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Abstract 

 Majority influence is an integral aspect of many human societies; it is an important 

catalyst of learning and promotes transmission of cultural knowledge. Given the importance that 

majorities play in human societies, it is not surprising that young children are sensitive to 

information gleaned from majorities. A growing body of evidence raises the interesting, yet 

unexplored possibility that, like preschool-aged children and adults, infants’ behaviour might be 

influenced by majorities. Using a novel eye-tracking paradigm, the experiments reported across 

the three manuscripts examined the characteristics of, and extent to which, majorities bias 

infants’ behaviour in different contexts, primarily via visual attention. Chapter 2 examined 

whether a majority influenced 18-month-old infants' preference (i.e., looking time and 

behavioural preference) for two novel toys. The results across two experiments revealed that 

infants' visual preference for a novel toy was not influenced by the majority if they were first 

provided with experience with the toys, but was marginally influenced if infants received no 

prior experience with the toys. These experiments provided useful insights into the role that 

context and social cues play in guiding infants' attention. By introducing an element of ambiguity 

(using boxes rather than novel toys) and adding cues to boost majority salience, Chapter 3 

examined whether 12- and 19-month-old infants' attention to a novel stimulus was influenced by 

the majority. The findings across two experiments provided the first known evidence that 

infants’ attention is guided by majority information at 19-, but not at 12-months of age. Further, 

the results indicated that infants’ attention was guided by a majority only when all majority 

members are shown to prefer one object to another. Finally, Chapter 4 examined the role of 

novel social categories and social affiliation in guiding 19- and 24-month-old infants' 

expectations of group members and further, whether infants' attention for novel stimuli would be 
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biased by these expectations. The results indicated no influence on infants' attention to novel 

stimuli based on social categories or social affiliation across both age groups. However, looking 

time patterns towards events leading up to the test phase among 24-month-old infants indicated 

interesting trends in their understanding of groups as cohesive units. Together, the findings 

across the three manuscripts offer preliminary evidence of majority influence as well as the role 

of social cues in infants' expectations of group cohesiveness in driving visual attention early in 

development. Crucially, these findings suggest, to our knowledge, the first known evidence of 

majority bias at 19-months. Infants’ sensitivity towards the majority at the visual attention level 

is the likely foundation for subsequent selectivity to majority information across domains. 

Keywords: Infancy, majority influence, visual attention, sociocultural cognition, social cues 
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  Chapter 1 

General Introduction 

Majorities govern many aspects of our social lives. From fashion fads to cultural 

preferences, majorities dictate behaviours of people across most human societies. Conforming to 

the do's and don’ts of societies and cultures is based on norms and values that are followed, 

preserved, and passed on to subsequent generations based on majority actions and behaviours. 

Indeed, one of the main principles that define culture is that a majority of group members share 

similar practices, values, and behaviours (Henrich & Boyd, 1998). Further, majority influence is 

an important aspect of human cultural transmission by promoting in-group uniformity and 

stabilizing between group diversity (Boyd & Richerson, 2009). Considering the ubiquitous role 

that majorities play across various aspects of our lives, scholars have argued for an evolved 

system of learning that has sensitized us to majority information (Henrich & Boyd, 1998). 

While majority influence is well-documented among adults (Asch, 1956; Sherif, 1937; 

for reviews, Cialdini & Goldstein, 2005; Levine & Tindale, 2015), some recent studies 

demonstrating majority biases early in development suggest that even children as young as two 

years selectively learn from the majority (Corriveau, Fusaro, & Harris, 2009; Corriveau & 

Harris, 2010; Corriveau, Kim, Song, & Harris, 2013; Haun, Rekers, & Tomasello, 2012, 2014; 

Morgan, Laland, & Harris, 2015). However, its influence in infancy is yet unknown. This body 

of work addresses the gap surrounding the developmental trajectory of majority influence by 

investigating the degree to which infants’ visual attention is selectively influenced by the 

preferred choices of a majority across different contexts. 

 



 

2 
 

Majority Influence - A Background 

 Interest in studying majority influence took centre stage after Asch's (1951, 1956) studies 

on naïve participants. The experimental procedure involved a perceptual judgement task where 

participants had to determine whether a target line matched one of three lines in length during 

critical test trials. Confederates, who provided otherwise correct answers on previous training 

trials, were instructed to falsely provide the blatantly wrong answer during the critical test trial. 

As the task was relatively unambiguous and the answer obvious, Asch expected the naïve 

participant, unaware of the true purpose of the experiment, to overcome a majority influence. 

However, results indicated that 30% of participants were more likely to be swayed by the 

confederates' obviously incorrect answers. 

 In another seminal study, Sherif (1937) examined whether adults’ responses on a task 

measuring the autokinetic effect (i.e., a small and stationary point of light that appears to move in 

the dark) was influenced by a majority. Participants entered a dark room where they were asked 

to judge how far a light shone on the wall moved. As the illusion of the light moving in the dark 

is subjective, people varied in their responses during initial training trials, which were conducted 

individually (i.e., individuals reported the light to move anywhere from two to six inches). 

During the next phase of the experiment, participants were grouped in clusters of three 

individuals and asked to arrive at a response relating to how far the light moved. Whereas 

individuals' subjective judgements varied during training, Sherif reported that in the group 

situation, individuals were more flexible in their judgements (unlike earlier) and tended to 

converge on a distance agreed upon by other members; thus, suggesting that participants were 

influenced by the majority (Sherif, 1937). Classical studies such as Asch (1956) and Sherif 

(1937) paved the way for a host of researchers to examine various contexts and motivations of 
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majorities and their influence in the social realm (Cialdini & Goldstein, 2004; Levine & Tindale, 

2015, for reviews).  

Indeed, several researchers have modified the Asch paradigm to examine the 

developmental trajectory of majority influence; specifically, the extent to which children and 

adolescents are sensitive to majority influence (e.g., Berenda, 1950; Costanzo & Shaw, 1966; 

Hoving, Hamm, & Galvin, 1969; Iscoe, Williams, & Harvey, 1963; Walker & Andrade, 1996). 

The results have demonstrated trends in the development of majority influence and conformity. 

For example, Walker and Andrade (1996) modified the Asch paradigm to test whether 

conformity (discarding personal opinions to align with those of the majority) varied as a function 

of age (i.e., 3-17 year olds). The results indicated that conformity was highest among the 

younger age groups and as participants got older, conforming tendencies decreased.  

Why does Majority Rule? Factors that Motivate and Contribute to Majority Influence  

Several reasons have been proposed to highlight the motivations of majority influence. 

One dominant view about majority motivations was put forth by Deutsch and Gerrard (1955). In 

an adaptation of the Asch study, the authors varied situational context when participants revealed 

their answers on a perceptual judgement task. For instance, some judgements were made 

publicly, while others were only known to the participant. Based on the findings, the researchers 

argued that majorities influence for two reasons: a) normative influence: as social beings, 

humans need to belong (Buss, 2005). By not conforming to the group, an individual puts himself 

at risk of social ridicule and being disliked by other group members. Thus, individuals conform 

to the majority position in order to uphold group norms as well as gain social approval (e.g., 

Gerrard & Rotter, 1961; Levine & Kerr, 2007; for reviews, see Cialdini & Goldstein, 2004; 
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Levine & Tindale, 2015); b) informational influence: information shared by individual members 

across the majority is assumed to be valid, especially in uncertain situations (Mackie, 1987; see 

also, Levine & Tindale, 2015). Thus, naive individuals can form fairly accurate and shared 

versions of social reality within the group context (Deutsch & Gerrard, 1955). Festinger (1950) 

argued that a shared sense of reality is what fosters uniformity within the group. 

Ambiguity and the size of the majority are other factors that have been identified as 

factors that determine the magnitude of majority influence. With the former, Crutchfield (1955) 

modified Asch's experimental paradigm and along with standard tasks of perceptual 

discrimination added tasks that also measured logical and factual judgements. He varied the 

degree of difficulty and resulting ambiguity of the tasks. For instance, on unambiguous, simple 

tasks (e.g., logical judgement of completing a number series), Crutchfield found that 30% of the 

participants were influenced by the majority’s false answers, similar to Asch’s results. However, 

as items got more ambiguous (i.e., items designed to not have a correct answer. For instance, 

judging the relative size difference of two, otherwise, equal circles), results indicated that 79% of 

the participants were likely to be influenced by the majority. Thus, situations where judgements 

were highly ambiguous tended to tip the balance towards the majority opinion, which is in 

keeping with Festinger’s (1950) proposal that individuals have a tendency to form a shared sense 

of reality. 

In reference to majority size on influencing outcomes, when Asch manipulated the 

confederates forming a unanimous majority to one who dissented, majority influence decreased. 

However, adding more members to a majority does not always result in a higher degree of 

influence (Asch, 1951; Bond, 2005; Levine & Tindale, 2015). Latané and Wolf (1981) suggested 

the role of a power function such that the greatest impact of the majority occurs when the 
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majority increases from two to three members. However, increasing the size from 10 to 11 does 

not contribute to a greater influence (Latané & Wolf, 1981). Research varying dimensions of 

majority size have yielded inconsistent results (Bond, 2005). Based on a meta-analysis of 

research in majority influence, Bond (2005) suggested that majority influence varies according to 

task parameters and the social setting (i.e., whether responses are recorded privately or publicly).  

Perspectives on Majority Influence 

 While the focus of research in social psychology in relation to majority influence spans 

conformity vis-à-vis attitude change, decision-making, prejudice, and stereotypes (for reviews, 

see Cialdini & Goldstein, 2004; Levine & Tindale, 2015), the scope of the present body of work 

is limited to majority influence, defined as the likelihood that naïve participants will selectively 

acquire social knowledge based on the information transmitted by a majority of individuals in the 

environment (Boyd & Richerson, 2005; Henrich & Boyd, 1998; Laland, 2004). As majority 

behaviour rests on ideas and opinions of various individuals within a group, it is likely to be 

more reliable than those based on single individuals (Laland, 2004). Conformity, while also 

favouring behaviour of the majority, requires one to discard their personal preferences in favour 

of the majority position (Cialdini & Goldstein, 2004; Haun, van Leeuwen, & Edelson, 2013; van 

Leeuwen & Haun, 2013). The remainder of this literature review will focus on situations where 

naïve participants are exposed to new information in the environment. From a social learning 

perspective, an early sensitivity to behaviours and knowledge shared by a majority is an 

important aspect in development because knowledge acquisition relies on our ability to observe, 

imitate, and learn relevant behaviours from other individuals (Henrich & Boyd, 1998; Laland, 

2004). Thus, collective, shared actions and behaviours of the majority can be considered at the 

core of human cultural systems (Tomasello, 1999; Tomasello, Carpenter, Call, Behne, & Moll, 
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2005; Tomasello, Melis, Tennie, Wyman, & Hermann, 2012). Tomasello and colleagues (2005) 

argued that our unique ability to engage in shared intentionality with others motivates us to 

continually seek interactions with others, even early in development.  

Individuals need to be selective about what and whom to learn from, especially when 

confronted with competing information from the social environment (Laland, 2004). For 

instance, as a tourist in a foreign country, we are better off learning local customs and cultural 

practices by observing what a majority of the local people do as opposed to observing other 

visiting tourists. This would be an effective way of investing our limited cognitive resources and 

time towards learning appropriate and relevant behaviours unique and commonplace to a 

majority of people placed within that foreign culture. Indeed, findings from experiments and 

models on cultural evolutionary theory indicate that following the majority strategy is one of 

several different ways in which cultural transmission of knowledge is carried forward over 

generations (Boyd & Richerson, 2005; Henrich & Boyd. 1998;).Theories in evolutionary 

psychology raise the role of conformist transmission as key in perpetuating human cultural 

knowledge (Boyd & Richerson, 2005). From a cultural evolutionary perspective, being sensitive 

to the majority position evolved as an adaptive mechanism to facilitate selective learning and 

behavioural acquisition, thus ensuring culturally-relevant transmission of knowledge and values 

(Henrich & Boyd, 1998). Behaviour of the majority is based on aggregate learning of several 

individuals in a group (Henrich & McElreath, 2003). Thus, when one encounters new or 

competing information about one's environment, following strategies derived by the majority of 

individuals is a useful adaptive feature rather than having to discover the behaviour by oneself, 

which is often time-consuming. (Boyd & Richerson, 2005; Henrich & Boyd, 1998). 
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Examples from comparative literature also shed light into the role of majority influence 

across species. Evidence of majority influence across different species has been documented in 

rats (Chou & Richerson, 1992), where naïve individuals were more likely to adopt the majority's 

preference as the majority increased; pigeons have been shown to adopt the majority strategy in a 

food-related task when the number of demonstrators increased); sticklebacks (Pike & Laland, 

2010), and fruitflies (Battesti, Moreno, Joly,& Mery, 2012; Battesti, Moreno, & Joly, 2015) were 

more likely to follow the strategy demonstrated by the majority.  

 Further, comparative literature showcases experimental examples and paradigms that 

demonstrate majority influence and conformity (Haun et al., 2013, for a review). For instance, 

Whiten, Horner, and de Waal (2005) were interested to examine how behaviour is learned and 

spread through their respective groups. They trained two high-ranking chimpanzees from two 

distinct groups on a novel technique to retrieve food in an open diffusion paradigm. Both 

demonstrator chimpanzees were trained to use a different technique to retrieve food after which, 

they were reintroduced to their respective groups. The results revealed that other chimpanzees 

were likely to use the technique introduced to their respective groups by the local expert. The 

authors posit that the likelihood of naïve group members adopting the new strategy introduced to 

the group and its faithful adoption by the rest of the members suggests the role of majority 

influence. That is, chimpanzees were likely to adopt the behaviour that was most frequently 

observed in their group. The behavioural outcome of learning and adoption of a new technique 

by a majority within the group indicates the role of the majority influence in the spread and 

maintenance of information (also see Alpin et al., 2014; Hopper, Schapiro, Lambeth, & Brosnan, 

2011). 
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However, Haun et al. (2013) argued that in open diffusion studies, such as the one 

described above (Whiten et al., 2005), group members were not exposed to majority and 

minority strategies. Further, the original 'experts' trained on the novel apparatus were dominant 

members of their groups. Thus, it is difficult to tease out whether 1) participants may adopt the 

most frequent strategy in the group, or adopt the only option that was demonstrated to them most 

frequently; 2) it is difficult to determine the role of majority influence in a scenario that can also 

be explained by social influence (i.e., a socially dominant group member's strategy is copied the 

most); 3) since the first few participants are exposed to new information by an influential 

member, Haun et al. (2013) suggest that it is social influence rather than the majority that 

influences initial few participants of the group. 

In an attempt to examine majority influence differently in their experiments, Haun, 

Rekers, and Tomasello (2012) introduced chimpanzees and orangutans to several food 

dispensers. Both sets of primates, who were naïve to the experimental setup, witnessed 

conspecifics from their social group use different strategies to retrieve food from one of three 

dispensers. Specifically, in one demonstration, they saw three individuals trained to choose one 

dispenser to be rewarded by food by dropping a token into the dispenser. In a second 

demonstration, they saw only one conspecific choose one of the other food dispensers by 

dropping tokens three times to be rewarded by food. Use of the third food dispenser was never 

demonstrated. The results indicated that chimpanzees, but not orangutans, followed the actions 

demonstrated by the majority. That is, when pitting majority and minority demonstrations, 

chimpanzees in comparison to orangutans displayed the use of the majority strategy. 

Further, Haun and colleagues (2012) conducted a follow-up study by keeping the number 

of demonstrators constant (i.e., one each) and varying the number of demonstrations between the 
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two demonstrators. That is, one model demonstrated a novel strategy three times, while another 

demonstrated an alternative strategy only once. In this case, both chimpanzees and orangutans 

were not influenced by the frequency of behaviours demonstrated. Thus, across both studies, 

Haun and colleagues (2012) demonstrated that chimpanzees regard the number of demonstrators, 

not the frequency of demonstrations, highlighting the effect of a majority influence. In contrast, 

orangutans were not influenced by either demonstrators or frequency of strategies demonstrated.  

Developmental Perspectives and Evidence on Majority Influence 

 The review thus far has focused on social, comparative, and evolutionary models, which 

highlight the extent of majority influence across both the human and animal literatures. While 

social psychology has devoted itself in studying the various factors and motivations that drive us 

to conform to majorities (Bond, 2005; Cialdini & Goldstein, 2004; Levine & Tindale, 2015), 

cultural evolutionary theory has addressed the adaptive value of majorities guiding our 

behaviour, especially in uncertain and novel situations (Boyd & Richerson, 2009; Henrich & 

Boyd, 1998).Further, comparative literature has allowed us to draw parallels on human cognitive 

processes by comparing and tracking various phenomena (including majority influence) in our 

closest primate relatives. However, to develop a complete understanding of majority influence in 

the social and evolutionary story, the missing piece is that of its developmental origins. Thus, a 

complete model of majority influence would also benefit by looking at cognitive capabilities to 

track and selectively guide behaviour early in development. From a developmental perspective 

of socio-cultural learning, examining the scope and extent of majority influence is warranted as 

children are keen pupils of their social environments. As active participants, being constantly 

faced with new information and information sources in the early years, following a 
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developmental trajectory of majority influence will lead to an understanding of its progression 

and scope of influence.  

 While there is evidence of conformity in children as young as three years (e.g., Costanzo 

& Shaw, 1966; Walker and Andrade, 1996), recent work has examined whether majorities 

influence learning from a sociocultural learning perspective (e.g., Corriveau et al., 2009; 

Corriveau & Harris, 2010; Corriveau et al., 2013 Haun et al., 2012; Whiten & Flynn, 2010). For 

instance, Whiten and Flynn (2010) adapted the study previously done with chimpanzees (Whiten 

et al., 2005) to examine whether a majority influences preschool children using an open diffusion 

technique. Two children who were ranked high on popularity and dominance scores were 

introduced to a new apparatus and each child was trained on a differing technique to manipulate 

the apparatus. Each child was then reintroduced to their respective playgroups with the new 

apparatus. The authors were interested to examine whether other children of the playgroup, for 

who the apparatus was novel, would likely copy the actions demonstrated by the child trained on 

using the apparatus. Also of interest was whether alternative strategies (discovered by the 

children themselves), if discovered, would take hold among children who have learned the 

trained strategy. The results indicated that pre-school-aged children were most likely to adapt the 

strategy that was most frequent in the group, highlighting the role of majority transmission in 

learning a new artefact within groups. Further, when alternative strategies were introduced to the 

groups, as many as 84% of the group participants continued to conform to the previously 

observed strategy (Whiten & Flynn, 2010). However, as with the discussion on primate studies, 

open diffusion studies have been argued to suffer from a few limitations in relation to measuring 

majority influence (Haun et al., 2013; van Leeuwen, Cronin, Schütte, Call, & Haun, 2013; van 

Leeuwen & Haun, 2014).  
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 Alternative experimental paradigms provide further evidence of a selective bias in 

choosing information provided by a majority. One such domain examines whether pre-schoolers 

track reliability of informants. For instance, Fusaro and Harris (2008) demonstrated that 4-year-

olds were more likely to select the answer of an informant who had received approval on an 

object labelling task by two other bystanders than an informant who had received disapproval by 

the same bystanders. Following from the results of Fusaro and Harris (2008), Corriveau, Fusaro, 

and Harris (2009) investigated the extent to which three- and four-year-old children endorse 

adult informants as accurate sources of information when they form a majority as opposed to a 

lone dissenter. Corriveau et al. (2009) used a word- learning paradigm in which children 

participated in a pre-test trial phase. Children watched three actors (i.e., the majority) point 

simultaneously to one of three novel objects as the referent of a novel label and a single 

individual (i.e., the dissenter) point to a different novel object as the referent for the novel label. 

Children were then asked to point to the object they thought was the correct referent of the novel 

label (i.e., “which one is the modi?”). Of interest was whether children were sensitive to majority 

information and would selectively select the majority's answer in the pre-test phase. For the test 

trials, children watched as one member of the majority and the dissenter from the pre-test trial 

phase provided conflicting labels for one novel object (i.e., one informant called it 'a linz', while 

the other informant called it 'a slod'). Children were then asked their opinion of what the object 

was called (i.e., 'what do you think it's called?'). They were also asked which informant was 

better at providing labels. Results revealed that children in both age groups showed a clear 

majority preference; they preferred the object selected by the majority in the pre-test trials, 

preferred the majority informants’ answers during the test trials, and showed a preference for the 

majority informant in the test trials. The authors posited that the learning heuristic that pre-
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schoolers relied on was information provided by a majority (Corriveau et al., 2009), especially in 

the face of ambiguity (i.e., two unknown objects). In the context of this word-learning study, 

children's strategy to learn from the majority highlights the possibility that children are sensitive 

to culturally-relevant information. Further, since words are meaningful because they are shared 

by other members of the community, the authors suggest that children may judge the majority to 

be a more reliable source of information. These findings raise the question of whether, or not, 

children generalise majority-biased learning across other domains.  

To examine generalization in other domains, Haun, Rekers, and Tomasello (2012) 

investigated whether children as young as two years of age demonstrate a majority bias in 

learning contexts. In their study, children observed three peers (same-aged children who were 

previously trained to select a specific-coloured box) put a ball in one of three coloured boxes 

(i.e., majority box) in order to receive a reward, one after the other. Children also observed one 

other peer put a ball in a different box (i.e., minority box). The third box was never used. Next, 

the participants were given balls to drop into the reward box. Of interest was whether children 

would be more likely to act to retrieve rewards from the 'majority box' than they were to act on 

either of the other two boxes. Their results indicated that the children were more likely to choose 

the majority strategy. Thus, this finding revealed that children as young as two years of age are 

susceptible to majority-biased transmission. 

In light of the above developmental findings demonstrating majority influence and other 

developmental perspectives of cultural transmission (e.g., Gergely & Csibra, 2006; Tomasello, 

1999), Haun and Over (2015) argued that majority-biased transmission of information is one of 

several ways that has influenced sociocultural learning, specifically, in relation to group 

information. Thus, children's selective copying of and learning group norms and behaviours is by 
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taking account of what a majority of its group members do.  Taken together, the studies discussed 

above provide evidence suggesting that young children selectively endorse and act on majority 

information when they have no prior information about the appropriate response in early 

childhood. Specifically, each instance provided an avenue of learning in a novel, ambiguous 

context. However, is an earlier sensitivity to majorities present in infancy? While research with 

pre-schoolers (e.g., Corriveau et al., 2009; Corriveau & Harris, 2010; Corriveau et al., 2013; 

Haun et al., 2012, 2014) demonstrates that young children's behaviour is influenced by 

majorities, might there be behavioural precursors of majority influence? For instance, is it likely 

that children are biased in their attention to majority information earlier in development?  

 Evidence of majority markers in infancy. There is evidence to suggest that infants are 

sensitive to group characteristics early in life. Indeed, Spelke and Kinzler (2007) posit that 

reasoning about social categories and social group members is an innate core cognitive 

component that influences children and infants to attend to features that distinguish individuals 

based on race and language (Buttleman, Zmyj, Daum, & Carpenter, 2013; Kelly et al., 2005; 

Kinzler, Dupoux, & Spelke, 2007; Kinzler et al., 2012; Liberman, Woodward, Sullivan & 

Kinzler, 2016). Evidence from several studies with infants support this perspective. For instance, 

Kelly et al. (2005) examined whether infants’ perception of faces across different races would be 

influenced by their visual environments. Using a visual preference paradigm, the authors 

exposed newborn and 3-month old infants to pictures of same-race and other-race individuals to 

examine whether infants would display a spontaneous preference for same-race individuals. 

Their results indicated that 3-month old infants, not newborns, displayed a preference for same-

race individuals. The authors argued that infants’ exposure to members of their own race was the 

likely reason underlying 3-month-olds' preference. 
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In addition to race, language is considered to be another potent social construct that has 

been shown to influence young children, even infants, in reasoning about people and selectively 

learning from other native language speakers. Indeed, Kinzler et al. (2007) tested 6-month-old 

infants’ preference for individuals with similar linguistic background. During familiarization 

trials, infants were shown three films of an individual shown speaking the same language as 

infants (i.e., English) and another three films of a foreign speaker (i.e., French). Initial analysis of 

infants' attention to both speakers revealed that infants had no preference for either speaker. In 

'silent test trials' infants were shown a picture of both speakers sitting side-by-side. The results 

indicated that 6-month-old infants looked longer at the same speaker than they did the foreign 

speaker suggesting a preference for someone who shared the same linguistic background. In 

another study, Kinzler, Dupoux, and Spelke (2012) 10-month-old infants were shown a native 

speaker and a foreign speaker addressing them in child-directed speech. In the following toy 

modelling trials, both speakers appeared side by side and each held a different toy. The results of 

this study extended previous findings (Kinzler et al., 2007) by demonstrating that infants’ 

attention subsequently influenced their behaviour; that is, 10-month-old infants preferentially 

chose the toy held by the native speaker. 

 In extending previous literature on infants' preference for linguistic ingroup members, 

Buttleman et al. (2013) examined whether older 14-month-olds would selectively imitate their 

own linguistic group member in addition to preferentially choose an object liked by that member. 

In this between-subjects study design, half of the infants were first exposed to a speaker who 

spoke the infants' native language (i.e., German) and the other half were exposed to the same 

speaker speaking a foreign language (i.e., Russian). This was followed by two kinds of test trials. 

In the imitation trials, all infants were shown videos of the speaker performing two novel actions. 
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In the preference trials, all infants were shown the speaker make a preference known between 

two objects. The authors expected that infants in the native speaker condition would more likely 

imitate and prefer the same object as the native speaker, while infants in the foreign speaker 

condition would not. While the results revealed that infants in the native speaker condition more 

likely imitated the native speaker, results for the preference trials suggested no preference. The 

authors concluded that 14-month-olds faithfully copied the native speaker in the imitation trials 

suggesting that selective cultural learning starts early in development (but see Howard, 

Henderson, Carrazza, & Woodward, 2014, for conflicting findings). On the other hand, echoing 

some previous studies on infants' understanding of subjectivity of preferences (Buresh & 

Woodward, 2007; Henderson & Woodward, 2012; Woodward et al., 2009, for a review), 14-

month-old infants were not influenced by group membership in this domain.  

