B) MLD in infant-led JA, C) MLD in

caregiver-led JA, and, D) proportion of caregiver-led JA episodes measures in

the lounge setting.

MLD lounge to VWM lab Results for the caregiver baseline model in Stage

3 were consistent with findings from Chapter 2 Study 1. Analyses revealed

a main effect of load on the VWM-PL performance of caregivers in our sub-

sample (see Table 5.8). However, the two-way interaction between load and
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Figure 5.6: Relationship between infants’ visual working memory score as-
sessed in the laboratory setting and the proportion of infant-led joint atten-
tion episodes in the naturalistic setting.

mothers’ age on the VWM-PL performance failed to reach significance. The

shift in results may stem from the reduced sample size and resulting lack of

power. Indeed, the pattern of relationships in the interaction remained sta-

ble. The visual representation of results in Figure V.1 (in Appendix) indicates

a sustained trend of scores on VWM performance decreasing the older the

participants were, but only in the medium and high load conditions.

Table 5.8: Results from caregivers VWM baseline model.

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

Intercept 237.09 1 <.001 ***
Load 10.97 2 <.01 **
SESScore s 0.26 1 .61
MotherAge s 0.01 1 .93
Load:MotherAge s 3.70 2 .16

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

We then computed the three models with the caregivers’ MLD scores while

looking at a target (face and toys) during interaction with their infants on the
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Figure 5.7: Scatterplot with correlations between Caregivers’ VWM-PL scores
from lab and A) MLD alone, B) MLD in infant-led JA, C) MLD in caregiver-led
JA, and D) proportion of caregiver-led joint attention episodes in the lounge.
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VWM lab score. Model 1 (MLD Alone) revealed no significant main or inter-

action effects for MLD but the main effect of load remained significant (see

table W.1 in Appendix). Model 2 (MLD in infant-led joint attention; see ta-

ble W.2 in Appendix) and Model 3 (MLD caregiver-led joint attention; see

table W.3 in Appendix) also did not indicate main or interaction effect of care-

givers’ MLD from dyadic interaction on their VWM-PL scores. However, the

main effect of load remained significant in both the latter models.

The model with the proportion of caregiver-led joint attention as a predic-

tor of VWM performance indicated a main effect of the proportion of caregiver-

led joint attention such that the greater the proportion of joint attention led

by caregivers the better their working memory (see table 5.9 for the Wald

chi-squared tests). In other words, caregivers with poorer working memory

tended to follow in on their infants’ attention rather than initiating joint at-

tention episodes (see figure 5.8A). This led us to run post-hoc analyses to ex-

plore the association between caregivers terminating joint attention episodes

and their VWM performance. As shown in figure 5.8B, the higher the working

memory of caregivers the fewer the joint attention episodes they terminated

(see table 5.10 for the Wald chi-square test). Thus, caregivers with high VWM

scores tended to initiate caregiver-led joint attention episodes more often and

they seemed to maintain these episodes long enough that the episodes were

more likely to be terminated by the infant.

5.4.4 Testing the Mismatch Hypothesis

To explore the inverse relationship between the VWM scores of caregivers

and those of their infants’ revealed in chapter 2, we conducted a one-tail cor-

relation with the single mismatch ratio score from the VWM task with vari-

ables from the caregiver-infants interaction and multiple MLD measures from
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Table 5.9: Results for caregivers’ VWM scores from VMW-PL task with the
proportion of caregiver-led joint attention episodes as a predictor.

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 4.17 1 <.05 *
Load 9.94 2 <.01 **
SESScore s 0 1 .99
MotherAge s 1.29 1 .26
prop par led JA 6.97 1 <.01 **
Load:MotherAge s 3.52 2 .17

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

Table 5.10: Results for caregivers VWM scores from VMW-PL task with the
proportion of caregiver-terminated joint attention episodes as a predictor.

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 32.47 1 <.001 ***
Load 9.94 2 <.01 **
SESScore s 0.04 1 .84
MotherAge s 1.07 1 .30
prop par term JA 4.99 1 <.05 *
Load:MotherAge s 3.52 2 .17

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

dyadic interaction. A higher mismatch ratio indicates infants with higher

VWM and caregivers with lower VWM scores. A lower ratio indicates care-

givers with higher VWM scores and infants with lower VWM scores.

As can be seen in Table 5.11 results indicated a significant correlation be-

tween the VWM ratio and infants’ MLD alone from the lounge as well as the

proportion of infant-terminated joint attention episodes (inverse of the pro-

portion of joint attention terminated by caregivers). That is, the higher the

VWM ratio (i.e., the greater the infants’ VWM score), the longer the infants’

MLD outside of joint attention episode and the lower the proportion of joint

attention episodes terminated by the infant. Figure 5.9 shows the directions

of the two correlations. Trends in findings fit the interpretation from Study 2

that a mismatch between parental and infant VWM would be expected to have

implications in real-life interactions, which, in turn, may hinder the develop-
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Figure 5.8: Relationship between caregivers’ visual working memory score
assessed in the laboratory setting and the proportion of A) caregiver-led joint
attention episodes and B) joint attention episodes terminated by the caregiver
in the naturalistic setting.

ment of infant VWM. No other significant correlations were found between

the VWM mismatch ratio and any of the variables of interest.

Table 5.11: Results for correlation between the ratio of caregiver and infants
VWM scores and measures from caregiver-infant interaction.

VWM Ratio

M (SD) 1.35 (0.63)
Infant
MLD Alone .27*
Infant-led MLD .24
Caregiver-led MLD .17
Caregiver
MLD Alone -.12
Infant-led MLD -.07
Caregiver-led MLD -.16
Both
Prop of Infant-led JA episode .22
Prop of Infant terminated JA episode -.27*

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001
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Figure 5.9: Correlation between caregiver-infant VWM ratio, and A) infants’
mean look duration when looking at a target alone (left panel), B) joint atten-
tion terminated by caregivers (right panel). Note, that a higher VWM ratio
indicates infants with higher VWM scores and caregivers with lower VWM
scores. A lower VWM ratio indicates caregivers with higher VWM scores and
infants with lower VWM scores.
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5.5 Discussion

Prior research has noted the importance of studying visual cognition in the

laboratory as well as in the naturalistic settings (Rose et al., 2012; L. B. Smith

et al., 2015), however, the connection between the two remains largely un-

addressed. The present study sought to relate measures of visual cognition

from the lounge and the lab from participants in rural India. We used mea-

sures from the VWM-PL lab-based task (as elaborated in Chapter 2) and from

naturalistic dyadic interactions (as elaborated in Chapter 3 and 4) to explore

the links between the laboratory and naturalistic research traditions. Our re-

sults show that there are overlaps between specific measures of VWM across

settings for both caregivers and their infants. Additionally, our results indi-

cated the relationship between the mismatch ratio (as proposed in Study 2)

and dyadic measures, thus addressing the larger theme of this thesis. Hence-

forth, we discuss our findings in connection to previous studies in this thesis

and the broader literature.

