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Abstract 

Men hold more power compared to women, a phenomenon that 
is globally evident and widely documented. Preverbal infants 
mentally represent social dominance, and by the age of 18 
months can distinguish male and female voices and associate 
them with faces of the corresponding gender. Here, we 
investigated whether 18- to 24- month-old toddlers (N=48) 
expected male-voiced agents to prevail over female-voiced 
ones in a right-of-way conflict. Using a violation-of-
expectation paradigm, we found that toddlers looked longest 
when female-voiced characters prevailed in dominance 
conflicts, suggesting they expected that male-voiced agents 
would prevail instead. Acoustic features of male voices that 
perceptually suggest greater formidability/physical size (i.e., 
lower fundamental frequency) may account for this effect. 
Alternatively, vocal indicators of speaker sex might trigger 
very early conceptualizations about gender and dominance. 

Keywords: Dominance; Gender; Voice; Formant Frequency; 
Fundamental Frequencies 

Introduction 

Men tend to occupy positions of power and advantage over 

women, a pattern observable across multiple domains of 

social life and remarkably consistent across cultures and 

historical periods. Female economic participation remains 

significantly lower than that of men, and women are 

underrepresented in leadership positions and in the political 

sphere (see Global Gender Gap Report 2024 by the World 

Economic Forum). It is not surprising, therefore, that we tend 

to make implicit associations assuming that men have higher 

status than women (Salles et al., 2019; Hansen et al., 2019).  

Gender differences in dominance motives are also well- 

documented in social and political psychology with males 

having higher average social dominance orientation levels 

than females (Lee, Pratto, & Johnson, 2011; Kunst et al., 

2017). Gender differences related to social dominance also 

arise in paraverbal communication where men tend to 

interrupt more frequently and use direct commands and 

assertive tones, while women tend to favor indirect requests 

and more cautious language (Anderson & Leaper, 1998). 

Furthermore, men adopt open and dominant postures, speak 

at louder volumes, and maintain direct eye contact while 

speaking, whereas women tend to display more closed 

postures and greater eye contact while listening (Lakoff, 

1973; Hall et al., 2005; Dovidio et al., 1988). 

Critically, the physical characteristics that are more typical 

of males—such as being taller, having muscular bodies, deep 

voices, and more dominant facial features (larger jaws, wider 

chins, and thicker brows)—robustly influence perceived 

dominance. This is true for males as well as females, although 

these characteristics are more typical of males both in humans 

and in most other primates (Lukaszewski et al., 2016; Murray 

&, Schmitz, 2011; Muller & Mazur, 1997; Windhager, 

Schaefer, & Fink, 2011, 2011; Toscano, Schubert, & Sell, 

2014; Plavcan, 2001). 

Young children seem to represent these patterns very early. 

By ten months of age, they are sensitive to the relationship 

between physical size and dominance, expecting larger 

agents to prevail over smaller ones in zero-sum conflict 

(Thomsen et al., 2011). The association between masculine 

facial features, and perceived strength (i.e. formidability), 

and dominance has been demonstrated in preschoolers 

(Cogsdill et al., 2014; Keating & Bai, 1986; Terrizzi et al., 

2019). At this age, conversational sex differences are also 

observed, with boys interrupting girls at a 2:1 ratio (Esposito, 

1979). The association between males and power has been 

observed in children as young as four years old during mixed-

gender interactions. This association was found both when 

power was represented through body postures and when it 

involved control over decision-making and resources 

(Charafeddine et al., 2020). Whether infants and young 

toddlers also associate being male with greater dominance, 

however, remains unknown.  

