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Abstract 

 When faced with entities with potentially ambiguous category membership, adult 

category judgments are strongly biased towards dangerous and distinctive properties. For 

example, a cyanide-water mixture is categorized as cyanide. We used a developmental approach 

to better understand this cross-domain effect, which we term the asymmetric categorization of 

mixtures (ACM). According to ACM, attention is biased towards perceived dangerous or 

distinctive properties, making them prominent in conceptual representation. We consider 

whether ACM is driven entirely by low-level processes of attention, or whether ACM might 

require the integration of attention with causal-explanatory reasoning. We argue that ACM 

requires forms of reasoning that only emerge robustly in middle childhood. Across three studies 

(N = 270), we find that ACM emerges only after the 7th year for liquids (Study 1-3), and even 

later for race (Study 1 and 3). Results are discussed in terms of competing theoretical accounts of 

ACM.  

 Keywords: Categorization, cognitive development, attention, causal reasoning, inductive 

reasoning.  
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 Dangerous and distinctive properties bias category judgments late in development  

Category judgments are made countless times every day, and provide a basic structure for 

thought. How category judgments are made, and how this ability emerges in development, is a 

foundational topic for psychology. Of particular interest is how category judgments are made 

when membership is potentially ambiguous. For example, when adults are presented with a 

liquid mixture containing equal amounts of water and cyanide, they judge that the mixture is a 

member of the category cyanide and not a member of the category water (Noyes & Keil, 2018). 

Likewise, cranberry juice and vodka is categorized as vodka, morphine and saline solution as 

morphine, and urine and apple juice as urine. Even a mixture containing a single drop of cyanide 

in a glass of water is judged as cyanide. Similarly, in the domain of race, American adults in 

majority White samples categorize a biracial person with a Black parent and a White parent as 

Black (Ho, Sidanius, Levin, & Banaji, 2011; Noyes & Keil, 2018; Peery & Bodenhausen, 2008; 

Roberts & Gelman, 2015), and a biracial person with an Asian parent and a White parent as 

Asian (Halberstadt, Sherman, & Sherman, 2011; Ho et al., 2011; Noyes & Keil, 2018). Indeed, 

they categorize someone with a majority White ancestry as Black even if they only have a single 

Black grandparent (Ho et al., 2011). In this manuscript, we use a developmental approach to 

shed more light on this phenomenon, which we call asymmetric categorization of mixtures 

(ACM).  

ACM in Liquids and Race.  

 In our definition, ACM is restricted to explicit category judgments made about mixtures, 

where the relevant information about the constituent parts is wholly known. The most striking 

finding about ACM is that even when people know (for example) a biracial person has an Asian 

and White parent, they still judge that the person is Asian (Ho et al., 2011; Noyes & Keil, 2018; 
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Roberts & Gelman, 2015), and even when they know a mixture is equal parts cranberry juice and 

vodka, they still say the mixture is vodka (Noyes & Keil, 2018).  

 Liquid ACM in adults has been characterized in some detail (see Noyes & Keil, 2018). It 

extends broadly across liquid mixtures, including novel and unfamiliar mixtures. The direction 

and magnitude of ACM is predicted by how much more a component liquid is rated as dangerous 

and/or distinctive. For example, vodka-cranberry juice and cyanide-cranberry juice are 

categorized as vodka and cyanide, respectively. But because cyanide is more dangerous and 

distinctive than vodka, the magnitude of the ACM effect for cyanide-cranberry juice is much 

larger than the ACM effect for vodka-cranberry juice. This difference in magnitude extends to 

conversions: The more dangerous and distinctive a liquid is, the smaller the quantity needed to 

convert other liquids. For example, only a single drop of cyanide can convert many other liquids 

to cyanide.   

 Race ACM has been documented primarily in White participants but has been 

documented in Black participants as well (Roberts & Gelman, 2015). Most Race ACM has been 

documented with category judgments of Black-White and Asian-White biracials (e.g., Ho et al., 

2011). Nevertheless, ACM can be documented using any arbitrary pairing of racial ancestry, 

even if most participants have probably not encountered someone with that racial background 

(Noyes & Keil, 2018). In particular, for White participants in the United States any non-White 

ancestry produces ACM when paired with White ancestry, such that the person is categorized as 

the non-White race. Black ancestry produces ACM when paired with any non-Black ancestry 

(e.g., Aboriginal Australian, Arab, and Native American) such that the person is categorized as 

Black (Noyes & Keil, 2018). As with liquids, the direction and magnitude of ACM is predicted 

by how much more dangerous and distinctive one of the racial groups is believed to be – and 
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thus ACM tracks participants’ racist beliefs, as well as the racial hierarchy (Ho et al., 2011). For 

example, Black-White ACM is stronger than Asian-White ACM, and participant from majority 

White samples rate Black people as more threatening (Noyes & Keil, 2018).  

 In conclusion, ACM has been documented with both liquids and race. In each case, ACM 

has a number of signature properties. That is, ACM reveals a skew towards the category that is 

perceived as more dangerous or distinctive (e.g., water-cyanide is categorized as cyanide), the 

magnitude of the skew reflects the magnitude of the perceived difference in dangerousness and 

distinctiveness (e.g., water-cyanide reveals a bigger skew than water-cranberry juice), and ACM 

shows a neglect of true composition (e.g, 1 Black grandparent makes someone Black despite 3 

White grandparents; 1 drop of cyanide makes something cyanide despite liters of water). The 

similarity of these signatures properties across domains suggests that ACM involves domain-

general process (Noyes & Keil, 2018).  

Theoretical Rationale and Aims.  

 The present work focused on the developmental emergence of ACM. Different 

perspectives offer contrasting predictions as to when ACM ought to emerge in development. By 

one view, ACM should be present as early as explicit category judgments can be reasonably 

assessed in children (thus, should be measurable in preschool-aged children, the earliest age 

group we test). In contrast, an alternative view has ACM emerging several years after early 

category judgments are made (i.e., around the 7th year). Thus, by measuring the developmental 

trajectory of ACM in children we can assess the plausibility of different explanations.  