Findings of the current study, for infants, indicated that MLD alone mea-

sure (i.e., sustained focus on a target outside of joint attention episodes) from

the dyadic interaction was related to the VWM assessed in the lab, such that

infants with longer MLD alone tended to have better VWM. However, we did

not find a relationship between the VWM of infants, and their caregivers, and

their measures of MLD in episodes of joint attention. An explanation is that

the joint attention episodes involve more variability than the solo deployment

of attention. That is, being interactive, joint attention is affected by a broader

range of behavioural input (e.g., pointing, vocalisation). Joint attention also

draws from the influence of the cognitive capabilities and other characteris-

tics of both the infant and the caregiver. With bouts of joint attention being

more context-sensitive and related to the social partner, the measures of solo
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deployment of attention may be more indicative of individual differences in

cognitive capabilities.

From the (Perone & Spencer, 2013a) work we know that when an infant

model is presented with a preferential-looking task display, it looks at a visual

stimulus. In order to shift to another stimulus, the infant model needs to

consolidate the information from the first target in the working memory and

then release the fixation. A key element of this cycle entails the time it takes to

consolidate the stimulus in the working memory. Infants with robust working

memory should consolidate the features of the stimuli and move to another

target faster than infants with less robust working memory. However, the

speed of this cycle is affected by how salient the item is.

More recent work by Bhat, Spencer, and Samuelson (2022) involved the

construction of a WOLVES model (Word-Object Learning via Visual Explo-

ration in Space), which is embedded within DFT and uses visual and word

feature binding fields to understand the contribution of attention and mem-

ory in cross-situational word learning. Based on the WOLVES model, we see

that in addition of the infant model cognitive capacities, factors such as the la-

belling of a visual stimulus can also influence the duration of the look. When

a visual stimulus (e.g. toy in the real world) is labelled, top-down attention

comes into play and keeps the fixation on the same stimulus, thus extending

the look duration (also see C. Yu et al., 2019; C. Yu & Smith, 2016). Thus, when

caregivers label an object (or point towards it, shake it, etc) during real-world

interactions, the infant’s fixation on that object is extended (also see C. Yu et

al., 2019; C. Yu & Smith, 2016). Similarly, if a feature of the visual stimulus is

salient (e.g., colour), it keeps the attention to the object for longer, making it

harder to release fixation as there is more activation to overcome. The conse-

quence in this context may be that the working memory peak is sustained for
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longer, thus leaving a strong memory trace.

Taken together, the literature supports the interpretation that variations

in caregiver input (e.g. labelling and pointing) may extend the measure of

MLD in joint attention beyond only the consolidation of objects in the work-

ing memory and the infants’ individual characteristics. Thus, our results indi-

cating a significant association between infants’ MLD outside joint attention

and VWM performance may result from this specific measure of MLD allow-

ing the individual differences in infants’ visual cognition to stand out and the

cross-setting relationships to appear.

Drawing from the literature and findings from Study 3 (Chapter 4) further

provides a plausible explanation for the positive direction in the association

between MLD (alone) in the dyadic interaction and VWM-PL. As shown in

Study 3 (Chapter 4), younger Indian infants displayed longer MLD towards

faces but shorter MLD towards toys than their older counterparts. This was

interpreted in terms of motor and cognitive development, with the greater

VWM of older infants (and enhanced mobility) enabling their sustained atten-

tional engagement with less familiar targets which were seen from multiple

perspectives (i.e., the toys).

Infants tend to direct their attention more towards objects and hands than

towards faces (Yoshida & Smith, 2008). Moreover, as they age, their focus

towards objects increases (Bakeman & Adamson, 1984). Thus, general mea-

sures of attentional focus from an infant (i.e., measures including all targets),

should draw from more data stemming from fixations on toys than data from

fixations on faces. This suggests that our general MLD measures should be

more indicative of attention towards toys than towards faces. However, this

imbalance may not apply to the same degree during joint attention.

Imagine a caregiver and infant engaging in joint attention. Even if the fo-
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cus of the interaction is placed on a toy (e.g., a rattle), the attention of both

infant and caregiver will shift between the object (or hands manipulating it)

and each others’ faces (which enables them to receive feedback from their

playing partner). Thus, even if a greater focus of attention remains on the toy,

a measure of MLD will have relatively greater input from attention directed

at faces compared to when looking at the target alone. In the context of our

research and findings, it may be that the MLD measure outside of joint atten-

tion was more indicative of attention towards toys and thus allowed revealing

a positive association in line with findings from Study 3.

In our research, the exploratory approach and sample size limitations re-

sulted in the computation of multiple models. Further splitting the MLD mea-

sures for toys and faces would have inflated the number of analyses even fur-

ther, essentially doubling the models required for addressing the dyadic mea-

sures of MLD. Thus, the decision was made to not separate the MLD scores.

Using our findings and interpretations for reference, future research on lab-

to-lounge connections should consider more targeted analyses. More specifi-

cally, future research with larger samples and a narrower focus may find more

nuanced results on the links between MLD during joint attention bouts and

VWM-PL if distinguishing between the attention targets (face versus toys).

It is important to note that the association between MLD from the dyadic

interaction and the VWM-PL task was not replicated for the caregivers of in-

fants. The lack of a relationship may be down to a lack of variability in the

parental MLD outside joint attention (see Figure 4.5, in Chapter 4). It is worth

noting that for caregivers, who have a more developed VWM, processing vi-

sual information from their infants’ faces and from simple toys should be a

relatively easy thing to do (unlike for infants). If all caregivers meet the re-

quired threshold to process the information comfortably, variations in MLD
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would be small and not related to the variation in VWM.

Another key finding in this study stems from results showing that greater

VWM capabilities as measured by the laboratory preferential-looking task

(VWM-PL) were positively associated with leading a greater proportion of

joint attention bouts. That is, the greater the proportion of joint attention

episodes led by infants, the higher their VWM-PL scores, and the greater the

proportion of joint attention led by caregivers, the higher their own VWM-PL

scores. Critically, as in the case of the relationship between infants’ dyadic

MLD alone and their VWM-PL scores, the relationship between the propor-

tion of infant-led joint attention and infant VWM-PL was strongest in the

medium load condition of the VWM-PL task. This suggests that the medium

load condition provides us with the ”sweet spot” where the task is hard enough

to pull out the individual differences but not so hard so as to lead to large

variability. This resonates with interpretations of results on the relationship

between maternal age and VWM-PL in Chapter 2.

It is important to note that the empirical associations found in this study

preclude establishing causality. Indeed, if looking at the data from infants, it

may be that having their caregivers follow in on their attention served to fos-

ter the development of their VWM. Similarly, findings could be interpreted

as higher VWM capacities enabling infants to create more opportunities to

lead in their visual exploration of the world. Previous findings from research

on interventions (Landry et al., 2006, 2008), however, invite considerations of

causality. Indeed, our findings fit research showing that changes in parental

behaviour (i.e., when trained to follow in on their infants) foster the devel-

opment of visual cognitive capabilities (see Landry et al., 2006; Perone &

Spencer, 2013a). Thus, although causality cannot be established from our

own research, our findings do support the causal link established in other
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research.

Another point worth considering here is that the proportion of joint atten-

tion led by infants does not solely depend on them and their capabilities. It

also depends on their caregivers following their lead. Thus, framing a causal

relationship in the opposite direction (from VWM-PL as measured in the

lab to the real-world deployment of attention) requires considering not only

whether the infants have the capability to lead but also whether the caregivers

follow in on their attention. This suggests that the infants’ VWM capabilities

in isolation are insufficient to explain the variation in the dyadic interaction.

This point is of particular importance within our sample and population of

interest.