The ability to recognize gender-specific vocal traits 

emerges early in life. By six months of age, infants begin to 

develop the ability to match female faces with female voices 

and male faces with male voices (Miller, Younger, & Morse, 

1982; Walker-Andrews et al., 1991; Patterson & Werker, 

2002). Evidence suggests that by one year of age, this ability 
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is generally well developed. However, findings vary 

depending on the experimental paradigm used: while some 

studies report successful matching for both male and female 

stimuli, others show that infants succeed only when female 

voices and faces are involved (Poulin-Dubois et al., 1994; 

Hillairet de Boisferon et al., 2015). By 18 months, however, 

this ability appears firmly established across genders (Poulin-

Dubois, Serbin, & Derbyshire, 1998). These studies do not 

identify which vocal cues children rely on to distinguish 

between female and male voices, but men's and women's 

voices exhibit typical average differences in certain acoustic 

parameters, specifically fundamental frequency (fo) and 

formant frequencies (Titze, 1994). 

Fundamental frequency (fo) is the acoustic correlate of 

perceived voice pitch and is determined by the rate of vocal 

fold vibrations. Longer and thicker vocal folds vibrate more 

slowly, resulting in a lower fo and pitch (Titze, 1994; Fitch, 

1997). During puberty, testosterone levels influence the 

growth of the vocal folds and the larynx, as androgen 

receptors are abundant in vocal fold cells (Titze, 1994; 

Harries et al., 1997, 1998; Zamponi et al., 2021). This 

hormonal influence creates pronounced sexual dimorphism 

in fo: men’s vocal folds are approximately 60% longer than 

women’s, leading to an average pitch about an octave lower 

(Titze, 1994; Puts, Apicella, & Cárdenas, 2012). Formant 

frequencies are the resonant frequencies of the vocal tract 

(Fant, 1960). Longer vocal tracts produce lower and more 

closely spaced formants. Since men generally have longer 

vocal tracts than women, their formant frequencies are also 

lower on average (Hillenbrand et al., 1995). 

Research has shown that low fo and formant frequencies 

influence perceptions of speakers as being larger, stronger, 

and better leaders. This applies to both male and female 

voices. Formants are a more reliable predictor of body size 

than fo (Fitch, 2000), which shows only a very weak 

correlation with body size in adult humans and other 

mammals (Künzel, 1989; McComb, 1991; Reby & McComb, 

2003; Rendall et al., 2005; Taylor & Reby, 2010). Regardless 

of the actual relationship with physical size, low fo and 

formants consistently create the impression of greater 

physical body size and dominance. This bias is prevalent 

across the animal kingdom as well as within our own species 

(Pisanski et al., 2014; Rendall, Vokey, & Nemeth, 2007; 

Pietraszewski et al., 2017; Vannoni & McElligott, 2008; 

Taylor, Reby & McComb, 2010). In addition to appearing 

larger, men with lower-pitched voices are also perceived as 

stronger, older, more dominant, and more masculine (Aung 

& Puts, 2020). Interestingly, humans also modulate their 

voices by lowering their pitch in social contexts where they 

want to assert dominance and by raising it (submissively) 

when addressing individuals who outrank them (Puts, Gaulin, 

& Verdolini, 2006; Leongómez et al., 2017; Zhang et al., 

2021).  

Research has also shown that vocal pitch influences 

perceptions of leadership and competence. Individuals tend 

to lower their pitch when they want to appear more competent 

or authoritative, which effectively leads listeners to rate them 

this way (Sorokowski et al., 2019). We tend to prefer 

leaders—both male and female—with lower-pitched voices, 

because we perceive them as more competent and 

trustworthy (Klofstad, Anderson, & Peters, 2012; Klofstad, 

Anderson, & Nowicki, 2015). Strikingly, lower-pitched 

voices (i.e., more masculine voices) are preferred even for 

traditionally feminine leadership roles (Anderson, & 

Klofstad, 2012). 

In sum, we tend to expect deeper voices to belong to 

individuals who are physically larger, stronger, and more 

powerful—all aspects which cue the core concept of social 

dominance (Thomsen et al., 2011; Thomsen, 2020; Mascaro 

& Csibra, 2012; Gazes, Hampton, & Lourenco, 2017). 

