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Children use many cues to differentiate reality from fantasy, including context, testimony 

from others, and physical evidence in the world around them. However, due to individual 

differences, some children hold strong reality status biases that interfere with their ability 

to infer reality status from these cues correctly. This research identified two general 

cognitive skills, inhibitory control and a metacognitive understanding of certainty, which 

serve as mechanisms for overcoming biases to infer reality status. In general, children 

with a high interest in fantastical play and older children with poorer developed 

inhibitory control skills are more likely to display a reality status bias. Additionally, 

children with reality status biases are more likely to overcome them to infer reality status 

correctly when they have a better metacognitive understanding of certainty and better 

developed inhibitory control.  This research informs both the fantasy/reality literature and 

the scientific reasoning literature in demonstrating how biases can affect children’s 

judgments. 
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Introduction 

Children use a variety of sources of information to learn about new things in their 

world. One important source of information is verbal testimony from other people. When 

children hear about something new from another person, one of the most important 

decisions they must make is whether this information accurately represents reality. 

Children determine what is real and what is pretend though multiple sources, including 

perceptual cues, testimony from trusted sources, and also by inferring reality status 

through the use of context and evidence. Sometimes children appear to have reality status 

biases; they think that everything new is real (or pretend). These biases are not based on 

knowledge; instead, they appear to be just preconceived notions. They emerge when 

children are asked to infer the reality status of novel entities from evidence or testimony 

(Tullos & Woolley, 2009; Tullos, Woolley & Ikpeme, 2009). Some children have no 

preconceived notions about reality status, whereas others have very strong biases to think 

that everything new they encounter is real, or everything new is pretend. Previous 

research has demonstrated that children with biases have a more difficult time 

determining reality status than children without biases, and that older children are more 

successful at overcoming their biases than younger children. Although maturation 

appears to help children overcome biases, there are still considerable individual 

differences within age groups in both the likelihood of having a bias and in the type of 

bias exhibited. This raises a question regarding the nature of the mechanism(s) behind 

overcoming biases to evaluate testimony or evidence successfully. In this paper, I will 

explore two possible mechanisms: inhibitory control and certainty.  

Inhibitory control, one of the Executive functions, may be involved in helping 

biased children stop focusing on their initial hypothesis and instead focus on what 
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available testimony or evidence indicates about a novel entity’s reality status. Previous 

research has shown that inhibitory control develops primarily between the ages of 3 ½ to 

6-years of age (Gerstadt, Hong & Diamond, 1994). Children without a bias may have an 

easier time evaluating testimony and evidence successfully because they do not have an 

initial hypothesis to inhibit; in essence, they have one fewer step in this process.  

A metacognitive awareness of certainty in one’s hypothesis might also be 

involved in how well a bias can be ignored.  Previous research has shown that an 

understanding of the concept of certainty develops significantly between the ages of 4 

and 6. Around this time, children understand that they should have different certainty 

levels for guesses, inferences, and absolute knowledge (Johnson & Wellman, 1980; 

Miscione, Marvin, O’Brien, & Greenberg, 1978; Moore, Bryant & Furrow, 1989). An 

awareness of how certainty levels inform one’s own scientific reasoning begins to 

develop slightly later, at around age 6 (Pillow & Anderson, 2006). If children can become 

aware of the low certainty level of their biases, (which, given the absence of supporting 

information, are really just guesses) they may be better able to abandon them when 

presented with more certain knowledge inferred from testimony and evidence. 

This introduction will have four primary sections. First, the literature on reality 

versus fantasy will be reviewed, followed by a discussion of how children determine 

reality status. Second, documentation of children’s biases will be provided. Third, the 

literature regarding the development of inhibitory control will be presented, followed by 

examples of how inhibitory control is related to similar areas of cognitive development, 

such as theory of mind and the “curse of knowledge”. The last section will review the 

literature detailing the development of certainty metacognition and how it is related to 

mental state awareness.  
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REAL VERSUS FANTASTICAL 

Children learn a lot about the world around them through direct experience. Each 

day they experience new things and acquire information about them through their 

interactions. However, children often are introduced to new things that they cannot 

experience directly. In these cases, they must rely on alternative sources to obtain 

information, such as television, books, and other people. Many of these new entities and 

events are real and are part of children’s everyday world. For example, research by Au, 

Sidle and Rollins (1993) shows that young children believe in the existence of germs. 