 There are roughly three different accounts that predict an early-emergence of ACM. The 

first account is based in learning history: Statistically uncommon features are on average 

encountered both less frequently and later during learning. Because of this, attention becomes 
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directed towards distinctive features which provide the highest possibility for learning 

(Halberstadt, Sherman, & Sherman, 2011; see also Alves, Koch, & Unkelbach, 2018). A second 

account focuses on threat-detection. To be able to quickly react to danger, people are biased to 

attend to threatening information (LoBue & DeLoache, 2010), such that threatening stimuli (e.g., 

angry faces) are more quickly detected. This threat bias could lead dangerous properties of 

mixtures to become particularly salient in attention and perception. A third account can be 

derived from negativity bias: Negative stimuli are more salient and heavily weighted than 

positive or neutral stimuli, leading them to be exaggerated in evaluations (Rozin & Royzman, 

2001).  

The theories that learning history, threat, and negativity influence attention were not 

originally proposed to explain ACM; however, each of these accounts offer possible 

explanations of ACM and have received some support in the literature (e.g., Halberstadt et al. 

2011; Ho et al., 2011). These accounts are not mutually exclusive either: Attention could well be 

biased in all these ways, and a combination of these mechanism provides a plausible explanation 

for ACM. Indeed, a common thread involves paying more attention to certain types of 

information as adaptive and functionally important for the organism. Thus, response biases 

favoring such information are built into low-level processes that can be deployed rapidly or with 

little effort. For example, with cyanide-water, quickly attending to the presence of cyanide can 

prevent a lethal consequence. Importantly, these cognitive processes all predict the early 

emergence of ACM. Threat detection is well-documented in infants (LoBue & DeLoache, 2010). 

Effects of learning history manifest after very little exposure (Halberstadt, et al., 2011), and are 

present in infancy (Hayden, Bhatt, Zieber, & Kangas, 2009). Negativity bias has been 
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documented in infants as well (Hamlin, Wynn, & Bloom, 2010). Thus, the cognitive components 

supporting these accounts are in place in early childhood. 

 But appropriate input to these processes is also needed. Are the dangerous, distinctive, 

negative properties that bias attention already present in children’s beliefs about liquids and 

race? For liquids, children are plausibly told about which liquids are safe or dangerous to 

consume, and children are certainly more familiar with some liquids than others. Even if initially 

absent, this information can be easily imparted to children via direct instruction. Race is a less 

clear case. However, adult levels of implicit racial bias emerge very early for both White and 

Black children (Dunham, Baron, & Banaji, 2008), suggesting that affective associations (threat, 

negativity) are present early on. Also, Black faces are significantly more distinctive for White 

children even in infancy (Hayden et al., 2009). Given the presence of both the cognitive 

prerequisites and (at least plausibly) the information these cognitive processes engage with, it is 

plausible that ACM would emerge early in development. 

 In contrast to these early-emerging accounts, an alternative view has ACM as emerging 

late in development. According to the conceptual prominence account (Noyes & Keil, 2018), 

biases in attention only cause ACM when they integrate with causal-explanatory reasoning. 

Consider a glass of wine that looks and smells like gasoline. Attention would be biased towards 

the liquid’s apparent gasoline-like properties (all of them dangerous, distinctive, and negative). 

But, if someone knows the liquid contains no gasoline, they would categorize the liquid as wine 

– consistent with a large body of work that category judgments are based in causally central 

properties and not superficial similarity (Murphy & Medin, 1985; Ahn et al., 2000; Keil, 1989; 

Gelman, 2003). In contrast, in a gasoline-wine mixture, the greater attention to apparent gasoline 

properties does generate the intuition that the mixture is gasoline (Noyes & Keil, 2018) – in this 
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case, the presence of gasoline molecules provides a compelling explanation of the gasoline 

properties (which dominate attention). Therefore, extra attention to certain properties only results 

in ACM when it integrates with causal-explanatory reasoning. Only when the dangerous or 

distinctive properties are relevant to category judgments, because they connect to causally 

central properties, do they cause ACM.  

 According to conceptual prominence, ACM depends on relatively sophisticated forms of 

reasoning. In particular, it requires using property information, in combination with causal 

reasoning, to make inferences about category membership. Children find this direction of 

reasoning (moving from properties to categories) more difficult before the age of 7 (Keil, 1989; 

Gelman, Collman, & Maccoby, 1986). Early in development, children are able to use 

experimenter-given categories (i.e., verbal labels) to make adult-like inferences (Gelman & 

Markman, 1986). They will extend a novel property from a brown owl to a pink flamingo if they 

are both labelled birds (and will disregard a perceptually similar brown bat). But, children 

deviate significantly from adults when they asked to use properties to infer category membership 

(Keil, 1989; Gelman et al., 1986). For example, young children say a skunk can be transformed 

into a badger via surgery, which older children and adults deny (Keil, 1989). Using properties to 

infer category membership is limited for children relative to adults (Gelman et al., 1986), such 

that in many cases children have difficulty integrating property information with their causal 

reasoning. Therefore, we predicted that ACM would emerge later in development, such that even 

liquid ACM would emerge only around or after the 7th year when children become more 

competent in integrating properties with causal reasoning to generate category judgments.  

 With these considerations in mind, our proximate empirical aim was to measure the 

developmental emergence of ACM in two domains: liquids and race. ACM has only been 
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studied in children in the context of race, and in particular Black-White biracials (Roberts & 

Gelman, 2015). Using novel methods, we investigated ACM with a variety of liquid mixtures, 

and in the context of both Black-White and Asian-White biracials. Therefore, our current 

manuscript offers substantial novel evidence as to the development of ACM. Our theoretical aim 

was to use the developmental trajectory of ACM to determine whether explanations based in 

early-emerging and low-level processes are plausible, or whether a contending account based in 

later-emerging and higher-order reasoning (i.e., conceptual prominence) was more plausible.  

Although race is an interesting test-case for ACM, the most decisive test is liquid 

mixtures. All of the accounts we review assume that ACM will only emerge if children believe 

certain properties are more dangerous, distinctive or negative. Liquid mixtures provide the 

clearest case because we can directly provide information to children, and thus instruct them that 

certain liquids possess properties that are more dangerous, distinctive, or negative. In contrast, 

for race, doing the same would require communicating racial stereotypes to children, which we 

deemed untenable. Therefore, liquid ACM is informative as both positive and negative evidence: 

if we detect liquid ACM in young children, it reveals ACM emerges early in development, and if 

we do not detect liquid ACM in young children it convincingly suggests ACM does not emerge 

early in development. In contrast, race ACM is primarily compelling as positive evidence: If we 

do not detect race ACM it is plausible that children lack racial prejudice or other relevant beliefs. 