Interestingly, we also found that caregivers’ with high VWM-PL tended

to terminate a lesser proportion of joint attention. Together, findings suggest

that caregivers with high VWM in our sample tend to lead joint attention to

a greater degree and also tend to sustain it, enabling the infant to terminate

the episode. This pattern may also reflect interactions in which infants are

redirected by their caregivers to join in on their attention but then shift back

to their own targets of interest. Imagine an infant playing with a toy elephant,

the caregiver directs their attention away from the elephant and towards a

rattle. Even if the infant looks to the rattle and the caregiver sustains that

focus of attention, the infant may end the joint attention episode and turn

back to the elephant. It is possible that this indicates a redirecting pattern

among the caregiver with high VWM.

Findings on the VWM mismatch ratio also revealed a correlation between

it and the proportion of joint attention episodes terminated by the caregivers

(inverse of the proportion of joint attention terminated by the infants). That is,

the greater the mismatch between the VWM of caregivers and of infants (i.e.,
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lower ratio score), the lower the proportion of joint attention that was termi-

nated by the caregiver instead of by the infant. Correlations also revealed a

link between the VWM mismatch and infants’ MLD outside of joint attention.

That is, the greater the mismatch (i.e., the lower the ratio) the shorter the in-

fants’ MLD duration outside of joint attention. This means that when there is

a mismatch between maternal and infant VWM (high maternal VWM and low

infant VWM), the infants focus for a shorter amount of time on the objects on

which they focused on their own. This finding matches an interpretation of

parental input redirecting the infants’ own attentional focus. Building on our

interpretations, overall findings suggest that the pattern of redirection of at-

tention by caregivers, which is then terminated by the infants, is best reflected

when the caregiver has higher VWM capacity and the infant lower VWM.

In Chapter 2, we argued that maternal VWM would be expected to in-

fluence their interactions with their children. Given that VWM can be fos-

tered through social interactions (C. Yu & Smith, 2016), it logically followed

that shifts in interactions resulting from maternal VWM capacity would in

turn shape the development of their infants. Moreover, we proposed that a

mismatch between the VWM capacities of caregivers and their infants would

particularly be of relevance to understanding their interactions. The trends

of findings in the present study (i.e., positive relationships between VWM-

PL and leading joint attention episodes for both caregivers and infants), to-

gether with findings on termination of joint attention in connection to mater-

nal VWM as well as to VWM mismatch provide support for our prior specula-

tion. Future research should build upon these findings by testing mediational

chains of causality longitudinally, from the VWM mismatch, to the social in-

teraction, and from this to the changes in infant VWM over time. Moreover,

future research in western settings, where parenting styles are more child-
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centred, should test whether this picture holds true across socio-cultural set-

tings.

In addition to relating the laboratory measure of VWM-PL to a range of

measures of visual deployment of attention during dyadic interaction, we

further extended the findings of this thesis by exploring the links between

concrete measures (MLD and switch rate) across methodological paradigms.

When considering the use of a variety of measures that conceptually address

the same construct, scores should be expected to relate to one another. Thus,

intuitively, findings using one measure could be expected to be transferable to

other research paradigms. Within our study, the simplest and most direct ex-

pectation when relating comparable measures between the preferential look-

ing task and dyadic interaction settings (i.e., MLD from lab and MLD lounge,

and SR across the two settings) would be for them to be associated. However,

our study repeatedly found that this was not the case, with neither MLD nor

SR being associated between research approaches.

An important point to consider here is that the settings, stimuli, and ac-

tivities carried out are very different in a VWM-PL task as carried out in a

laboratory and in a real-life interaction. The positioning of the infant and

their visual field, the method of presentation of stimuli (in a screen versus

tangible objects) and its novelty, as well as the additional sensory stimula-

tion and the input from the social partner, in this case, the caregiver, are all

different across settings. Said differences should be expected to reduce the

overlap between measures and may be sufficient to completely separate them.

Indeed, although focusing on different measures, our findings match those

of Wass (2014), which revealed the lack of relationship between measures of

peak look duration when stimuli were presented on a screen versus when the

setting was semi-naturalistic. Thus, we build upon the literature by extending
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the insights gained on peak look duration to other measures of visual atten-

tion, with our findings corroborating that intuitively equivalent measures can

be, in fact, substantially different.

Findings from the current study provide valuable insights into understand-

ing the relationship between measures of visual cognition taken from dyadic

interactions and VWM-PL tasks. For infants, the results indicated an overlap

between MLD outside of joint attention in the lounge and VWM performance

in the lab. The longer that infants sustained their attention to a target on

their own during dyadic interaction, the better their VWM-PL performance.

We suspect that infants’ MLD alone during the dyadic interaction captures

the individual differences that the MLDs in other settings do not, due to the

latter being more context-sensitive. In terms of caregiver and infant-led joint

attention episodes, both show a positive association between their VWM per-

formance and the proportion of self-led joint attention episodes. This links

into the inverse VWM relationship found in Chapter 2, suggesting that care-

givers with high VWM capabilities tend to lead more joint attention episodes

and have infants with lower VWM capabilities. Conversely, infants with high

VWM capabilities are not only leading more joint attention episodes but also

have caregivers following in on their attention. The latter fits the intervention

and modelling work by Landry et al. (2006) and Perone and Spencer (2013a).

Having gone full circle in this thesis, the next chapter integrates the infor-

mation and findings from different chapters to develop a holistic picture of

caregiver-infants interaction and its connection to VWM development in ru-

ral India.
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Chapter 6

General Discussion

6.1 Summary and Integration of Findings

Throughout this thesis, we have aimed to develop a holistic picture of in-

fant Visual Working Memory (VWM) development that addresses its connec-

tions to parental influences and characteristics, as well as to the broader socio-

cultural setting of our population of interest in rural India. We further devel-

oped a machine learning pipeline that enabled us to extract key measures of

visual cognition from recordings of caregiver-infant interactions. The comple-

mentary research in this project, thus, served to tackle the key goal of relating

the measures of visual cognition from the real world to those obtained from

the standardised laboratory-based preferential looking task. In the present

chapter, we review the work carried out across the previous chapters and in-

tegrate findings in order to address our contributions to the field. We further

consider challenges and limitations within this project as well as the standing

of the researcher in relation to the research carried out and the checks and

balances resulting from collaborative input. We finish our discussion by con-

sidering the real-life implications and applications of the insights obtained
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through this project. Throughout the different sections of the discussion, we

consider future research that can be built upon our work in order to further

enrich a holistic understanding of infant visual cognition.

In Chapter 1, we reviewed the literature from two traditions of research

on visual cognition – in the lab and lounge. The rich literature available

consistently presents VWM as essential to human daily life (Spencer, 2020),

connecting its development, and individual differences in it, to multiple out-

comes, including reading, mathematics and general intelligence (Bull et al.,

2008; Holmes & Adams, 2006; Gathercole et al., 2004). Although most re-

search on visual cognition has been conducted in WEIRD settings, studies on

caregiver-infant interaction with cultural elements (Bard et al., 2021; Keller et

al., 2005; Keller, 2007), together with the existing literature connecting real-

life interactions to the deployment of attention (C. Yu & Smith, 2016; C. Yu

et al., 2019), provided insights into what infant development is like in non-

western settings and, thus, what development in our population of interest

might look like. Cautious towards the dangers of uncritically applying a bi-

ased body of knowledge and research from the west to LMIC settings (see

Morelli et al., 2018; Weber, Diop, Gillespie, Ratsifandrihamanana, & Darm-

stadt, 2021), we decided to use the literature to guide our questions but take

an exploratory stance in the following chapters.