Together, the above studies demonstrate biases in attention (Kelly et al., 2005; Kinzler et 

al., 2007), expectations (Liberman et al., 2016), and behaviour (Buttleman et al., 2013; Kinzler et 

al., 2012;) that are influenced by social constructs (i.e., race and language). While these studies 

were not designed to directly test majority influence, their findings indicate that infants as young 

as 5-months-old are attuned to the 'majority' based on their exposure to the most frequent 

instances of both constructs. In a world filled with competing stimuli, it may be that infants 

prefer to attend to instances that seem more familiar and frequent in their social context, which 

are also typically characteristics shared by the majority. Indeed, evidence surrounding infants’ 

sensitivity to statistical regularities in their environments suggests capacities to form group-level 

preferences early in development. 

 Evidence of social and statistical reasoning in early development. While previous 

research has demonstrated infants' and young children's propensities to employ statistical 
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evidence to reason across various domains (Kirkham, Slemmer, & Johnson, 2002; Schulz, 

Bonawitz, & Griffiths, 2007; Wu, Gopnik, Richardson, & Kirkham, 2011; Xu & Garcia, 2008; 

Xu & Tenenbaum, 2007), there is further evidence to suggest that young children even notice 

certain regularities to guide their reasoning about the social world. For instance, Kushnir, Xu, 

and Wellman (2010) tested whether young children use statistical evidence to infer a 

psychological outcome - a preference. In addition to using psychological cues that underlie a 

preference (e.g., positive affect and verbalizations, eye gaze), the authors examined whether 

young children reason about statistical regularity of an agent's preference depending on the 

choices available to the agent. In Experiment 1, 3- and 4-year old children were introduced to a 

puppet (i.e., squirrel) that was shown to prefer some toys over others. After familiarizing 

children to the toys that were to be used, a black, opaque box was brought out and children were 

asked to take a look at its contents. Depending on the condition, the box contained different 

distributions of the toys that children were familiarized to earlier. In the 18% condition, the ratio 

of the toys was 7:31 of the puppet's preferred toy to distractors; in the 50% condition, the ratio 

was 19:19 of preferred toy to distractors and in the 100% condition, 38 preferred toys were 

placed. The puppet was brought back and went on to choose five preferred toys to play with from 

the black box across all conditions. Next, the puppet was briefly taken away and the three bowls 

of different toys was placed in front of the children. Finally, the puppet was reintroduced and 

children were asked to give the puppet the toy he liked from one of the bowls. The authors 

posited that if children were to infer the puppet's preference for a toy based on statistical 

evidence as well as psychological cues, the outcomes would vary across the three conditions.  

 The results indicated that preschool children's responses regarding the puppet's 

preference varied significantly across the three experimental conditions. When asked which toy 
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the puppet liked, children in the 18% condition were most likely to correctly choose the correct 

target toy from the bowl as compared to those in the 50% and 100% conditions. Similarly, 

children in the 50% condition were most likely to choose the correct toy compared to those in the 

100% condition. In a second follow-up study with 20-month-old infants, the authors replicated 

findings from Experiment 1 by simplifying the experimental task described above. Thus, the 

authors concluded that pre-schoolers, as well as infants, ascribed preferences to an agent based 

on statistical inference. That is, across both age groups, children based their responses after 

considering the number of preferred toys available among the larger sample of toys (also see Ma 

& Xu, 2011).  

 More recently, Diesendruck, Salzer, Kushnir, and Xu (2015) conducted a study that 

examined the scope of inferences about preferences that preschool children make based on 

frequency information. Specifically, the authors examined whether children generalise 

preferences across agents. In a methodology similar to Kushnir et al. (2010), 3- to 4-year-old 

children were assigned to one of three conditions in which the number of target objects in a 

sample varied across conditions (i.e., 18%, 50%, or 100%) as well as number of demonstrators 

(i.e., single demonstrator or multiple demonstrators). Children were introduced to two puppets 

(i.e., two frogs, "Flowery" and "Starry"). After a brief introduction, the second puppet (i.e., 

Starry) was removed from the scene and children were told that Flowery liked some, but not 

other toys. Next, children were familiarized to the toys and were provided labels for them. In the 

singe demonstrator condition, children were shown one puppet (i.e., Flowery) choose five target 

toys out of a transparent box and proceeded to play with them for 10 seconds. Following this, 

Flowery left the scene and the experimenter placed the objects back in the box without the child 

knowing. Flowery was reintroduced a second time and the demonstration was repeated another 
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time. In the multiple demonstrator condition, children were shown Flowery choose the five target 

objects out of the box, play with them and leave the scene. For the second round, however, 

Starry was reintroduced and proceeded to choose the same five target toys as Flowery. During 

the test phase, children in both conditions were asked three questions. First, children were asked 

which toys Flowery preferred. Next, they were asked to make an inference about the preferences 

of an agent from a similar category (i.e., asked what toys a new frog puppet, "Bally” would like). 

For the final question children were asked to infer the preferences of a different agent (i.e., a 

black bird). Children's responses differed significantly across the two types of conditions (i.e., 

number of demonstrators and target ratios). With regard to toy preferences, children in the 

multiple demonstrator condition generalized toy preference across agents of the same kind (i.e., 

frogs), but did not generalize toy preference across different agents (i.e., the frog and bird). 

However, the results further indicated that the frequency of target of toys in a sample population 

of other toys influenced children's responses. Specifically, in the 18% condition, children 

generalized preferences to a different agent (i.e., the bird), while in the 50% and 100% 

conditions, preferences were not generalized across different agents. The authors suggest that 

while children generalized preferences across agents of the same kind, when provided with 

information about frequency, they generalized preference across agents. Thus, the scope of 

inferences about agents' preferences was influenced by social as well as statistical cues. The 

above studies (Diesendruck et al., 2015; Kushnir et al., 2010) and others (Ma & Xu, 2011) 

demonstrate that the ability to track objects and agents based on their occurrence in the 

population emerges within the first two years. 
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A Recap 

 Studies across the different disciplines of psychology have highlighted the role of 

majorities in influencing our behaviours across different contexts and motivations (Cialdini & 

Goldstein, 2004; Levine & Tindale, for reviews; Bond, 2005; Boyd & Richerson, 2009; Haun et 

al., 2012; Haun & Tomasello, 2011). More recently, developmental studies have demonstrated 

that majorities influence behaviour quite early in life (Corriveau et al., 2009; Haun et al., 2012, 

Whiten & Flynn, 2010). While the question of majority influences in infancy is unanswered, 

there is evidence to suggest that a sensitivity to the majority is indeed present early in infancy 

(Kelly et al., 2005; Kinzler et al., 2007; Buttleman et al., 2013). These studies claim that infants 

are sensitive to and prefer characteristics based on frequent exposure to ingroup members. It is 

also likely that infants’ preferences are driven by their familiarity with and understanding of 

relevant actor characteristics, rather than a sensitivity to the majority (Cohen & Haun, 2014). For 

instance, infants may look longer at the native-accented speaker because they understand her 

better than a foreign-accented speaker (e.g., Kinzler et al., 2007; also see Cohen & Haun, 2014). 

However, previous work on infants' propensities for statistical reasoning suggest that infants are 

capable of tracking frequency instances of objects and people to reason about the social world 

(Kushnir et al., 2010; Ma & Xu, 2011). Thus, of interest to the present research is 1) infants' 

sensitivity to a majority in the presence of other conflicting information sources; 2) to examine 

whether the majority influences infants' attention across different contexts. In an environment of 

information vying for our attention, do infants attend to the majority to sift through information 

that is relevant? The present body of work focuses on whether infants selectively attend to the 

majority to guide their own behaviours - visual attention and behavioural preference towards 

different stimuli.  
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The Present Research 

 As an initial investigation into majority influence in infancy, the three manuscripts 

presented in this dissertation, each address different aspects of majority influence. Manuscript 1 

(Chapter 2) examines whether 18-month-old infants' preferences for two novel toys are 

influenced by a majority's preference. Our personal preferences distinguish us as individuals; our 

preferences as a majority form the basis of our culture - behaviour, values, and norms (Boyd and 

Richerson, 2005; Therborn, 1991). Previous work has demonstrated that infants understand the 

subjective nature of preferences (e.g., Buresh & Woodward, 2007; Henderson & Woodward, 

2012) and others' preferences to guide their own behaviours (e.g., Ma & Xu, 2011; Repacholi & 

Gopnik, 1997). Further, recent work with pre-schoolers suggests that pre-schoolers generalise 

shared preferences across individuals belonging to the same category (e.g., Diesendruck et al., 

2015). From a naïve perspective, an appreciation of the majority's preferences is an important 

aspect of sociocultural learning. The experiments in Manuscript 1 examined whether the 

majority's preference for one of two novel toys influences 18-month-old infants' attention. 

Further, will an attentional bias lead to infants selectively choosing the majority toy? 

 Manuscript 2 (Chapter 3), examines three aspects of majority influence. First, examining 

whether a majority influences infant visual attention in ambiguous circumstances. We drew from 

previous research to explore different contexts under which majorities influence our behaviour 

(e.g., Asch, 1956; Bond, 2005; Crutchfield, 1955; Sherif, 1937). Second, examining whether 

social cues (e.g., Over & Carpenter, 2009; Beier & Spelke, 2012) used to signal the majority, and 

frequency information, influence infants' attention. Third, testing whether there is a 

developmental trajectory for majority influence by comparing whether the majority influences 

12- and 19-month-old infants' visual attention.  



 

21 
 

 As a follow-up to Chapter 3, the experiment reported in Manuscript 3 (Chapter 4) 

examines the role that social cues play in infants’ characterization of social groups; specifically, 

whether infants are sensitive to different characteristics that constitute groups. Indeed, previous 

work with infants suggests that infants are sensitive to familiar social group constructs based on 

language and race (Buttleman et al., 2013; Kelly et al., 2005; Kinzler et al., 2007; Kinzler et al., 

2012). More recent evidence suggests that infants as young as 10-months-old have expectations 

of group members' behaviours (i.e., animated geometric shapes) based on proximity and 

synchronous action (e.g., Powell & Spelke, 2013). However, in an environment where there are 

different groups of people with collective preferences, the experiment in Manuscript 3 examines 

various social cues that 19- and 24-month old infants might use to categorise people and form 

expectations of novel groups. We further examine whether infants have a selective preference for 

a specific novel object shown to be preferred by the two groups, depending on group members' 

interactions and similarity with one another. Thus, the experiment in Manuscript 3 familiarize 

infants to two kinds of groups that differ in their collective actions and similarity and examine 

whether 19 and 24-month-old infants are selectively influenced by social markers of similarity, 

proximity and shared actions among group members. The results reported in the three 

manuscripts are summarised and discussed as a whole in a General Discussion (Chapter 5).  

 Evidence from comparative and developmental literature has revealed that researchers 

have utilised several paradigms to measure majority influence in humans and animals, each 

carrying its own set of advantages and disadvantages. However, all are difficult to recruit to 

study majority influence in young children, specifically infants. For instance, in open diffusion 

studies (e.g., Hopper et al., 2011; Whiten et al., 2005; Whiten & Flynn, 2010), dominant, 

prestigious members of a group are typically trained on a novel technique and later reintroduced 
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to their respective groups where, it is assumed, they will demonstrate the technique. The purpose 

of this procedure was to examine how quickly the rest of the group adopted the new technique 

and whether alternative strategies prosper in light of the 'majority strategy'. Results of these 

studies typically find that the rest of the group adopted to adopt novel techniques, thus suggestive 

of majority influence. However, such paradigms expose individuals to the novel strategy alone 

and fail to consider minority strategies. Thus, it is difficult to tease apart whether naïve 

individuals copy the majority strategy or copy the only technique demonstrated to the group 

(Haun et al., 2013).   

 In typical Asch-type paradigms, the opinion of the majority is directly pitted against the 

participant (also see Fusaro & Harris, 2008; Haun & Tomasello, 2011). In other work, 

participants are exposed to both majority (i.e., three individuals) and minority (i.e., one) (e.g., 

Corriveau et al., 2009; Corriveau & Harris, 2010; Corriveau et al., 2013; Haun et al., 2012). In 

these studies participants are shown the majority members express their opinions simultaneously 

after which the minority member's responses are recorded. Importantly, participants are exposed 

to members of the majority all at once. Further, in light of infants' visual preferences for a 

prototypical representative of their ingroup (e.g., Kelly et al., 2005; Kinzler et al., 2007) as well 

as their ability to reason about the social environment using statistical evidence (Kushnir et al., 

2010; Ma & Xu, 2011), it is likely that infants can keep track of actions, behaviours, preferences 

of a majority, even if not presented all together like studies of majority influence (e.g., Corriveau 

et al., 2009; Haun et al., 2012). 

 The paradigm designed to examine majority influence in this body of work differs from 

previous work to suit adaptability in testing infants. Specifically, it aimed to examine majority 

influence as well as examine whether infants consider the frequency of different individuals who 
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belong to a majority. Further, as opposed to exposing infants to dominant or prestigious 

individuals (e.g., Flynn & Whiten, 2010), in a novel situation, the paradigm was designed to 

examine whether naïve infants are influenced by a novel majority group.  

 The novel paradigm. A novel eye-tracking paradigm was developed to examine whether 

infants' visual attention is biased by a majority's preference, and whether a majority guides 

infants' preference for different objects. In this paradigm, the majority was always comprised of 

three individuals whose choices were pitted against one individual; the majority and individual 

actors were differentiated by t-shirt colours. This novel paradigm consists of three phases: 

majority familiarisation, choice events, and test event. The purpose of the majority 

familiarisation phase is to introduce infants to the majority and individual actors in the 

experiment, although the specific nature of group familiarisation differs across experiences and 

will be explained in more detail within each chapter. During the choice event phase, infants are 

shown each member of the majority making a preference known for an object. Crucially, each 

member of the majority is shown in separate clips. Further, we alternated majority actors’ clips 

with the clips showing the individual’s preference for an object. The purposes of this phase are 

two-fold. First, to test whether infants differentially attend to one choice event over the other and 

second, to provide infants with information about which of two objects a majority preferred. 

Since previous work has focussed on presenting children with overall distributions of the 

majority (e.g., Corriveau et al., 2009; Haun et al., 2012), presenting majority and individual 

information sequentially allows for examining whether infants are sensitive to the frequency of 

different individuals in the videos. Further, it also may provide some insight into aspects of the 

majorities that influence infants’ behaviour – that is, do infants pay attention to the frequency of 

the demonstrated outcome, or the individual/s demonstrating them. Finally, in the test phase, 
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infants are presented with a still picture of the objects that had been depicted in the choice event 

videos. The purpose of this phase is to test whether infants’ attention towards one of two objects 

is driven by majority information. If infants glean characteristics of the novel majority during the 

familiarization and choice event phases, we expect infants will have a selective bias to look at 

the ‘majority object’ during the test phase. Using this paradigm, the three manuscripts reported 

here test the extent, group characteristics and the different circumstances in which infants are 

influenced by majority information. 

 Measuring majority influence. Most human endeavours involve processing several 

pieces of information that are all competing to make it into our stream of consciousness. Visual 

attention processes filter irrelevant details and selectively orient our choices, subsequent 

behaviours, and facilitate learning (Amso & Scerif, 2015; Carrasco, 2011). Thus, our attentional 

systems orient and select information for us to process; however, we also get useful cues from 

our social environments that boost the selection process by highlighting relevant cues that filter 

out other confounding stimuli. With respect to social learning, people provide plenty of social 

cues that help us selectively sift through information. Indeed, there is ample evidence of the role 

of social cues (e.g., eye gaze, head turn) and ostensive, referential signals (e.g., eye contact, 

infant-directed speech) in directing infants' attention to relevant aspects of a scene, which further 

facilitates learning (e.g., Beier & Spelke, 2012; Gredebäck, Fikke, & Melinder, 2010; 

Woodward, Sommerville, Gerson, Henderson, & Buresh, 2009; Wu & Kirkham, 2010; Wu, 

Tummeltshammer, Gliga, & Kirkham, 2014). Further, Csibra and Gergely (2009) argue that such 

cues make knowledge about opaque cultural artefacts available for naïve learners (such as 

infants). 
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 Previous developmental work on majority has been based on preschool children's 

responses to questions and performance on behavioural tasks (e.g., Corriveau et al., 2009; Haun 

et al., 2012). However, this approach may be challenging to adapt with infants. Measuring visual 

attention has shed insight into various aspects of infants' reasoning and developing cognitive 

abilities across various domains. Thus, the scope of this work primarily is to examine a 

psychological phenomenon - visual attention; specifically, whether infant visual attention is 

biased in favour of the majority. Further, extant literature with pre-schoolers and infants provide 

indicates that children are selective when considering whom to learn from (e.g., Buttleman et al., 

2013; Corriveau & Harris, 2009; Henderson, Sabbagh, & Woodward, 2012; Kinzler et al., 2012; 

Koenig & Harris, 2005). However, among the multitude of information sources, do infants 

prioritize and attend selectively to certain sources over others? If so, what cues do infants 

specifically attend to? The present body of work aims to extend this literature by pitting 

information provided by a majority against that of an individual whilst examining infants' 

selective attention and subsequent behaviour. 

Concluding Remarks 

 Previous developmental research demonstrates that 2-year-old children follow the 

majority in novel learning contexts (e.g., Corriveau et al., 2009; Corriveau & Harris, 2010; 

Corriveau et al., 2013; Haun et al., 2012). The present body of work aims to extend this literature 

by investigating whether majority influences are seen earlier in development. Majorities govern 

many aspects of our socio-cultural lives. From a naïve learner's point of view, giving credence to 

majority behaviours may prove beneficial in order to be successful participants within one's 

social milieu, and future partakers of social and cultural knowledge. 
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Chapter 2 

Does a majority guide 18-month-old infants' visual attention for novel toy preferences? 

Sweta Anantharaman and Annette M.E. Henderson 

This chapter is in preparation to be submitted for publication 
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 Our personal preferences make us unique as individuals - a preference for the kind of ice-

cream we like, the car we drive, book or movie genres we prefer. There are also preferences that 

characterize us as a majority - for instance, a majority preference for eating using spoons versus 

chopsticks. Appreciating both facets of preferences is important for individuals to have 

successful social interactions as well as fostering a sense of belonging that helps one integrate 

into the cultural milieu (Therborn, 1991). Indeed, many social norms and conventions based on 

majority preferences are passed down through generations by way of collective behavioural 

repertoires (Boyd & Richerson, 2005). As such, majorities influence our behaviour across 

different aspects of our lives, from fashion trends to the conventional behaviour that define our 

societies and cultures (Boyd & Richerson, 2005; Haun, van Leeuwen, & Edelson, 2013). 

Majority preferences, in particular, influence various facets of social, political, and economic 

outcomes that substantially impact our daily lives (Guiso, Sapienza, & Zingales, 2006), 

regardless of our defining individualistic preferences. For instance, migrants moving to a new 

country who adopt local sociocultural customs and norms laid out by the majority in the adopted 

country, for the most part, would find integration easier. The goal of the present research is to 

examine whether 18-month-old infants' attention and toy preferences are biased by a majority's 

preference for a novel toy when pitted against a lone individual's preference. 

 In a world filled with numerous, and sometimes, an overwhelming amount of choice, 

keeping track of majority preferences may be a quick short-cut in guiding one's behaviour. As a 

method of social learning, copying the majority increases behavioural efficiency as individuals 

do not have to spend time on learning sociocultural artefacts from scratch (Boyd & Richerson, 

2009). Festinger (1950) proposed that majorities help construct a social reality, which validate 

shared beliefs and attitudes of its members. Indeed, majority influence in different contexts has 
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been documented in adults, specifically when uncertainty is high (e.g., Coultas, 2004; Morgan et 

al., 2012). Further, its influence starts early in development (Corriveau, Fusaro & Harris, 2009; 

Corriveau & Harris, 2010; Corriveau, Kim, Song, & Harris, 2013; Haun, Rekers, & Tomasello, 

2012). For instance, in object labelling contexts, 3-year-old pre-schoolers selectively choose new 

object labels expressed by a majority (or perceived majority) versus a lone dissenter (Corriveau 

et al., 2009; Fusaro & Harris, 2008). Further, 2-year-old children are more likely to copy the 

actions demonstrated by the majority than they are the actions demonstrated by an individual in 

retrieving a reward from a box (Haun et al., 2012, 2014). Together, these studies suggest that 

young children selectively use majority information to guide their knowledge acquisition and 

behaviour. While previous research demonstrates behavioural biases towards a majority in pre-

schoolers, whether these biases are present earlier in development is not known to our 

knowledge. Thus, from a social learning perspective, does the majority guide infants' attention 

and behavioural preference when presented with a novel choice?  

 Knowledge of our own and others' preferences influences facets of our daily behaviour 

(Fawcett & Markson, 2010). For instance, assuming personality and attitudes are markers of 

general preferences, adults tend to prefer others who are similar in personality (e.g., Botwin, 

Buss, & Shackelford, 1997) and attitudes (e.g., Miller, 1972). Moreover, preferences for different 

stimuli emerge fairly early in life. Very young infants have visual preferences for patterned as 

opposed to simple stimuli, dynamic as opposed to static stimuli (see review, Richards, 2010), and 

prefer hearing their caregivers' voices over strangers' (Spence & Freeman, 1996). As children 

grow older, preferences extend to toys, food, and other objects (e.g., Fawcett & Markson, 2010; 

Repacholi & Gopnik, 1997). While it is likely that these preferences emerge due to individual-
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specific factors, of interest is whether preferences emerge, in part, through sensitivities to the 

majority early in development?  

Extant literature in developmental psychology demonstrates that early learners are 

especially adept at using various social learning strategies and selectively learn from people to 

acquire a wide range of knowledge regarding conventions (Corriveau et al., 2009; Henderson, 

Sabbagh, & Woodward, 2012; Kinzler, Dupoux, & Spelke, 2012) and actions (Buttleman, Zmyj, 

Daum, & Carpenter, 2013; Haun et al, 2012). As such, past evidence provides reason to suspect 

that infants might be sensitive to majority-level information. Evidence from preferential looking 

time studies suggests that infants are sensitive to majority characteristics; that is, the frequent 

instances of a category. For instance, infants as young as three months look longer at people of 

their own race (Kelly et al., 2005), and 6-month-old infants preferentially look at speakers of 

their own language (Kinzler, Dupoux, & Spelke, 2007). These early preferences pave the way for 

selective learning from people who are relevant sources of cultural information. For instance, 10-

month-old infants selectively pick toys from native language speakers rather than foreign 

language speakers (Kinzler et al., 2012; also see Shutts, Banaji, & Spelke, 2010 for evidence 

with pre-schoolers). Results from a study by Buttleman et al. (2013) indicated that 14-month-old 

infants faithfully imitated an experimenter who shared infants' language as opposed to a foreign 

language speaker (but see Howard, Henderson, Carrazza, & Woodward, 2014). Thus, there is 

evidence to suggest that infants are attuned to different features of their social environments and 

have a selective preference for individuals who are part of their in-group insofar as they share 

characteristics with the majority. Just as individual preferences help us make inferences about a 

person, being aware of a majority's preference can aid naive observers to selectively respond to 
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important aspects of their environments. Further, being sensitive to majority preferences would 

benefit naive individuals in learning about their immediate sociocultural surroundings. 

 Infants and young children can also keep track of regularities in others’ behavioural 

patterns to form expectations of agents' preferences (Buresh & Woodward, 2007; Diesendruck, 

Salzer, Kushnir, & Xu, 2015; Henderson & Graham, 2005; Henderson & Woodward, 2012; 

Kushnir, Xu, & Wellman, 2010; Ma & Xu, 2011) and behaviour (e.g., Repacholi & Gopnik, 

1997). For instance, 9- and 12-month-old infants use an agent’s positive affect towards one of 

two objects to form expectations about that agent’s object preferences and expect that agent to 

continue to prefer the same object. If a new agent is introduced, infants do not expect object 

preferences to be shared across different agents (Buresh & Woodward, 2007; Henderson & 

Woodward, 2012; Woodward et al., 2009, for a review). With older children, using a modified 

version of Repacholi and Gopnik’s (1997) paradigm, Ma and Xu (2011) tested whether children 

used statistical evidence to reason about others' preferences. Children's preferences for one of 

two objects were recorded along with their initial beliefs on what an adult would like. Most 

children judged the adults' preferences to be in line with their own preferred object. However, 

upon being shown the adult's preference for a boring object (i.e., a different object from the one 

the child liked), they found that 2-year-old children, and to an extent, 16-month-old infants, were 

capable of inferring that preferences are individualistic. Yet, there is also evidence that young 

children generalise preferences across individuals (Diesendruck et al., 2015; Shutts, Banaji, & 

Spelke, 2010). For instance, Disesendruck et al. (2015) found that pre-schoolers used a 

combination of social and statistical cues to infer preferences across agents. Specifically, when 

children were shown multiple agents having a strong preference for an object among others, pre-

schoolers generalized that preferences were shared across agents (Diesendruck et al., 2015).  
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 While the studies discussed above relate to children's expectations of others' preferences, 

there is further evidence, which demonstrates that infants use knowledge of an agent’s 

preferences to guide behaviour in a choice task. For instance, Repacholi and Gopnik (1997) 

demonstrated that 18-month-old infants gave food items to an experimenter based on the latter's 

subjective preference. Furthermore, children as young as two years selectively choose toys from 

actors who were shown to share children's preferences across related categories (Fawcett & 

Markson, 2010). Children were shown two experimenters who held opposing preferences during 

training trials. Children were given both toys to play with and their preference for each toy was 

coded (total time taken in playing with as well as attention towards both toys) and it was found 

that most children had a preference for 'fun toys', which aligned with one of the experimenters. 

In the test trials, when children were given a choice between a toy and a book (related category 

preference) by both experimenters, children were more likely to choose the objects from the 

experimenter whose preference aligned with children's earlier preferences. This suggests that 

children use knowledge of shared preferences to guide their own behaviour. The emerging 

picture of an early understanding of preferences suggests that infants as well as young children 

attribute preferences to agents and know that preferences are relatively stable (see Baillargeon et 

al., 2015 for a review). Further, while infants and pre-schoolers appreciate the individualistic 

nature of preferences (Buresh & Woodward, 2007; Henderson & Woodward, 2012), work with 

pre-schoolers suggests that they also expect preferences to be shared across multiple agents 

belonging to a specific category (Diesendruck et al., 2015; Shutts et al., 2010). Finally, 

knowledge about others' preferences influencing children's behaviour emerges by the second 

year of life (Fawcett & Markson, 2010; Ma & Xu, 2011; Repacholi & Gopnik, 1997).  
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 However, extant literature on infants' understanding of preferences typically base their 

findings solely on expectations infants have of others' preferences (e.g., Buresh & Woodward, 

2007; Henderson & Graham, 2005; Henderson & Woodward, 2012). Further, research that has 

demonstrated that infants use knowledge of preferences to guide their behaviours, have 

examined whether infants change their assumptions of others' preferences (e.g., Ma & Xu, 2011; 

Repacholi & Gopnik, 1997).The few studies that have been conducted to examine whether 

infants' use social information to guide their own behaviours typically pit information of one 

agent against another (e.g., Kinzler et al., 2012).What is not known, to our knowledge, is 

whether infants' own preferences can be influenced by others' behaviour, and of relevance, when 

majority preference is pitted against the preference of an individual.  