That being said, the absence of race ACM hints at the importance of domain-specific intuitive 

theories; children’s causal reasoning about race may diverge from adults, affecting their 

expression of ACM in the domain of race. Race is also an important test case because it has been 

the subject of the majority of investigations into ACM in adults (e.g., Halberstadt et al., 2011; Ho 

et al., 2011), and has been studied only once in children (Roberts & Gelman, 2015). Further, we 
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investigate race ACM with a novel methodological approach that can contribute to the literature, 

allowing us to see whether we would replicate the absence of Black-White ACM in 4-9-year-old 

children (Roberts & Gelman, 2015).  

Study 1 

 Study 1 was an initial examination of children’s ACM for both liquids and race. Children 

were shown labelled exemplars from two categories: Either two containers of different liquids, or 

two parents of different races. They were then told stories about the liquids being mixed together 

or the parents having a baby. They were never shown the resulting liquid mixture or biracial 

child. Children were then asked to assess two category judgments, each made by an on-screen 

character. The only information children had to assess the validity of the character’s category 

judgment was their own beliefs about category membership (i.e., a comparison between the 

character’s judgment and their own judgment), so we regarded these assessments as a type of 

category judgment even though we did not directly ask children to make a categorization 

themselves. We chose this method because it provided generally simpler language (e.g., “How 

wrong is he?” vs. “How not Black is the baby”), we thought it would be conceptually easier for 

children to think about a right-wrong scale, and we thought it would be pragmatically clearer to 

frame two category judgments about the same stimulus this way, rather than asking children two 

category judgments in a row, which could induce response biases.  

 To measure ACM, we took the difference score between children’s ratings of these two 

characters (the category rating for dangerous-distinctive category minus the rating for the 

benign-ordinary category). We acknowledge that by relying on the difference score, equivalent 

magnitudes of ACM could reflect different base values. For example, someone who said a 

mixture or bleach and orange juice was very much bleach and a little bit orange juice would 
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receive the same score as someone who said the mixture was a little bit not bleach and very 

much not orange juice. That said, we interpreted all positive difference scores as ACM because 

they all demonstrate believing one category judgment is more “correct” than the other, and thus 

show a bias towards believing a mixture exhibits greater membership to the dangerous-

distinctive category. Prior research on ACM has relied on less granular measures of category 

judgments, such as a single scale that ranged from very Black to very White; thus, we do not 

know what pattern of base values is typical of ACM in the literature. Therefore, our separate 

scales at least retain the base scores for inspection, providing some of the first evidence into what 

base values are actually typical of ACM.   

 We looked at two examples of liquids. The first liquid item we chose was apple juice and 

water. Importantly, many children are explicitly taught that apple juice mixed with water is apple 

juice (as confirmed by many of our participants’ parents), so responses to this item probably do 

not reflect their default tendency towards ACM. However, this item allowed us evaluate whether 

even young children can appropriately use the scale. We expected young children to categorize 

this item as apple juice even if they lacked the same intuitions as adults. Our second mixture, 

orange juice and bleach, is a better item for assessing ACM because although these liquids are 

familiar, and although the distinctive/dangerous asymmetry is clear, mixing them together 

produces a liquid that is unfamiliar, not conventionally labelled, and not functional as either 

orange juice or bleach. To confirm that children were aware of the liquid’s properties, we 

described the liquids properties to the children.  

 We examined children’s category judgments of Black-White and Asian-White biracials. 

One prior study (Roberts & Gelman, 2015) examined children’s ACM for Black-White biracials, 

where they found little to no evidence for ACM in children ages 4-13. Children were shown a 
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multiracial individual with their parents. They were then asked to categorize the individual’s 

race. Black and White 4-9-year-old children showed no bias to categorize the individual as Black 

more than White. Although an important first inquiry into ACM in the domain of race, the study 

has some limitations that we address here.  

 First, no racial labels were provided. But many of children’s nascent beliefs about social 

categories are only evoked when they hear labels (e.g., Baron, Dunham, Banaji, & Carey, 2014; 

Birnbaum, Deeb, Segall, Ben-Eliyahu, & Diesendruck, 2010), and verbal labels can have a large 

influence on whether or not children attend to race (Roberts & Gelman, 2017). Thus, including 

labels will increase the chance that the full range of their beliefs and associations are present at 

test, increasing the strength of the test of racial ACM.  

 Second, racial category judgments were assessed with a relatively difficult tripartite 

judgment: Children assessed whether an individual was more like a White child, a Black child, 

or someone hidden behind a curtain (which was supposed to stand in for a “none of the above” or 

multiracial judgment). Unfortunately, young children seemed reluctant to pick this option (as 

indicated by low rates of selecting this option) without additional training. Here, we use two 

separate judgments: Children assessed whether a “White” judgment is true on a graded scale, and 

whether a “Black” judgment is true on a graded scale. This allowed children to say a biracial 

child is White, Black, both (by rating both judgments as true), other/neither (by rating neither 

judgments as true), or anything in-between.  

 We described the properties of bleach and orange juice to make sure children were 

familiar with both liquids. We did not describe information about dangerous and distinctive 

properties when introducing the parents’ races. This somewhat hampers the validity of cross-

domain comparisons, but offering any information about dangerous and distinctive properties 
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would require us to provide inaccurate and offensive racial stereotypes to children, outweighing 

any methodological benefit. As we discussed above, this is part of the reason we consider liquids 

to be a more decisive test of ACM than race.  

 Study 1 offers a few different possible results. We may observe ACM for both liquids 

and race throughout the entire developmental window tested. This finding would clearly support 

the sufficiency of low-level processes in ACM. Alternatively, it is possible that ACM will 

emerge later and in a piecemeal way; for example, we predicted that ACM would emerge for 

liquids sometime around the 7th year, but that ACM would not emerge for race in the ages tested 

(replicating Roberts & Gelman, 2015). This would suggest that ACM is not the direct result of 

low-level biases in attention (which emerge as early as infancy). Instead, it would support the 

interaction of attention with other processes, such as causal reasoning.  