Given the ambitious scope of our project and its many components, we

broke down our ultimate goal into separate steps. Thus, Chapter 2 set the

empirical foundation for the lab-based portion of the thesis. In Study 1, we

developed a comprehensive picture of our understudied population and ex-

plored the potential influences of maternal socio-emotional and demographic

characteristics on their VWM as measured by the laboratory-based preferen-

tial looking task (VWM-PL). Study 2 used the same laboratory paradigm to

218



6.1. SUMMARY AND INTEGRATION OF FINDINGS

assess the VWM of infants and its relationships to the maternal data. Find-

ings of both studies fit the available research on the developmental trajectory

of VWM (Ross-sheehy et al., 2003; Simmering, 2012), with greater age pre-

dicting higher VWM-PL scores for infants but lower scores for their mothers

(Brockmole & Logie, 2013).

Results in Studies 1 and 2 also adhered to the literature on the preferential

looking task by revealing the consistent role of load (i.e., task difficulty) as a

predictor of the proportion of looking to the changing side (Delgado Reyes

et al., 2020). Moreover, in Study 1, load acted as a moderator, allowing the

relationships between SES scores, maternal age, experiences of IPV, and the

maternal VWM-PL outcome to appear when addressing task performance at

specific difficulties. A particularly striking finding entailed the interaction

between load, IPV, and maternal age, such that at the medium load condition

young mothers showed decreasing working memory the more abuse they had

reported but the relationship was reversed for older mothers (more IPV relat-

ing to more VWM). We discussed findings in relation to the potential hiper-

vigilance of older mothers who reported experiencing IPV and are more likely

to have experienced it for longer periods of time, making them hypersensitive

to detecting changes in the environment.

Our work also contributes to the literature on the preferential looking task

by revealing the influence of measuring VWM-PL specifically when the first

look was directed at the no-change side. Like in the case of load, the first look

allowed analyses to display greater variability which served to display inter-

esting interactions. For instance, the time-course analysis in Study 1 revealed

that at appropriate difficulty levels (medium and high loads), there was a sig-

nificant relationship between SES and VWM-PL but only when the first look

was directed at the no-change side. That is, in medium and high load condi-
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tions, when the first look was directed at the no-change side, the higher the

SES, the more robustly that participants released their fixation and redirected

their attention to the changing side.

The SES scores of families also interacted with the sense of empowerment

of mothers and the gender of infants in a three-way interaction. Specifically

for mothers of female infants, at higher SES scores a positive relationship

was found between empowerment and maternal VWM-PL. However, at lower

SES scores, the relationship was reversed, with more empowerment predict-

ing less VWM-PL. Findings reveal the complex interplay of socio-economic,

socio-emotional, and socio-cultural (e.g., gendered norms) variables.

Although several socio-emotional measures were related to maternal VWM-

PL performance, they did not predict the VWM-PL scores of infants. Instead,

caregivers’ own VWM predicted that of their infants, such that the higher the

VWM of the caregivers, the lower the VWM of their infants. The inverse rela-

tionship was interpreted in terms of the potential effect of a VWM mismatch

on parent-infant interactions, with greater mismatch resulting in interactions

that are less supportive of infant VWM development. Taken together, findings

invite further research that takes into account the socio-economic and socio-

emotional characteristics of infants and their families. Our findings further

provide a base for future confirmatory research on mediational chains that ex-

tend from the broader social context to the development of the infant through

their caregivers. Although this is of interest across socio-cultural contexts, it

is of particular importance when researching understudied populations.

Having set an initial picture of the VWM of our sample in the lab setting,

we then turned our attention towards researching the real-life deployment

of visual exploration in dyadic interactions between infants and their care-

givers (in our sample, this was their mothers). Gathering and analysing real
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dyadic data presents a range of difficulties. Regardless of the setting, coding

data from recordings of full dyadic interactions from a large sample of par-

ticipants is highly time-consuming. Moreover, within our setting, access to

technology and electricity on the field was severely limited, so the process of

data collection faced additional difficulties. Chapter 3, thus, elaborated our

methodological approach to resolving these difficulties. In it, we addressed

technological advances which enabled the collection of data in both low and

high-resource settings. More specifically, portable equipment that we could

easily transport with us to India included head-mounted cameras and eye-

trackers. The main contribution of Chapter 3, however, was the development

and validation of a machine learning pipeline that allowed us to extract objec-

tive measures of visual cognition from the recordings of caregiver-infant in-

teractions in an efficient manner. The pipeline was trained and validated not

only with dyadic data from our Indian participants but also with data from

dyads in the UK, thus assuring its validity for use with different infrastructure

and resource settings.

Having developed our machine learning pipeline, in Chapter 4 we turned

our attention toward the evaluation of the visual dynamics in caregiver-infant

interactions within distinct cultural settings. Although the focus of this thesis

is directed at our Indian sample, the inclusion of British dyads served to estab-

lish a point of connection with the broader literature. Moreover, the British

participants provided a point of comparison that enabled us to explore the

deployment of visual attention from an eco-cultural perspective (Keller et al.,

2005; Keller, 2007), considering similarities and differences across cultural

groups and putting findings in the context of relevant parenting practices.

Results revealed consistent trends across groups, with the younger Indian

infants spending more time than the other groups attending to their care-
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givers’ faces and the older infants from India spending more time directing

their attention towards toys. The older group of Indian infants also led a

greater proportion of joint attention episodes than their younger counterparts.

Findings also revealed cultural differences, with British dyads engaging in the

greatest proportion of joint attention led by infants. Further cultural differ-

ences were found when comparing the attention towards faces during bouts

of joint attention by British infants and the older Indian cohort. British in-

fants sustained their attention towards their caregivers’ faces more than the

Indian group when the infant led the joint attention bout. In contrast, the

Indian 9-month sample sustained their attention towards their caregivers’

faces for longer than the British infants when joint attention was led by care-

givers. Findings were interpreted by considering proximal and distal parent-

ing styles, the former (more common in India) being more directive and the

latter (more common in the UK) being more child-centric. The eco-cultural

lens put the greater proportion of caregiver-led joint attention in India in the

context of the directive parenting style. Similarly, it put the infant-led joint

attention in the context of child-centred parenting. Critically, in both settings,

infants seemed to respond to the parenting style.

Chapter 5 elaborated the final study within this thesis which connected

the laboratory measures of VWM from Studies 1 and 2 to those taken from the

dyadic task in Study 3. Findings relating specific, and intuitively comparable,

measures from the lab and dyadic settings (i.e., MLD and switch rate) consis-

tently revealed the lack of links between them, raising caution against the as-

sumption that the measures are equivalent in different contexts (also see Wass,

2014). However, analyses linking measures of MLD from the caregiver-infant

interaction to the VWM-PL scores obtained in the laboratory indicated that in-

fants’ MLD outside the episodes of joint attention significantly predicted their
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VWM-PL performance. Moreover, the links between the proportion of joint

attention led by infants (versus caregivers) and the VWM-PL scores revealed

consistent associations, with both caregivers and infants leading a greater pro-

portion of joint attention episodes the greater their VWM-PL scores. Findings

were consistent with research on interventions which foster infant-led inter-

actions (Landry et al., 2006, 2008). In addition, results revealed the consistent

direct association between preferential looking task load and VWM-PL, with

the load also interacting with MLD and with the proportion of infant-led joint

attention in the infants’ models. More specifically, we found that relationships

were stronger in the medium-load condition, which seems to have optimally

taxed infants’ working memory abilities, revealing robust individual differ-

ences.