 Here, we examine whether 18-month-old infants' object preferences are guided by a 

majority. Across two experiments, infants were familiarized to video clips of four actors 

demonstrating a preference for one of two novel toys. Novel toys instead of familiar toys were 

chosen to control for the possibility of infants' bias and preference towards familiar items. 

Critically, three actors wearing the same coloured t-shirt formed a majority by showing a 

preference for the same toy across trials, while a fourth actor (wearing a different coloured t-

shirt) expressed an individual preference for the other toy. For the test trial, infants were shown a 

picture of the two novel toys and their visual attention towards the toys was measured. Of key 

interest was whether, or not, infants would demonstrate a visual preference (Experiments 1 & 2) 

and/or a behavioural preference (Experiment 1) towards either of the toys. On the one hand, we 

reasoned that, if infants prioritize majority information, we expected them to spend more time 

looking towards and subsequently choose the toy that had been preferred by the majority. On the 
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other hand, if preferences are individual-specific, we expected infants' looking time or toy choice 

would not be biased by toy preferences of the majority or the individual. 

 Previous work on majority influence has used behavioural techniques (e.g., Corriveau et 

al., 2009; Corriveau & Harris, 2010; Corriveau et al., 2013; Haun et al., 2012, 2014) with pre-

schoolers. We created a novel eye-tracking paradigm to measure visual attention preference as 

well as recorded infants' behavioural preference for the two novel toys. A large body of research 

indicates the importance of visual attention in selecting stimuli among an otherwise crowded 

visual stream entering our consciousness (Colombo, 2001; Desimone & Duncan, 1995). Further, 

selective attention guides an individual's subsequent behaviours and goal-directed activities 

(Desimone & Duncan, 1995; Pashler, 1998). In the context of the present experiments, a visual 

attentional measure allows us to ascertain whether infants encode majority and individual 

information comparably. This possibility would also allow for adapting the paradigm to test 

younger infants. By investigating whether a majority influences infants’ visual and behavioural 

preferences, the present research provides a first step in examining the influence that majorities 

can wield in driving behaviour early in life.  

Experiment 1 

Method 

 Participants. Thirty-two 18-month-old infants (16 females; Mage = 18 month, 18 days; 

age range = 17 months, 15 days to 19 months, 20 days) were recruited from a database of 

families interested in participating in developmental research in a large Australasian city. Parents 

reported their infants as belonging to the following ethnic groups: Caucasian (n = 20), Asian (n = 
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2), Mixed (n = 9), and Preferred not to answer (n = 1). All infants received a toy and parents 

were given a $10 gift voucher for their participation.  

 Stimuli and procedure. The stimuli for the present experiment consisted of two still 

images and six video clips. One of the still images was a photo of the four actors who completed 

the familiarization event and the second was of the two novel objects that appeared throughout 

the experiment (see Figure 1). The video clips consisted of two types of choice events - a 

majority choice event and individual choice event (described below). For the behavioural task, 

the same two objects shown during the eye-tracking phase was presented to infants. 
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Figure 1. Example of the procedural sequence followed for the eye-tracking task. At baseline, 

infants were first shown a still picture of the novel toys followed by a still picture of four female 

actors. This was followed by the choice phase where infants were shown two types of choice 

events. For the individual choice event, infants saw the same actress across three trials 

throughout. For the majority choice event, infants saw a different actor across three trials. 

Finally, in the test phase, infants were shown the still pictures of the two novel objects and 

actors. Note: The overlaid areas of interest (AOIs) did not appear in the actual events. 

 After completing the consent procedures, parents and infants were escorted to the eye-

tracking room. Infants sat on their parent’s lap or in a highchair approximately 64 cm away from 

the Tobii T120 eye-tracker at a sampling rate of 120 Hz (Tobii Studio Version 3.2.2, Sweden). 

After completing a 5-point infant calibration procedure, all infants participated in the following 

procedure.  
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 Behavioural task 1. To identify infants’ initial object preference, infants were presented 

with two novel toys on a tray (see Figure 1). The experimenter then said, ‘which one?’ to 

encourage infants to select a toy. The toy that was first touched, or first grasped, was recorded by 

an independent live coder who was blind to condition. After infants played with the selected toy 

for 10 seconds, the experimenter retrieved the toy and gave infants the other toy. After 10 

seconds had elapsed, the experimenter hid both toys behind a screen, the coder left the room, and 

the next task began.  

 Eye-tracking task. The eye-tracking task comprised of three phases. In the baseline 

phase, infants were first shown a photo of the two novel toys from the first behavioural task. The 

toys appeared on the same sides as they had during the behavioural task. Next, infants were 

shown photo of four females who they would later see in the choice event phase (see Figure 1). 

Both photos were presented for 12 seconds. 

 In the choice event phase, infants were shown a series of videos in which one of the four 

female actors (from baseline) demonstrated an object preference by looking at and selecting one 

of the two novel objects. The clip began with the actor seated with her head down at a table on 

which the two toys from the behavioural task were placed. The sequence of events was as 

follows: 1) after an attention-grabbing sound, the actor looked up, smiled, and said “hi”, 2) 

looked at one of the two novel toys on the table and demonstrated positive regard (‘Ooh’), 

grasped the toy, moved it closer to her and said, ‘Mmmm’, while still looking at the toy (Figure 

1). At this point, the clip froze and stayed on the screen for 10 seconds. All infants were shown 

two types of choice events of similar duration: the majority choice event and the individual 

choice event. For the majority choice event, one actor from the majority (i.e., wearing the same 

coloured shirt as two of the other actors) showed a preference for one of the toys. For the 
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individual choice event, an actor who was wearing a different coloured t-shirt from the majority, 

showed a preference for the other toy. Infants were shown three pairs of each type of choice 

event in alternation twice, with an attention grabber interspersed to mark the end of the first three 

choice event pairs. The order of presentation (majority or individual first), toy side, and majority 

shirt colour were counterbalanced across four scripts. 

 In the test phase, infants were shown the exact same photo of the two toys and the photo 

of the four female actors that they had been shown at baseline for 12 seconds.  

 Behavioural task 2. In this task, infants were first presented with the two toys (seen 

throughout the experiment) on a tray on the same side as in the previous phases. As in 

behavioural task 1, the experimenter asked the infant to select a toy (i.e., “which one?”). After 

infants selected a toy, the experimenter retrieved the toy and took the toys back behind the 

screen. The side of the tray that the toys were on was switched. The experimenter then 

reintroduced the toys and encouraged the infant to make a selection again. Infants’ toy choices 

were recorded by the same coder who had re-entered the room after the eye-tracking task.  

 Data reduction. Raw data was processed using Tobii Studio’s I-VT fixation filters. For 

preliminary analyses, static areas of interest (AOIs) were created to test whether infants allocated 

similar levels of attention to the actors during baseline (Baseline actors: 454 px x 285 px) and the 

actors and toys during the choice events (1014 px x 945 px). AOIs were created such that actors’ 

faces, shirt colour, and the toys were identifiable. For the focal analyses, two same-sized (274 px 

x 351 px) AOIs were created for the baseline and test event stimuli (see Figure 1), which allowed 

for a measure of the duration of the trial that infants spent looking towards each of the two toys. 

A majority toy preference score was calculated for each phase (i.e., baseline and test) was 
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calculated by dividing the total duration of time infants looked at the majority toy by the total 

duration infants looked at both novel toys during each phase. 

Results 

 Preliminary analyses examined whether the key counterbalanced factors influenced 

infants' looking time to the choice events. A preliminary analysis revealed no effects of sex for 

the choice events and thus, this analysis was collapsed. As normality was violated with respect to 

choice events, the reported F values are based on Greenhouse-Geisser corrections. A 6 (choice 

event trial) x 2 (choice event type: majority, individual) x 4 (script) x 2 (majority toy: orange, 

purple) mixed design ANOVA revealed a main effect of trial, F(4,90) = 22.77, p <.001, η2
p = 

.48, confirming that infants' looking time towards the choice events decreased over time. 

However, this main effect was qualified by a two-way interaction between type and script, F(3, 

24) = 4.47, p = .012, η2
p = .35, and a four-way trial x type x group toy x script interaction, 

F(11,87) = 18.76, p = .03, η2
p = .20. 

 To follow up the four-way interaction, a 6 (choice event trial) x 2 (type: majority, 

individual) x 4 (script) was conducted by for each toy (orange and purple). When the orange toy 

was the majority-preferred toy, there was a main effect of trial, F(5,60) = 12.28, p <.001, η2
p = 

.5, suggesting that infants' average looking time towards the choice events decreased as trials 

progressed. There was also an interaction between type and script, F(3,12) = 3.7, p =.043, η2
p = 

.48. Follow-up simple effects test were not statistically significant (majority: F(3,12) = 0.87, p 

>.1, or individual: F(3,12) = 0.44, p>.1. However, paired sample t-tests revealed that for infants 

in scripts depicting the majority event first and when majority actors wore red t-shirts, infants 

looked longer at the fifth (M = 13.18, SE = 1.05), t(3) = 25.75, p < .001, Cohen's d = 12.49, and 
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sixth choice event trials (M = 13.79, SE = .89), t(3) = 4.91, p =.016, Cohen's d= 4.28, completed 

by majority actors compared to the fifth and sixth individual choice event trials (M = 11.08, SE = 

1.05 and M = 7.1, SE = 2.05 respectively).For the purple toy, there was a main effect of trial, 

F(5,60) = 10.97, p <.001, η2
p = .47, suggesting that infants' looking time towards the choice 

events decreased over time. No other effects reached statistical significance (p’s >.1). 

 The results of the preliminary analyses are important for two main reasons. Firstly, the 

statistically significant main effects of the trial suggest that infants received sufficient exposure 

to the choice events. Secondly, infants in one of the scripts looked longer at the last two choice 

events completed by the majority actors possibly due to novelty effects of different actors 

comprising the majority compared to the same individual actor across trials. Thus, longer 

looking could possibly be suggestive of infants' sensitivity to the different actors of the majority. 

However, this was only for the orange toy. For the remainder of infants, decreasing looking 

times toward trials and the absence of any significant differences between the majority and 

individual choice events suggests that infants were similarly attentive to both types of trials 

despite infants being presented with alternating actors in the majority choice events. The 

presence of this interaction required that script be included in the subsequent focal analysis. 

The first focal analysis was conducted to test whether infants demonstrated a bias 

towards the majority-preferred novel object in the test phase compared to the baseline phase. If 

infants are sensitive to majority preferences, we expected that they would be more likely to 

demonstrate a bias (i.e., proportion of looking time towards the majority toy > .50) towards the 

majority toy at test than they were at baseline. To investigate this question, a 2 (trial: baseline, 

test) x 2 (gender: male, female), x 4 (script), x 2 (group toy: orange, purple) mixed design 

ANOVA with trial as the within subject factor was conducted on the proportion of time infants 
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spent looking towards the majority-preferred toy. The ANOVA revealed a statistically significant 

main effect of group toy, F(1,16) = 19.35, p < .001, η2
p = .54, suggesting that infants generally 

looked longer at the orange toy when it was the group toy (M = .58, SE = .02), than they did at 

the purple toy when it was the group toy (M = .42, SE = .02). The two-way interaction between 

trial and gender was significant, F(1,16) = 4.86, p =.042, η2
p = .23 , as well as the three-way 

interaction between gender, group toy and script, F(3,16) = 3.58, p = .037, η2
p = .4.  

 To follow-up these effects, we conducted a 2 (trial: baseline, test) x 2 (group toy: orange, 

purple) x 4 (script) mixed design ANOVA for each gender. For females, the only significant 

effect was a main effect of group toy, F(3,8) = 7.35, p = .027, η2
p= .47, suggesting that females 

showed a looking time preference when the orange toy was the group toy (M = .58, SE = .04), 

compared to when the purple toy was the group toy (M = .43, SE = .04). For males, there was 

also main effect of group toy, F(3,8) = 13.84, p = .006, η2
p= .63. As was the case with females, 

males showed a looking time preference when the orange toy was the group toy (M = .57, SE = 

.03), compared to the purple toy was the group toy (M = .41, SE = .03). There was also a two-

way interaction between group toy and script, F(3,8) = 5.21, p = .028, η2
p = .66. Results of a 

follow-up paired samples t-tests revealed no significant effects for three out of four scripts, all p's 

> .1 Infants who were shown the individual event first, where the majority's preferred toy was 

orange, looked longer at the orange toy at test (M = .65, SE = .00) compared to baseline (M = .39 

SE = .02), t(1) = 11.06, p = .057, Cohen's d = 4.33 . 

 The focal analyses did not reveal a significant shift in infants’ visual attention towards the 

majority-preference toy from baseline to test (also see Figure 2). Despite an indication of the 

majority biasing attention among a subset of male infants, nonparametric tests revealed no 
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significant effects, p > .1. Thus, the overall results suggest a preferential bias for the orange toy 

across infants.  

Table 1 

Infant toy choice (number of infants) across behavioural task 1 (Experiment 1) and behavioural 

task 2 (Experiment 1 and 2) split by preferred majority toy. 

ORANGE TOY PURPLE TOY  
                       Experiment 1 

Chosen 

Toy 

Behavioural 

Task 1 

(Baseline) 

Behavioural 

Task 2 

(Same) 

Behavioural 

Task 2 

(Switch) 

Behavioural 

Task 

1(Baseline) 

Behavioural 

Task 2 

(Same) 

Behavioural 

Task 2 

(Switch) 

      

Orange 9 14          11                     13 

 

11 12 

Purple 7 1           4                       3 

 

5 3 

No 

Selection 

0 1           1                       0 

 

1 1 

N 16 16           16                     16 16 16  

                        Experiment 2  

Chosen 

Toy 

Behavioural  

Task 

(Same) 

Behavioural 

Task(Switch) 

 Behavioural 

Task 

(Same) 

Behavioural 

Task 

(Switch) 

 

Orange 

 

 

                   10 

   

8 

 

9         10 

Purple 

 

                     4           2 7 4 

Both 

 

                     0           2  0 0 

No 

Preference 

                     2           2 1 3 

N                    16          16 16 16 

 

 Next, we conducted a series of analyses considering infants’ toy preferences 

demonstrated on the behavioural tasks. Table 1 summarizes infants' toy choices for behavioural 

basks 1 and 2. Two questions were examined: 1) Did infants as a group demonstrate an initial 
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preference for a particular toy? 2) Did infants’ preferences change after viewing the choice 

events? Regarding the first question, in behavioural task 1, 22 out of 32 infants picked the orange 

toy, χ2(1) = 4.5, p = .034. Thus, with respect to the first question, infants were significantly more 

likely to select the orange toy during the first behavioural task than they were the purple toy. In 

behavioural task 2, toys were presented to infants twice; in the first trial, the toys were placed on 

the same side they had been on during the first behavioural task and eye-tracking events. 

Twenty-five out of 32 infants picked the orange in trial 1, χ2(2) = 30.06, p <.001. For the second 

trial, the sides of the toys were switched. This was done to ascertain whether infants had a clear 

preference for either toy. If infants had a clear preference for a toy, then they would choose the 

same toy as they had in trial 1. A total of 23 infants chose the orange toy in trial 2, χ2(3) = 40.5, p 

< .001. Thus, children as a group were more likely to select the orange toy across the behavioural 

tasks.   

 To answer the second question of whether infants changed their choice based on the toy 

preferred by the majority in the choice events. When the majority-preferred toy was orange, a 

non-parametric chi square test indicated that the number of infants who chose the orange toy 

over the purple toy at behavioural task 1 was not significant, p >.05. However, in both trials of 

behavioural task 2, the number of infants who chose the orange toy over the purple toy was 

significant, trial 1: χ2(2) = 21.12, p < .001; trial 2: χ2(2) = 9.87, p =.005. When the majority-

preferred toy was purple, in behavioural task 1, infants were significantly less likely to choose 

the purple toy at behavioural task 1, χ2(2) = 6.25, p = .012. In trial one of behavioural task 2 

(same side), there were no significant effects; however, in trial 2, infants were significantly less 

likely to choose the purple toy, χ2(3) = 12.87, p = .002. The overall results from both behavioural 

tasks suggest that the choice events influenced infants' preference for the majority toy to a certain 
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extent. Specifically, infants who were shown choice events when the majority-preferred toy was 

the orange toy shifted their initial preference to select the orange toy during behavioural task 2. 

However, supplementing the results from looking time measures during choice and test events, a 

general looking time preference for the orange toy has to be accounted for to conclusively 

indicate a majority preference for these infants.  

 Finally, we conducted several correlations to examine whether there was a link between 

the majority influencing infants' toy choice at behavioural task 2 and longer looking times to the 

majority toy. Overall, there were no significant effects in both trials of behavioural task 2. 

Further analyses were conducted for each toy across both trials. In Trial 1, when the majority-

preferred toy was the orange toy, there were no significant relationships between infants' toy 

choice and looking times, p >.05. However, when the majority-preferred toy was purple, looking 

times were negatively correlated to infants' toy choice. That is, when the majority-preferred toy 

was purple, infants who looked longer at the purple toy at test were less likely to choose the 

purple toy during the behavioural task, r = -.689, p = .003. There were no significant effects in 

the generalisation trial (i.e., Trial 2), p >.05. 

Discussion 

 Taken together, the results of Experiment 1 suggest that 18-month-old infants are not 

biased by the majority's preference. Neither infants’ visual attention nor toy preference choices 

were influenced by the majority's toy preference. In fact, the results for both the looking time and 

behavioural measures suggest that the orange toy was more preferred than the purple toy. Our 

findings support the possibility that, regardless of the information source (majority or 

individual), infants this age do not use information about a subjective domain (i.e., any person’s 
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object preference) to alter their behaviour. Indeed, this possibility aligns with the results of 

previous work, which has shown that infants do not expect preferences to be shared across 

individuals (Buresh & Woodward, 2007; Csibra & Gergely, 2009; Gergely, Egyed, & Kiraly, 

2007; Graham, Stock, & Henderson, 2007; Henderson & Graham, 2005; Henderson & 

Woodward, 2012; Repacholi & Gopnik, 1997). Crutchfield (1955) reported that while adults 

succumbed to majority influence on various items in his study, the items that were most resistant 

to majority influence were those that required a subjective preference. Thus, in light of the 

idiosyncratic nature of preferences, it is not surprising that the initial toy familiarization may 

have influenced 18-month-old infants' looking times and subsequent toy choice.  

Previous work suggests that young children are indeed capable of ascribing shared 

preferences across people (e.g., Diesendruck et al., 2015; Fawcett & Markson, 2010). For 

example, Fawcett and Markson (2010) tested whether 2-year-old children's subsequent 

preferences for objects across different categories would align with an experimenter who 

preferred the same object that children had showed a preference for at baseline. The results of 

this study indicated that 2-year-old children's subsequent choices were influenced by the 

experimenter with whom they shared an initial preference. As such, our findings seemingly 

contradict this previous work. It is possible that differences in elements of experimental 

procedure may have influenced infants' preferences. Importantly, children were first shown the 

two experimenters' choice of objects and then given an opportunity to make their own preference 

known (Fawcett & Markson, 2010). In the case of the current experiment, infants' preferences 

were first recorded and the actors' preferences shown after. Thus, the results of Experiment 1 

demonstrated that opposing preferences between the majority and an individual did not bias 18-

month-old infants' preferences (as measured by visual attention or object choice).  
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Two possible reasons for the unexpected findings are that: 1) infants may have had an a 

priori preference for the orange toy, or 2) the toy familiarization before the eye-tracking task may 

have influenced the extent to which infants used the majority preference information to guide 

their own preferences. The toy familiarization task may have contributed to biasing infants’ 

preferences towards a particular toy even before infants were shown the choice events. Thus, the 

toy familiarization phase may have made it less likely that infants would need to look for social 

sources to form their preferences for novel toys. This possibility is supported by the fact that 

infants did seem to form clear preferences in behavioural task 1 (i.e., most infants chose the 

orange toy) and these preferences were difficult to reverse following the choice events. This is 

consistent with previous research on children’s word-learning, which has shown that pre-

exposing 2-year-olds to novel objects increases the chances that they will assign novel object 

labels to those objects as opposed to another novel object that was never presented (e.g., 

Graham, Turner, & Henderson, 2005). Thus, while our research question was designed to 

investigate whether, or not, infants used majority information to guide their preferences, our 

novel paradigm might seem to have the unintended consequence of making it less likely that 

infants would seek information from others about preferences. Since an initial preference for one 

toy over the other (and in most cases that preference was the orange toy) may have reduced the 

relevance for infants to seek and attend to majority information during the choice event phase, in 

Experiment 2, we removed the toy familiarization phase from the procedure. In so doing, we 

were able to test whether infants' attention would be biased by the majority's choice between two 

novel toys without infants having any prior physical experience with the objects in question.  
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Experiment 2 

As the behavioural task in Experiment 1 may have contributed to a possible preference on 

the infants' part (bias for the orange toy), the initial behavioural preference phase was removed 

from this experiment to examine whether, as naive observers, infants' subsequent attentional 

preference is biased by a majority. 

Method 

 Participants. Thirty-two 18-month-old infants (16 females; Mage = 18 months, 8 days; 

age range = 17 months, 21 days to 20 months, 2 days) were recruited from a database of families 

interested in participating in developmental research in a large Australasian city. Parents reported 

their infants as belonging to the following ethnic groups: Caucasian (n= 25) and Mixed (n = 7). 

All infants received a toy and parents were given a $10 gift voucher for their participation.  

 Stimuli and procedure. With the exception of the removal of the first behavioural phase, 

the stimuli and procedure were identical to that used in Experiment 1. 

Results and Discussion 

 A 6 (trial) x 2 (type: majority, individual) x 2 (infant gender: male, female) x 4 (script) x 

2 (group toy: orange, purple) mixed design ANOVA was conducted to examine whether there 

were any effects of counterbalancing on infants' attention to the choice events. As expected, there 

was a significant main effect of trials suggesting that infants' looking times to choice events 

decreased over time, F(5, 80) = 17.07, p < .001, η2
p = .51, no other effects reached statistical 

significance (p > .05). Importantly, there were no interactions involving scripts and group toy 

suggesting that seeing the majority or individual events and toys did not influence infants’ 

attention to the trials over time.  
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Figure 2. Looking time proportion at the majority toy at baseline and test events across both 

Experiments. A looking time >.50 suggests a majority bias.  

 Of interest to the focal analysis was to examine whether infants demonstrated an 

attentional bias towards the majority-preferred novel object. Specifically, whether preferential 

attention towards either toy influenced in infants' pattern of looking at still trial events at baseline 

and test, regardless of whether infants were shown majority or individual events first during 

choice events. If infants are sensitive to majority preferences, we expected that infants would be 

more likely to demonstrate an attentional bias (i.e., proportion of looking time towards the 

majority toy > .50) towards the majority toy at test than they were at baseline. As infants’ gender 

did not contribute to any significant main effect or interaction in the preliminary analysis, the 

analyses were conducted collapsed across infant gender, p > .1. A 2 (still trial: baseline, test) x 2 

(group toy: orange, purple) x 4 (script) mixed design ANOVA revealed a marginal main effect of 

still trial F(1,28) = 3.59, p = .07, η2
p = .13. On average, infants looked longer at the majority toy 

at test (M = .49, SE = .02) than at baseline (M = .44, SE = .01) (also see Figure 2). There was also 

n.s. 
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a significant main effect of group toy, F(1, 28) = 59.92, p < .001, η2
p = .68. Infants looked longer 

at the orange toy (M = .57, SE = .02) than the purple toy (M = .36, SE = .02). No other main 

effects or any of the interactions reached statistical significance. 

 Further, non-parametric tests indicate that infants' attentional shift of proportion time 

looking at the majority toy at baseline and test was significant, providing further evidence of an 

attentional bias towards the majority toy, Z = 2.11, p = .03. 

 To examine whether attention guides subsequent behavioural preference to the novel 

toys, two trials of a behavioural preference task was administered after the eye tracking phase 

(similar to Experiment 1). Overall, a nonparametric chi square test revealed that a significant 

number of infants chose the orange toy across both rounds of the behavioural task (same side: 

χ2(2) = 10.56, p =.005; switch side: χ2(3) = 21.25, p < .001). The next step was to examine 

whether the toy preferred by the majority in the choice events influenced infants' choice across 

the two trials of the behavioural task. When the orange toy was the majority-preferred toy, a 

significant number of infants chose the orange toy (Trial 1: χ2(2) = 6.5, p =.039; Trial 2: χ2(3) = 

12, p = .007). There were no significant findings for infants who were shown events where the 

preferred majority toy was purple, p >.05. Thus, the results from the behavioural task indicate 

that infants who were shown the orange toy as the majority-preferred toy chose the orange toy. 

Infants' choice could likely suggest that the majority influenced infants' toy choice in the 

behavioural task.  

 Finally, to determine whether infants' longer looking times towards the majority toy at 

test was related to their toy choice during the behavioural task, Spearman's correlation for both 

toys indicated that infants who looked longer at the majority toy at test were more likely to 
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choose the majority toy across both trials of the behavioural task (Trial 1: r = .39, p = .027; Trial 

2: r = .43, p = .014).  

 Taken together, the results of this experiment provide some evidence that the majority 

biased infants' attention and subsequent toy choice behaviour. The likelihood of the toy 

familiarization phase in Experiment 1 influencing infants' subjective toy preference could have 

interfered with infants' attention towards the majority's preference during the choice events. To 

address this issue, in Experiment 2, the initial familiarization task was removed to decrease the 

chances of infants forming an initial preference for any toy. While we acknowledge that some 

caution is needed given that only the non-parametric analyses reach statistical significance, 

comparing the findings of Experiment 2 with those of Experiment 1 suggests that infants were 

more likely to be biased by majority information when they did not have any exposure to the 

novel stimuli. Further, support for majority preference influencing infants' preference is 

strengthened by the correlation analysis that indicated a positive relationship between looking at 

the majority toy and an overall behavioural preference for the majority toy. Although the results 

revealed some evidence that infants were influenced by the majority's preference (both looking 

time and behavioural task 2), a general preference for the orange toy as indicated by looking time 

data may have contributed to the overall weak effects. 