Methods 

Participants 

 Based on prior adult work (Noyes & Keil, 2018) and our own pilots, we estimated the 

effect size for adult-like ACM to be d = .70. We recruited 30 children per age group to give us 

95% power to detect this effect in every age group. There were 90 children split equally across 

three age brackets: 4- to 5-year-old children, M = 5.08, 6- to 7-year-old children, M = 7.00, and 

8- to 9-year-old children, M = 8.76. The sample was 71% White, 2% Black, 9% Asian, 7% 

multiracial, and 7% racially identified as Hispanic. We recruited from two museums that tend to 

draw a socioeconomically diverse sample. The study methods and sample were approved by 

Yale University’s Institutional Review Board, HSC protocol 1305012100: “Development of 

Social Category Knowledge.” 

Stimuli 
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 There were four target stimuli: A mixture of bleach and orange juice, a mixture of apple 

juice and water, a child of a Black and White parent, and a child of an Asian and White parent. 

We never showed children pictures of the target stimuli. They were indicated by a cup (for 

liquids) or a cradle (for the biracial children). Instead, we showed pictures of the parents and 

base liquids. The category of the parents (White, Black, or Asian) and base liquids (Water, Apple 

Juice, Bleach, or Orange Juice) were always labelled. During the description of the target stimuli, 

arrows from the parents and base liquids to the cradle and cup, respectively, were used to 

visualize the contribution of both to the target stimuli.  

 Bleach and Orange juice were described briefly to children, but the other stimuli were 

not. Children were told:  

 Do you know what bleach is? Bleach is something grownups use to clean the bathroom 

 sometimes! It is really strong and makes people really-really sick if they drink it. Orange 

 juice is something people drink every day for breakfast! It is tasty and is good to drink! 

Category Measure 

 Children were shown two cartoon adult characters (John and Adam). Each character said 

what they thought the mixture was: for example, one character said “Bleach” and one character 

said “Orange Juice.” Then, children were asked to evaluate the category judgment one at a time. 

Children first made a right or wrong judgment. If the child said right, they were asked whether 

the character was a tiny bit right, pretty right, or really right. If the child said wrong, they were 

asked whether the character was a tiny bit wrong, pretty wrong, or really wrong. These two 

judgments produced a 6-point scale ranging from really wrong to really right (1 to 6). A direct 

measure of ACM then is the difference between these two judgments, which can range from -5 

to 5, with positive values representing ACM.  
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Step by Step Procedure  

 Children received all target stimuli, which were grouped into a liquid block and a race 

block (order of block and trial counterbalanced.) On each trial, children were shown the origin of 

the target stimuli: So, on race trials) they were introduced to the two parents and told the parent 

had a baby, or, on liquid trials, they were introduced to the two liquids and shown them being 

mixed together in a cup. Children were then shown the two characters making their category 

judgments. One at a time, children were then asked to evaluate the character’s category 

judgments.  

Results and Discussion 

 We first used a multi-level model with category judgment (1 to 6) as the outcome 

variable, with Age (continuous, 4.00-9.83 at precision of nearest month), Dangerous/distinctive 

vs. benign/ordinary, and domain (liquids vs. race) as fixed effects, and participant as random 

effect. There was no significant effects of age or age interaction: p = .099, p = .418, p = .375, p = 

.345, respectively for main effect of age, age by domain, age by dangerous-distinctive, and the 

three-way interaction. There was a main effect of domain: Participants evaluated all category 

judgments as more correct when applied to race (M = 3.44) than liquids (M = 3.22), b = .58, SE = 

.10, p < .001. There was a main effect of dangerous-distinctive (which is equivalent to ACM): 

such that the dangerous-distinctive categories (M = 3.74) was rated as more correct than benign-

ordinary categories (M = 2.93), b = .89, SE = .10, p < .001. The ACM effect was qualified by a 

two-way interaction with domain, b = -.92, SE = .14, p < .001. There was a significant ACM for 

liquids, b = .86, SE = .10, p < .001, but not for race, b = -.04, SE = .11, p = .728 (Figure 1).  

 We next examined each of our four items individually (summarized in Table 1). For these 

analyses, we use the difference score between dangerous-distinctive and benign-ordinary 
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category judgments as a measure of ACM. Because the base values could range from 1-6, this 

difference score could range from -5 to 5. Recall that our items had important differences: apple 

juice/water helps us assess the scale, and orange juice/bleach helps us assess spontaneous ACM. 

For the mixture of apple juice and water, children categorized the liquid reliably as apple juice, 

M = 2.01, 95% CI: [1.39:2.64], one-sample t-test comparing to zero: t (N = 89) = 6.40, p < .001, 

d = .67, which suggests that children were able to use the scale. Children’s performance on this 

item did not change over the tested age range, b = -.13, SE = .20, p = .520. 

 There was also an ACM effect, M = 1.34, 95% CI: [0.73:1.96], for bleach and orange 

juice, t (N = 89) = 4.36, p < .001, d = .46, such that children categorized the liquid as bleach and 

not orange juice (see Table 1). There was no significant effect of age, b = .33, SE = .19, p = .081. 

Given the importance of the developmental trajectory of this item, we examined each age group 

separately. We used one-sample t-tests comparing the difference score to zero to determine 

whether there was a significant ACM effect. The 4- to 5-year-old children showed no significant 

ACM effect, t (29) = 1.27, p = .216, d = .23. The 6- to 7-year-old children showed no significant 

ACM effect, t (29) = 1.91, p = .066, d = .35. The 8- to 9-year-old children had a strong and 

robust ACM effect, t (29) = 5.91, p < .001, d = 1.08. Therefore, ACM did not emerge robustly 

until 8-9.   

 For Black-White and Asian-White, there was no significant ACM and no effect of age. 

Black-White: M = -0.34, 95% CI: [-1.00:0.31], t (89) = -1.05, p = .297, d = .11. Effect of age: b = 

.09, SE = 0.21, p = .666. Asian-White: M = .21, 95% CI: [-0.45:0.87], t (89) = 0.64, p = .527, d = 

.07. Effect of age: b = -.19, SE = .21, p = .351. We also found no significant ACM or age effect 

when restricting to only White children (n = 69), all ps > .10. This is consistent with prior 

research (Roberts & Gelman, 2015), which found that White and Black children did not show 
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hypodescent for Black-White biracials in this age range. We have extended this research by 

showing the same null effect with Asian-White biracials. Moreover, we used a novel scale that 

had a number of advantages.  

 We believe children do not see biracials as “mixed race.” It is clear that mixing together 

liquids produces a liquid with mixed chemical composition. This is not the case with race. 