Taken together, findings across the four studies in this project can be sum-

marised along three lines of contribution to the literature. The first line relates

to the contributions made to the literature built upon the preferential-looking

task. Our findings served to indicate the value of evaluating VWM-PL when

looks are initially directed at the no-change side (Study 1). Moreover, find-

ings contribute to the extensive body of research by providing insights into

the ”Goldilocks” spots of difficulty provided by the medium load condition,

which allows the relationships between other variables of interest and the

VWM-PL score of caregivers as well as infants to become apparent (Studies

1 & 4). Contributions within this line also include the exploration of rela-

tionships between the laboratory measures of visual cognition and those from

dyadic interactions. Not only does Study 4 serve to caution future research

against assuming the equivalence of measures across research settings (see

also Wass, 2014), but also served to provide initial data upon which future

research can be built. For instance, as discussed in Chapter 5, future research
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may want to consider the relationships between more nuanced measures of

MLD from the lab and lounge that control for the target of attention (e.g.,

faces versus toys).

The second line of contribution to the field stems from the development of

a machine learning pipeline which was trained and validated cross-culturally.

Although the process of developing such pipelines is time-consuming, once

developed, they allow the objective computation of measures of interest from

large quantities of data across high and low resource settings. A collabora-

tive project between researchers across multiple sites would serve to create

a larger database with common, everyday toys that are easily (and commer-

cially) available to researchers across socio-cultural contexts. Once the ma-

chine learning algorithm is trained with a larger database of accessible toys,

the shared open pipeline will facilitate future research across multiple set-

tings. A collaborative endeavour of this type will allow us, researchers, to

diversify our pool of participants and will enable the efficient and objective

coding of video-recorded observations used for quantitative analyses.

The third and main line of contributions entails the findings connecting

the VWM of infants to their caregivers across methodological paradigms and

contextualised within socio-cultural elements. Contributions start with find-

ings on maternal VWM-PL (Study 1) being associated with her SES, experi-

ence of domestic violence, empowerment, and infants’ gender but not with

depression. We also found an unexpected inverse relationship between ma-

ternal VWM-PL and that of their infants (Study 2). The exploration of cultural

similarities and differences in dyadic interactions (study 3) further served to

put the deployment of visual attention in the context of child-centred and di-

rective parenting practices, indicating that infants respond to said practices.

Findings on Study 4 closed the loop by indicating that infant VWM-PL scores
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were predicted by the proportion of infant-led joint attention whereas VWM-

PL scores of caregivers were predicted by the proportion of joint attention

episodes that they led.

We further found support for our mismatch interpretation in Study 2, with

greater mismatch between the VWM of caregivers and infants being related

to shorter sustained attention by the infants. Moreover, greater mismatch was

also related to a higher proportion of infant-terminated episodes of joint at-

tention. The greater maternal VWM being related to greater caregiver-led

initiation of joint attention, together with the relationship between VWM mis-

match and infant termination of episodes, was interpreted in term of parental

redirection of attention which the infants did not sustain. Findings, thus, sug-

gested that for mothers with higher VWM in our Indian sample, behavioural

patterns during interactions were not supportive of infant VWM develop-

ment.

Overall, the research project succeeded in developing an eco-cultural pic-

ture of the development of VWM among Indian infants that accounts for

maternal characteristics and socio-economic influences, and which connects

laboratory and real-world research traditions. Our work therefore provides

an empirical base upon which future confirmatory research can build in or-

der to elaborate our understanding of the connections between the laboratory

and real-world measures of visual cognition across socio-cultural contexts.

Despite caution in the design, robust methods, and a relatively large cross-

cultural sample on an understudied population (particularly pre-attrition),

the project faced some challenges and has some limitations that need to be

considered.
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6.2 Challenges, Limitations, and Strengths

The context of running studies in Shivgarh, India involved working with up

to four-to-five families in a day. Families travelled to the lab once a year,

thus providing us with only one shot at good quality data collection. In ad-

dition, working in rural areas with restricted infrastructure came with key

challenges. Therefore, despite access to a large sample and being able to test

a large number of dyadic interactions in our first visit, we lost a significant

amount of data due to power cuts forcing us to stop sessions or restricting us

from checking data quality. Similarly, overheating of the equipment in the

summer led to complications in the process of data collection. The problem

with the power cuts was fixed by bringing in generators to provide continu-

ous electricity, whereas setting up air conditioning helped prevent equipment

from overheating. Nevertheless, there was an inevitable loss of data from

dyadic interactions in the first round of our data collection.

The loss of data due to technological difficulties was compounded by attri-

tion and loss of participants across tasks. This research was developed within

a larger project in collaboration with a local partner organisation in India.

This came with the advantage of access to participants and the possibility of

carrying out multiple studies with the same families. At the same time, the

large scale of the project went hand in hand with the difficulty of gathering

all data for all studies from all participants (as shown by dwindling samples

across tasks). Thus, we were able to study the same sample across settings (lab

versus lounge) and using multiple measures (caregiver and infants’ VWM-PL,

caregivers’ socio-emotional measures, dyadic interaction, demographic data,

etc). This strength was inseparable from the limitations on sample size, due to

attrition and loss of data. Nevertheless, initial results from this project will al-

low future research to address more targeted questions which do not demand
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having access to the same participants and completing as many measures and

tasks over long periods of time.

Given the western bias in the majority of the developmental psychologi-

cal literature, there was a large distance between the available literature and

our population of interest. Focusing on caregiver-infant interaction during

play allowed us to address an activity that our participants could carry out

and which could be connected to existing research on caregiver-infant inter-

actions. However, there are some caveats to consider. The first point to con-

sider entails the cultural variations in the understanding of play. Here, it is

worth noting the work of anthropologist Lancy (2016, 2007), who notes that

adult-infant play is most commonly found in Euro-American and some for-

aging communities (Lancy, 2007). In contrast, in other communities, such

as rural Guinea-Bissau where the infant mortality rate is high, mothers are

expected not to play with their infants to avoid forming an attachment with

them. Although the practices in Guinea-Bissau are not comparable to what

was expected from our research setting, it must be noted that cultural varia-

tions in the purpose of playing and the form that ”play” takes, should still be

expected.

A critical methodological detail that serves to tackle this issue entails in-

structing participants to ”play as you usually would” during the free play

session. Instructing parents to ”play as you usually would” does not entail im-

posing a culturally biased ”goal” or concrete task in an explicit manner. Thus,

it accommodates variations in the understanding of play and serves to cap-

ture typical everyday interactions between caregivers and their infants (Abels

et al., 2017). Although this instruction enables studying whatever ”play” is

seen to be in a given social context, the cultural variations that it enables

come at the expense of control over the tasks/activities. Indeed, if the goal
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of play (e.g., distracting the infant versus soothing the infant versus. foster-

ing the infant’s development) and the activity understood as ”play” change,

then key behavioural patterns and some of the outcomes of play should be

expected to change as well. On balance, for our research, the advantages pro-

vided by fostering cultural variations in behaviour and enhanced ecological

validity outweighed the limitations of loss of control. However, the limitation

still deserves recognition as it means that our findings addressing play activ-

ities (as those in other research) may not be easily connected across cultures.