General Discussion 

 Majority behaviours and preferences guide many behaviours in our daily lives and form 

the basis for established norms across different cultures and societies. Indeed, selectively 

attending to majority information occurs early in development (e.g., Corriveau et al., 2009; 

Corriveau & Harris, 2010; Corriveau et al., 2013; Haun et al., 2012, 2014), yet little is known 
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about the extent to which majority information drives preferences and behaviour early in life. 

The two experiments reported here were conducted to examine whether a majority influences 18-

month-olds' visual and behavioural preferences for two novel toys. To investigate this question, 

we developed a novel looking time paradigm. In Experiment 1, infants were first familiarized to 

two novel toys. In the eye-tracking phase, attention to either toy was recorded as a baseline 

measure. This was followed by choice events where infants were shown actors belonging to a 

majority and an individual making their preferences known to either toy. In Experiment 2, the 

initial toy familiarization task was removed to determine whether 18-month-old infants' attention 

and subsequent toy choice would be influenced by a majority's preference for a novel toy without 

prior physical experience with the toy. Of interest was whether, or not, the majority would 

influence infants' preferences for one of the two novel objects at a subsequent visual attention 

test event and behavioural preference task. 

 In Experiment 1, results indicated that infants were not biased by the majority's 

preference vis-à-vis proportion looking time shifts at baseline and test events. Infants' initial 

preference for the orange toy during behavioural task 1 may have likely contributed to infants' 

attentional allocation for the remainder of the events. However, when the majority showed a 

preference for the orange toy, a significant number of infants who had chosen the purple toy at 

behavioural task 1 switched their preference to align with the majority during both trials of 

behavioural task 2. While this pattern suggests a possible majority bias, in context of the results 

in their entirety, the possibility of a confounding experimental variable (i.e., orange toy) render 

the results of behavioural task 2 to be treated with caution.  

The strong preference for the orange toy in the first behavioural task of Experiment 1 

may have contributed to an engrained preference for the orange toy, thereby influencing infants’ 
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attention towards the subsequent choice events. Alternatively, infants may have had a preference 

for the orange toy a priori. Thus, a subjective preference for the orange toy beforehand may have 

likely rendered majority information less useful to infants. In Experiment 2, behavioural task 1 

was removed to reduce the possibility of a bias towards either toy. Specifically, we examined 

whether 18-month-old infants' attention would be biased by the majority's preferred toy. The 

absence of behavioural task 1 in Experiment 2 would have provided infants with a slightly 

different context compared to infants in Experiment 1. It is highly likely that in such a case, 

infants might be more tuned to track other regularities in their social environment - that of 

tracking the number of people showing a consistent preference for one of two novel stimuli. 

Further, from a social learning perspective, it is likely that infants' sensitivity to the majority's 

preference acts as a useful heuristic that could possibly influence infants' attention selectively to 

majority information (Henrich & Boyd, 1998).  

 Indeed, the results of several analyses in Experiment 2 converge to suggest that infants’ 

visual and behavioural preferences are guided by majority information. While, the results from 

the parametric analyses were only approaching significance, the non-parametric and correlation 

analyses support the possibility of a majority influence (i.e., 18-month-old infants looked longer 

at the toy the majority preferred in the test phase). Previous work with younger children has 

demonstrated that majority information influences children as young as 2 years of age (e.g., 

Haun et al., 2012, 2014). The results of Experiment 2 demonstrate infants' attentional bias for the 

majority-preferred toy, which suggests that infants are capable of attending to majority 

information earlier in development. From a social learning perspective, the results also suggest 

that infants are keen observers in learning about preferences from sources who are most 

represented in their immediate social environment. This view gains some support as indicated by 
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a positive relationship between looking times and the increased likelihood of infants choosing 

the group toy. 

 However, considering the longer looking times towards the orange toy in general along 

with patterns of toy choice in the behavioural task, looking time results have to be viewed with 

caution. There was an overall preference for the orange toy; that is, infants were significantly 

more likely to choose the orange toy across both trials of behavioural task. Further, when the 

majority-preferred toy was orange, children were more likely to choose the orange toy across 

both trials of the behavioural task. This was not the case when the purple toy was the majority-

preferred toy. Thus, despite the fact that Experiment 2 was designed to reduce infants' 

preliminary toy preferences, the results allude to the possibility that an a priori preference for the 

orange toy might have contributed to the marginal effect of looking time results. As was the case 

with Experiment 1, an attentional bias towards the orange toy may have likely contributed to the 

overall pattern of results in Experiment 2.  

 Across two experiments, we examined whether the majority would bias infants' own 

preferences to the novel toys. Our findings suggest that infants' judgements in relation to the toys 

had been established during the toy familiarization phase (Experiment 1) and hence, infants had 

a personal preference that may have influenced their attention during choice and test events. In 

their study, Ma and Xu (2011) were interested in examining young children's expectations of 

preferences for boring objects. After recording children's own preferences and their assumed 

adult's preference for the same object initially, children were shown events where an adult's 

preference was different than that of the children. The results of their study indicated that 2 year 

olds and 16-month-olds, to a degree, changed their initial beliefs about the adult's preference in 

line with the adults’ proclaimed preference. In our experiments, infants were not required to 
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make judgements or have expectations about the majority or the individual's preference. A 

general preference for the orange toy indicated in the behavioural preference phases indicated 

that 18-month-olds' infants' subjective preferences were not influenced by either majority or 

individual. 

 Despite some promise of the majority influencing infants' attention and behaviour 

(Experiment 2), why did infants not demonstrate a clear preference for the majority? There are a 

few possibilities to explain the results. One, previous research demonstrates that infants as young 

as nine months are aware of the individualistic nature of preferences (Henderson & Woodward, 

2012). In Experiment 1, an initial preference for one toy during the toy familiarization phase may 

have biased the choices in our sample of 18-month-olds' infants. Thus, it is likely that 

behavioural task 1 (Experiment 1) led to an idiosyncratic preference for one toy. This may have 

subsequently contributed to infants disregarding other key social information present such as the 

pitting of majority versus individual preferences for both toys. Alternatively, an idiosyncratic 

preference for a certain toy could have overridden the preferences of a majority (Crutchfield, 

1955). 

It is also unclear whether infants inferred the majority; that is, it is possible that the cues 

to signal the majority were not salient enough to make an impact on infants' attention. One could 

argue that 18-month-old infants are not sensitive to majority information in the first place. 

However, this possibility may be unlikely in light of research on infants' selective preference for 

in-group speakers (Buttleman et al., 2013; Kinzler et al., 2007; Kinzler et al., 2012; also see 

Howard et al., 2014 for conflicting findings with older infants) complemented by evidence from 

research demonstrating infants' propensities for inferring preferences based on behavioural 

regularities across agents (Buresh & Woodward, 2007; Henderson & Graham, 2005; Henderson 
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& Woodward, 2012; Kushnir et al., 2010; Ma & Xu, 2011). Majority markers in the present 

experiments were highlighted using shirt colour based on previous work demonstrating pre-

schoolers' ability to differentiate between novel social categories (e.g., Bigler, Jones, & Lobliner, 

1997; Dunham, Baron, Carey, 2011; Patterson & Bigler, 2006). It is likely that majority 

indicators in the present research were too subtle, which could have contributed to infants 

missing majority cues. The purpose of the initial actor familiarization (Experiments 1 and 2) was 

to familiarize to actors' faces so that infants could form a concept of the majority based on shirt 

colour during subsequent choice events. However, this decision may not have helped infants 

establish the majority; that is, the cues to highlight the majority were not salient enough for 

infants to bind the majority actors as a unit during the choice events. In previous studies (e.g., 

Corriveau et al., 2009; Haun et al., 2012, 2014), pre-schoolers were exposed to all majority 

members simultaneously, highlighting their salience. Further, social cues based on proximity and 

synchronous actions among group members, was displayed throughout critical phases of the 

study, which helped 8-month-old infants form expectations of group members (Powell & Spelke, 

2013). Thus, in context of the present experiments, infants may have required more salient social 

cues to signal the majority.  

 Indeed, previous research with infants suggests that social cues, such as eye gaze, infant-

directed speech, proximity, are particularly relevant drivers of infants’ subsequent behaviour 

(e.g., Over & Carpenter, 2009; Powell & Spelke, 2013; Wu & Kirkham, 2010; Wu, 

Tummeltshammer, Gliga, & Kirkham, 2014). In their study, 18-month-old infants were more 

likely to be prosocial in conditions where they were shown an affiliatory social cue (i.e., two 

dolls facing each other) rather than individualistic, neutral cues (i.e., a doll by itself, two dolls 

facing away from each other, or an object). In the context of the present research, one way to 
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highlight majority information might be by showing infants a familiarization event where the 

majority engages in an activity together, while the individual engages in a solitary activity. This 

may lead to a better sense of majority cues thus making it salient for infants to keep track of 

actors during the choice events.  

 The role of the majority influencing infants' preference was examined in two ways: an 

attentional bias and behavioural preference. With regards to behavioural preference, in 

conjunction with looking time data, the nature of the idiosyncratic preference for the orange toy 

across both experiments makes it difficult to determine the role of the majority in influencing 

infants' subsequent toy. However, with regards to Experiment 2, reducing the likelihood of 

forming an initial preference by removing behavioural task 1 provided some evidence that the 

majority biased infants' attention to the novel toy. Together, while the two experiments reported 

here did not conclusively suggest a majority bias in attention or behavioural preference, they 

provide a promising precedent for further research to examine the extent to which infants’ 

preferences are guided by the majority. 

There are certain factors that need to be taken into consideration for future work. For one, 

the nature of the experimental stimuli; in this case, the orange toy seemed to be very salient for 

many infants and thus may have contributed to a personal bias in their subsequent behaviours. 

Considering subjective preferences are fairly resistant to majority influence (e.g., Crutchfield, 

1955), future work could focus on creating a more ambiguous scenario such that infants focus on 

other social aspects of the choice events to drive their attention and behaviours. For instance, 

having two of the same objects that differ in colour. Further, it is likely that infants did not 

register the majority and individual actor well enough to deduce a majority preference. 
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Bolstering social cues to signal the majority and individual will also possibly aid infants in 

binding the majority as a unit. Indeed, we are currently examining these possibilities.  

 Preferences are individualistic; yet there are those that are characteristic of a majority. As 

adults, we appreciate that some preferences are unique to individuals and others are shared 

across individuals. Evidence from developmental literature also suggests that infants are 

sensitive to the subjective nature of preferences (see Woodward et al., 2009, for a review), and 

work with pre-schoolers demonstrates that young children also expect preferences to be shared 

across individuals (e.g., Disesendruck et al., 2015; Shutts et al., 2010). Thus, infants and pre-

schoolers have expectations of people's preferences and use this knowledge to guide their 

behaviour. Here, we extend previous literature on preferences by designing a novel behavioural 

choice/eye-tracking paradigm to investigate whether infants' own attentional and behavioural 

preferences are selectively biased by a majority's preference for a novel toy. In this case, 18-

month-old infants' preferences were not biased by the majority (Experiment 1); however, a 

marginally significant shift in infants' attention to the majority toy (Experiment 2) provides some 

promising avenues for future investigations. 
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Chapter 3 

Majority influence in infancy 

Sweta Anantharaman and Annette M.E. Henderson 

This chapter is being revised to be resubmitted for publication 
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Prologue 

 The findings of Chapter 2 leave a few open questions regarding preferences and the task 

context. When infants were given prior experience to the novel toys, an ingrained preference for 

the orange toy likely contributed to the findings in Experiment 1. While the findings are in line 

with other work on infants' expectations of subjective preferences, of interest to the present 

research, is whether infants are sensitive to a majority's preference. Assuming that majority 

preferences underlie day-to-day behaviour across different contexts, do infants attend to 

behaviours of the majority? Experiment 2 attempted to answer this question by omitting 

exposure to the novel toys. The findings indicated a marginal attentional bias for the majority 

toy; however, a looking time preference for the orange toy during test events did not rule out the 

possibility of a subjective preference for the orange toy. In light of the promising trends, it is 

possible that majorities guide attention in other contexts. Further, it is also likely that infants 

required additional cues to determine majority membership. While participants have full 

knowledge of the overall distribution of the majority in the paradigms used in previous work, the 

cues used to highlight the majority in Chapter 2 may have not been salient. The experiments in 

Chapter 3 address the concerns arising from the previous chapter; that is, whether contextual 

information and additional cues influence 19-month-old infants' visual attention. 
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Imagine walking down the main street of an unfamiliar city while looking for a place to 

have dinner. You would prefer to eat at a Fusion restaurant and come across two suitable 

establishments. How do you choose between them? You could select one at random; or, check 

out an online/Internet-based resource to compare reviews provided by previous customers. 

Alternatively, you might just peek inside the window and choose the one with the most patrons. 

A relatively fail-safe strategy would be to rely on the wisdom of majorities to aid decision 

making. Indeed, we rely on majority information to guide our learning, behaviour, and decisions 

across a wide variety of contexts (Cialdini & Goldstein, 2004). In the present set of experiments, 

we extend the current literature on majority influence by examining the impact of majority 

information on infants’ behaviour. 

There are certain advantages of a majority bias, especially while learning about others 

and the social environment. Behaviour of the majority is believed to have played a critical role in 

shaping the value and relevance that human beings place on information that is transmitted and 

shared (Boyd & Richerson, 2009). Thus, majorities influence people’s thoughts and behaviours 

across generations and over many centuries, promoting transmission of sociocultural knowledge. 

For instance, daily greetings differ across cultures based on what the majority of a specific 

culture adopts; some adopt a handshake, whilst others prefer bowing. Further, Henrich and 

McElreath (2003) posit that individuals defer to groups as an optimal strategy or heuristic to aid 

learning; access to majority information provides a consistent, valid, and reliable source of 

shared knowledge and practices within one’s environment. 

Indeed, majorities have been shown to influence learning and behaviour across various 

species and domains of study. Several comparative studies demonstrate majority-biased learning 

in non-human primates and other animals (e.g., Battesti, Moreno, & Joly, 2015; Chou & 
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Richerson, 1992; Haun, Rekers, & Tomasello, 2012; Pike & Laland, 2010). For instance, 

chimpanzees prefer to learn strategies to retrieve food from conspecifics shown to belong to a 

group (three in a group) rather than from one species member who used an alternative successful 

strategy. In humans, psychologists have long studied how majorities influence day-to-day 

behaviours and actions in adults (e.g., Sweeny & Whitney, 2014; for reviews, Cialdini & 

Goldstein, 2004; Levine & Tindale, 2015). For example, in a classic study, Asch (1956) 

demonstrated that adults disregard their own perceptions of a situation to conform to the opinions 

of a unanimous majority.  

Haun, van Leeuwen, and Edelson (2013) categorized previous literature as demonstrating 

two ways in which majorities influence behaviour. The first is conformity, which relates to 

situations in which people forgo their own preferences, opinions, or behaviours for the group’s 

predominant strategy. Previous research has demonstrated that children conform to information 

provided by the majority across different tasks and contexts (e.g., Bishop & Beckman, 1971; 

Costanzo & Shaw, 1966; Iscoe, Williams, & Harvey, 1963; Walker & Andrade,). In their study, 

Walker and Andrade (1996) recreated the Asch paradigm to examine the developmental 

progression of influence. Their results indicated that while younger children were most likely to 

conform to majority opinions, conformity decreased through development. More recently, Haun 

and Tomasello (2011) demonstrated that the drive to conform is so powerful that preschool-aged 

children, like adults (e.g., Asch, 1956), relinquish their own perceptions of a situation to adhere 

to obviously incorrect perceptions of the majority.  

The second categorization posited is majority-biased information transmission or the 

likelihood of naïve observers adopting behaviours displayed by a majority. In uncertain and 

novel situations, adults, and even toddlers, are more likely to be biased by information provided 
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by a majority (e.g., Corriveau, Fusaro, & Harris, 2009; Corriveau & Harris, 2010; Corriveau, 

Kim, Song, & Harris, 2013; Haun et al., 2012; Sherif, 1937). For example, Corriveau and 

colleagues (2009) showed that pre-schoolers selectively endorse the opinions of a majority of 

adults in an unfamiliar object-labelling task, suggesting that majority bias is in place by three 

years of age. Further, 2-year-olds have been shown to adopt a majority strategy compared to 

another equally plausible strategy (Haun et al., 2012). Thus, very young children selectively 

attend, learn, and are biased towards information provided by a majority across different 

contexts.  

Majority influences on our behaviour in adulthood and early childhood thus raises critical 

questions about the age at which individuals ‘learn to attend’ to and take heed of information 

provided by a majority. Indeed, evidence suggesting infants’ sensitivity to characteristics of 

social groups provides some reason to suspect that selective attention to groups is in place before 

their first birthday. For instance, 3-month-old infants selectively attend to members from their 

predominant racial group (Kelly et al., 2005). Kinzler, Dupoux, and Spelke (2007) demonstrated 

that 6-month-old infants look longer at people who had previously been shown to speak the same 

language and majority accent that they hear regularly. Further, 14-month-old infants selectively 

imitate an individual from their own linguistic community (Buttleman, Zmyj, Daum, & 

Carpenter, 2013; but see Howard, Henderson, Carrazza, & Woodward, 2014). The results of this 

previous work suggest that by their first birthday, infants are receptive to information based on 

familiar, socially constructed categories such as race and language.  

As reviewed above, behavioural work with children indicates that pre-schoolers are 

biased by a majority for different reasons– informational-biased learning and conformity 

(Corriveau et al., 2009; Corriveau & Harris, 2010; Corriveau et al., 2013; Haun et al., 2012, 
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2014; Haun & Tomasello, 2011). However, very little is known about the age at which these 

biases emerge. Do selective biases towards majorities exist in infancy? That is, when majority 

and individual information collide, which informational source would infants prioritize? 

Prioritizing majority information can be crucial when learning about people in one's social 

environment and putting social information into perspective. From a naïve perspective, 

considering the behaviour of the majority infants may aid infants learn about sociocultural 

practices (Haun & Over, 2015).  

The current studies address this gap in the literature by investigating whether majorities 

influence visual attention in infancy. Given the importance of visual attention in directing our 

focus and selectively responding to various aspects of the environment across varied learning 

contexts (Colombo, 2001; James, 1890), we opted to examine a majority informational bias at 

the foundational level – visual attention. In an environment, rife with ‘competing’ information 

and stimuli, previous research indicates that infants prioritize ostensive referential signals and 

other social cues over information such as object salience (Csibra, Biro, Koos, & Gergely, 2003; 

Gredebäck, Fikke, & Melinder, 2010; Hollich et al., 2000; Woodward, Sommerville, Gerson, 

Henderson, & Buresh, 2009; Wu & Kirkham, 2010; Wu, Tummeltshammer, Gliga, & Kirkham, 

2014). These ostensive and social signals enable information processing in a manner that helps 

infants prioritize certain stimuli while ignoring others, which aids infants’ learning about objects 

and/or people in their social environment. However, it is unclear whether infants would prioritize 

these cues provided by a majority over those provided by an individual. This research answers 

this question by asking whether infants would show preferential attention towards a stimulus that 

had previously been examined by a majority over a stimulus that had only been examined by one 

individual.  
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We developed a novel eye-tracking paradigm to examine: 1) whether majority 

information influences infants’ visual attention in an ambiguous context, as literature indicates 

that, for both adults and young children, ambiguity increases the likelihood of attending to 

information provided by a majority (Bond & Smith, 1996; Corriveau et al., 2009; Haun, van 

Leeuwen, & Edelson, 2013; Sherif, 1937), 2) examine the developmental trajectory in the first 

two years of life by testing 12- and 19-month-old infants, and 3) identify possible factors that 

guide infants’ majority bias. 12- (Experiment 1) and 19-month-old (Experiment 2) infants were 

familiarized to a group of three actors (denoted by the members wearing the same colour t-shirt) 

completing a shared activity (i.e., stacking a tower of cups) in contrast with a fourth actor 

wearing a different coloured t-shirt and completing an action on her own (i.e., playing with a 

small car). Subsequently, infants were shown two video clips in which an actor looked in two 

boxes that had been placed on a table and selected one of the boxes. In one clip, one of the 

members from the majority always selected one of the boxes (e.g., green box) and in the other, 

the individual who was previously shown not to belong to the group, selected the other box (e.g., 

purple box). For the test trial, infants were shown a still image of the two boxes. The main 

question of interest was whether infants would be more likely to attend to the box that was 

previously favoured by the actors who had been shown to belong to a majority.  

Experiment 1 

Experiment 1 examined whether 12-month-old infants’ attention towards two similar 

boxes would be biased towards majority information. We selected this group as a starting point 

given previous evidence suggesting that infants as young as 6 months old have expectations of 

group members and show preferential looking towards members of their own linguistic ingroup 

(Buttleman et al., 2013; Kelly et al., 2005; Kinzler et al., 2007; Powell & Spelke, 2013). Further, 
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by 12 months, infants respond to referential communicative gestures, and attribute and evaluate 

intentional behaviour of agents (Csibra & Gergely, 2009; Kuhlmeier, Wynn, & Bloom, 2003; 

Woodward, 2003). 

Method 

 Participants. Seventeen 12-month-olds (8 females; Mage = 12 months, 9 days; age range 

= 11 months, 1 day to 13 months, 12 days) were recruited from a database of families who were 

interested in participating in developmental research in a large Australasian city. Parents 

identified their infant as belonging to one of the following ethnic groups: European (n = 13), 

Asian (n = 2), and Other/Mixed (n= 1). Data for one additional infant was removed from the 

final sample due to missing gaze data for the entire experiment. All infants received a toy; 

parents were given free parking during the visit and a $10 voucher for their participation. 

 Stimuli. Stimuli were presented on the Tobii T120 eye-tracker at a sampling rate of 120 

Hz (Tobii Studio Version 3.2.2, Sweden). Stimuli included: two still images and nine video clips. 

One of the still images was a photo of the four actors that were shown throughout the 

experiment. Three people who we intended infants to perceive as belonging to a majority wore 

same coloured (e.g., blue) t-shirts and the fourth person, who we intended infants to perceive as 

not belonging to the majority wore a different coloured t-shirt (e.g., red). The second still image 

served as the test trial and depicted two similar, but different-coloured (green and purple) opaque 

boxes from the choice events. The video stimuli consisted of three majority familiarization 

events and two types of choice events.  

 Procedure. All infants participated in the following procedure. After completing the 

consent procedures, parents and infants were escorted to the eye-tracking room. Infants sat on 
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their parent’s lap or in a highchair approximately 64 cm away from the Tobii T120 eye-tracker. 

After completing a five-point infant calibration procedure to calibrate the eye-tracker, the 

experimental procedure began. 

 

Figure 1. Actor and majority familiarization phases in Experiments 1 and 2. 

 Actor familiarization. To familiarize infants to the people that would appear in the 

ensuing videos, all infants were shown a picture of the four actors (Figure 1) for eight seconds. 

 Majority familiarization. To further introduce infants to the actors and more importantly, 

to emphasize the majority, infants were shown a video clip in which the three female actors who 
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were wearing the same coloured shirt said “hi”, one of the group members said, “Look what 

we’re doing,” and then the members took turns building a tower with stacking cups. While 

completing the activity, the majority members looked and smiled at one another. After this 

video, infants were shown another video in which the female actor (i.e., the individual) who was 

wearing a different coloured shirt said, “Hi. Look what I’m doing” and played by herself with a 

toy car. During the clip, the actor had a pleasant demeanour. Infants were shown a third clip in 

which all four of the actors engaged in their respective activities as in the previous video (i.e., the 

majority built a tower together and the individual played with a car by herself), but were shown 

in the same frame. All three of the familiarization clips were of similar duration and the order of 

the first two familiarization clips (i.e., majority alone/individual alone) was counterbalanced 

across participants.  

 Choice event. Infants were shown a series of choice event video clips in which one of the 

actors (from Familiarization) was seated with her head down at a table on which there were two 

boxes on either side of the actor. The sequence of events was as follows: 1) after an attention-

grabbing sound, the actor looked up, smiled, and said “hi”, 2) she then leaned over and peeked 

inside each of the two boxes, 3) looked and smiled at the infant, 4) then leaned over to the box 

that she looked into first, demonstrated positive regard (‘Ooh’), grasped the box, placed it in 

front of her and said, ‘Mmmm’, while still looking into the box (Figure 2). At this point, the clip 

froze and stayed on for another five seconds. Infants were shown two types of choice event 

videos: the majority choice event and the individual choice event. For the majority choice event, 

one of the individuals who had previously been shown to act with and belong to the majority 

completed the choice event. In the individual choice event, the actor who had previously acted 

alone and was not part of the majority completed the choice event. The choice event set up a 
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context in which the majority members preferred one box and the individual preferred the other. 

A different actor from the majority completed each group choice event. Infants were shown each 

type of choice event in alternation three times resulting in infants being shown six choice events.

 

Figure 2. Sample frame to frame of choice events where infants saw alternating trials of each 

majority member and the individual (Experiments 1 and 2) and exemplar condition where infants 

saw alternating trials of one representative majority member and the individual (Experiment 2). 

 Test event. After the last choice event, infants were shown a still picture of the two boxes 

(Figure 3) for eight seconds (determined during pilot testing).  

 Data reduction. Raw data was processed using Tobii Studio’s I-VT fixation filters. For 

preliminary analyses, static areas of interest (AOIs) were created to test whether infants 

allocated similar levels of attention to the familiarization events (Majority familiarization: 919 



 

68 
 

px x 607 px; Individual familiarization: 541 px x 702 px; Joint familiarization: 1277 px x 642 

px) and choice events (1163 px x 661 px). AOIs were created such that actors’ faces, shirt 

color, and the toys (familiarization) / boxes (choice events) were identifiable. Further, two 

same-sized (486 px x 409 px) AOIs were created for the test event stimulus (see Figure 3) to 

attain a measure of the duration of the test trial that infants spent looking towards each of the 

two boxes. 

 

Figure 3. Test event used in both experiments with the areas of interest (AOI) overlaid on the 

still picture. The overlaid AOIs were not shown at the test event.  