Hence, infants and toddlers may already be biased towards 

perceiving male voices as more dominant than female voices, 

which tend to be higher pitched. If so, this would present a 

mechanism, grounded in the biology of male and female sex-

typed voices, that license the general inference that females 

will submit to males in dominance conflict, a theme recurrent 

in gendered stereotypes and roles. 

Here, we investigated whether 18- to 24-month-old 

children expected an agent with a male voice to prevail in a 

dominance conflict over an agent with a female voice. To do 

so, we modified the well-validated right-of-way dominance 

paradigm in which two novel agents block each other’s path 

before one of them submits by prostrating and yielding the 

right-of-way. Using this paradigm, Thomsen et al. (2011) 

showed that preverbal infants expected larger, more 

formidable individuals to prevail in zero-sum conflict over 

smaller ones; Pun, Birch, and Baron (2016, 2022) showed 

that children expected a member of a larger coalition to 

prevail over a member of smaller one, and Thomas et al. 

(2018) showed that toddlers prefer those (same-sized) agents 

who dominated in a right-of-way conflict. Here, we used 

male and female voices to cue the relative formidability of 

two same-sized agents. 

Methods 

Experimental design 

Following the procedures of Thomsen et al, (2011), 

toddlers were shown animations of agents interacting, 

following the procedures established by Thomsen et al. 

(2011). During familiarization (see male voice 

familiarization https://bit.ly/3CpZRSZ; see female voice 

familiarization http://bit.ly/4hIj0y6. Duration: 19 seconds), 

each agent in turn crosses a platform on their own, in opposite 

directions. This serves to show that each agent has the goal 

of moving to the opposite side of the platform from where it 

started. Next, in an intertrial, both agents simultaneously 

move from their habitual beginning positions so that they 

meet in the middle, blocking each other’s way, before 

withdrawing (see intertrial https://bit.ly/4gu7ndj. Duration: 

27 seconds). This serves to highlight the zero-sum conflict 

between their goals. Two test events follow. In the Expected 

outcome test trial, the female-voiced agent prostates before 

the other and then scoots sideways out of the way, upon 
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which the male-voice agent continues to complete its goal of 

crossing the stage (https://bit.ly/4gqo0qb. Duration: 38 

seconds). In the Unexpected outcome test trial, these roles 

reverse to that female-voiced agent prevails 

(https://bit.ly/4hD6qQI. Duration: 38 seconds). Thus, the 

Expected and Unexpected outcomes only differ in whether 

the prevailing agent has a male or female voice.  

Stimuli were animated in Keynote. We also animated the 

mouth of each agent: it moves in synchrony with the 

vocalizations to reinforce the perception that the sound is 

being produced by the agents. The color (orange/purple), 

placement (left/right), and order of appearance of the male- 

and female voiced character, together with the presentation 

order of expected and unexpected test trials, were counter-

balanced across participants.  

The sounds in the animations were recorded using a Svive 

Hydra Pro microphone. The natural vocalizations were 

produced by a 26-year-old woman (female voice) and a 23-

year-old man (male voice). Speakers were instructed to 

produce brief, nonverbal vocal sounds to accompany specific 

movements in the animations. The recordings were edited 

using Audacity to remove background noise and improve 

overall clarity, but no manipulations were made to pitch, 

duration, or other acoustic features. The vocalizations were 

fully nonverbal and contained no lexical or word-level 

content. Table 1 reports the pitch and formant characteristics 

of each vocalization. On average, the female voices had a 

higher fundamental frequency (mean F0 = 205 Hz) than the 

male voices (mean F0 = 128 Hz), as well as higher F1 and F2 

formants (F1 = 545 Hz and F2 = 1002 Hz for the female 

voices, compared to F1 = 402 Hz and F2 = 923 Hz for the 

male voices), reflecting typical sex-based acoustic 

differences. 

 

Table 1: Fundamental and formant values (fo, F1, F2) for 

each vocalization by speaker gender. 