Qualitative input from future research on the understanding of the play by

participants and the degree to which they engage in playing activities in their

typical day-to-day life (and for what purposes) will enhance our insights into

this culturally varied and complex activity. This qualitative input would be

particularly useful when integrated in observational quantitative research.

Future research should also consider other forms of caregiver-infant inter-

action such as infant massage, which is a common traditional practice in India

(Chaturvedi et al., 2020; Joseph et al., 2013). Research on the prevalence and

perception of massage in central and western India has noted not only that

mothers perceive infant massage as beneficial for infants’ physical health (e.g.

bone strength, better sleep, growth) but that they also believe that massaging

babies makes them active, playful, smile more, and less irritable (Chaturvedi

et al., 2020). Usually while massaging infants, mothers lay their infants face-

up on their stretched legs, and move back and forward to massage them (as

well as give them some light stretches). Understanding caregiver-infant inter-

action during massage can tell us more about face-to-face interaction between

mothers and infants in communities where it is an everyday practice such as

countries in Asia and Africa (Falle et al., 2009; Fikree, Ali, Durocher, & Rah-

bar, 2005).
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The partial disconnection between the literature and our understudied

population also resulted in our exploratory stance. This exploratory stance

still set questions in line with the literature but relied on an inductive ap-

proach to developing and reporting models. That is, although variables in-

cluded were informed by the literature, the inclusion and exclusion of inter-

action effects and, thus, the selection of the models reported in our studies

were data-driven. Exploratory research and data-driven models play an im-

portant part in the development of research and can help inform later studies

as well as theory development. However, they have their own limitations,

which include a greater risk of type 1 errors when carrying out multiple anal-

yses. In our research, this limitation was compounded by the sample limi-

tations, which required us to simplify our models and constrain the use of

multiple comparisons. Therefore, although our findings reveal overall consis-

tent trends which can be explained through available theory and research, it

is important for future confirmatory research to replicate and expand upon

our findings.

A final key point worth highlighting entails a key strength of this research

project, which stems from its collaborative and international approach. Al-

though this is my own thesis, as an individual, the work carried out in it drew

from the input of multiple colleagues across organisations and cultural set-

tings. My own standing and life experiences, as a woman born and raised

in India, meant that some of my expectations related to the research (and

what we would find) were informed by my own background as well as by my

knowledge of the literature. Input from western colleagues and the supervisor

of this project balanced my input and served to keep biases at bay when set-

ting goals as well as when interpreting results. On the other hand, input from

our collaborators in India (CEL) was invaluable to adjust our research, mea-
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sures and tasks to the norms and expectations of the community with whom

we were working. Although collaborative engagement (with supervisors, lab

colleagues, etc) is to be expected and valuable in any doctoral research, it was

particularly the case in this project and served to balance many of the limi-

tations previously addressed. Collaborative contributions served to outweigh

the challenges of working within a larger project, ensured that our tasks were

appropriate and ecologically valid for research with this specific population

(e.g., using stainless steel plates and spoons as toys), and kept biased post-hoc

rationalisation of results to a minimum (cross-cultural input being of particu-

lar value on this point). Taken together, although limitations need to be borne

in mind when considering our findings and the future research that our work

informs, they are balanced, if not outweighed, by the strengths of our research

approach, particularly the checks and balances gained from collaborative ele-

ments.

6.3 Real-Life Implications and Applications

A central tenet in this thesis has been that understanding the relationships

between laboratory and real-world research traditions in developmental psy-

chology is of great importance to developing a valid and reliable body of

knowledge. We have further developed our work under the guiding principle

that the knowledge that we construct needs to be contextualised so that ap-

plications grounded on our findings adhere to the complex and multifaceted

realities of human life. These two points are of special importance in the con-

text of developing interventions.

In this thesis, we have consistently borne in mind that applying western

interventions in other socio-cultural settings can be problematic if not harm-
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ful (Morelli et al., 2018; Scheidecker et al., 2021; Weber et al., 2021). As an

example, an intervention aiming at fostering language development which en-

courages caregivers to speak more to their infants may be problematic in set-

tings in which scholastic achievement is less important than motor skills and

other developmental outcomes. Thus, rather than focusing on a concrete de-

velopmental outcome of interest in the west-informed literature, we decided

to focus on an underlying cognitive processing capacity with multiple daily-

life outcomes. Indeed, the use of VWM for detecting change and processing

visual information can be of relevance for tasks as varied as crossing the road,

driving, and detecting threats or dangers in busy environments (see Luck &

Vogel, 1997; Vogel et al., 2001). Moreover, as mentioned in the introduction,

we know that VWM can be assessed early in life and is open to intervention.

Therefore, our research and findings can be applied to the real world through

informing a range of targeted interventions of value to the community with

whom we conducted our research.

With our focus being placed on infant VWM development as the central

outcome, the core applications of our findings can inform two key points of

intervention. First, findings in our research suggested that some behavioural

patterns in dyadic interactions in the setting of rural India are not supportive

of VWM. That is, greater proportion of caregiver-led joint attention, which

we interpreted as fitting directive parenting styles, was related to higher ma-

ternal VWM but lower infant VWM. These findings not only support prior

research on interventions carried out in western settings (Landry et al., 2006,

2008) but also identify our population as being among those likely to ben-

efit from interventions in which parents are instructed to follow up on the

attention of their infants (see Aboud & Yousafzai, 2015; L. Zhang et al., 2021).

Moreover, our findings identify caregivers with higher VWM as a particularly
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important point of intervention for they tended to lead a greater proportion

of joint attention episodes.

The second point of intervention relates to findings on the differences in

parental engagement with older and younger infants. These findings were in-

terpreted in relation to the expectations of what children are capable of doing

at different ages (see Jeong et al., 2018). Our findings suggest that interven-

tions in the setting of Shivgarh should not be limited to encouraging VWM-

supportive practices but should also foster shifts in parental engagement so

that said practices occur at an earlier point in time. This may entail address-

ing the expectations of caregivers as well as their understanding of what in-

fants are capable of doing and what is beneficial for them, thus fostering a

view of infants as being active instead of passive from younger ages. Indeed,

enhanced knowledge of early development is among the elements targeted

and positively affected by successful interventions in low-and-middle-income

countries (Jeong et al., 2018, 2021).

6.4 Review and Conclusion

The work developed throughout this thesis has served to establish connections

from social elements to the characteristics of adults and through them to the

VWM of their infants. Moreover, it has served to establish links between lab-

oratory and naturalistic research traditions and put finding through an eco-

cultural lens that takes into account cultural similarities and differences in

caregiver-infant interactions. Our work has made valuable contributions to

the literature ranging from providing methodological insights of relevance to

laboratory and naturalistic research (e.g., related to task difficulty and to the

differences between intuitively equivalent measures), to identifying interest-
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ing patterns in the relationship between caregiver and infant VWM (e.g., the

inverse relationship found between both). Our work further provides valuable

insights that can aid the development and implementation of interventions

aimed at fostering infant VWM development in rural India.