Seeing biracials as “mixed race” requires believing that racial membership is ancestry-based, that 

ancestry mixes together to form the child’s race, and that racial ancestry is equally contributed by 

both parents. All of these pieces are needed to construe biracials as “mixed race” and thus to 

integrate attention with ancestry information. In our sample we found a significant bias towards 

using the mother’s race to decide the baby’s race, M = 0.70, t (89) = 2.67, p = .009. This effect 

did not change with age, b = .01, SE =.16, p = .940. Therefore, children seem to believe that race 

is asymmetrically contributed by the mother. Given this belief, they would not construe a biracial 

child as “mixed race;” in which case, there would be no reason to over-weight Black or Asian 

ancestry generally, since minority ancestry is only causally relevant when the mother is Black or 

Asian (and not when the father is). This is consistent with our argument that ACM requires the 

integration of attention with causal-explanatory beliefs. That is, race ACM depends on the race 

of both the mother and father being perceived as potentially relevant; only in this case would 

over-weighting of minority ancestry bias category judgments.  

 Finally, supporting the value of our method of assessment, 57% of children gave the 

same direction of response for at least one pair, meaning they said that both characters were right 

(or wrong) on at least one pair of judgments. This tendency did not change with age, b = 0.01, 

SE = .13, p = .910. This helps validate the scale because it suggests children of all ages 

understood that they did not always have to provide different judgments, i.e., they understood 
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that it was not always the case that one character was right and one was wrong, and it 

demonstrates that children were not forced into endorsing only one of the two possibilities, as 

occurs in many common methodologies. The commonality in responses across ages suggest that 

all children in our sample were able to use our scale.  

Table 1. Category judgments of individual items.  

Category Ap.J Water  Bleach Or.J  Black White  Asian White 

Mean 

(SD) 

4.34 

(1.72) 

2.33 

(1.68) 

  3.78 

(1.89) 

2.43 

(1.74) 

 3.16 

(1.74) 

3.50 

(1.84) 

 3.67 

(1.86) 

3.46 

(1.79) 

Note. Children judged whether a character saying “This is X” was true on a 1 (really wrong) to 6 (really right) scale.  
 

Study 1: Biased categorization across four items 

 

Figure 1. Children’s ACM for liquids and race. Each dot represents an observation and the Y-axis is the difference 
score between category judgments of distinctive / minority items and ordinary / majority items, where scores above 
0 indicate ACM. Error bars are 95% bootstrapped confidence intervals generated by the R package ggplot2.  

Study 2 

 Having validated our methods, we turned towards a more precise test of when adult-like 

constraints emerge in development. Study 1 suggests that asymmetric categorization emerges by 
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the 7th year and is robust in 8- to 9-year-old children. Nevertheless, this can only be confidently 

concluded for a single item: the mixture of orange juice and bleach, and the age effect for that 

item was weak. In Study 2 we sought to extend our findings by examining a broader variety of 

compelling mixtures. In addition to bleach and orange juice, we added three additional mixtures 

that should be unfamiliar as mixtures but have relatively familiar components: cough syrup and 

milk, gasoline and shampoo, and coffee and apple juice. Additionally, we tried to select for some 

heterogeneity in the nature of the dangerous stimuli: Unlike bleach, cough syrup and coffee are 

both liquids people imbibe and are both healthful and positive to drink in certain contexts in 

certain amounts.  

 We pre-registered our design and analysis plan at https://osf.io/mg76t/. We decided to use 

a one-sample t-test on the difference score between the category judgment for distinctive / 

dangerous liquids and ordinary / benign liquids. We did not plan to examine item effects, since 

all of the items were conceptually similar. We expected to find an age effect, so planned to test 

each age group separately (assuming that prediction bore out). Finally, we added an adult sample 

to verify the mature response pattern. We expected that asymmetric categorization would 

certainly emerge by the 8-9th year given the robustness of this effect in Study 1, but were 

agnostic about the exact age it would emerge given the uncertain age effects in Study 1.  

Methods 

Participants  

 We recruited children from the same population as Study 1 and sought the same sample 

sizes. We recruited 30 4- to 5-year-old children (M = 4.80), 30 6- to 7-year-old children (M = 

6.95), 30 8- to 9-year-old children (M = 8.82). We also recruited 30 adults (M = 35) from 

Amazon Mechanical Turk to capture a broader span of development.  
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Design and Procedure 

 We used the same procedure as Study 1 with a few changes. First, children now received 

only a single block of liquids containing four items. The liquids were: orange juice and bleach, 

cough syrup and milk, gasoline and shampoo, and coffee and apple juice. Second, to emphasize 

real, descriptive category judgments, we framed the mixtures as the result of a scientist’s actions. 

All four category pairs were introduced in the way bleach and orange juice were in Study 1. We 

emphasized the danger or distinctiveness of the dangerous / distinctive items, e.g., for coffee and 

apple juice we said: 

 “Coffee is dark, bitter, and makes people stay awake when they drink it. Only adults drink 

 coffee. Apple juice is orange, sweet, and made from apples. Kids and adults both drink 

 apple juice.”  

For gasoline and shampoo we said: 

 “People use baby shampoo to clean their babies. It is safe and it doesn’t even hurt their 

 eyes. People use gasoline to make their cars go. It burns the skin and is dangerous to 

 even breathe.”  

We emphasized this information to increase the chance that children of all age ranges were 

familiar with the liquids and were drawing on the same set of properties when making their 

category judgments. This helps to ensure that age differences are the result of differences in 

conceptual structure.  

Results and Discussion 

 First, we looked at whether there was a significant ACM effect. We averaged across the 

four items to calculate an ACM score for each child. The overall ACM effect for children (M = 

.29) was non-significant, t (89) = 1.66, p = .101, d = .17. We pre-registered looking at each age 
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group separately if there was a significant age effect in a linear model. Using a linear regression 

with continuous age as the predictor (4.08 to 9.67, at precision of nearest month) and ACM as 

the outcome, we found an effect of age, b = .38, SE = .09, p < .001, such that ACM increased 

during development.  