 

Vocal 

Sounds 

fo Mean 

(Hz) 

fo SD 

(Hz) 

F1 

(Hz) 

F2 

(Hz) 

F 
approaches 

266 60 548 1148 

F backs 

away 

190 12 696 1284 

F bows 270 17 600 1065 

F jump 267 67 574 1051 

M 
approaches 

144 55 460 908 

M backs 

away 

89 10 638 1085 

M bows 112 15 518 973 

M jump 167 46 428 938 

 

Participants 

We recruited parents of toddlers who had expressed 

interest in participating in a study on evolutionary, social, and 

developmental psychology through an online form. While the 

majority of participants were from the metropolitan area of 

Oslo, as the study was conducted digitally, some participants 

were located in other regions of Norway. The final sample 

size included 48 children aged 18 to 24 months, with three 

participants per counter-balance condition (27 girls, 21 boys). 

An additional 25 participants were excluded for the following 

reasons: 14 because the minimum looking time was not 

reached (fussed out or distracted); 2 because parents kept 

their eyes open during the test phase; 5 due to an error by the 

experimenter in the presentation of the stimuli; 4 were 

identified as statistical outliers and replaced. 

Procedure 

The study was conducted as a video call via Zoom. At the 

start, the experimenter reviewed the informed consent, and 

parents verbally consented to their children's participation. 

The child sat on the parent's lap facing the screen, with the 

parent's camera feed turned off. This meant that the toddler 

could not see the parent’s face without turning their head, and 

neither the child nor the parent could see themselves or the 

experimenter on the screen. The experimenter then shared her 

screen to show stimuli, muting her headphones to remain 

blind to which agent had a male or female voice.  

The procedure started with a calibration video, designed to 

capture the child's attention and establish baseline eye 

movement parameters based on where the stimulus appeared 

on the screen. Afterwards, familiarization videos were shown 

twice, an inter-trial interval occurred, and two alternating test 

events (Expected and Unexpected outcomes), each shown 

twice. Before the start of the test phase, a notification 

appeared on the screen asking the parent to close their eyes. 

This served to exclude the possibility that children may have 

inferred anything about the test videos by looking at their 

parents’ gaze or facial expression. They were also asked to 

be as neutral as possible during the presentation of the 

animations and to not encourage their children to look at the 

screen.  

Coding and inclusion criteria 

Participants’ looking times for each trial were recorded live 

by a trained coder using jHab (Casstevens, 2007). For 

familiarization and intertrial videos, recording began when 

the agents simultaneously performed their first movement (a 

jump) and produced their first vocalization. We showed all 

participants all familiarization trials.  In the test trials, coding 

instead started when one agent initiated the movement and 

vocalization associated with bowing forward, lying down, 

and scooting sideways. Once toddlers looked away for more 

than two seconds, the test trial in question was aborted. 

Looking times to the recorded videos were re-coded for 

reliability. All coders, both live and video-based, were blind 

to the experimental condition. 

To be included in the sample, children had to meet the 

following criteria: (1) They had to look at least five seconds 

to all four familiarization trials and the intertrial. (2) In test 

trials, inclusion required watching the screen for at least 9 

seconds after the prostrating began to ensure that toddlers saw 
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the agent submit and yield the way. If this minimum was not 

met, each test trial could be repeated up to three times; if still 

unmet, the participant was excluded. (3) Parents had to keep 

their eyes closed throughout the entire test phase; failure to 

do so resulted in the child's exclusion. 

Data analysis 

Statistical analyses were conducted using JASP (Version 

0.19.3.0) and IBM SPSS Statistics software. The primary 

dependent variable was toddlers’ looking time during each 

test trial. We used a repeated-measures ANOVA to examine 

the effects of trial outcome (Expected vs. Unexpected) and 

presentation order (Expected-first vs. Unexpected-first) on 

looking times. 