Although not free from limitations, our work has met the challenges of an

ambitious line of research within a larger cross-cultural project and succeeded

in developing a picture of the complex interplay between key cultural, con-

textual, and individual factors of relevance to infant cognitive development.

Collaborative input with colleagues across organisations (i.e., UEA and CEL)

has also served to maximise objectivity and ensure that our work remained

of relevance to the community with whom we were researching. Our work,

therefore, serves to open the door for future academic and applied activities

by providing a robust base upon which confirmatory research and interven-

tions can build.
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Figure A.1: Demographic questionnaire to calculate socioeconomic status in
India (page1).

Figure A.2: Demographic questionnaire to calculate socioeconomic status in
India (page 2 and 3).
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Figure A.3: Demographic questionnaire to calculate socioeconomic status in
India (page 4 and 5).
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Appendix B

Figure B.1: Edingburgh postnatal depression scale in English.
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Figure B.2: Edingburgh postnatal depression scale in Hindi.
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Figure C.1: Instructions for the caregivers VWM task in Hindi.
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Appendix D

Figure D.1: Frequency histogram of Depression scores before (A) and after (B)
logarithmic transformation of Depression scores.
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Appendix E

Figure E.1: Frequency histogram of Abuse scores before (A) and after (B) log-
arithmic transformation of Abuse scores.
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Figure F.1: Correlation matrix for outcome variables, i.e., EPDS, Empower-
ment, and IPV and each of their predictors, i.e., Mothers’ Age, SES Score, and
Infants’ Gender. Plots include histograms and scatterplots with Pearson (r)
and Spearman (rs) correlations in the lower triangle with p-values.
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Figure G.1: Correlation matrix for the outcome variable, i.e., Proportion of
looking to change side at Low Load condition and each of their predictors,
i.e., EPDS, Empowerment Score, Abuse Score, Mothers’ Age, and SES Score.
Plots include histograms and scatterplots with Pearson (r) and Spearman (rs)
correlations in the lower triangle with p-values.
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Figure G.2: Correlation matrix for the outcome variable, i.e., Proportion of
looking to change side at MediumLoad condition and each of their predictors,
i.e., EPDS, Empowerment Score, Abuse Score, Mothers’ Age, and SES Score.
Plots include histograms and scatterplots with Pearson (r) and Spearman (rs)
correlations in the lower triangle with p-values.
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Figure G.3: Correlation matrix for the outcome variable, i.e., Proportion of
looking to change side at High Load condition and each of their predictors,
i.e., EPDS, Empowerment Score, Abuse Score, Mothers’ Age, and SES Score.
Plots include histograms and scatterplots with Pearson (r) and Spearman (rs)
correlations in the lower triangle with p-values.
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Appendix H

Table H.1: Results for Model 1: Maternal VWM-Scores with the main effect of
and 3-way interaction between Load, SES Score, and Mothers’ Age as predic-
tors

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 1377.39 1 <.001 ***
Load 14.16 2 <.001 ***
SESScore s 0.05 1 .83
MotherAge s 0.03 1 .87
Load:SESScore s 2.08 2 .35
Load:MotherAge s 8.01 2 <.05 *
SESScore s:MotherAge s 0.01 1 .93
Load:SESScore s:MotherAge s 0.76 2 .68

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

Table H.2: Results for Model 2: Maternal VWM-Scores with the main effect of
Load, SES Score, and Mothers’ Age as predictors

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 1389.21 1 <.001 ***
Load 13.93 2 <.001 ***
SESScore s 0.04 1 .84
MotherAge s 0.03 1 .88

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001
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Table H.3: Results for model comparison

Model AIC BIC logLik deviance Chisq Df p-value

Model2 -170.04 -142.67 92.02 -184.04
Model3 -175.37 -140.17 96.63 -193.37 9.32 2 <.01 **
Model1 -168.20 -113.45 98.10 -196.20 2.84 5 .73

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001
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Appendix I
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Figure I.1: Scatterplot for the outcome variable, i.e., Infants’ proportion of
looking to change side for year 1 (A) and year 2 (B) by Load and their predictor
i.e., Maternal EPDS scores. Plots include pairwise correlation coefficients.
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R = 0.046, p = 0.67 R = − 0.16, p = 0.12 R = 0.19, p = 0.066
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Figure I.2: Scatterplot for the outcome variable, i.e., Infants’ proportion of
looking to change side for year 1 (A) and year 2 (B) by Load and their predictor
i.e., Maternal IPV scores. Plots include pairwise correlation coefficients.
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Figure I.3: Scatterplot for the outcome variable, i.e., Infants’ proportion of
looking to change side for year 1 (A) and year 2 (B) by Load and their pre-
dictor i.e., Maternal Sense of Empowerment scores. Plots include pairwise
correlation coefficients.
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Appendix J
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Figure J.1: Correlation matrix for the outcome variable, i.e., Proportion of
looking to change side at Low Load condition in Year 1 and each of their pre-
dictors, i.e., Mothers’ VWM-PL Scores (aggregated), Mothers’ Age, SES Score,
and Infant age (6 months old corresponds to - 0.5). Plots include histograms
and scatterplots with Pearson (r) and Spearman (rs) correlations in the lower
triangle with p-values.
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Figure J.2: Correlation matrix for the outcome variable, i.e., Proportion of
looking to change side at Medium Load condition in Year 1 and each of
their predictors, i.e., Mothers’ VWM-PL Scores (aggregated), Mothers’ Age,
SES Score, and Infant age (6 months old corresponds to - 0.5). Plots include
histograms and scatterplots with Pearson (r) and Spearman (rs) correlations
in the lower triangle with p-values.
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Figure J.3: Correlation matrix for the outcome variable, i.e., Proportion of
looking to change side at High Load condition in Year 1 and each of their pre-
dictors, i.e., Mothers’ VWM-PL Scores (aggregated), Mothers’ Age, SES Score,
and Infant age (6 months old corresponds to - 0.5). Plots include histograms
and scatterplots with Pearson (r) and Spearman (rs) correlations in the lower
triangle with p-values.
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Figure J.4: Correlation matrix for the outcome variable, i.e., Proportion of
looking to change side at Low Load condition in Year 2 and each of their pre-
dictors, i.e., Mothers’ VWM-PL Scores (aggregated), Mothers’ Age, SES Score,
and Infant age (6 months old corresponds to - 0.5). Plots include histograms
and scatterplots with Pearson (r) and Spearman (rs) correlations in the lower
triangle with p-values.
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Figure J.5: Correlation matrix for the outcome variable, i.e., Proportion of
looking to change side at Medium Load condition in Year 2 and each of
their predictors, i.e., Mothers’ VWM-PL Scores (aggregated), Mothers’ Age,
SES Score, and Infant age (6 months old corresponds to - 0.5). Plots include
histograms and scatterplots with Pearson (r) and Spearman (rs) correlations
in the lower triangle with p-values.
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Figure J.6: Correlation matrix for the outcome variable, i.e., Proportion of
looking to change side at High Load condition in Year 2 and each of their pre-
dictors, i.e., Mothers’ VWM-PL Scores (aggregated), Mothers’ Age, SES Score,
and Infant age (6 months old corresponds to - 0.5). Plots include histograms
and scatterplots with Pearson (r) and Spearman (rs) correlations in the lower
triangle with p-values.
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Appendix K