 Next we used one-sample t-tests to examine whether each age group demonstrated 

significant ACM or not (Figure 2). Adults were significantly above zero: M = 0.76, 95% CI: 

[0.39: 1.13], t (29) = 4.21, p < .001, d = .77, and so were 8- to 9-year-old children, M = 0.96, 

95% CI: [.56: 1.35], t (29) = 4.95, p < .001, d = .90. 6- to 7-year-old children were not 

significantly different from zero, M = 0.57, 95% CI: [-0.04: 1.17], t (29) = 1.91, p = .067, d = 

.35. Combing across Study and 2 for Bleach-Orange juice though reveals significant ACM: M = 

1.02, 95% CI: [0.28: 1.76], p = .008, d = .35. Somewhat surprisingly, 4- to 5-year-old children 

showed the reverse pattern: They were significantly below zero, M = -.67, 95% CI: [-1.31: -

0.02], t (29) = -2.12, p = .043, d = .39. This did not seem to be driven by any particular item, 

which were all in the same direction. We take this finding with a grain of salt as it was not 

predicted, the effect is small, and category judgments in Study 1 (for orange juice and bleach) 

were in the opposite direction (M = .73). When combining bleach-orange juice trials across 

Study 1 and 2, 4- to 5-year-old children were not significantly different from zero, M = .22, 95% 

CI: [-.62: 1.05], t (59) = 0.52, p = .61.  
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Figure 2. Children’s ACM (-5 to 5) across age. Each dot represents an observation and the Y-axis is the difference 
score between category judgments of distinctive / dangerous items and ordinary / benign items, where scores above 
0 indicate ACM. Error bars are 95% bootstrapped confidence intervals generated by the R package ggplot2. 
 
 Next, we examined each of the items independently (Table 2). This was an exploratory 

analysis. We report means only from 6-year-old children and up. Only these three ages showed 

any evidence of the effect, and were not significantly different from each other. All items were in 

the correct direction. The strongest effect was bleach-orange juice, M = 1.13, 95%CI: 

[0.67:1.59], t (89) = 4.91, p < .001, d = .52. The next strongest effect was cough syrup-milk, M = 

0.86, 95%CI: [0.41:1.30], t (89) = 3.80, p < .001, d = .40. This was followed by gasoline-

shampoo, M = .71, 95%CI: [0.24:1.18], t (89) = 3.02, p = .003, d = .32. The weakest was coffee-

apple juice, M = .34, 95%CI: [-0.05:0.73], t (89) = 1.76, p = .083, which was non-significant 

when including 6- to 7-year-old children. When including only 8- to 9-year-old children and 

adults, the means, effect sizes and p-values were, respectively: bleach-orange: M = 1.27, p < 

.001, d = .60, cough syrup-milk: M = 0.82, p = .002, d = .42, gasoline-shampoo: M = 0.85, p < 

.001, d = .50, coffee-apple juice: M = .50, p = .009, d = .35.  
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Table 2. Category judgments of individual items.  
 Coffee Apple 

Juice 
Bleach Orange 

Juice 
Cough 
Syrup 

Milk Gasoline Shampoo 

4-5 3.10 
(2.20) 

4.27 
(1.87) 

3.57 
(2.10) 

3.87 
(2.27) 

3.43 
(2.13) 

3.93 
(2.13) 

3.20 
(2.01) 

3.90 
(2.02) 

6-7 3.20 
(1.65) 

3.17 
(1.82) 

3.47 
(1.81) 

2.60 
(1.61) 

3.87 
(1.78) 

2.93 
(1.87) 

3.47 
(1.96) 

3.03 
(1.83) 

8-9 3.20 
(1.45) 

2.47 
(1.33) 

3.60 
(1.71) 

2.40 
(1.45) 

3.47 
(1.72) 

2.57 
(1.43) 

3.47 
(1.66) 

2.47 
(1.53) 

Adults 2.47 
(1.55) 

2.20 
(1.56) 

2.87 
(1.78) 

1.53 
(1.14) 

2.87 
(1.66) 

2.13 
(1.38) 

2.33 
(1.71) 

1.63 
(1.22) 

Note. Children judged whether a character saying “This is X” was true on a -3 (really wrong) to 3 (really right) 
scale.  
  

Study 2 further supported the emergence of liquid ACM after preschool. There is some 

indication of ACM among 6- to 7-year-old children, but only 8- to 9-year-old children revealed a 

consistent and reliable ACM effect. We find no indication of ACM among preschoolers even 

when combining Study 1 and 2. Therefore, ACM is not present as early as category judgments 

can be assessed.  

Study 3 

 We undertook a pre-registered replication of Study 1 to ensure we had a pre-registered 

version of both liquid and race ACM. The only major change was that we replaced apple juice 

and water with a conceptually interesting liquid: cough syrup and milk, thereby ensuring that all 

items represented a clean test of ACM. Bleach-orange juice and cough syrup-milk revealed the 

strongest effects in Study 2, and so provided the maximum power to detect effects in the 

youngest age groups.  

Participants 

 We recruited 90 children split equally across three age brackets: 4- to 5-year-old children, 

M = 5.12. 6- to 7-year-old children, M = 6.99, and 8- to 9-year-old children, M = 8.78. The 

sample was 71% White, 2% Black, 9% Asian, 7% multiracial, and 7% racially identified as 
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Hispanic. We recruited from two museums that tend to draw a socioeconomically diverse 

sample. 50 of these children were White, 27 were non-White, and 13 children did not have race 

reported by parents. We also pre-registered a contingency plan for collecting data from older 

children (10-15); we failed to collect the planned sample in the designated 5-month window, so 

we dropped the older children.  

Design and Procedure 

 The design and procedure were identical to Study 1 except (1) we replaced apple juice 

and water with cough syrup and milk.  

Results 

 Our first pre-registered analysis was a multi-level model with category judgment 

(evaluation of character’s statement, 1 to 6) as the outcome variable, and three predictors: 

dangerous-distinctive versus ordinary benign, liquid versus race, and continuous age (4.00 to 

9.83, at precision of nearest month), as predictors and participant as a random effect. Age was 

negatively related to the rate of saying a category judgment was correct, b = -.17, SE = .07, p = 

.018. All interactions involving age were non-significant: ps = .071, .073, .079, respectively for 

age by domain, age by dangerous-distinctive, and age by domain by dangerous-distinctive. 

Children evaluated all category judgments of biracials as more correct (M = 3.64) than category 

judgments of liquid mixtures (M = 2.89), b = .63, SE = .10, p < .001.  

 There was an overall ACM effect: Children evaluated the dangerous-distinctive category 

judgment (M = 3.45) as more correct than the ordinary benign category judgment (M = 3.08), b = 

.42, SE =.10, p < .001. This effect was qualified by a two-way interaction between dangerous-

distinctive and domain, b = -.42, SE = .14, p = .003: The ACM effect was only significant for 
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liquids, b = .42, SE = .10, p < .001, and not for race, b = -.003, SE = .11, p = .976. Next, we 

report the analyses for each item and age group, as pre-registered.   