This design allowed us to test the hypothesis that toddlers 

would look longer at the unexpected event—specifically, 

when the male-voiced agent submitted and yielded to the 

female-voiced agent—suggesting that they held an 

expectation that the male-voiced agent would prevail in the 

dominance conflict.  

Follow-up and exploratory analyses examined the simple 

effects of outcome within each presentation order, as well as 

potential modulation by child gender or age.   

Results 

All reported tests are two-tailed. A repeated-measures 

analysis of variance (ANOVA) was conducted on looking 

times, with Test trial type (Expected vs. Unexpected) as a 

within-subjects factor and Presentation order (Expected-first 

vs. Unexpected-first) as a between-subjects factor. As 

predicted, participants looked longer when a male-voiced 

agent submitted and yielded to a female-voiced agent (M = 

41.67, SD = 14.96) than when the male-voiced individual 

prevailed (M = 37.43, SD = 10.53), F(1, 46) = 5.044, p = .030, 

partial η² = .10. Specifically, looking-times to Unexpected 

over Expected outcomes on average were 4.3 seconds longer 

(see Figure 1), yielding a moderate effect (Cohen’s d = .37).   

Follow-up analyses using a MANOVA revealed no 

significant influence of gender or age on looking patterns, 

which led us to exclude these variables from the final model 

to improve clarity and focus on the effects of trial outcome 

and presentation order. 

Additionally, an interaction indicated that the order in 

which test trials were presented influenced the looking times 

to Unexpected and Expected test trials, F(1, 46) = 17.842, p 

< .001, partial η² = .28, Due to this significant interaction, 

further analysis was performed to examine the effects of trial 

type within each presentation order. Toddlers who saw the 

unexpected trial block first spent significantly more time 

looking at the unexpected outcome compared to the expected 

one (Unexpected trials: M = 50.17, SD = 14.57, Expected 

trials: M = 37.96, SD = 11.02; t(23) = 4.05, p < 0.001, d = 

.826) (See Figure 2). 

 

 
 

Figure 1: Looking times in seconds to unexpected versus 

expected test trials, with means and individual data points. 

Error bars indicate ± 1 SE. * = p < .05.  

 

In contrast, children who saw the expected outcome first 

did not show a significant difference in looking times 

between the unexpected and expected trials (unexpected 

trials: M = 33.17, SD = 9.72, expected trials: M = 36.90, SD 

= 10.23; t(23) = - 1.65, p = .113, d = -.336) (See Figure 2).  

The interaction of test trial type by trial order indicates that 

the difference in looking times between the unexpected and 

expected events was primarily driven by participants who 

encountered the unexpected events first.  

 

 
 

Figure 2: Interaction of test trial type and presentation 

order: Looking times in seconds to unexpected versus 

expected test trials with means and individual data points, 

broken down by order of test trials. Error bars indicate ± 1 

SE. *** = p < .001, ns. = p > .05. 

 

During data collection, notable qualitative observations 

were made. Specifically, four of the tested children verbally 

reacted to the agents saying “mamma” (Norwegian for Mum) 

when encountering the agent with a female voice and/or 

“pappa/dadda/mann” (Norwegian for Dad or Man) in 

response to the agent with a male voice. None made the 

reverse pairing. 

 Discussion 

Using the well-validated right-of-way dominance 

paradigm (Thomsen et al., 2011; Thomas et al., 2018; Pun, 
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Birch, & Baron, 2016, 2022), the current results indicated that 

18–24- month-old toddlers expected male-voiced novel 

agents to prevail in conflict over female-voiced ones. To our 

knowledge, this is the first study to investigate expectations 

about dominance and gender at such an early age, using voice 

as a cue to gender. Two accounts of the observed effect are 

presented below. 