Figure K.1: An example of mapping gaze point (green circle) on the calibra-
tion marker during the post-hoc calibration process
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Figure K.2: An example of trimming and selecting the region of interest using
the ROI parameter in the Pupil player software. The grey box with four circles
could be moved to adjust the ROI in a way that trimmed any long, and dark
eyelashes.
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Appendix L

Pupil Calibration Marker v0.4

Figure L.1: Pupil Labs Calibration Marker
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Appendix M

Figure M.1: Colour map for timevp visualisation
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Appendix N

Figure N.1: YOLO results from manually coded parameters in BORIS. The
top plot shows observation from a parent’s headcamera and the bottom plot
shows observation from an infant’s headcamera for the toy butterfly (UK).
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Figure N.2: YOLO results from manually coded parameters in BORIS. The
top plot shows observation from a parent’s headcamera and the bottom plot
shows observation from an infant’s headcamera for the toy puzzle (India).
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Appendix O

Table O.1: Median for Infants’ MLD across targets (toys, face) and conditions
(alone, infant-led JA and caregiver-led JA).

Infant

Toys

Alone Infant-led Caregiver-led

Cohort Median Median Median
6UK 0.17 0.97 0.2
6IND 0.16 0.7 0.17
9IND 0.2 1.06 0.24

Faces

Alone Infant-led Caregiver-led

Cohort Median Median Median
6UK 0.13 1.17 0.26
6IND 0.16 2.23 0.16
9IND 0.13 1.13 0.3

Note. MLD means Mean Look Duration. JA means Joint Attention. 6UK represents 6-month-old
infants from the UK. 6IND represents 6-month-old infants from India. 9IND represents

9-month-old infants from India.
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Table O.2: Median for Caregivers’ MLD across targets (toys, face) and condi-
tions (alone, infant-led JA and caregiver-led JA).

Caregiver

Toys

Alone Infant-led Caregiver-led
Cohort Median Median Median
6UK 0.13 0.13 0.3
6IND 0.17 0.2 0.73
9IND 0.17 0.23 0.63

Faces

Alone Infant-led Caregiver-led
Cohort Median Median Median
6UK 0.14 0.14 0.52
6IND 0.16 0.23 0.76
9IND 0.14 0.26 0.8

Note. MLD means Mean Look Duration. JA means Joint Attention. 6UK represents 6-month-old
infants from the UK. 6IND represents 6-month-old infants from India. 9IND represents

9-month-old infants from India.
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Appendix P
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Figure P.1: Histogram of MLD scores from VWMP-PL task for infants.
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Appendix Q
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Figure Q.1: Scatterplot showing correlations between infants’ VWM-PL score
(i.e., the proportion of looking to change side) and (A) Mean Look duration;
(B) Switch Rate obtain from VWM-PL task.
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Appendix R

Table R.1: Results for infant MLD in VMW-PL task with infants MLD (alone)
in dyadic interaction as a predictor.

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 4.84 1 <.05 *
Load 10.57 2 <.01 **
Year s 20.59 1 <.001 ***
SESScore c 1.96 1 .16
Age s 0.71 1 .40
ChAloneDur mean c 2.50 1 .11
Load:ChAloneDur mean c 1.44 2 .49

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

Table R.2: Results for infant MLD in VMW-PL task with infants MLD in
infant-led joint attention episode in dyadic interaction as a predictor.

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 37.29 1 <.001 ***
Load 10.35 2 <.01 **
Year s 23.57 1 <.001 ***
SESScore c 2.81 1 .09 .
Age s 2.19 1 .14
ChJADur mean c 1.52 1 .22
Load:ChJADur mean c 4.32 2 .12

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001
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Table R.3: Results for infant MLD in VMW-PL task with infants MLD in
caregiver-led joint attention episode in dyadic interaction as a predictor.

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 36.29 1 <.001 ***
Load 10.68 2 <.01 **
Year s 21.17 1 <.001 ***
SESScore c 2.29 1 .13
Age s 1.62 1 .20
ChJADur mean c 0.61 1 .44
Load:ChJADur mean c 5.44 2 .07 .

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001
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Appendix S

Table S.1: Results for infant Switch Rate in VMW-PL task with infants Switch
Rate in dyadic interaction as a predictor.

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 8.18 1 <.01 **
Load 1.19 2 .55
Year s 0.15 1 .70
SESScore c 0.94 1 .33
Age s 0.53 1 .47
individual switches 0.06 1 .81
Load:individual switches 0.30 2 .86

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001
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Appendix T

Table T.1: Results for infant VWM scores with their MLD in infant-led joint-
attention Episode as a predictor.

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 327.04 1 <.001***
Load 10.27 2 <.01 **
Year s 0.01 1 .93
SESScore c 0.19 1 .66
Age s 3.28 1 .07 .
ChJADur mean c 0.63 1 .43
Load:ChJADur mean c 1.56 2 .46

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

Table T.2: Results for infant VWM scores with their MLD in caregiver-led
joint-attention Episode as a predictor.

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 345.21 1 <.001 ***
Load 10.02 2 <.01 **
Year s 0.0007 1 .98
SESScore c 0.07 1 .79
Age s 2.76 1 .09 .
ChJADur mean c 0.69 1 .41
Load:ChJADur mean c 2.99 2 .22

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001
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Appendix U

Figure U.1: Image A indicates the total number of joint attention episodes for
6- and 9-month infant dyads. Image B indicates the proportion of infant-led
joint attention bouts in percentage.
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Appendix V
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(b) Load and caregivers’ age trend in the
VWM Baseline Model (N = 46)

Figure V.1: Histogram of MLD scores from VWM-PL task for infants.
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Appendix W

Table W.1: Results for caregivers’ VWM performance with caregivers MLD
(alone) in dyadic interaction as a predictor.

Analysis of Deviance Table (Type III Wald chi-square tests)

Variable χ2 Df p-value

(Intercept) 237.06 1 <.001 ***
Load 10.97 2 <.01 **
SESScore s 0.18 1 .67
MotherAge s 0.02 1 .90
ParAloneDur mean c 0.002 1 .96
Load:MotherAge s 3.70 2 .16
MotherAge s:ParAloneDur mean c 0.04 1 .84

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001

Table W.2: Results for caregivers’ VWM performance with caregivers MLD in
infant-led joint attention episode as a predictor.

Analysis of Deviance Table (Type III Wald chi-square tests)

variable χ2 Df p-value

(Intercept) 238.39 1 <.001 ***
Load 10.97 2 <.01 **
SESScore s 0.24 1 .63
MotherAge s 0.01 1 .92
ParJADur mean c 0.53 1 .47
Load:MotherAge s 3.70 2 .16

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001
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Table W.3: Results for caregivers’ VWM performance with their MLD in
caregiver-led joint attention episode as a predictor.

Analysis of Deviance Table (Type III Wald chi-square tests)

variable χ2 Df p-value

(Intercept) 244.07 1 <.001 ***
Load 10.97 2 <.01 **
SESScore s 0.41 1 .52
MotherAge s 0.02 1 .89
ParJADur mean c 3.26 1 .07 .
Load:MotherAge s 3.70 2 .16

Note. Blank indicates p >.05, * indicates p <.05, ** indicates p <.01, *** indicates p <.001
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