Black-White  

 Pre-registered: There was no overall effect, M = -.06, p = .863, d = .02. The youngest (4-

5) children showed no ACM for Black-White biracials: M = .07, p = .920, d = .02. There was no 

Black-White ACM for 6- to 7-year-old children: M = -.47, p = .377, d = .16. Nor was there an 

effect for older (8-9) children, M = .23, p = .635, d = .09. Exploratory. Even if we restricted our 

analyses to White children, we found no indication of ACM, M = .02, p = .961, d = .01, and in a 

linear model there was no indication of an age effect, b = -.21, SE = .28, p = .454. If we pool 

Study 1 and 3 (N=60 per age group), we find no indication of ACM in any age range: 4- to 5-

year-old children, M = -.12, p = .793, d = .03; 6- to 7-year-old children, M = -.52, p = .203, d = 

.17; 8- to 9-year-old children, M = .03, p = .923, d = .01. Collapsing across age group (N = 180) 

shows no indication either, M = -.20, p = .384, d = .06. Like Study 1, we did observe a tendency 

for children to categorize biracials as the mother’s race though: M = 0.90, p = .004, d = .31, and 

this effect showed no effect of age, b = .02, SE = .02, p = .906.  

Asian-White 

 Pre-registered: There was no overall effect, M = .04, p = 0.877, d = .02. There was no 

effect for 4- to 5-year-old children: M = .53, p = .351, d = .17; no effect for 6- to 7-year-old 

children: M = 0.00, p =1.00, d =0.00; no effect for 8- to 9-year-old children: M = -0.40, p = .366, 

d = .17. Exploratory. Once again, there was no effect when restricting to White children, M = -

.14, p = .706, d = .05, and no indication of an age trend, b = -0.17, p = 0.504. If we pool Study 1 

and 3 (N=60 per age group), we find no indication of ACM in any age range: 4- to 5-year-old 

children, M = .60, p = .160, d = .18; 6- to 7-year-old children, M = 0.00, p = 1.00, d = 0.00; 8- to 
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9-year-old children, M = -.22, p = .521, d = .08. Collapsing across age group (N = 180) shows no 

indication either, M = .13, p = .560, d = .04. There was also no tendency to categorize Asian-

White biracials as the mother’s race, M = .04, p = .877, d = .02.  

Bleach-Orange Juice 

 Pre-registered: There was an overall ACM effect, M = .63, p = .042, d = .22. There was 

no significant effect for 4- to 5-year-old children, M = -.07, p = .912, d = .02, or 6- to 7-year-old 

children, M = 0.40, p = .49, d = .13, but there was a large effect for 8- to 9-year-old children, M = 

1.57, p < .001, d = .78. Exploratory: Pooling across Study 1-3, we find no indication of ACM for 

the youngest age group, M = .12, p = .721, d = .04. We find a significant ACM effect for 6- to 7-

year-old children, M = 0.81, p = .011, d = .27. For the oldest age group, there was a large effect 

of ACM, M = 1.63, p < .001, d = .76.  

Cough Syrup-Milk 

 Pre-registered: There was an overall ACM effect, M = .86, p < .001, d = .34. There was 

no significant effect for 4- to 5-year-old children, M = .57, p = .281, d = .20. There was a 

significant ACM effect for both 6- to 7-year-old children, M = 1.17, p = .018, d = .46, and 8- to 

9-year-old children, M = 0.87, p = .038, d = .40. Exploratory: Pooling across Study 2-3, we find 

no indication of ACM for the youngest age group, M = .03, p = .93, d = .01. There was a 

significant effect for 6- to 7-year-old children, M = 1.05, p = .002, d = .42. There was a 

significant effect for the oldest age range, M = 0.88, p = .003, d = .40.  

Conclusion 

 Study 3 closely replicated Study 1. We find no indication of race ACM in any of the ages 

tested. Instead, we replicated the bias to categorize a biracial person as their mother’s race (at 

least among Black-White biracials). For liquids, we find a robust and consistent ACM effect only 
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in 8- to 9-year-old children. When combining across studies, we can greatly increase our 

statistical power. In doing so, we still find no indication of race ACM in any ages tested. We also 

find no indication of liquid ACM among 4- to 5-year-old children. But we do find liquid ACM 

among both 6- to 7-year-old children and 8- to 9-year-old children, though the magnitude of the 

effect is substantially larger among the older children.   

General Discussion 

 Across Study 1-3 we find a similar developmental trajectory: In the context of liquids, the 

asymmetric categorization of mixtures (ACM) emerges robustly among 8- to 9-year-old children 

but is absent in 4- to 5-year-old children. That is, older children judged that liquid mixtures were 

members of the relatively more dangerous and distinctive category: e.g., orange juice and bleach 

was categorized as bleach. This is the first study to document robust ACM in children, and the 

first study to examine children’s ACM in liquids. There is a much weaker and inconsistent ACM 

for liquids among 6- to 7-year-old children – though pooling across the studies suggest it is a real 

and reliable effect. We find no indication of ACM among 4- to 5-year-old children though: Even 

when pooling across three studies (N=90), we find no indication of ACM for Bleach-Orange 

Juice (d = .04). And when pooling across two studies (N=60), we find no indication of ACM for 

Cough Syrup-Milk (d = .01). In both cases, the effect size was virtually zero. Thus, ACM seems 

to emerge sometimes around the 7th year.  

 ACM does not emerge for race in this age group (4-9). This conclusion is less decisive 

because for ethical reasons we did not provide information to children about race concerning 

dangerous or distinctive properties. Also, our sample was racially heterogenous; it is possible 

there are different effect sizes and even developmental trajectories for children of different racial 

backgrounds. Race ACM has been most well-established in White participants or White majority 
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samples. But, even when pooling the 8- to 9-year-old children across studies, N = 60, the effect 

size was virtually zero for Black-White (d = .06) and Asian-White biracials (d = .05 in the wrong 

direction). So it does not appear that the absence of race-based ACM was merely a result of 

being under-powered. Nor did looking exclusively at White children change this conclusion. 