Results and Discussion 

Preliminary analyses were conducted to test whether our counterbalanced factors had a 

significant effect on infants’ total looking times towards the familiarization videos and choice 

events. A 3 (majority familiarization: majority only, individual only, majority and individual 

combined) x 2 (infant gender: male, female) x 2 (presentation order: group first, individual first) 
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mixed-model ANOVA on infants’ total attention towards the majority familiarization events 

with majority familiarization trial as the within-subject factor revealed no significant effects 

suggesting infants’ total looking times towards the familiarization events did not differ according 

to gender or which event they saw first, p's >.1. For the choice events, a 3 (trial: first, second, 

third) x 2 (actor: majority, individual) x 2 (gender: male, female) x 2 (presentation order: 

majority first, individual first) mixed-design ANOVA with trial and actor as within-subject 

variables was conducted to see whether infants’ total looking times at choice events was 

comparable across trials, actor, presentation order, and gender. There was a main effect of trial, 

F(2,24) = 4.35, p = .02, η2
p = .26, suggesting that infants’ total looking times at choice events 

tended to decrease as trials progressed. There was an actor x presentation order interaction, 

F(1,16) = 15.81, p = .002, η 2
p= .57, which was qualified by a significant three-way interaction 

between actor x presentation order x gender, F(1,12) = 21.85, p = .001, η 2
p = .65.  

To follow up this 3-way interaction, a 2 (actor: majority, individual) x 2 (presentation order: 

majority first, individual first) mixed model ANOVA for each gender was conducted with actor 

as within subject variable. Results of the follow-up ANOVAs revealed an actor x presentation 

order interaction for boys, F(1,6) = 25.77, p < .01, η 2
p = .81, but no significant effects for girls. 

A Bonferroni-corrected pairwise comparison indicated that boys who were presented with the 

individual choice event first tended to look longer at the individual choice events (M = 47.18, SE 

= 4.19) compared to the majority choice events (M = 39.32, SE = 3.91). Boys who were 

presented with the majority member choice event first looked longer toward the majority choice 

events (M = 46.68, SE = 4.19) compared to the individual choice events (M = 32.17, SE = 3.91). 

While these results suggest that boys’ attention towards the choice events was particularly 

influenced by which choice event they saw first, the most important finding from these 
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preliminary analyses was that there was no main effect of actor for the choice events (i.e., infants 

did not find the majority choice event more interesting than the individual choice event, even 

though the majority choice event had a different person each time). Thus, infants found both 

kinds of choice events equally interesting.  

The primary question of interest was whether 12-month-old infants’ attention towards two 

different coloured, but otherwise similar, boxes would be biased by information about a 

majority’s preference. If infants prioritize the previously expressed preferences by an actor who 

belonged to a majority over an actor who did not belong to a majority, we expected infants to 

show a looking time preference towards the majority box on the test trial. To answer this 

question, we calculated a majority box preference score for each infant by dividing the total 

duration of time infants looked towards the majority box during the test trial divided by the total 

amount of time infants looked towards both boxes. Thus, proportion scores greater than .50 

reflected a looking preference towards the majority box and proportion scores less than .50 

reflected a looking preference towards the individual box.  

To examine whether there was any effect of the counterbalanced factors, a 2 (gender: male, 

female) x 2 (presentation order: majority first, individual first) x 2 (majority box color: green, 

purple) univariate ANOVA on the proportion of time that infants spent looking towards the 

majority box was conducted. No main effects were found; however, there was a significant 

interaction of presentation order x majority box color, F(1,8) = 11.21, p < .01, η 2
p = .58. To 

follow this interaction up a 2 (gender: male, female) x 2 (majority box color: green, purple) 

univariate ANOVA was conducted for each presentation order. The resulting findings indicated a 

main effect of majority color box, for infants who saw the individual familiarization and choice 

events first, F(1,8) = 7.33, p < .05, η 2
p = .64. Infants who were shown the individual 
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familiarization and choice events first looked longer towards the majority box when the majority 

box color was green (M = .65, SE = 0.1) than when it was purple (M = .26, SE = 0.1). No effects 

were found for infants who saw the majority familiarization and choice events first. This result 

was unexpected and is likely due to a small sample size. 

For the primary analysis, a one-sample t-test (against 0.50, which would suggest no 

preference toward either box) was conducted to examine if infants showed a looking preference 

towards either box during the test trial. On average, 12-month-old infants tended to show a 

looking time preference towards the individual box (M = 0.43, SE = .07). However, this was not 

significant, t(15) = .959, p >.1  

Contrary to our hypothesis, the above analyses suggest that 12-month-old infants’ visual 

attention is not biased by the majority’s preference. This finding suggests that, although infants 

at this age, and even as young as six months old, are sensitive to group characteristics (Kinzler et 

al., 2007; Powell & Spelke, 2013), majority information does not guide their visual attention. 

One reason for this inconsistent finding could be due to how we established the majority. In past 

work on infants’ ingroup preferences, researchers have established group membership based on 

familiar social category markers such as dominant language or race (for e.g., Kelly et al., 2005; 

Kinzler et al, 2007). However, in our study, we established majority membership based on an 

arbitrary measure (shirt color) and shared activity. We chose these means of establishing the 

majority as our primary interest was to examine if and how infants are influenced by a novel 

majority. It remains an open question as to whether infants might have demonstrated a looking 

preference towards the majority box if membership was established based on another more 

salient marker, such as language.  
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Another possible reason why infants in this experiment did not show a majority-box 

preference might be due to the way in which we chose to display the choice events. In previous 

studies with pre-schoolers (e.g., Corriveau et al., 2009; Haun et al., 2012), children were shown 

all members of the majority respond simultaneously and the individual respond separately. In the 

recent set of studies conducted by Powell and Spelke (2013), all the group members were on 

screen all of the time. Thus, infants always had visual access to which agents were, or were not, 

part of the group. In contrast, in the current experiment, information about the majority was only 

presented at the beginning of the study (in the actor and majority familiarization phases). During 

the choice events, infants were only shown one member from the majority at a time selecting the 

box. We chose this sequential method of presentation because, from a practical viewpoint, it is 

not always that we see majority members wear same-color shirts or do things simultaneously. 

When learning about the social environment, one might notice similarity in actions, preferences, 

and behaviors across different people and through these abstractions one could possibly pick up 

signals of the majority. Unfortunately however, this decision might have made it difficult for the 

12-month-olds to keep track of or remember people and their preferences.  

Whether infants’ attention is biased by the majority in an ambiguous context remains an 

open question. With respect to our findings with 12-month-old infants, it is likely that task 

demands on memory (i.e., tracking the number of people, shirt color, and box preferences) 

influenced our results. However, as infants’ information processing capacities are continuously 

developing and becoming flexible (Bauer, San Souci, & Pathman, 2010), it is possible that 

majorities guide attention in older infants. Experiment 2 was conducted to further investigate this 

question with 19-month-old infants. If infants’ attention towards ambiguous stimuli is influenced 

by majorities, we expected that this would be found by the time infants are 19-months of age. 
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This is because of the significant development in infants’ socio-cognitive understanding that 

occurs between 12- and 19-months of age. For example, infants reliably infer others’ intentions, 

selectively imitate/produce, and anticipate goal-directed actions by 19 months of age (e.g., 

Buresh & Woodward, 2007; Carpenter, Akhtar, & Tomasello, 1998; Fawcett & Gredebäck, 

2013, 2015; Meltzoff, 1995). Further, while evidence suggests that infants’ sensitivity and 

expectations of how group members behave is in place by 12 months (Powell & Spelke, 2013), it 

is likely that infants are poised to attend to majority information to guide their own attention and 

behavior between 12- to 24-months of age. Support for this possibility comes from Haun et al. 

(2012) who demonstrated majority-biased transmission and conformity in children as young as 

two years old. Hence, we suspected that, by 19 months, infants might be more likely to identify 

and track the preferences of a majority and an individual.  

Table 1 

 

Infants’ average looking time towards the familiarization and choice events across experiments 

and conditions. 

 

 Majority Familiarization Choice Events 

    Trial 1 Trial 2 Trial 3 

 Group Individual  Joint Ind. Maj. Ind. Maj. Ind. Maj. 

 

12 month 

olds 

 

11.41 

(.84) 

 

7.41 

(.57) 

 

21.82 

(1) 

 

16.35 

(.89) 

 

17.55 

(.75) 

 

16.35 

(1.22) 

 

14.78 

(1.14) 

 

13.45 

(1.43) 

 

16.05 

(.94) 

 

          

19-month-

olds 

Distributed 

 

11.17 

(.74) 

 

7.13 

(.5) 

 

21 

(1.53) 

 

18.35 

(.65) 

 

16.89 

(.89) 

 

15.74 

(.88) 

 

16.49 

(.92) 

 

13.72 

(.95) 

 

13.83 

(1.01) 

          

 

Exemplar 

 

10.76 

(.75) 

 

6.91 

(.54) 

 

20.05 

(1.58) 

 

13.98 

(1.33) 

 

15 

(1.1) 

 

 

14.1 

(1.15) 

 

14 

(1.02) 

 

12.66 

(1.01) 

 

 

12.49 

(1.1) 

Note: Mean standard error in parentheses. Maj. = Majority, Ind. = Individual 
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Experiment 2 

Experiment 2 was conducted to examine whether 19-month-old infants’ attention in an 

ambiguous context is guided by information about a majority’s preference. We also tested 

whether their attention is guided by: 1) distributional information from which it is clear that all 

members of the majority prefer one box over the other or, 2) exemplar information in which 

infants are shown that one representative of the majority prefers one box, and thus, they must 

infer that the entire majority likes the same box. If infants’ attention is influenced by the majority 

and they assume preferences are consistent within a group, we expected a preferential bias in 

infants’ attention towards the majority box in both conditions. However, if infants require 

information about the preferences of more than one majority member for their attention to be 

biased towards the majority box, we expected that only infants in the distributed condition would 

exhibit a preferential bias towards the majority box. 

Method 

Participants. Forty-eight 19-month-old infants were randomly assigned to either the 

distributed condition (n = 24, 11 females; Mage = 19 months, 12 days; age range = 18 months, 

6 days to 20 months, 18 days) or the exemplar condition (n = 24, 10 females; Mage = 19 

months, 11 days; age range = 18 months, 9 days to 20 months 10 days). Infants were recruited 

in the same manner as in Experiment 1. Primary caregivers identified their infant as belonging 

to the following ethnicities: European (n = 23), Asian (n = 4), or Other/Mixed (n = 5). Five 

additional infants participated but were removed from the final sample due to fussiness, which 

meant they did not complete the experiment (n = 1), experimenter error (n = 1), or no gaze 
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data recorded for the test events (n = 3). All infants received a toy; parents were given free 

parking during the visit and a $10 voucher for their participation. 

Stimuli and procedure. The stimuli and procedure for the distributed condition was identical 

to that used in Experiment 1. The stimuli and procedure for the exemplar condition was also 

the same as in Experiment 1 with the only difference being that only one member from the 

majority performed the choice events. The counterbalancing was also the same as in 

Experiment 1, with the only exception being that we counterbalanced which majority actor 

infants saw during the choice trials (counterbalanced across infants), which resulted in a 

larger sample size.  

Results and Discussion 

Data reduction was similar to that of Experiment 1. Infants’ attention towards the 

familiarization and choice events in both conditions are summarized in Table 1. First, a 3 

(familiarization: majority only, individual only, majority and individual together) x 2 (condition: 

distributed, exemplar) x 2 (presentation order during familiarization and choice events: majority 

first, individual first) x 2 (gender: male, female) mixed-model ANOVA was conducted to test 

whether there were any differences in infants’ looking times during the familiarization events 

across conditions and/or our counterbalanced factors. Preliminary analyses revealed no 

significant differences between condition, gender, and presentation order, suggesting that 

infants’ attention to familiarization events in both conditions was comparable.  

To test whether there were any differences between conditions in infants’ attention towards 

choice events, a 3 (trial: first, second, third) x 2 (actor: individual, majority) x 2 (condition: 

distributed, exemplar) x 2 (infant gender: male, female) x 2 (presentation order: individual first, 

majority first) mixed-design ANOVA with trial and actor as within-subject factors was 
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conducted. Results revealed a significant main effect of trial, suggesting that infants’ total 

looking times towards the choice events decreased as the trials progressed F(2,80) = 11.43, p < 

.001, η2
p = .22. A significant two-way interaction between presentation order and actor, F(1,40) 

= 5.28, p = .027, η2
p = .12, was qualified by a significant three-way interaction between actor, 

presentation order, and gender, F(1,40) = 5.78, p = .02, η2
p = .13. The three-way interaction 

between condition, gender, and presentation order was also significant, F(1,40) = 3.97, p = .05, 

η2
p = .09. No other effects reached statistical significance. 

To follow up the interaction between actor, presentation order, and gender, a 2 (actor: 

individual, majority) x 2 (presentation order: individual first, majority first) mixed design 

ANOVA was carried out by splitting the analysis by gender. For girls, there was a significant 

interaction between actor and presentation order, F(1,17) = 11.33, p < .01, η2
p = .37. Bonferroni-

adjusted pairwise comparisons indicated that in trials when presented with the majority member 

first, girls looked longer at the majority choice events (M = 50.19, SE = 3.27) compared to the 

individual choice events (M = 43.2, SE = 3.87). Girls who were shown the individual member 

choice event first did not look longer to either event. There were no significant effects for boys.  

To follow-up the interaction between condition, gender, and presentation order, a 3 (trial: 

first, second, third) x 2 (actor: majority, individual) x 2 (gender: male, female) x 2 (presentation 

order: majority first, individual first) mixed model ANOVA was conducted with trial and actor 

as within subjects variables for each condition. For the distributed condition, there was a main 

effect of trial, F(2,40) = 16.04, p < .001, η2
p = .44, suggesting that looking times towards choice 

events decreased as trials progressed. There was also a significant interaction of gender and 

presentation order, F(1,20) = 5.25, p = .03, η2
p = .20. Pairwise comparisons for gender revealed 

that females looked longer (M = 17.36, SE = 1.23) than males (M = 12.91, SE = 1.45) at choice 
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events when the majority actor familiarization and choice events were presented before the 

individual events, F(1,20) = 5.46, p = .03, η2
p = .21. In the exemplar condition, there was a 

significant interaction between actor, gender, and presentation order, F(1,20) = 5.81, p = .02, η2
p 

= .22. To follow up this interaction further, a 2 (actor: individual, majority) x 2 (presentation 

order: majority first, individual first) mixed model ANOVA was conducted by splitting the 

analysis by gender. The resulting analysis revealed no significant main or interaction effects. 

Taken together, the preliminary analyses revealed some differences between conditions with 

respect to infants’ attention towards the choice events based on the child’s gender and 

presentation order. Thus, child gender and presentation order of the choice events were included 

as factors in the focal analyses.  

Of key interest was whether infants in either condition spent more time looking towards the 

majority box during the test trial. To investigate this question and consistent with Experiment 1, 

a majority box preference score was calculated for each participant. The 2 (condition: 

distributed, exemplar) x 2 (gender: male, female) x 2 (presentation order: majority first, 

individual first) univariate ANOVA on infants’ majority box preference score revealed a 

statistically significant main effect of condition, F(1,40) = 4.93, p = .03, η2
p = .11, and no other 

significant effects.1 Examination of the means reveals that infants in the distributed condition 

were significantly more likely to show a looking time preference towards the majority box (M = 

.57, SE =.04) than were infants in the exemplar condition (M = .44, SE =.04).  

Next, two one-sample t-tests were conducted to test whether infants’ majority box 

preference score in either condition was significantly greater (or less) than .5 (reflective of no 

                                                           
1The focal analyses were conducted collapsed across target box as preliminary analyses revealed no significant effects of target 

box (i.e., purple box, green box). Results did not differ even when target box was included as a variable. 
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preference for either box). Infants in the distributed condition demonstrated a looking time 

preference for the majority box, t(23) = 2.04, p = .05, Cohen’s d = .84. In contrast, infants in the 

exemplar condition did not show a looking time preference for either box, t(23) = 1.30, p >.1. 

   

  

Note: *p = .05, ** p < .05 

Figure 4. Proportion looking times at the majority box across Experiments 1 and 2. A value of 

0.5 reflects no looking preference towards either box.  

The results of Experiment 2 suggest that 19-month-old infants demonstrated an 

attentional bias for the majority’s preference only when they got information from all three 

actors belonging to the majority(distributed) as opposed to when they were only shown a 
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representative member of the majority (exemplar) choosing one of two boxes. This finding is in 

line with majority-biased transmission (Haun et al., 2012) suggesting an increased likelihood of a 

majority bias in naïve observers in ambiguous circumstances. These findings provide the first 

evidence suggesting a majority bias in visual attention in infants as young as 19 months of age 

and are discussed further below. 

General Discussion 

Majorities are integral part of our social lives – it is pivotal in establishing norms, 

encourages cooperation among its members, and works as a mechanism for transmitting 

knowledge to future generations. Although there is now a growing body of evidence 

demonstrating that children as young as two years of age use majority information to guide their 

learning and behaviour, very little is known about whether this tendency emerges in infancy. The 

present research addresses this gap by examining whether 12- and 19-month-old infants’ 

attention is influenced by the preferences of a majority. Two key findings emerged: 1) the visual 

attention of 19- but not 12-month-old infants is biased by majority information, and 2) 19-

month-olds require distributional information from all members of the majority to generalize 

preferences across members and consequently bias their own attention. 

While previous research has shown that infants have a preference for ingroup members and 

have expectations of how group members act (Buttleman et al., 2013; Kinzler et al, 2007; 

Kinzler et al., 2012; Powell & Spelke, 2013), to the best of our knowledge this is the first study 

that directly demonstrates an attentional bias to a novel majority group by 19 months of age. 

Previous work on group preferences in infants has established group membership based on social 

category markers (e.g., language, race; Buttleman et al., 2013; Kelly et al., 2005; Kinzler et al., 
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2007; Kinzler et al., 2012). In contrast, these findings highlight infants’ selective majority bias 

when it comes to gleaning information from their surroundings, thus forming a foundation to 

learn relevant, wider group practices and norms essential in their lives as social beings.  

Previous research demonstrated that infants younger than 12 months old are able to track 

actions of and form expectations of group members’ behavior (Powell & Spelke, 2013). Given 

this work, we suspected that 12 month olds could be influenced by majority behavior and thus, 

began our investigation with 12-month-old infants. Thus, our finding that 12-month-olds’ 

attention was not influenced by the majority was somewhat surprising. As discussed previously, 

this finding could be attributed to the experimental paradigm. Specifically, majority cues used 

during familiarization and choice events in the current experiments were not salient enough for 

12-month-old infants as had been for Powell and Spelke’s (2013) paradigm. Providing infants 

with a constant visual display of the majority versus individual could make it easier for infants to 

encode the majority preference information.  

In contrast, 19-month-old infants (Experiment 2: distributed condition) did demonstrate a 

visual preference towards the box the majority had preferred. Our finding that infants in the 

distributed condition were more likely to show a preference for the box that was preferred by the 

majority suggests that infants’ attention is biased by the fact that a majority held the same 

preference for a box. This is in line with majority-biased transmission (Haun et al., 2013; 

Henrich & Boyd, 1998) suggesting an increased likelihood of a majority bias among naïve 

observers in ambiguous circumstances (Sherif, 1937). Haun and colleagues (2011, 2012) 

demonstrated young children’s preference for adopting the strategy displayed by a majority for 

informational purposes as well as a social motivation to conform to the group. Here, we 

demonstrate that the attentional mechanisms that possibly underlie these effects are in place in 



 

81 
 

infancy. We suspect that an early-developing attentional bias may eventually help children to 

selectively respond and adapt to the majority and thus, prepare children for the task of learning 

the wider sociocultural practices and conventions in their environment.  

While our findings suggest that 19-month-olds infants’ attention is influenced by the 

majority, Experiment 2 also demonstrates that this is only the case when infants were shown 

multiple members of the majority preferring the same box (i.e., the distributed condition), not 

when infants were shown one representative of the majority preferring the box (i.e., the exemplar 

condition). This difference between conditions was not a result of differences between infants’ 

attention towards the familiarization or choice events, as infants in both conditions found these 

events equally interesting. An important question then is why infants in the exemplar condition 

did not demonstrate a preference towards the majority box. Some insight to this question can be 

gleaned from previous work that has shown that toddlers and infants as young as nine months of 

age expect object preferences to be specific to individuals (Buresh & Woodward, 2007; Graham, 

Stock, & Henderson, 2006; Henderson & Graham, 2005; Henderson & Woodward, 2012). That 

is, infants and young children do not generalize one person’s preferences to another person. This 

past research raises the possibility that infants in the exemplar condition did not demonstrate a 

preference towards the majority box because they were not given enough information to 

generalize the preference of the single member to that of the other majority members. In contrast, 

infants in the distributed information were given direct evidence that multiple majority members 

liked one particular box, which may have allowed them to overcome any pre-existing 

expectations that preferences are individual-specific. It remains unclear how many 

representatives of the majority are needed for infants to form a bias. Asch suggested that 

unanimous majorities consisting of one to two people will yield no influence. Further, Latané 
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and Wolf (1981) suggest that increasing the number of majority members will influence a 

participant towards the majority position; the greatest impact will be seen for increasing the 

majority from two to three members. However, increasing the majority from 10 to 11 members 

will not yield a significant impact on influence. Since information of a majority is pitted against 

an individual in the distributed condition (Experiment 2), future work can examine whether 

simply providing infants with information that two members of the majority (as opposed to 

three) liked one box over the other would provide enough information about a shared preference 

for infants to demonstrate a majority preference. 

Infants in both conditions were exposed to the majority completing a shared activity and 

the individual completing an activity on her own before viewing the choice events. It remains 

unclear whether infants in the distributed condition actually required this group familiarization, 

or if the distributional information alone would have provided enough information for infants’ 

visual attention to be biased by the majority. While this study does not address this question, 

findings from our previous work in which infants did not view a majority familiarization event 

before viewing choice events similar to the distributed condition did not yield a robust 

preferential attention bias between the majority and individual. In response to this finding, we 

added the majority familiarization videos to amplify the social information provided to infants 

about majority membership. Making this change appears to have played an important role in 

influencing infants’ visual attention towards the majority box.   

During the majority familiarization phase in both conditions, infants were shown majority 

members completing a shared activity as well as wearing the same colour shirts. The results of 

the exemplar condition suggest that the presence of these cues alone is not sufficient to guide 

infants’ attention towards majority information. However, it is unknown whether infants in the 



 

83 
 

distributed condition needed both of these cues, or whether or not simply showing the members 

all together wearing the same coloured t-shirts would have been sufficient to identify the three 

individuals as belonging to a majority. While the current experiment does not test this, previous 

work suggests that proximity, synchrony, and joint activities are important in infants’ and young 

children’s understanding of cohesion. For example, Powell and Spelke’s paradigm (2013), 

infants were able to deduce expectations of animate group members based on proximity and 

synchrony. Synchrony and joint activities, such as making music, were also shown to increase 

group cohesion as well as increased prosociality among pre-schoolers (Kirschner & Tomasello, 

2010). Practically speaking, members of majorities have similar values, ideas, and behaviours 

within the group; majorities are not necessarily established based on arbitrary characteristics like 

shirt colours (as in the current studies). Thus, future work will examine how powerful social cues 

such as synchrony and joint actions (as depicted in the majority familiarization video) are in 

driving infants’ preference towards the majority box.  

While the current study establishes a preferential majority bias in the visual attention 

domain, it remains unclear whether an attentional bias would guide infants’ subsequent behavior. 

Previous research has demonstrated that pre-schoolers selectively use majority information to 

guide their behaviour (e.g., Corriveau et al., 2009; Corriveau & Harris, 2010; Corriveau et al., 

2013; Haun et al., 2012, 2014). The importance of attention in guiding future learning and 

behaviour across different contexts has also been well-documented (e.g., Csibra & Gergely, 

2006; Howard et al., 2014; Wu et al., 2014). Further, evidence from past work suggests that the 

degree to which an individual is influenced by the majority is contingent on the context and 

nature of the stimulus – a higher degree of group influence can be seen in ambiguous contexts 

and stimuli (Asch, 1956; Crutchfield, 1955; Sherif, 1937). In Buttleman et al.’s (2013) study, 
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infants as young as 14-months selectively imitated actions of a member of their ingroup over a 

member of the outgroup, but were not selective about group membership in a toy preference 

task. In this experiment, we did not directly test whether majority biased attention would lead 

infants to choose the group box themselves. Future work will explore whether infants selectively 

prefer and imitate actions or conventions that are shared by the majority as compared to an 

individual who displays an alternate strategy.  