First, the conceptualization of gender—specifically, 

recognizing the two agents as “male” and “female”— may 

have created the expectation that the male-voiced agent 

would prevail over the female-voiced agent. This account is 

consistent with studies demonstrating that by 18 months of 

age, children are capable of correctly matching female voices 

to female faces and male voices to male faces (Hillairet de 

Boisferon et al., 2015; Miller, Younger, & Morse, 1982, 

1982; Patterson & Werker, 2002; Poulin-Dubois et al., 1994; 

Poulin-Dubois, Serbin, & Derbyshire, 1998; Walker-

Andrews et al., 1991). Additionally, the qualitative 

observations we gathered (i.e., that toddlers called the 

female-voiced agent “mamma” and the male-voiced agent 

“pappa/dadda/mann”) supports this account.  

To further investigate whether toddlers recognize the 

genders of the male and female-voiced agents, future work 

might replicate the study reported here with an additional 

stimulus: a final video featuring the two agents with male and 

female voices, alongside a smaller third agent. Initially, the 

two agents would produce vocalizations (to remind the child 

which voice belongs to each agent) while the smaller agent 

observes them. The third agent would then alternates between 

saying “Hi Mamma” and “Hi Pappa” so that children's first 

looks could be analyzed, assessing whether they shift their 

gaze towards the female-voiced agent when “Mamma” is 

spoken, and towards the male-voiced agent when “Pappa” is 

spoken. We suggest the words “Mamma” and “Pappa” 

primarily because the children themselves pronounce these 

terms in the present study. Additionally, these are typically 

among the first words children learn, understand, and most 

closely associate with gender representation. If gaze shifts 

towards the male- and female-voiced characters were 

documented when the words “Mamma” and “Pappa” were 

spoken, respectively, it would indicate that toddlers associate 

the gendered voices with the corresponding gender concepts.  

A second account of the present results, however, is that 

the expectation that male-voiced agents will prevail in 

conflict with the female-voiced agent is instead driven by the 

acoustic features of the voices that cue greater formidability. 

The two main perceptible differences between female and 

male voices are pitch and formants. Due to anatomical 

differences in the vocal tract and vocal folds, these two 

acoustic dimensions are relatively lower in male voices. 

Specifically, a deeper voice tends to be perceived as 

belonging to someone who is physically larger, stronger, and 

a better leader, and this applies to both female and male 

voices. 

From the work demonstrating that 9–12-month-old infants 

use physical size as cue of social dominance (Thomsen et al., 

2011), we know that infants expect larger agents to prevail in 

dominance interactions. Additionally, Pietraszewski et al. 

(2017) found that infants as young as three months are 

sensitive to the relationship between body size and sound 

frequencies, specifically expecting larger organisms to 

produce lower-frequency sounds. Therefore, voice pitch may 

influence inferences of physical size and strength, and hence 

function as a cue to social dominance. If so, infants should 

expect agents with relatively lower voices to prevail, 

regardless of whether it is male or female. Rather than learned 

gender stereotypes lending themselves to predicting the 

outcome of a dominance conflict, the fact that the lowest 

voices tend, on average, to be male, would instead lend itself 

to dominance predictions that may coalesce to gendered 

stereotypes with increasing experiences as children age. 

To further investigate, a follow-up experiment might test 

preverbal infants, using male and female voices with 

manipulated fundamental and formant frequencies to create 

high and low frequency variants including both within- and 

between-gender pairings. Here children should anticipate that 

the agent with the lower voice will prevail in dominance 

conflicts, regardless of gender. Importantly, if preverbal 

infants expect that male-voiced novel agents will prevail over 

female ones—but make no association between voice and 

gender as indicated by their first anticipatory looks in the 

validation trials described above—then it would indicate that 

sex-typed voice characteristics, rather than nascent gender 

conceptualizations, license inferences that males will prevail 

and females should yield. Such biologically-grounded 

inferences may in turn develop into gendered stereotypes as 

children age.  

Finally, future work could examine the relative role of 

formidability and gender concepts on predictions of 

dominance by directly pitting gender and other formidability 

cues against one another. For instance, one might test whether 

toddlers and infants expect that a larger female will prevail in 

dominance conflict over a smaller male, or vice versa.    