Finally, this null result is consistent with one prior study (Roberts & Gelman, 2015). Instead, the 

only systematic pattern that emerged was a tendency for children to categorize biracials as the 

mother’s race. This shows an alternative form of reasoning about race, namely that race is 

transmitted from mother to child. In other words, the reason children show no race ACM is 

plausibly because they do not believe that a biracial child has “mixed ancestry,” consistent with 

evidence that children do not understand the way parents equally contribute genes until 

adolescence (Engel Clough & Wood-Robinson, 1985). Thus, our evidence favors the dependence 

of ACM on specific intuitive theories of race – the belief that race is biologically inherited from 

both parents (converging with adult work; Ho, Roberts, & Gelman, 2015). This is consistent with 

the broader dependence of ACM on causal reasoning, and thus consistent with our account that 

ACM is not the direct result of low-level biases in attention.  

In future work, it would be worthwhile to further examine the contribution of domain-

specific beliefs. Prior work demonstrates that intuitive theories of race integrate with racial 

attitudes (the source of biases in perceived danger and distinctiveness) contribute to race ACM in 

adults (Ho, et al. 2015). We predict the development of race ACM should track the development 

of beliefs about reproduction (that parents equally contribute to offspring) and the belief that race 

is biological. This has not yet been tested. One could also teach children about novel groups and 

vary their causal structure. Likewise, it is possible that liquid ACM also involves domain-

specific intuitive theories, such as beliefs about the microscopic composition of liquids (Au, 
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Sidle, & Rollins, 1993). Perhaps ACM develops later in part because children have different 

intuitions about chemistry than adults. Also, ACM has been tested only in race and liquids; 

testing other domains will provide greater insight into the generality of ACM and its 

psychological underpinnings. Animals and plants offer a clear future test case. For example, if 

told about a rottweiler-golden retriever, we predict that participants would categorize the dog 

more as a rottweiler. Or, if told about a hybrid of a poison dart frog and a common frog, we 

predict participants would the animal as more like a poison dart frog.   

 It seems implausible that ACM can be explained solely by lower-level processes like 

biases in attention or perception. We find that ACM emerges late in childhood, which suggests 

that ACM depends on higher-order reasoning. In this sense our results fit more comfortably with 

other work showing that categorization in adulthood as well as childhood relies on causal-

explanatory reasoning (Murphy & Medin, 1985; Ahn et al., 2000; Keil, 1989; Gelman, 2003). 

Our claim is not that young children are intrinsically incapable of manifesting ACM. Instead, our 

argument is that ACM depends on particularly sophisticated forms of higher-order reasoning that 

children find challenging (Gelman et al., 1986), which contrasts with accounts based in lower-

level processes which are present infancy onward. In the right context children might be able to 

express ACM. Perhaps in a situation where enough of the property information has been well-

rehearsed and stored in long-term memory, such that the working memory limitations on their 

reasoning could be alleviated as much as possible. Or, perhaps where children have scaffolding 

to think through the inferential steps that integrate property information with causal reasoning. In 

any case, this supports the dependence of ACM on higher-order reasoning.  

 So why does ACM emerge so late given that children show causal-explanatory reasoning 

in a variety of other domains early in childhood? We suggest it has to do with the types of 
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reasoning involved in ACM. Children are relatively competent in using experimenter-given 

labels to infer properties (Gelman & Markman, 1986; 1987). Using properties to infer category 

membership seems comparatively difficult for children (Gelman, et al., 1986; Keil, 1989). 

Indeed, it is not until about the 7th year that children become more adult-like with this form of 

reasoning. For example, before 7, children sometimes report that an animal can change category 

membership when one of its features has been altered – 7-year-olds and adults reject that animals 

can change in such cases. Importantly, ACM depends on this direction of reasoning, and so the 

emergence of adult-like ACM after the 7th year is consistent with this developmental trajectory.   

 A conjecture made by the conceptual prominence account (Noyes & Keil, 2018) is that 

ACM reflects an intuition that certain liquid compounds or types of ancestry are considered to be 

more causally potent. For example, when imagining what orange juice and bleach mixed 

together would be like, the greater attention to bleach’s properties will make bleach’s presence in 

the imagined liquid seem stronger – as if bleach itself has a greater effect. And indeed, 

particularly dangerous and distinctive properties plausibly do have a greater causal influence: A 

mixture of orange juice (safe to drink) and bleach (dangerous to drink) is dangerous to drink. 

And a mixture of orange juice (pleasant orange-y smell) and bleach (caustic and unpleasant) will 

smell caustic and unpleasant. Therefore, people may explicitly reason that bleach’s presence is 

more causally central to the manifest properties of bleach-orange juice. Young children may be 

relying only on their knowledge of the underlying composition (equal amounts of bleach and 

orange juice) without integrating this knowledge with their property beliefs and the causal 

relationship between composition and properties. More research is needed though to understand 

exactly what the inferential link is that integrates dangerous and distinctive properties and 

causal-explanatory reasoning to produce ACM.   
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 An alternative explanation for ACM could be that it reflects pragmatic reasoning. In 

situations where a mixture contains a more dangerous or distinctive liquid, it may seems more 

pertinent or informative to communicate the presence of that liquid to others. This pragmatic 

consideration may manifest as labelling practices that exhibit the behavior of ACM. However, 

the full set of ACM findings speaks against this. In prior work, participants were willing to state 

that dangerous and distinctive liquids could “convert” other liquids: Adding cyanide could make 

water into cyanide (Noyes & Keil, 2018). And race ACM has manifested in similarity judgments 

rather as well as labelling judgments (Roberts & Gelman, 2015). So it is unlikely that labelling 

practices explains ACM, and thus it is unlikely that developmental changes reflect changes in 

children’s pragmatic reasoning.  

 In conclusion, the present finding support the conceptual prominence account (Noyes & 

Keil, 2018). Attention seems to produce ACM by differently weighting properties in conceptual 

representation, such that biases to attend more to dangerous and distinctive properties integrate 

with causal beliefs and inductive reasoning. We find that ACM emerges unevenly across 

development and domain, even though the underlying lower-level processes responsible are 

likely present in infancy. Though there are unanswered pieces to the puzzle of how ACM 

manifests and emerges, the present work contributes to understanding it as a phenomenon at the 

intersection of low-level cognitive processes, higher-order reasoning, and social cognition.   

External Links 

Pre-registration of Study 2: https://osf.io/mg76t/registrations 

Pre-registration Study 3: https://osf.io/rgeqt 
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