Our findings demonstrate that between 12- and 19-months of age, infants’ attention is 

directed towards distributional information of a novel majority. Given that younger infants are 

sensitive to proximity and synchronous movements of animate shapes (Powell & Spelke, 2013), 

our findings suggest that, by 12-months old, while infants can track the actions of and form 

expectations of group members (e.g., Powell & Spelke, 2013), information provided by the 

majority does not influence their attention. This possibility aligns with previous research 

demonstrating that, although infants understand goals that are shared across social agents 

(Henderson & Woodward, 2012, Henderson, Wang, Matz, & Woodward, 2013), their ability to 

use this information to guide their attention and behaviour may be limited (Fawcett & 

Gredebäck, 2015). Thus, our results indicate that there is a developmental progression between 

12 and 19 months of age during which infants hone their attentional skills, which enables them to 

attend to and extract information from their social environment. Further, 19-month-old infants 

are at a unique developmental phase that sets them up to be sensitive and receptive to different 

aspects of a social situation; in this case, a preferential majority bias. Making some modifications 

to our novel paradigm reported here, future work will identify the age at which infants first 

demonstrate a majority preference by providing a constant reminder of the majority (similar to 

Powell & Spelke, 2013).  
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The omnipresent influence of majorities in various aspects of our daily behaviours has been 

of significant empirical interest across disciplines and ages (e.g., Asch, 1956; Boyd & Richerson, 

2009; Cialdini & Goldstein, 2004; Haun et al., 2013). Adults and children alike selectively learn 

and tailor their responses based on majority information. However, little is known about majority 

influence in infancy. While previous work examining group preferences in infancy has used 

familiar social categories, the present research examined whether 12- and 19-month-old infants’ 

attention is biased by preferences of a novel majority. The two experiments reported here 

demonstrate, for the first time, that infants as young as 19 months of age are biased towards the 

majority; they show an attentional bias for an object that had been preferred by several members 

of a majority. Infants encounter a multitude of behaviours and actions in their everyday lives. We 

posit that one important function of their selective attention towards majority information could 

enable infants to track the regularities of actions displayed by the majority; a strategy that would 

ultimately result in the acquisition of the most socially relevant information. Thus, infants’ 

selective attention towards majority information may provide a critical foundation for infants to 

acquire the knowledge and behaviour that will prepare them for success in navigating their social 

world. 
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Chapter 4 

The role of social categories and social affiliation in 19- and 24-month-old infants' 

understanding of groups 

Sweta Anantharaman and Annette M.E. Henderson 

This chapter is in preparation to be submitted for publication 
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Prologue 

 By introducing an element of ambiguity and adding cues to highlight the majority based 

on findings from Chapter 2, the experiments of Chapter 3 demonstrated that attentional 

precursors to majority information is present early in development (i.e., at 19 months). However, 

what remains unclear is the role that the majority familiarization played in influencing infants' 

attention towards the subsequent choice and test events. That is, did familiarization help infants 

bind the information presented by the majority during choice events to subsequently influence 

their attention in the test event? If so, what features of the majority familiarization guide infants' 

attention? Specifically, did the combination of same t-shirt colours and joint attention between 

group members help infants’ perceptions of the majority acting as a group? Thus, the experiment 

in Chapter 4 addresses the role that social cues play in infants' selective appraisal of group 

members' actions. 
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 In a busy, crowded social environment, young learners encounter an overwhelming 

stream of information from different sources. From a young person's perspective, it may seem 

like a particularly daunting task to sift through incoming information from multiple sources. 

However, extant literature in developmental psychology demonstrates that young children are 

particularly adept at selectively learning information about sociocultural artefacts from credible 

and relevant sources (Buttleman, Zmyj, Daum, & Carpenter, 2013; Corriveau, Fusaro, & Harris, 

2009; Henderson, Sabbagh, & Woodward, 2012; Koenig & Harris, 2005). Indeed, past work 

demonstrates that young children are not only sensitive to individual-level characteristics based 

on expertise, (e.g., Sobel & Corriveau, 2010), familiarity (e.g., Corriveau & Harris, 2009), 

reliability (e.g., Birch & Bloom, 2002; Koenig, Clément, & Harris, 2004; Koenig & Harris, 

2005, 2007; Koenig & Woodward, 2010), but also attend to group-level characteristics to filter 

information for learning (Buttleman et al., 2013; Corriveau et al., 2009; Corriveau & Harris, 

2010; Corriveau, Kim, Song, & Harris, 2013; Haun, Rekers, & Tomasello, 2012, 2014; Kinzler, 

Dupoux, & Spelke, 2012). For instance, young children selectively learn from the majority when 

presented with alternative information from an individual (Corriveau et al., 2009; Corriveau & 

Harris, 2010; Corriveau, Kim, Song, & Harris, 2013; Haun et al., 2012, 2014), selectively 

cooperate with someone who is from their ingroup (Kinzler et al., 2012), and selectively imitate 

members of their ingroup (Buttleman et al., 2013).   

 Indeed, categorization influences the way we see similarities and differences among 

groups, which help in making predictions about their behaviour, and even selectively learning 

from them (Liberman, Woodward, & Kinzler, 2017). However, there are many ways in which 

groups are characterized within our societies (Kinzler, Shutts, & Correll, 2010; Lickel, Hamilton, 

& Sherman, 2001). For instance, a group consisting of a random collection of people at a train 
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station versus a team members in an organized sport. Lickel et al. (2001) characterize the former 

group as one that has minimal interaction among members and low levels of commonalities 

across goals, outcomes, importance, and similarity. The latter group is characterised by greater 

interaction among group members, common goals and outcomes, and high levels of similarity 

(Lickel et al., 2001). Previous work indicates that adults use the above-mentioned intuitive 

theories about social groups to reason and make judgements regarding how group members are 

likely to treat one another (Lickel, Hamilton, Wieczorkowska, Lewis, Sherman, & Uhles, 2000). 

Do infants differentiate between social groupings, and if so, do they process information from 

different social groups comparably? The present research examines whether 19- and 24-month-

old infants: 1) differentiate between two different groups characterised by varying degrees of 

similarity and affiliation among group members, and/or 2) use group similarity and interaction to 

selectively attend to novel information. 

 Past work indicates that adults classify social groups along a spectrum of high and low 

levels of interaction, similarity among group members, goals, and outcomes (Lickel et al., 2000). 

For instance, adults generally tended to classify groups into four types: intimacy groups (e.g., 

family, friends), task groups (work place, sports teams), social categories (e.g., gender, race), and 

loose associations (e.g., group of individuals at the train station). Further, adults tend to assign 

different characteristics for each group type based on the abovementioned spectrum. For 

instance, adults considered intimacy groups being high on interaction, task groups sharing 

common goals and outcomes, social categories being high on similarity with other group 

members, and loose associations, characterised with low levels of interaction, similarity, and 

common goals and outcomes (Lickel et al., 2000). While adults have had a lifetime of experience 

to learn the kinds of information that identifies groups, more recently, researchers have 
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suggested that an intuitive theory of social groups is emerges much earlier in development (e.g., 

Spelke & Kinzler, 2007; Plötner, Over, Carpenter, & Tomasello, 2016; Powell & Spelke, 2013; 

Rhodes, 2012; Shutts, Pemberton, & Spelke, 2013). 

In light of this recent shift in focus on children, Svirydzenka, Sani, & Bennett (2010) 

demonstrated that 10-year-old children classify social groups along the same spectrum as adults. 

More recently, Plötner et al. (2016) demonstrated that even 5-year-old children distinguish 

between groups along the above-mentioned spectrum. In their study, the authors examined 

whether children differentiated between four group types differing in levels of interaction, 

similarity, goals, and outcomes. Children were asked: 1) which of the two groups best 

represented a group - one where group members worked together or one where group members 

looked similar to each other, and 2) to rate the extent to which they thought a group was a 

coherent entity. Their results indicated that 5 -year-olds were indeed able to differentiate the four 

groups. Further, children rated groups that worked together and had joint goals as a stronger 

representation of groups rather than groups where similarity among group members (i.e., 

characterised by markers of perceptual similarity/dressed similarly, and shared preferences and 

knowledge among group members) was high. Children regarded intimacy groups (e.g., family, 

friends), task groups (e.g., work colleagues, sport teams), and social categories (e.g., same 

gender) comparably as highly coherent groups, while loose associations (e.g., collection of 

people at the train station) was rated low. Thus, like adults and older children, children as young 

as 5-years-old have an intuitive idea of group representations and coherence. Whereas adults and 

older children were comparable in their ratings about perceptions of groups as a coherent entity 

between (Lickel et al., 2000; Svirydzenka et al., 2010), 5-year-olds' perceptions were less finely 
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nuanced. Specifically, younger children regarded intimacy, task, and social categories as equally 

being coherent, unlike adults and older children. 

 The main motivation of the study conducted by Plötner and colleagues (2016) was to 

understand 5-year-old children's perceptions of what a group is and expectations of notions of 

group coherence. In another study, Plötner and colleagues (Plötner, Over, Carpenter, & 

Tomasello, 2015) investigated the influence of collaboration and minimal group membership 

(based on shirt colours) on 3.5- and 5-year old children's performance on forced-choice tests of 

prosocial behaviours measuring helping, resource allocation, trust, liking, and affiliation (Plötner 

et al., 2015). Specifically, the authors examined whether previous collaborative activity with a 

puppet, and invoking an ingroup with a puppet, would influence children's preference 

(favouritism) for the social partner. Also of interest was whether children would show 

preferential behaviours towards collaborative partners and ingroup members comparably (i.e., 

magnitude of effects between both conditions). Children across both age groups were assigned to 

one of two conditions: a collaboration condition and a minimal groups condition. In the 

collaboration condition, children were introduced to two puppets, one of whom subsequently 

collaborated with children on a joint task. In the minimal-groups condition, children were given 

markers of group membership (i.e., scarves, arm bands, and belts of one colour). Next, children 

were introduced to two puppets, one whose colour matched the children's chosen colour. This 

was done to invoke ingroup membership. The experimenters then posed children a series of 

events that assessed children's preferential responses in prosocial situations (e.g., helping, 

resource distribution, trust, and affiliation). Results indicated that 5-year-old children showed an 

overall preference for an agent with whom they had previously collaborated (as opposed to a 

non-collaborator), as well as the minimal ingroup member (as opposed to the non-matched 
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puppet). In contrast, 3.5-year-olds did not show any behavioural preference in either condition. 

The authors posit several reasons that may have contributed to the difference between the two 

age groups. With reference to minimal-group membership, previous studies (e.g., Dunham, 

Baron, & Carey, 2011) have been carried out with 5-year-old children. Thus, it is likely that 

younger children were not influenced by minimal-group membership. Further, while 5-year-old 

children have had more exposure in school and in the wider social world, 3.5-year-olds may not 

have enough exposure interacting with different groups across contexts (i.e., collaborative 

contexts or understand markers of group membership that structure their routines).Taken 

together, the studies conducted by Plötner and colleagues (2015, 2016) demonstrate that 5-year-

old children distinguish between different types of groups and further have strong notions of 

what represents a group - one where group members are engaged in joint, collaborative activities. 

Further, older children in their study comparably preferred members of a novel ingroup to which 

they are assigned as well as collaborative partners. In the case of 5-year-old children, having had 

more years of social experiences, Aboud (1988) posits that older children benefit from attending 

to the finer nuances of how groups are organised, including novel groups based on arbitrary 

distinctions such as such shirt colour (e.g., Bigler, Jones, & Lobliner, 1997).  

 While younger children and infants have comparably limited exposure to different kinds 

of social groups, previous work has demonstrated that with pre-schoolers and infants are 

sensitive to some social categories as markers of group membership (i.e., gender, age, language) 

and use such information to make inferences and guide behaviour (Buttleman et al., 2013; 

Kinzler et al., 2012; Liberman et al., 2017; Shutts et al., 2013). For instance, Shutts, Banaji, and 

Spelke (2010) demonstrated that 3-year-old children's preferences for novel objects was 

influenced by individuals belonging to the same gender and age as children themselves. Further, 
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6-month-old infants have also been shown to look longer at people from similar linguistic 

backgrounds (Kinzler et al., 2007), and selectively use linguistic information to guide their 

behaviour at 10-months (Kinzler et al., 2012; see also Buttleman et al., 2013; Liberman et al., 

2017; but see Howard, Henderson, Carrazza, & Woodward, 2014, for contextual differences with 

older infants).Thus, an understanding of social categories in studies with infants and pre-

schoolers has been based on familiar social constructs that young children experience regularly. 

Importantly, these social constructs are based on the degree of similarity among group members. 

A first step in broadening our understanding of the information that infants use to identify 

novel groups was taken by Powell and Spelke (2013) who developed a looking time paradigm to 

measure whether infants form representations of novel groups based on the group members’ 

behaviour. Using a violation of expectation paradigm, Powell and Spelke (2013) demonstrated 

that infants as young as 8-months-old use social affiliative cues of animate objects to form 

expectations about group behaviour. Specifically, the results revealed that infants expect agents 

who had been shown to belong to the same group (based on proximity and synchronous 

movement of animate shapes) to act in similar ways and make similar choices. While these 

findings provided the first evidence that affiliative cues influence 8-month-olds' expectations of 

group members' behaviour, whether information about social groups influences infants' attention 

to various aspects of the social environment selectively remains unknown.  

On the one hand, considering research which suggests that social categories are important 

markers of group membership (Buttleman et al., 2013; Kinzler & Spelke, 2007; Shutts et al., 

2010; Shutts et al., 2013), it is likely that infants use would use similarity among individuals as a 

cue to categorise them into a group. On the other hand, infants’ use of affiliation and social cues 

to identify groups (e.g., Powell & Spelke, 2013) raises the possibility that infants would also use 
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affiliatory cues and joint actions to categorize individuals as group members. Indeed, social 

affiliatory actions among individuals forges a sense of mutual collaboration to attain common 

goals, which has been argued to be an influencing factor in human social organization and group 

living (Tomasello, Melis, Tennie, Wyman, & Hermann, 2012). Previous research provides 

evidence that infants are sensitive to joint actions early in development (e.g., Fawcett and 

Gredebäck, 2015; Henderson & Woodward, 2012; Over & Carpenter, 2009; Warneken, Chen, & 

Tomasello, 2006)  

 In light of the role of group similarity and affiliatory cues in forging a sense of 

'groupness', the present experiment examines whether infants differentiate between two distinct 

novel groups based on similarity and social affiliation. Previous work indicates that 3.5-year-olds 

do not use information about different kinds of groups to influence behaviour (e.g., Plötner et al., 

2015). Perhaps task complexity may have contributed to 3.5-year-olds’ performance. It is also 

likely that children are sensitive to differences among groups early in development. Based on 

findings from previous research with infants, we attempt an alternative approach by tapping into 

looking time measures (Powell & Spelke, 2013). Specifically, we use a novel eye-tracking 

paradigm to investigate whether: 1) 19- and 24-month-infants preferentially prioritize cues of 

similarity over cues of social affiliation, or vice versa, vis-à-vis visual attention; 2) group or 

activity characteristics influence infants' attention preferentially towards a specific group's 

preference. Across both age groups, we familiarized infants to two distinct groups by varying 

affiliatory actions (i.e., group members were shown to engage in joint activities or independent 

activities) between a group where members wore same shirt colours (i.e., homogeneous group) 

and another group where each member wore different shirt colours (i.e., heterogeneous group). 

Previous research highlights infants’ understanding of and preference for social categories 
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marked by similarity between group members (Kinzler, et al., 2012; Buttleman et al., 2013; 

Liberman et al., 2017; Howard et al., 2014). Thus, if similarity among group members in the 

present experiment (based on shirt colours) drives attention early in development, we expected 

that infants in both age groups would view novel group members that resemble each other along 

a specific dimension more interesting (i.e., allocate more attention towards) than a group that 

does not have such similarity among its members. However, if social affiliatory cues (based on 

joint attention and shared goals among the group members) are crucial for a sense of 

“groupness”, we expected that infants would pay more attention towards a group that displays 

more affiliatory cues than the other group (Fawcett & Gredebäck, 2015; Over & Carpenter, 

2009; Powell & Spelke, 2013). Lastly, it is also likely that infants might view a group that is 

homogeneous and similar are more likely to affiliate (Liberman et al., 2017, for a review). If this 

is the case, we expected that infants would show the most interest in (i.e., look longer towards) a 

homogeneous group that displays affiliatory actions with one another. Investigating the extent to 

which infants are sensitive to elements of group characteristics before their second birthdays will 

extend our knowledge of the developmental trajectory of infants' understanding of groups. 

Method 

Participants 

 Families of twenty 19-month-old (Mage = 19 months, 22 days; range = 18 months, 12 

days to 21 months) and twenty 24-month-old infants (Mage = 24 months, 21 days; range = 22 

months to 27 months, 19 days) agreed to take part in the research. Participants were selected 

from a large database of families interested in developmental research in a large Australasian 

city. Parents reported their families as belonging to the following ethnic groups: 19-month-olds - 
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Caucasian (n = 12), Asian (n = 3), Pacific Islander (n = 1); Mixed (n = 3), and Preferred not to 

answer (n = 1); 24-month-olds - Caucasian (n = 18) and Asian (n = 2). Four additional 

participants from each age group were removed from the final analyses due to looking times over 

2 S.D.'s. All infants were given a toy and families were reimbursed with gift vouchers for their 

participation. 

Stimuli and Procedure 

The experimental stimuli included eight video clips and a still image. The video stimuli 

comprised two group familiarization events (described below) and two types of choice events. 

The still image used in the test trial depicted two similar, but different-coloured (green and 

purple) opaque boxes from the choice events. All children participated in the following 

procedure. Stimuli were presented on the Tobii T120 eye-tracker at a sampling rate of 120 Hz 

(Tobii Studio Version 3.2.2, Sweden). 

After completing the consent procedures, parents and children were escorted to the eye-

tracking room. Children sat on their parent’s lap or in a highchair approximately 64 cm away 

from the Tobii T120 eye-tracker. After completing a 5-point infant calibration procedure to 

calibrate the eye-tracker, the experimental procedure began. 

 All children were shown two kinds of groups completing different actions during 

familiarization and choice events. The homogeneous group was characterized by three actors 

wearing the same coloured shirt (i.e., blue). The heterogeneous group was characterized by three 

actors wearing different coloured shirts (i.e., red, white, yellow). What differed across infants 

was whether the homogenous group carried out a joint activity or an independent activity during 

familiarisation. Specifically, half of the infants were randomly assigned to the homogenous-joint 
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condition, where they were shown familiarisation videos during which the homogeneous group 

participated in the joint activity and the heterogeneous group completed the independent activity. 

The other half of infants were randomly assigned to the heterogeneous-joint condition, where 

they were shown familiarisation videos during which the homogeneous group participated in an 

independent activity and the heterogeneous group completed the joint activity. 

 Joint activity familiarization. The joint activity familiarization consisted of three group 

members who had their heads down at the start of the video. All three members looked up and 

towards a table in front of them and saw three blocks placed on it. One of the group members 

said, "Ooh, look!", then turned, and all three members smiled at the each other before starting a 

joint task of building a tower of blocks. Next, they headed to the table in front of them, where the 

three small blocks and a board were placed. After taking a seat in front of each block 

respectively, the group members faced the camera and said "Hi!" followed by the first actor 

reaching for the block in front of her and placing it on the board, turning, and smiling at the other 

two actors. Next, the second actor reached for the block in front of her and placed it atop the first 

actor's block, turned to the third actor and smiled, while the first actor looked on, maintaining 

positive regard. Finally, the third actor completed the tower by placing the block on top of the 

second actor's block, turned, and smiled at the other two actors of the group. Here, the video 

froze for four seconds and the next clip began. 

 Independent activity familiarization. The independent activity familiarization also 

started with three group members who had their heads down at the start of the video. All of them 

looked up and towards the table in front of them and saw three different objects (a soft toy, a 

book, a small truck). One of the members said, "Ooh look!". Crucially, the group members did 

not turn to look at each other or smile, and maintained a neutral look throughout. Next, they 
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moved over to the table and sat respectively in front of the three objects placed on the table. 

They looked at the camera, said, "Hi!", and each group member proceeded to manipulate the 

object placed in front of them. None of the group members looked at each other or the other 

objects throughout. After manipulating the objects for about 30 seconds, the clip froze with each 

member looking at her own object and stayed on for four seconds.  

 The duration of both familiarization clips was similar (~ 33 seconds). Further, during the 

familiarization videos, children always had visual access to both the groups. Members of the 

non-acting group had their heads down at all times and did not see what the other group was 

doing through the duration of each video (see Figure 1).  
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Figure 1. Example of video clip shown to infants during familiarization. The events in this still 

were shown to infants assigned to the homogenous-joint condition in which the homogeneous 

group engaged in the joint action and the heterogeneous group engaged in independent actions 

during familiarization.  

Choice event. In a series of choice event video clips (Figure 2), children were shown two 

kinds of choice events during which one member from each group attended to and selected 

one of two boxes. In the joint activity choice event, a member from the group who had 

completed the joint activity during familiarization completed the choice event. In the 

independent activity choice event, a member from the group who had completed the 

independent activity during familiarisation completed the choice event. Infants were shown 

each type of choice event in alternation three times (so that each group member would 

complete the choice event) resulting in a total of six choice event trials. 
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Joint activity choice event. Members from both groups had their heads down at the start 

of the video. Next, the members of the group that participated in the joint activity during 

familiarisation looked up towards the table, where two opaque boxes of different colours were 

placed. Then, they looked at each other and smiled before one of the members moved towards 

the table in between both boxes, leaned forward to peek inside each box, looked to the 

camera, and said "Ooh", took a seat in between both boxes, grabbed one of the boxes, and 

brought it closer to her. She looked inside and said, "Mmm"! This marked the end of the joint 

attention choice event, where the film froze for four seconds. During the duration of the 

choice event, the two remaining members of the group looked on while their group member 

conveyed her preference. Members of the other group did not look up throughout the joint 

activity choice event. 

Independent activity choice event. The independent choice event was the same as the 

joint activity choice event with two exceptions. First, the choice event was completed by a 

member of the group who had completed the independent activity during familiarization. 

Second, none of the group members established eye contact with one another during the 

choice event.  
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Figure 2. Sample choice events shown to infants in the heterogeneous-joint activity condition. 

Infants in this condition were shown heterogeneous group members carrying out the joint 

activity choice events and the homogenous group members carrying out the independent 

activity choice events. 
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Figure 3. Test event used in both experiments with the areas of interest (AOI) overlaid on the still 

picture. The overlaid AOIs were not shown at the test event. 

 Test Event. After the last choice event, infants in both conditions were shown a still 

picture of the two boxes for eight seconds (Figure 3). 

Data Reduction 

Raw data was processed using Tobii Studio’s I-VT fixation filters. For preliminary 

analyses, static areas of interest (AOIs) were created to test whether infants allocated similar 

levels of attention to the familiarization events (Joint activity and Independent activity: 1280 px 

x 778 px) and choice events (1278 px x 584 px). Further, two same-sized (486 px x 348 px) 

AOIs were created for the test event stimulus (see Figure 3) to attain a measure of the duration of 

the test trial that children spent looking towards each of the two boxes.  

Results 

 Table 1 is a summary of results of looking times during the familiarization and choice 

event phases. A 2 (group activity familiarization: joint activity, independent activity) x 2(age: 

19-months, 24-months) x 2 (gender: male, female) x 2(joint activity condition: heterogeneous 

homogeneous) x 2 (script: independent first, joint first) mixed-design ANOVA with 

familiarization as the within subject variable was conducted to examine whether infants’ looking 
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times were influenced by counterbalanced factors across age. Results indicated a main effect of 

familiarization activity, F(1,24) = 9.217, p = .006, np
2 = .27, suggesting that infants looked 

significantly longer at the independent activity familiarization (M = .77, SE = .01) than the joint 

activity familiarization (M = .71, SE = .01), regardless of group type. Further, there was a four-

way interaction between familiarization, age, condition, and script, F(1,24) = 5.35, p = .03, np
2 = 

.18. To follow-up, a 2 (group activity familiarization: joint activity, independent activity) x 2 

(joint activity condition: heterogeneous homogeneous) x 2 (script: independent first, joint first) 

mixed-design ANOVA was conducted for each age group. With regard to 19-month-old infants, 

there were no significant main effects or interactions, p's > .1. For the 24-month-olds, there was a 

significant main effect of familiarization, F(1,16) = 12.59, p = .003, np
2 = .44. Specifically, 24-

month-old infants looked significantly longer at the independent activity familiarization (M = 

.77, SE = .03) than the joint activity familiarization (M = .68, SE = .03), regardless of group type. 

Lastly, there was an interaction between gender and script, F(1,24) =7.82, p = .01, np
2 = .24. 

However, a follow-up t-test for each gender indicated no significant effects across either script, 

all p's> .1. No other effects reached statistical significance. In sum, these findings suggest that 

infants looked longer towards the independent activity familiarization event, particularly 24-

month-old infants. 
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Table 1 

Mean proportion looking time during group familiarization and choice event phases across 19- and 24-month-old infants.  

 

   

Familiarization 

 

Choice Events 

Age Group Type J.A. I.A. J.A. 

(Trial 1) 

I.A. 

(Trial 1) 

J.A.  

(Trial 2) 

I.A. 

(Trial 2) 

J.A. 

(Trial 3) 

I.A. 

(Trial 3) 

19-

month-

old 

Homogeneous 

Group 

.69 (.03) .79 (.01) .78 (.04) .81 (.01) .68 (.06) .71 (.06) .75 (.05) .78 (.03) 

Heterogeneou

s Group 

.76 (.01) .73 (.06) .79 (.02) .78 (.04) .71 (.09) 68 (.07) .68 (.06) .62 (.06) 

          

24-

month-

old 

Homogeneous 

Group 

.64 (.04) .78 (.04) .71 (.04)  .82 (.03) .65 (.06) .76 (.03) .69 (.07) .73 (.06) 

Heterogeneou

s Group 

.70 (.05) .74 (.03) .80 (.02) .83 (.02) .75 (.02) .67 (.06) .85 (.04) .64 (.07) 

Note: SE in parentheses. JA = Joint Activity Condition, IA = Independent Activity Condition 
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 Next, a 3 (choice event trial: first, second, third) x 2 (choice event actor: homogeneous, 

heterogeneous) x 2 (age: 19-months, 24-months) x 2 (gender: male, female) x 2 (joint activity 

condition: heterogeneous, homogeneous) x 2 (script: independent first, joint first) mixed-design 

ANOVA with trial and actor as within subject variables was conducted on infants’ attention 

towards the choice events. There was a main effect of trial, F(2,48) = 8.97, p < .001, np
2 = .27, 

suggesting infants’ overall looking time towards the choice events decreased as trials progressed. 

There was a three-way interaction between choice event actor, condition, and script. To follow-

up, a repeated measures ANOVA for each condition indicated no significant effects, p's > .05. 

There was also a two-way interaction between actor and age, F(1,24) = 4.92, p = .036, np
2 = .17. 

However, a follow-up paired-samples t-test for each age group revealed no significant effects, all 

p's >.1. Lastly, there was a five-way interaction between trial, gender, age, condition, and script, 

F(2,24) = 3.41, p = .041, np
2 = .12. A 3 (choice event trial: first, second, third) x 2 (gender: male, 

female) x 2 (joint activity condition: heterogeneous, homogeneous) x 2 (script: independent first, 

joint first) mixed-design ANOVA for each age was conducted. For 19-month-olds, there was a 

main effect of trial, F(2,48) = 6.52, p = .005, np
2 = .35, suggesting infants' looking times 

decreased as trials progressed. With respect to 24-month-old infants, there was an approaching 

main effect of trial, F(2,24) = 2.87, p = .076, np
2 = .19, indicating infants' looking times 

decreased as trials progressed. However, Bonferonni-adjusted pairwise comparisons did not 

reveal significant effects, p's >1. Further, there was a main effect of condition, F(1,12) = 4.61, p 

= .045, np
2 = .27. Specifically, 24-month-old infants who had been in the heterogeneous-joint 

activity condition looked longer towards the choice events (M = 1.6, SE = .09) compared to 

infants who had been assigned to the homogeneous-joint condition (M = 1.33, SE = .08). This 
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indicates that infants in the heterogeneous-joint condition may have required more to pay more 

attention during the choice events than infants in the homogeneous-joint condition.  