Considerations of Competing Accounts 

The present research raises further questions. Specifically, 

the findings could simply be driven by differential 

expectations about whether male- or female-voiced novel 

agents would fall over and scoot away, not by any predictions 

about dominance and submission. However, this counter-

argument has been addressed in several control studies using 

other formidability cues. 

Thomsen et al. (2011) showed that infants made no 

differential predictions about whether large or small novel 

agents would fall over and move away in the absence of zero-

sum conflict (e.g., when the agents were alone on the stage, 

or when they moved in the same direction behind one 

another). Pun, Birch, and Baron (2016, 2022) further 

demonstrated that the violation-of-expectation effect 

disappears when agents are not in direct conflict (e.g., when 

separated by a barrier in the middle of the stage). Finally, 

Thomas et al. (2018) used same-sized novel agents, as in the 

present study, and again employed many of the same control 

strategies to show that toddlers selectively reached for 
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dominant agents to whom others yield only in the context of 

goal conflict (but not, for example, when the puppets walk 

behind one another or appear alone on separate stages). While 

one could of course speculate that such alternative accounts 

might still apply when dominance is cued by voice rather than 

by relative size, coalition strength, or prior win–lose history, 

we see no a priori theoretical reason to expect these control 

findings to differ across modalities.  

Discussion of the interaction effect: The role of test 

order 

Crucially, we found a main effect of test type, such that 

toddlers looked longer at the unexpected outcome when the 

male agent yielded to the female one, even when controlling 

for the effects of presentation order. In addition to the main 

effect of trial type, we also found a significant interaction 

between trial type and test order. Specifically, toddlers 

looked significantly longer at the unexpected outcome when 

it was presented first, while the difference was less 

pronounced when the expected event was shown first.  

Note that this pattern of results cannot be fully explained 

by a general decline in attention over time. If the difference 

in looking times were merely due to fatigue or attentional 

habituation, we would expect both groups to show higher 

attention during the first trial block and a general reduction 

of attention during the second. However, toddlers who saw 

the expected event first maintained consistent looking times 

across both blocks, suggesting that once they saw a male-

voiced character submit to a female-voiced one, their 

attention did not decline. At the same time, unexpected events 

may be especially surprising and engaging when presented 

first, before an expected test trial has confirmed the default, 

predicted state of the world. This may more strongly reduce 

children’s engagement and sustained attention to subsequent 

events that confirm their prior predictions. Overall, our 

results indicate that participants' responses were not solely 

influenced by general attentional factors but were modulated 

by both the content and the order of the events.  

The tendency for infants and toddlers to look longer at the 

first test event they see, as well as the interaction between 

longer looking times to unexpected (vs. expected) outcomes 

and test order, are recurrent findings in the large body of 

looking-time violation-of-expectation studies (see Margoni, 

Surian, & Baillargeon, 2024, for a review). For instance, 

Thomsen et al. (2011) and Pietraszewski et al. (2017) 

reported similar order effects in infants' looking times. 

Moreover, even in the absence of a main effect, a significant 

interaction between trial type and test order is frequently 

interpreted as evidence that infants and toddlers discriminate 

between the two test types: If children were not sensitive to 

the contrast between expected and unexpected outcomes, 

then test order could not plausibly interact with trial type. 

Conclusion 

In sum, we have provided the first evidence that toddlers 

expect a male-voiced character to prevail in dominance 

conflict over a female-voiced individual, holding all other 

factors constant. These findings may reflect very early, 

learned gender stereotypes that already specify that males 

will dominate females. How such generative, gendered 

expectations could form so early—even in a relatively 

gender-egalitarian Scandinavian culture like Norway—

remains unclear. 

Alternatively, our findings could point to a mechanism 

grounded in the biology of male and female bodies—lower 

voices of men cause perceptions of greater strength and 

size—which itself licenses inferences of dominance and may 

form an early developmental origin of gender bias.  
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