 In light of the significant interactions across both age groups, the final analysis examining 

infants’ attention towards the test trial incorporated all of the above factors. For the final 

analysis, a proportion score was calculated to determine whether infants, on average, spent more 

time looking at the box that had been preferred by the group who had completed the joint activity 

relative to the time looking at the other box that had been preferred by the group who had 

completed independent activities. Thus, a looking time proportion greater than 0.50 is indicative 

of an attentional bias towards the joint activity group’s preferred box, while a looking time 

proportion less than 0.50 would a bias towards the independent activity group’s preferred box. 

The results of a 2 (gender: male, female) x 2 (age: 19-month-old, 24-month-old) x 2 (joint 

activity condition: heterogeneous, homogeneous) x 2 (script: independent first, joint first) 

univariate ANOVA indicated no significant main effects or interactions across factors, all p's 

>.1.  
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Figure 4. Infants' proportion time spent looking at the preferred novel box. Looking time 

proportion over 0.5 denotes a preference for looking at the box preferred by the group that 

engaged in joint activity. 

Discussion 

 As members of the human species, we encounter a variety of groups in our day-to-day 

lives, differentiate between them, and have expectations of their actions with other group 

members, which subsequently guide our own behaviour (Lickel et al., 2001). Previous work with 

infants and pre-schoolers demonstrates that children categorise people into groups based on 

familiar social categories (e.g., Kinzler et al., 2012; Shutts et al., 2013) or using a combination of 

factors such as collaborative interactions, common goals and outcomes, as well as similarity 

among group members (e.g., Plötner et al., 2015; Plötner et al., 2016; Powell & Spelke, 2013). 

The reported experiment was a preliminary attempt to examine the extent to which cues of 

similarity and social affiliation influence infants' visual attention towards two distinct novel 

groups. 

n.s. 
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 Overall, the results indicated three outcomes. First, overall, infants across both age 

groups looked longer towards the independent activity familiarization events, regardless of 

whether the activity was being completed by a homogenous or heterogeneous group. This pattern 

was particularly significant for 24-month-old infants. Second, 24-month-old infants who were 

assigned to the heterogeneous-joint condition looked longer at the choice events compared to 

infants assigned to the homogeneous-joint condition. Finally, neither joint activity nor group type 

influenced infants’ looking times towards the novel stimuli. The contributions these findings 

make to the literature are discussed below.  

During the familiarization events, infants were introduced to two different groups: one 

wearing same-coloured shirts (homogeneous), alluding to similarity among group members. The 

second group wore different-coloured shirts (heterogeneous). Each group was shown to engage 

in one of two ways; a joint activity during which group members proceeded to build a tower 

together while maintaining joint attention with each other throughout the task. The independent 

activity was characterized by group members carrying out separate activities on their own and 

crucially, they were never shown to interact with one another. Infants in the homogenous-joint 

condition watched the homogeneous group engage in the joint activity and thus, the 

heterogeneous group engage in the independent activities. Whereas infants in the heterogeneous-

joint condition watched the heterogeneous group engage in the joint activity, while the 

homogeneous group engage in independent activities. Based on previous research on infants' and 

pre-schoolers' use of linguistic and biological markers of social categorization to group 

individuals (e.g., Buttleman et al., 2013; Kinzler et al., 2012; Shutts et al., 2013), of key interest 

was whether, or not, infants allocated more attention to the novel group marked by high level of 

similarity. Further, considering the role of collaborative actions and joint attention, which are 
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argued to be central in group living and human cooperation (Tomasello & Carpenter, 2007; 

Tomasello et al., 2012), we expected that a homogenous group that also engaged in a joint task 

of accomplishing a shared goal would be the most likely to garner infants’ attention. That is, we 

expected infants to find the homogeneous-joint group more interesting and thus, look longer at 

the homogeneous-joint activity familiarization.  

In contrast to our expectations, across both age groups and regardless of condition, 

infants looked longer at the group engaging in independent activities, characterized by low levels 

of interaction and joint attention, common goals, and outcomes among group members compared 

to the group engaging in joint activities. The longer looking time outcome towards the 

independent familiarization videos was surprising in light of previous research, which has shown 

that older children and adults rate high levels of interaction, common goals and outcomes are 

more representative of a group (Lickel et al., 2001; Plötner et al., 2016). Further, infants across 

both age groups did not demonstrate a looking time preference based on group type (i.e., 

homogeneous or heterogeneous) suggesting that group members' interaction with each other 

rather than salient perceptual markers (i.e., t-shirt colours) among group members took 

precedence in influencing infants' attention.  

While the results of the familiarization events are surprising, one possibility of infants' 

looking time trends can be speculated. To tease apart the cues (i.e., perceptual and social 

affiliation) that guide infants' expectations of group members' behaviours, Powell and Spelke 

(2013) examined the role of social cues in guiding 8-month-old infants' expectations. In their 

experiment, by removing key markers that signalled social affiliation; chiefly, spatial proximity, 

synchronized movements, infants were unable to have reliable expectations of group members' 

behaviours. With respect to the present experiment, the critical cues that signalled joint actions 
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were based on interaction among group members and joint attention during familiarization, while 

independent actions were characterized by no interaction among group members along with 

independent activities. Crucially, members of both groups, regardless of activity type, were 

clustered together spatially. It is likely that cues of proximity may have played a role in infants’ 

expectations of group members' interactions with each other. That is, infants may have looked 

longer at the independent familiarization video, regardless of group type, and been surprised by 

events where group members spatially clustered together engaged in independent actions instead 

of joint actions. Festinger (1950) posited that proximity influences interpersonal bonds among 

otherwise unrelated group individuals. Indeed, proximity is thought to signal kinship cues (van 

Vugt & van Lange, 2006). Further, proximity has implications for collaborative associations in 

adults (e.g., Kabo, Cotton-Nessler, Hwang, Levenstien, & Owen-Smith, 2014). These findings 

also highlight that, in a crowded social space, it is likely that infants, specifically 24-month-olds, 

pay attention to people's actions rather than other perceptual cues between one another. Further, 

it is plausible that infants have expectations that people in close proximity to each other engage 

in joint activities, supported by longer looking times towards the independent activity events. 

However, it is also likely that 24-month-old infants found components of the independent 

activity familiarization event more interesting (e.g., different shirt colours, different objects that 

actors engaged with), resulting in longer looking times. 

 Of interest with respect to the choice events was whether group similarity or the group 

that had been involved in a joint activity influenced infants' looking times during the choice 

events. During the choice events, infants were shown each group indicating a preference for one 

of two boxes. We expected that infants across both age groups would most likely use group 

similarity and social affiliatory cues to guide their attention towards a novel group's preference. 
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That is, we thought that infants would pay most attention to the choice events involving 

homogeneous group actors who had, and continued to, engage in joint activities. Contrary to the 

hypothesis, the results indicated that 24-month-old infants in the heterogeneous-joint activity 

condition looked longer at the choice events, regardless of choice event type compared to infants 

in the homogeneous-joint activity condition. Putting the looking patterns in perspective of the 

preceding familiarization events, where 24-month-olds infants looked longer at the independent 

activity familiarization, infants' expectations of a group's shared preference may have contributed 

to longer looking times during the choice event phase. That is, it is likely that infants' 

expectations of group members are based on a combination of similarity to one another, social 

affiliation, and proximity to each other. Thus, with regard to the choice events, infants may have 

had different expectations of each group type with regard to their preferences. It may be likely 

that infants looked longer at the choice events because both groups were shown to have a shared 

preference. Considering previous research demonstrating infants' expectations of individuals 

from similar categories sharing preferences (for a review, Liberman et al., 2017), it is likely that 

infants expected homogeneous actors to share preferences during choice events, while having no 

expectations of heterogeneous actors. That heterogeneous actors were shown to share a 

preference may have gone against infants' expectations thus resulting in longer looking times 

towards choice events. In comparison, choice events in the homogeneous-joint activity events 

may have been in sync with infants' expectations of group members' behaviours, at least with 

respect to the homogeneous group. They might have not had any expectations of the 

heterogeneous actors to start with in relation to a shared preference. Thus, findings from the 

choice events deviates from previous work (e.g., Powell & Spelke, 2013), which demonstrated 

that cues of social affiliation are sufficient to form expectations of group members' preferences. 



 

112 
 

However, accounting for differences in paradigm and measurement of variables, the present 

interpretation should be treated with caution. 

  Further, our results also suggest a possible developmental progression with respect to 

infants’ attention towards groups during choice events between 19- and 24-months of age. While 

19-month-old infants received sufficient exposure to the choice events (as indicated by the main 

effect of trial suggesting decreasing looking times as trials progressed), task complexity may 

have contributed to looking time patterns, or lack of, towards either group type or activity. 

 The third question of interest was whether infants’ attention towards a novel stimulus 

would be influenced by groups that differed in similarity and/or affiliatory cues. Previous work 

has demonstrated pre-schoolers' expectations of shared preferences among members of the same 

social category (Diesendruck et al., 2015; Shutts et al., 2013). Further, from a social learning 

perspective, we are most likely to attend to information from groups that are perceived as similar 

(Buttleman et al., 2013; Kinzler et al., 2012; Shutts et al., 2013), spatially close (van Vugt & van 

Lange, 2006), and characterized by joint activities and attention with other group members 

(Powell & Spelke, 2013; Tomasello & Carpenter, 2007; Tomasello et al., 2012). Thus, we 

expected that infants would most likely use the information provided by the group members in 

the homogeneous-joint activity condition to guide their own visual preferences towards novel 

stimuli. However, our findings indicated that infants did not show a reliable preference towards 

one box over the other in any condition or age group. While looking patterns in the 

familiarization and choice events were indicative of how infants attend to information while 

encountering different people in the environment, our findings suggest that infants at these ages 

are not biased by the information provided by either group. Thus, while infants prioritized 

independent actions (i.e., looked longer towards independent action group during familiarization) 
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and group type (homogeneous/heterogeneous) during choice events (24-month-olds), these group 

characteristics did not influence infants' attention towards novel stimuli in any way. Previous 

work with infants has tested infants' understanding and expectations of group members' 

behaviour (Powell & Spelke, 2013). The present study further attempted to extend this work by 

examining whether group characteristics influence infants’ attention. It is likely that task 

difficulty of the paradigm used in the present study may have contributed the null effects. In case 

of 24-month-old infants, who displayed preferential patterns of looking during familiarization 

and choice event phases, one possibility is that they were unable to bind the information from 

these previous phases in a coherent way such that it influenced their attention selectively in the 

test phase.  

 The present experimental paradigm involved varying combinations of similarity and 

social affiliatory cues to tease out the relative strength of group similarity and affiliatory cues 

within and between groups. As a first step towards addressing this question, we opted to do so in 

a within subject design. In hindsight, in doing so, it is very likely that infants might have been 

presented with too much information for them to keep track of and then use to guide their 

behaviour. Indeed, the cognitive load required for infants to keep track of all the information 

presented to them in this study (differences in similarity and affiliation among members of two 

different groups, across two phases: familiarization and choice events) may be the primary 

reason why our results were not as strong as we had anticipated they would be. Thus, future 

work can simplify the paradigm; for instance, by comparing two groups that vary in similarity 

(i.e., homogeneous and heterogeneous) but are shown to engage in joint activities throughout 

familiarization and choice events, would shed light into the specific cues that may prioritize 

infants' attention and expectations of novel groups. Further, the present experiment opted to have 
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both groups visible to infants at all times, in line with previous work (e.g., Powell & Spelke, 

2013). This may have complicated the experimental display for infants. Thus, future work can 

alter the paradigm by presenting key group information in separate trials. This change would 

likely reduce the task demands enough so that further insight into specific group characteristics 

that infants focus on while attending to novel groups can be attained. Finally, recall that group 

members in the joint activity condition looked at each other and smiled (familiarization and 

choice events) and group members did not do so in independent activity condition. This 

difference was intended to enhance the “jointness” of the joint activity condition. However, it is 

possible that this difference between the emotional tone in each condition may have influenced 

infants’ attention, especially in the group familiarization phase. Future work can examine this 

possibility by keeping the emotional expression between groups constant. For instance, members 

in the joint and independent activity conditions acknowledge other group members; however, in 

the independent activity condition, group members carry on doing their independent activities as 

detailed in the methodology.  

It is also possible that the use of human actors, rather than inanimate shapes as employed 

in previous work (e.g., Powell & Spelke, 2013) may have led to increased task demands. We 

opted to use humans to preserve ecological validity with respect to the kinds of situations infants 

might encounter on an everyday basis. However, in so doing, it is possible that we increased the 

complexity of the display for infants. Indeed, previous work with pre-schoolers indicates that an 

ability to form novel social categories based on arbitrary characteristics such as shirt colour 

emerges by five years of age (Dunham et al., 2011). Thus, future work can also focus on easing 

cognitive load and simplifying the display by using animate shapes instead of people. Taken 

together, the results of the present study demonstrated infants' differential patterns of looking 
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time preferences (familiarization and choice event phases) based on expectations of affiliatory 

actions among group members. In conjunction with previous work on infants' expectations of 

group members' behaviours at eight months (Powell & Spelke, 2013), the present findings 

provide us some basis to explore the option of altering the paradigm to suit 19- and 24-month 

olds. 

 The present research was conducted to investigate which aspects of novel social groups 

infants pay attention to and identify whether, or not, children across both age groups use group 

similarity and actions to guide their behaviour. While affiliatory actions were important 

regardless of group type across both ages during the familiarization phase, 24-month-old infants 

prioritized their attention during the choice events towards the group where joint actions among 

heterogeneous group members was high. However, both similarity and joint actions and attention 

were not enough to harness young children's attention preferentially in relation to novel stimuli. 

Even though the results of the study did not indicate a preferential bias in using information 

provided by either group, it contributes to our understanding of what aspects of the social 

environment young children pay attention to when learning about peoples' collective behaviours 

in groups. Knowledge of and specific attention to people's collective actions and behaviour paves 

the way for selective learning about relevant aspects of one's social environment (Tomasello et 

al., 2012). Further, this adds to the growing literature examining questions surrounding young 

children's understanding of groups.  
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General Discussion 

 Majorities influence our thoughts and behaviour across various aspects of our lives. The 

ubiquitous presence of majority influence has paved the way for cultural norms and practices to 

be passed down to future generations; thus, maintaining human cultural systems (Haun & Over, 

2015; Henrich & Boyd, 1998; Richerson & Boyd, 2005; Tomasello et al., 2012). From a social 

learning perspective and evolutionary standpoint, scholars have posited for an adaptive 

mechanism, which prioritizes majority information (Henrich & Boyd, 1998). Further, research in 

social psychology demonstrates the large extent to which majorities influence our behaviours 

across different contexts (for reviews, Cialdini & Goldstein, 2004; Levine & Tindale, 2015). 

Indeed, its influence starts fairly early in development (e.g., Walker & Andrade, 1996; 

Corriveau, et al., 2009; Haun et al., 2012).  

 Previous developmental work has demonstrated behavioural outcomes of majorities 

influencing children as young as two years of age. To the best of our knowledge, the present 

body of work is the first attempt to examine precursors of majority influence in infancy. This, to 

our knowledge, is the first attempt to do so. Across three manuscripts, a novel eye-tracking 

paradigm was used to a) examine whether majorities influence infants' preferences for novel 

stimuli (Chapters 2 & 3), b) explore the scope of majority influence (Chapters 2 & 3) and, c) 

identify the cues that aid infants’ tendency to categorize individuals into coherent groups 

(Chapters 3 & 4). The overall results indicate that the presence of a novel majority influences 19-

month-old infants' visual attention to novel, ambiguous stimuli, thus extending previous 

literature and demonstrating attentional precursors of majority influence earlier in development. 

The results further suggest the extent of its influence may be restricted in some domains, such as 
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subjective preferences, as well as shed insight into the cues that may have been guiding infants' 

attention during the experimental process. 

Chapter Summaries and Findings 

 Chapter 2 examined the role that majorities play in influencing 18-month-old infants' 

attention and subsequent preference for one of two novel toys. In Experiment 1, infants were 

familiarized to two novel toys (i.e., behavioural task 1). Critically, this phase served as an 

indicator of infants' initial preference for a novel toy. The following eye-tracking phase exposed 

infants to choice events, during which clips of actors forming the majority and an individual 

shown to have a preference for one of two novel toys were alternated. The majority actors were 

shown to share a preference for one toy and the individual was shown to prefer the other toy. 

Finally, in the test phase, infants were shown a picture of the two toys in isolation and a measure 

of their looking times towards the toys was recorded. The experiment concluded with 

behavioural task 2, during which infants' toy preference was recorded. The findings suggested 

that infants' initial preference for one of the toys (i.e., the orange toy) seemed to have led to an 

engrained preference for the toy resulting in no effects of a majority bias in looking times 

towards either of the two toys in the eye-tracking phase. This was further supported by infants’ 

choice patterns in behavioural task 2, during which most infants chose the orange toy. Since the 

initial preference may have led to an engrained preference for the orange toy, in Experiment 2, 

behavioural task 1 was omitted. A context in which naïve infants had no prior information about 

the toys, we expected that infants would be more likely to attend to environmental cues for 

relevant information about the toys (i.e., attend to actor characteristics during the choice events). 

Indeed, the results revealed some promising trends suggesting that 18-month-old infants' visual 

attention is biased by the majority. However, owing to a weak main effect and an attentional bias 
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(i.e., longer looking) towards the orange toy, the findings of Experiment 2 were unable to 

conclusively highlight the role of the majority in influencing infants' attention.  

 In light of the results from Chapter 2, the focus of the experiments in Chapter 3 was to 

change the context of information acquisition. That is, since the use of novel toys from Chapter 2 

may have lent itself to more subjective scrutiny rather than considering majority or individual 

information, we presented 12- and 19-month-old infants with an ambiguous context (i.e., 

preference for two similar looking boxes) in this chapter. In addition to examining a 

developmental progression of majority influence, a majority familiarization clip was added to 

boost cues to signal the majority. Of interest was to examine whether the majority familiarization 

clip and subsequent choice events (similar to Chapter 2) influenced infants' attention selectively; 

specifically, would infants look longer at the stimulus (i.e., two similar boxes of different colour) 

that the majority were shown to prefer. Infants were assigned to two conditions (i.e., distributed 

and exemplar), and all infants were familiarized to three female actors wearing the same 

coloured t-shirts and an individual wearing a different coloured t-shirt. 12-month-old infants only 

participated in the distributed condition. During familiarization, the majority was shown to 

engage in a joint activity (i.e., tower building) while maintaining joint attention with one another. 

The individual was shown to play by herself maintaining a pleasant demeanour. The choice 

events that followed were set up similar to experiments from Chapter 2 for infants in the 

distributed condition. However, infants in the exemplar condition were shown choice events 

clips during which a representative member of the majority was shown in alternation with the 

individual. Specifically, if majority cues were powerful, we reasoned that showing infants a 

representative member of the majority would likely influence infants' attention. The results 

indicated that 19-, but not 12-month-old infants, looked longer at the box that the majority was 



 

119 
 

shown to prefer (distributed condition). Infants who were assigned to the exemplar condition, 

however, were neither biased by the representative majority member nor by the individual. 

Overall, Chapter 3 highlighted two main findings; 1) a developmental trend suggesting that 

infants' sensitivity to majorities emerges later in infancy (i.e., at 19 months). A detailed 

discussion regarding this trend is discussed in detail later in this section; 2) 19-month-old infants 

required frequency information with regards to the number of people demonstrating a preference 

for the majority to wield its influence.  

 The experiments in Chapter 3 introduced a majority familiarization clip to boost cues to 

signal the majority. However, what remains unknown is to what extent the clips influenced 

infants' selective attention to the majority box. On the one hand, it is likely that having 

information about shirt colours before the choice events helped infants categorize majority 

members as a cohesive unit. On the other hand, the majority familiarization videos (where 

infants were shown social affiliation between majority members) could have influenced infants' 

selective bias towards learning from the majority as opposed to the individual. A final possibility 

is that infants required both similarity among members (denoted by shirt colours) and social 

affiliation to bind majority members as a cohesive group. The experiment in Chapter 4 was 

designed to tease apart the cues that guide infants' attention to a novel group's characteristics. We 

familiarized 19- and 24-month old infants to two distinct groups; the homogeneous group was 

characterized by similarity among group members (actors wore same shirt-colours) and the 

heterogeneous group was characterized by different shirt colours. Further, we varied cues that 

signalled social affiliation between group members in each group. That is, half of the infants 

were familiarized to the homogeneous group engaging in joint activities together and maintained 

joint attention throughout the familiarization and choice event phases, while the heterogeneous 
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group engaged in independent activities and did not engage with each other during 

familiarization and choice event phases. The other half of the sample witnessed the 

heterogeneous group engage in joint activities and the homogeneous group engage in 

independent activities throughout familiarization and choice events. Of interest was to examine 

whether similarity among group members and social affiliation guided infants' attention to novel 

stimuli. The results indicated that infants' attention to novel stimuli was not biased by either 

group. Further, 24-month-old infants' looking patterns towards familiarization and choice events 

suggested that infants may have likely formed expectations of group members' behaviours based 

on a combination of similarity, proximity, and social affiliation with one another. There were no 

significant effects with the 19-month-old infants.  

 Taken together, the findings across the three manuscripts provide the first known 

evidence of majority influence so early in development. Specifically, 19-month-old infants were 

biased by majority information when pitted with individual information. Further, a selective bias 

for the majority was driven by contextual factors (i.e., ambiguity) and the number of individuals 

providing the information. Finally, while the contribution of the majority familiarization clip in 

Chapter 3 in guiding 19-month-old infants' subsequent attention to the novel stimuli remains 

open, findings from Chapter 4's experiment may shed some light into infants use of social cues to 

categorize groups. The following sections discuss empirical and theoretical contributions of the 

present research in conjunction with its limitations and scope for future work.  

Empirical Contributions 

 Preferences are subjective. The preferences of majorities shape the norms and 

behaviour of its members (e.g., Guiso et al., 2006). Indeed, previous work with infants suggests 
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that infants as young as 10-months-old are shown to prefer objects of an actor who shares their 

linguistic background (Kinzler et al., 2012; Shutts, Kinzler, McKee, & Spelke, 2010). This 

indicates that infants are capable of scrutinizing and selecting information based on familiar 

social constructs. Thus, of interest was to explore whether majority preferences guide behaviour 

early in development. The results revealed that 18-month-old infants' subjective preferences were 

not influenced by either the majority or the individual (Experiment 1, Chapter 2). Previous work 

with infants suggests that an appreciation of the subjective nature of preference emerges early in 

development. That is, infants do not generalise preferences to be shared across individuals (e.g., 

Buresh & Woodward, 2007; Henderson & Woodward, 2012; Woodward et al., 2009, for a 

review). The initial experience with the preferred novel toy (Experiment 1, Chapter 2) seemed to 

have not influenced 18-month-old infants in attending to crucial aspects of the following choice 

events; thus, suggesting that at 18-months, preferences are individual-specific and do not seem to 

be dictated by a majority. Indeed, based on experiments with adults, Crutchfield (1955) posited 

that the subjectivity of preferences is the most likely to be resistant to majority influence. 

Further, in their study, Repacholi and Gopnik (1997) demonstrated that 18-, but not 14-month-

old infants, while aware of another individual's subjective preferences, did not change their own 

personal preference (in relation to food items). 

 Thus, the findings add to literature by demonstrating that 18-month-old's initial 

preference for a novel toy was not influenced by a majority or an individual, specifically when 

infants had prior exposure to the toys. Alternatively, infants did not conform to a majority's 

preference; i.e., they did not discard their previous preference to adopt one indicated by the 

majority. While the present experiments failed to demonstrate that infants’ visual attention and 

toy preferences are guided by the majority, it is premature to state that infants are not influenced 
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by the majority. Future work examining majority influence in infancy across a broad range of 

contexts is required to fully determine the extent of majority influence in infancy. 

 Ambiguity leads to majority influence. Findings from Experiment 1 (Chapter 1) 

revealed that infants' subjective preference for a novel toy was not influenced by the majority. In 

uncertain, novel scenarios, it is likely that infants would assign more importance to their social 

environment when confronted with conflicting information (Haun et al., 2013). Indeed, changing 

the experimental context resulted in the majority influencing 18- to 19-month-old infants' 

attention (Experiment 2, Chapter 2, Experiment 2, Chapter 3). To our knowledge, these findings 

provide the first known evidence of majority influencing 18- to 19-month-old infants' visual 

attention earlier than thought in development. 

 It is argued that the initial experience with the novel toy in Experiment 1 (Chapter 2) may 

have influenced infants' looking times at choice and test events. Thus, by omitting the 

behavioural task 1 (Experiment 1, Chapter 2), the context of information acquisition was 

changed for infants in Experiment 2 (Chapter 2). With no prior information about the toys, 

infants may have likely looked to other actors' characteristics (provided by choice events) to 

assess the experimental events. However, in light of the main effect of the toy in the focal 

analysis (i.e., overall, infants looked longer at the orange toy compared to the purple toy during 

the test event), a subjective preference for the orange toy may have contributed to the weak 

effects. Therefore, the experiments in Chapter 3 incorporated a scenario that rendered itself to 

more ambiguity, which has been shown to influence naïve individuals to fall back on majority 

information (Asch, 1956; Costanzo & Shaw, 1966; Crutchfield, 1955; Haun et al., 2013; Sherif, 

1937). Instead of novel toys, 19-month old infants were shown the majority and individual prefer 

one of two similar, but differently coloured boxes. Indeed, the findings of the distributed 
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condition in Experiment 2 (Chapter 3) add evidence to support previous literature on the role of 

ambiguity in highlighting majority information. Festinger (1950) posited that in order to form a 

shared sense of social reality, individuals are more likely to follow the majority.  

 Taken together, the results of Experiment 2 (Chapter 2) were suggestive of a marginal 

majority influence (i.e., increased looking times at the majority toy from baseline to test event), 

in addition to children's subsequent behavioural preference for the majority toy. Further, altering 

the experimental stimuli that were more ambiguous led to stronger evidence of a majority 

influencing 19-month-old infants' attention (Experiment 2, Chapter 3).  

 Evidence of social statistical reasoning to infer majorities. The existing literature on 

infants' preferences for ingroup members demonstrates that infants respond to instances of 

people with whom they have the most exposure. For instance, most work on infants' ingroup 

preferences centre around members of infants' linguistic ingroup compared to an outgroup 

(Buttleman et al., 2013; Kinzler et al., 2007; Kinzler et al., 2012; Liberman et al., 2017; Shutts et 

al., 2010; also see Howard et al., 2014). However, when faced with novel information and 

people, how do infants keep track of people and their behaviour? Based on the findings from 

studies demonstrating infants' preference for members from similar social categories, it is likely 

that infants keep track of the frequency of instances of people that they come across. Further 

support comes from research that demonstrates infants' capabilities in using statistical evidence 

to form inferences of events based on the sample in a population (e.g., Kushnir et al., 2010; Ma 

& Xu, 2011; Xu & Garcia, 2008). More recently, Diesendruck et al. (2015) found that pre-

schoolers use social and statistical reasoning abilities to generalise preferences across agents. 

The present experiments contribute to this body of literature by demonstrating that infants take 

account of the distribution of people sharing a preference to guide their own attention to the 



 

124 
 

novel stimulus. While the results of the distributed condition in Experiment 2 (Chapter 3) 

indicated a majority bias with respect to infants' visual attention, when information of the 

representative member was pitted against that of an individual (exemplar condition), there was 

no majority bias, even though infants were familiarized to all three majority members. Thus, 

while findings of Experiment 2 (Chapter 3) indicate 19-month-old infants pay attention to the 

number of demonstrators, to what extent did the majority familiarization influence infants' 

attention to the majority? It is likely that infants required a combination of the number of 

demonstrators as well the majority familiarization clip to allow them to bind the majority as a 

cohesive unit that had a shared preference (i.e., peered into the same box). 

 The role of social cues in boosting majority salience. Across both experiments in 

Chapter 2, infants were familiarized to still pictures of the different actors without giving away 

information about t-shirt colour. Further, infants' engrained preference (behavioural task 1, 

Experiment 1) may have likely led to infants' overriding the information provided by either 

majority or individual during the choice events of the eye-tracking task. While findings from 

Experiment 2 (Chapter 2) indicated a marginal effect of a majority bias, two likely possibilities 

may have contributed to the overall weak effects. One possibility is that an attentional preference 

for the orange toy may have resulted in overall weak effects. Another possibility is that the cues 

to signal the majority were weak. Previous work on the role of social cues demonstrate that 

social cues guide infants' attention in novel learning contexts (e.g., Wu et al., 2014), allow 

infants to form expectations of behaviour (e.g., Beier & Spelke, 2012; Powell & Spelke, 2013), 

and further guide infants' own behaviour (e.g., Over & Carpenter, 2009). Thus, in Chapter 3, 

cues to boost the salience of the majority and individual were introduced by way of a majority 

familiarization clip before choice events. In conjunction with an ambiguous context, the findings 
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from Chapter 3 reflected that 19-month-olds were influenced by the majority's preference. 

However, to determine the extent to which the majority familiarization aided in infants' 

differentiating between majority and individual, Chapter 4 examined the specific role of group 

familiarization in guiding infants' attention to novel groups and further to novel information 

provided by each group. 

 In the context of Chapter 3, during majority familiarization, infants were shown events 

where the majority members engaged in joint activities (i.e., tower building) and the individual 

engaged in independent activity (playing by herself with a car). If the majority familiarization 

clip helped infants bind the majority as a cohesive unit based on their joint attention and actions, 

the experiment in Chapter 4 attempted to tease apart the extent to which joint and independent 

actions between two novel groups influenced infants' attention to novel information. We 

reasoned that if joint activities among majority members in Chapter 3 influenced 19-month-old 

infants' attention, then it is likely that in a scenario where two novel groups are differentiated by 

joint and independent activities, infants would prioritize information by the group that engaged 

in joint activities throughout familiarization and choice event phases. This is supported by 

previous work with infants that demonstrated that cues of joint attention and action are sufficient 

for infants to form expectations of group members (Powell & Spelke, 2013). Further, recall that 

the majority members in Chapter 3 wore same colour shirts. Thus, the two novel groups in 

Chapter 4 were further characterized by shirt colours; actors in the homogeneous group wore 

same-coloured shirts and actors in the heterogeneous group wore different-coloured shirts. This 

differentiation allowed us the possibility to test whether infants required both similarity among 

group members and social affiliatory cues to bind the majority as a cohesive unit (Chapter 3). 

Thus Chapter 4 had two objectives: 1) to examine the role of social cues in infants' expectations 
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of two novel groups and, 2) to examine whether infants selectively prioritize information of 

either group based on group characteristics (i.e., similarity among group members and social 

affiliation). 

 While the findings of the experiment in Chapter 4 did not yield conclusive results with 

respect to 19-month-olds' attention across the different phases in the experiment, looking patterns 

of the 24-month-old infants provided some clues about the nature in which older infants 

processed information about novel groups. Specifically, older infants' attention was not biased by 

either group towards the novel stimuli during the test phase. However, looking patterns towards 

familiarization and choice events indicated interesting trends. Contrary to our expectations, 

similarity and social affiliatory cues did not influence infants' attention towards familiarization 

and choice events. While independent activities might have been the more interesting event to 

watch for older infants during familiarization, alternative possibilities include that older infants 

may have had expectations of independent activity group members based on their spatial 

proximity (Festinger, 1950; Kabo et al., 2014). With regard to looking patterns in the choice 

events, the results indicated that infants who were shown events where the heterogeneous actors 

were shown to engage in joint activities during familiarization and choice events looked longer at 

choice events irrespective of group type (homogeneous or heterogeneous) compared to infants in 

the homogeneous-joint activity condition. One possibility is that infants required more time to 

form any expectations of group members' shared preferences during choice events. It may be that 

infants’ expectations of shared preferences among homogeneous group members (who despite 

engaging in independent activities were in close proximity with one another) when pitted with 

expectations of heterogeneous group members' preferences (where the group engaged in joint 

activities) led to confusion regarding shared preferences among group members. While this was 
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not the case for infants who were shown the homogeneous group engaging in joint activities 

during familiarization and choice events. In this case, it may have not been surprising for infants 

to see homogeneous-joint activity group actors' sharing a preference, while holding no 

expectations of heterogeneous-independent group actors. That is, even though each group had a 

shared preference, regardless of social affiliatory cues, infants' expectations of homogeneous-

joint activity group may have been consistent with their notions of group cohesion.  

 While findings of the experiment in Chapter 4 require caution in interpretation, it lends 

itself to scrutiny for future research (elaborated in detail in Chapter 4). While previous research 

on infants' understanding of groups have mostly focussed on social category markers based on 

familiar categories, such as sex and language (Buttleman et al., 2013; Kinzler et al., 2012; Shutts 

et al., 2010; also see Liberman et al., 2017, for a review), the present experiment provided infants 

with information about two novel groups and thus contributes to our understanding of infants' 

expectations of novel group behaviours early in development.  

 Developmental trajectories in assessing majorities. Previous work on majority 

influence demonstrates majority influence in 24-month-olds (e.g., Haun et al., 2012). Overall, 

while 12-month-old infants were not influenced by majority information, the present body of 

work demonstrated majority influence early in development. Our results across Chapters 2 and 3 

indicate that selective attentional precursors to a majority might be in place as early as 19-

months-old.  

 Extant literature on infants' understanding and expectations of groups indicate that infants 

as young as five months differentiate between ingroup and outgroup members, and further prefer 

ingroup members based on familiar social constructs (e.g., Buttleman et al., 2013; Kelly et al., 
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2005; Kinzler et al., 2007; Kinzler et al., 2012; Liberman et al., 2017; Shutts et al., 2012; but see 

Howard et al., 2014). Typically, these studies pit information of one ingroup member versus a 

member of the outgroup. Further, groups are based on familiar social categories, such as 

language, that infants have experience with regularly. Based on the findings of young infants' 

abilities to infer group membership based on familiar social constructs, we expected that perhaps 

young infants would also be receptive to information provided by a novel majority group. In 

Chapter 3, while 19-month-old infants' attention was biased by majority information, 12-month-

old infants may have required more exposure to the novel information for a bias to occur. The 

present research pitted information of three members of a novel majority versus a novel 

individual. Further, infants were not provided visual access to the other majority members and 

individual throughout the choice and test events, such as the method used by Powell and Spelke 

(2013). In their study with 8-month-olds, infants were provided cues of group membership at all 

phases of the experimental procedure. The decision to restrict visual access to infants was 

decided to control for possible perceptual confounds as well as examine how the familiarization 

and test events influenced infants' attention. However, in doing so, the possibility of attaining 

strong evidence for majority influence may have been reduced. It is likely that infants were 

unable to keep track of majority and individual events due to increased cognitive load (Chapters 

2 and 3).  

 While the methodology in Chapter 4 incorporated providing reminders for infants 

throughout choice events, the results did not reveal significant findings for 19-month-old infants. 

Looking patterns across familiarization and choice events with respect to 24-month-old infants 

contributed to further open questions about the experimental setup; even though it revealed some 

insights into infants' expectations of group behaviours, which can be addressed in future 
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investigations. Along with providing constant reminders about both groups (i.e., homogeneous, 

heterogeneous) at the test event (similar to Powell & Spelke, 2013), altering the paradigm to use 

animated geometrical shapes rather than live actors may influence infants' understanding of 

group behaviours early in development. Thus, our decision to opt for live actors in order to 

mimic real-life social scenario to increase ecological validity, may have contributed to the 

resulting looking patterns (or lack of) in Chapter 4.  

Methodological Contributions: The Novel Paradigm 

 A novel eye-tracking method was developed to measure whether majority influence is 

present earlier in development. One reason was to overcome limitations of extant research on 

majority influence associated with the difficulty in adapting methodologies used with adults and 

older children to work with infants. Past work on majority influence and conformity have 

employed different behavioural paradigms to measure majority influence among adults, children, 

and non-human animals (e.g., Asch, 1956; Corriveau et al., 2009; Haun & Tomasello, 2011; 

Haun et al., 2012; Hopper et al., 2011; Whiten et al., 2005; Whiten & Flynn, 2010). One such 

paradigm that has been used to investigate majority influence is the open diffusion technique, 

where popular individuals from two groups are taught two different techniques to introduce to 

their respective groups. This technique consequently allows researchers to assess the extent to 

which the two techniques are adopted within their respective groups (e.g., Hopper et al., 2011; 

Whiten et al., 2005; Whiten & Flynn, 2010). While open diffusion studies have contributed to 

theoretical accounts of social learning, with respect to majority influence, it may tap into other 

mechanisms of social influence, such as copying the dominant member (see Haun et al., 2013, 

for a review). Other work using variations of the Asch paradigm (e.g., Haun & Tomasello, 2011) 

have provided information of the overall distribution of the majority counterbalanced by the 
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individual's single response (e.g., Corriveau et al., 2009; Haun et al., 2012). While this work has 

contributed to our understanding of majority influence and conformity, adapting this work to 

measure majority bias in infants presents some difficulties. For instance, an overall distribution 

of the majority may likely be confounded by perceptual processes to look at the majority 

(Alvarez, 2011) than measuring a majority bias. Further, some experts argue that relying on 

behavioural responses alone often leads to underestimating infants' abilities (Baillargeon, 1987; 

Gopnik, Meltzoff, & Kuhl, 1999; Spelke & Newport, 1998). 

 Considering the abovementioned factors, the novel paradigm incorporated presenting 

infants with the overall distributional information of the majority and individual through the 

majority familiarization phase. Further, inspired by previous work, which suggests infants' 

propensities to engage in statistical sampling in the social sphere to make inferences about the 

social environment (e.g., Diesendruck et al., 2015; Kushnir et al., 2010; Ma & Xu, 2011), infants 

were shown video clips of each majority member and individual making their preference known 

sequentially. We further reasoned that a sequential presentation would be more representative of 

infants' day to day encounters with their immediate social world. Specifically, infants were 

shown each of the majority members' preference for an object in three separate video clips, 

alternated with three clips of the individual actor's preference. Thus, if infants engage in 

sequential sampling and form representations of majority behaviours, the present paradigm 

allowed us to measure infants' capacities to gauge actors' (majority and individual) preferences 

during the choice events. By accounting for the overall distribution of the majority (i.e., during 

familiarization) and sequential presentation of actors' preferences (i.e., during choice events), the 

novel paradigm demonstrated that 19-month-old infants indeed prioritized majority information 

(distributed condition in Experiment 2, Chapter 3). Further, the resulting non-significant effects 
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of the exemplar condition add support to the claim that infants were indeed copying the majority. 

However, while null results pertaining to 12-month-old infants (Chapter 3), and 19- and 24-

month old infants (Chapter 4) require to be addressed, the new methodology offers us scope to 

alter the paradigm to test younger infants and by modifying the nature of the test stimuli (e.g., 

Powell & Spelke's, 2013, use of animated geometric shapes rather than human actors) for future 

investigations. 

Theoretical Contributions 

 Among a small pool of developmental studies on majority influence, the present body of 

work contributes to theoretical accounts by providing evidence for attentional precursors 

sensitive to majorities early in development; i.e., at 19 months. Social and cultural evolutionary 

theories of learning emphasize the role of majorities in transmitting and preserving knowledge 

accumulated over generations (Henrich & Boyd 1998; Laland, 2004; Boyd & Richerson, 2005). 

Instead of having to learn about artefacts individually, copying the majority has evolved as a 

useful cognitive heuristic, which allows individuals to learn about sociocultural knowledge and 

systems to function effectively in their environment (Henrich & Boyd, 1998). Further, Tomasello 

et al. (2005) posit that evolving cognitive representations based on shared experiences with 

others during the first year of life lays the foundation for older infants to 'tune in' with the larger 

cultural environment and its practices by understanding the collective intentions of the social 

group. The present body of work demonstrates that, as children grow older and have more 

experience with their social surroundings, selective attention to majority behaviours and actions 

are already in place such that it allows children to sift through information and respond 

selectively.  
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 The present thesis further adds to different theoretical accounts of group-based reasoning. 

For instance, core knowledge theories suggest that a domain general system with respect to 

reasoning about social partners and social groups is in place in infancy (Spelke & Kinzler, 2007). 

Indeed, support for this claim comes from a body of literature that has provided evidence for 

infants' reasoning and preferences for certain groups. Specifically, infants as young as 5-months-

old have been shown to preferentially look at members of their own race (Kelly et al., 2005), 

linguistic ingroup members (Kinzler et al., 2007). Further along in development (11- to 14-

months-old), infants channel this preferential bias to have expectations of (e.g., Henderson & 

Scott, 2015; Scott & Henderson, 2013), and selectively act upon information provided by 

members of their ingroup (e.g., Buttleman et al., 2013; Kinzler et al., 2012; Liberman et al., 

2016; Shutts et al., 2012; however, see Howard et al., 2014, for contrasting evidence with older 

infants).All this work is based on infants' exposure to a representative ingroup and outgroup 

member. Further, to our knowledge, only one study addresses infants' expectations of group 

members' behaviours based on animate geometrical shapes (e.g., Powell & Spelke, 2013). 

 In the homophily-based account of cultural transmission, Haun and Over (2015) suggest 

that majority-biased transmission as one of several social mechanisms that have evolved, helping 

children learn about relevant group-specific knowledge due to a preference to be like similar 

others. Indeed, past work indicates that young children (i.e., pre-schoolers) selectively choose 

majority information compared to individual accounts across different domains and motivations 

(e.g., Corriveau et al., 2009; Corriveau & Harris, 2010; Corriveau et al., 2013; Haun & 

Tomasello, 2011; Haun et al., 2012, 2014). In light of the above, the present body of work 

further contributes to the theoretical narrative by demonstrating that 19-month-old infants are 
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capable of attending to majorities, especially in uncertain and ambiguous scenarios (Chapters 2 

& 3). 

Open Questions and Future Avenues  

 Mechanisms and motivations of influence. The purpose of the present research was to 

examine the attentional precursors of majority influence. Indeed, findings from Chapter 2 (to an 

extent) and Chapter 3 suggest the role of a cognitive mechanism that contributes to a majority 

bias in 19-month-old infants' visual attention. Indeed, these findings contribute to existing 

literature on the role of attentional processes on social learning (Beier & Spelke, 2012; Csibra & 

Gergely, 2009; Gredebäck, Fikke, &Melinder, 2010; Woodward et al., 2009; Wu & Kirkham, 

2010; Wu et al., 2014). Our findings provide preliminary evidence that infants' visual attention is 

biased towards the majority. However, the extent to which an attentional bias guides infants' 

subsequent behaviour remains unclear. While findings from Chapter 2 on 18-month-olds infants' 

subjective preferences were suggestive of visual attention guiding subsequent behaviour, future 

work should address the scope of majority biases across different domains and contexts of 

influence.  

 In addition to an underlying cognitive mechanism, the underlying mechanisms of 

influence, as introduced by Haun and colleagues (2013), or motivations for infants to follow the 

majority remain unclear. In the context of the present research as well as previous accounts (e.g., 

Haun et al., 2013; Henrich & Boyd, 1998; Laland, 2004), majority influence is described as the 

likelihood of copying the actions/behaviour displayed by the number of individuals who 

constitute the majority. However, previous experimental demonstrations on majority influence 

have highlighted the challenges in pinning down specific mechanisms responsible for majority 
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influence (e.g., Whiten et al., 2005; Whiten & Flynn, 2010; see Haun et al., 2013; van Leeuwen 

& Haun, 2014, for reviews). Importantly according to some scholars, studies that demonstrate a 

majority bias can also be explained by other mechanisms such as social influence (e.g., Whiten et 

al., 2005; Whiten & Flynn, 2010; see Haun et al., 2013; van Leeuwen & Haun, 2014, for 

reviews). Further, random copying (Haun et al., 2013; Mesoudi, 2009), and frequency of the 

most common strategy (Haun et al., 2013) can also be misunderstood for majority influence. 

With regards to random copying, by virtue of the majority outnumbering a minority, if 

participants do engage in random copying (which disregards context), then they are still likely to 

end up influenced by the majority's actions. Similarly, since the frequency of the action used by a 

majority and the most commonly-used action can overlap, it becomes difficult to claim the 

majority's role in influencing behaviour. To this context, the development of a new paradigm in 

the present body of work may addresses some potential mechanisms that are indicative of 

majority influence.  

 Unlike previous paradigms (e.g., Corriveau et al., 2009; Haun et al., 2012, 2014; Haun & 

Tomasello, 2011), the present paradigm was set up to present majority and individual 

information sequentially. With respect to random copying and frequency of actions being 

confounded with majority influence, the present work may overcome these issues because 

sequential presentation allows one to gauge whether infants attend to majority and individual 

clips distinctively. The results revealed that 19-month-old children demonstrated a preferential 

bias for the majority box, despite the frequency of actions being held constant across majority 

actors and the individual. Therefore, the findings suggest that infants were indeed keeping track 

of the people who constituted the majority rather than focus on the frequency of their actions 

alone. This is further supported by results of the exemplar condition (Experiment 2, Chapter 3). 
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Specifically, when infants were shown a representative member's preference pitted with that of 

an individual's preference, infants' looking patterns to both event types (majority, individual) did 

not reveal a bias to either. While these findings may address mechanisms of influence to an 

extent, further work, preferably using a similar paradigm, is warranted to conclusively identify 

mechanisms of influence. 

 With respect to motivations of majority influence, reason to speculate infants' 

motivations to follow the majority in the context of the present research (Chapters 2 & 3), arises 

from a need for objective evaluations of a shared reality (Deutsch & Gerrard, 1955). As naïve 

participants of the social world, with limited experiences (compared to older children who have 

had more social and institutional experiences through school and kindergarten), paying attention 

to the majority in novel social situations would help infants make a quick appraisal of an 

otherwise uncertain situation. Thus, with regards to social learning, findings from Chapters 2 and 

3 suggest initial evidence of biased attention to the majority, which may subsequently translate 

into observable behavioural outcomes later in development (e.g., Corriveau et al., 2009; 

Corriveau and Harris, 2010; Corriveau et al., 2013; Haun et al., 2012, 2014). Chapters 2 and 3 

provide some evidence to support the role of informational influence. However, this remains to 

be directly tested. 

 Recall that findings from Experiment 1 (Chapter 2) indicated that when infants are given 

experience with novel toys, they seemed to have developed a subjective preference for their 

initial choice. Establishing this initial preference could have led infants to override majority and 

individual information in the later choice events. The results further rule out a basis for 

normative motivations (i.e., infants did not discard their personal preference to fit a majority's 

preference). However, in Experiment 2 (Chapter 2), removing the initial toy choice task 
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(behavioural task 1) led to a marginal effect. Thus, infants may have more likely attended to 

actor characteristics, which may have influenced an approaching bias to look at the majority toy 

during the test phase. A majority influence was further supported by infants' preference for the 

majority toy in the following toy preference task and the correlation between looking towards the 

majority toy and majority toy choice. Removing the toy choice task (Experiment 2, Chapter 2) 

would have created a relatively vague context for infants to thus look for other environmental 

cues to appraise information. Indeed, findings from Experiment 2 (Chapter 3) indicated that 19-

month-old infants were biased by the majority's preference for a novel stimulus in an ambiguous 

context (i.e., looking into one of two similar boxes). 

 While the infants' subjective preferences were not motivated by a social desire to follow 

the majority (Chapter 2), future work should address motivations to conform to majorities in 

early childhood, in relation to preferences. An initial bias to attend to majorities might occur 

purely to acquire informational objectivity. Social experiences accumulating over the years 

perhaps might transform objectivity needs into more social motivations of wanting to belong to 

part of the larger group, or a combination of both (also see Haun & Tomasello, 2011, for 

evidence of social motivations of conforming to a majority in pre-schoolers).  

 Domains of influence. Chapters 2 and 3 examined the different contexts in which a 

majority influenced 18- and 19-month-old infants' attention and subsequent preferences towards 

novel stimuli. The results of Chapter 2 revealed that providing experience with novel toys did not 

change 18-month-old infants' idiosyncratic preference for a toy based on the majority's preferred 

toy. Thus, in the realm of subjective preferences, the majority did not influence infants' choice. 

However, altering the experimental context to allow for more ambiguity (Experiment 2, Chapter 

2 and Experiment 2, Chapter 3) resulted in a marginal bias in 18-month-old infants and a 
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significant attentional bias to look at the majority-preferred box among 19-month-old infants. 

Extant literature with pre-schoolers has examined majority influence across other contexts such 

as object labelling (e.g., Corriveau et al., 2009) and learning strategies in problem solving 

scenarios (e.g., Haun et al., 2012, 2014). While findings across the present research suggest an 

attentional precursor to the majority, might there be other domains where the majority influences 

infants' attention, expectations, and behaviour? For instance, with respect to learning cultural 

conventions (e.g., language), it may be that in novel contexts, infants, like pre-schoolers, may 

choose a word that is agreed upon by a majority. Considering literature on word-learning 

indicates that younger infants are sensitive to majority-related characteristics such as language 

(by virtue of the frequency of people who belong to an infant's linguistic ingroup), it is very 

likely that infants' attentional preference for majorities in ambiguous contexts also guide their 

expectations and selective preference of majority information in a word-learning context. 

Another area worth investigating is in the realm of prosociality. Proponents of an innate moral 

core suggest that infants as young as 3-months-old engage in social evaluation (Hamlin, 2013). 

Since majorities play a key role in deciding and upholding cultural and group-specific norms and 

behaviours, one exciting area that future work can examine is whether a majority influences 

infants' expectations of prosocial and altruistic behaviours. 

 Role of social cues. The marginally significant findings of Chapter 2 put into question 

whether cues were salient for infants to infer the majority. Thus, experiments in Chapter 3 

incorporated a majority familiarization phase, where majority members were shown to wear 

same-coloured shirts and engaged in a joint activity together. The individual was shown to wear 

a different-coloured shirt and playing by herself. While, the results indicated a preferential bias 

to attend to majority information, the role of majority familiarization in helping infants bind the 
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majority as a cohesive unit was unclear. To answer this, Chapter 4 attempted to examine the role 

of social cues; specifically, did infants find a novel group based on high similarity among group 

members and social affiliation more interesting (i.e., look longer) than a group characterized by 

low similarity and no affiliation among group members. Though the results indicated no effects 

of either similarity or affiliation in guiding infants' attention or expectations of group members, 

the experiment provides a basis for future work. Specifically, with respect to Chapter 3, if 

majority familiarization did indeed help infants bind the majority as a cohesive unit, then perhaps 

not exposing infants to this clip might change the course of influence. Indeed, this option is 

currently being explored.  

 One final word of caution. Across all three manuscripts, there were several high-level 

interactions reported in the preliminary analyses of the choice events. While these were 

followed-up and the factors that contributed to the interactions were included in the primary 

analyses, it has to be emphasized that many of these results have to be interpreted with caution 

due to small sample sizes in each cell. Therefore, while the present research shows evidence of 

majority influence at 19-months of age (Chapter 3), it is imperative that future work replicate 

these findings and address other methodological concerns discussed above. 

Conclusion 

 Majorities govern important aspects of social and cultural lives. Thus, giving credence to 

majority information impacts our choices, behaviour, and conduct in our day-to-day lives. The 

present research examined whether majorities influence our behaviour in infancy using a novel 

experimental paradigm. Across three manuscripts, the findings add to extant developmental 

literature by demonstrating attentional precursors of majority influence at 19 months of age. 
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While subjective preferences are not influenced by a majority's choice, especially when infants 

were provided with experience with the toys beforehand, changing the context and adding cues 

to boost the majority's salience, 19-month-old infants' visual attention was indeed influenced by 

the majority, especially in an ambiguous context. Further, infants require distributed information 

of all three members as opposed to information from a representative member for attentional 

influence. However, inconclusive results pertaining to the role of social cues point at paradigm 

inconsistencies and complex displays as key in infants' looking time patterns. Thus, additional 

work is required to examine the extent of the role that social cues play in binding the majority as 

a cohesive unit. 

 In addition to designing a novel experimental paradigm, the present research adds to 

theoretical accounts by demonstrating attentional precursors sensitive to majority information. 

Thus, precursors to majority behaviours should help infants select and learn relevant aspects of 

an otherwise chaotic social environment efficiently. Further, this paves the way for infants to be 

active participants of their immediate sociocultural environments, which further manifests 

behaviourally later in development.  
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