Although they lack direct experience with germs, they come to accept their existence on 

the basis of these alternate sources. However, children are also exposed, through these 

same sources, to fantastical entities and events that are part of cultural folklore. How do 

children determine that germs are real, but that cooties are not? How and when do they 

know that dinosaurs were real but that dragons are not (Morison & Gardner, 1978)?  

Research has explored how children develop this reality/fantasy distinction. Many 

theorists have argued that children are initially credulous and believe that everything they 

hear about or encounter is real. Gilbert (1991) states “Children are especially credulous, 

especially gullible, especially prone toward acceptance and belief – as if they accepted as 

effortlessly as they comprehended but had yet to master the intricacies of doubt” (p. 5). 

He suggests that they are credulous because they have yet to acquire the linguistic ability 

to deny suppositions. Thus, according to Gilbert, children will believe anything they are 

told simply because they lack the concept and linguistic marker to identify a false belief. 

Dawkins (1995) suggests that children are credulous by evolutionary design; they rely on 

adults to impart knowledge about the world, and they protect themselves from harm by 

believing everything they hear. However, Dawkins does concede that things might get 

difficult when children receive contradictory information, and he speculates about how 
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children might handle conflicting information from trusted sources. Since Dawkins’ 

(1995) article, research has revealed many ways that children address conflicting 

testimony; this will be discussed in more detail later.  

The Development of the Fantasy/Reality Distinction 

Contrary to Gilbert and Dawkins’ suggestions that children are entirely credulous, 

research has shown that children as young as 3 years of age can distinguish reality from a 

range of non-realities, including appearance (e.g., Flavell, Green, & Flavell, 1986; 

Woolley & Wellman, 1990), mental states (e.g., Estes, Wellman, & Woolley, 1989; 

Woolley & Wellman, 1993), and fantasy (e.g., Morison & Gardner, 1978). Overall, 

research indicates that children are more adept at distinguishing fantasy from reality than 

the traditional view espouses. Sharon and Woolley (2004), for example, demonstrated 

that even 3-year-olds distinguish fantasy from reality in certain cases, assigning human-

like characteristics to real but not fantastical entities. In this study, 3-, 4-, and 5-year-olds 

were asked to classify various real and fantastical characters as real, pretend, or unknown. 

They were also asked to assign biological, physical, mental, and social properties to these 

entities. Sharon and Woolley found that, whereas 4- and 5-year-olds were able to 

successfully assign real and pretend classifications to these entities, 3-year-olds were not. 

However, the 3-year-olds were able to indicate their developing understanding of the 

fantasy/reality distinction through their property attributions; they assigned more human-

like characteristics to real entities than to pretend ones. This research demonstrates that 

children as young as 3 are able to distinguish fantasy from reality at some level, and that 

there is development in this ability throughout the preschool years.  

Rosengren and Hickling (2000) suggest that the increase in fantasy/reality 

differentiation from age 3 to 4 may be attributed to a child’s developing cognitive 

sophistication, due in part to an increased knowledge about their world and their culture. 
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They investigated 4- and 5-year-olds’ explanations of impossible events. They found that 

4-year-olds tended to explain the impossible events as having occurred by magic, 

whereas the 5-year-olds explained that they were caused by a trick. Rosengren and 

Hickling suggested that 4-year-olds think that there is a magical force in the world that 

can be wielded by one who has magical powers, such as a magician, whereas 5-year-olds 

understand that magical forces do not exist. This study demonstrates that 4- and 5-year-

olds can use their developing concept of the fantasy/reality distinction, not only to 

determine whether a novel entity is real or not, but also to explain seemingly impossible 

events. Given the many studies that have shown that preschoolers can distinguish fantasy 

from reality for both entities and events, researchers have begun investigating how they 

make this distinction. What clues do children rely on to determine what is real and what 

is not?  

How Children Determine Reality Status 

Children use a variety of clues to help them determine a novel entity’s reality 

status when they do not have perceptual access to it. Research demonstrates that they 

invite testimony from others to determine whether the new entity is real or pretend, and 

can use their scientific reasoning skills to infer a novel entity’s reality status. In the next 

two sections, the research examining children’s use of testimony and inference will be 

reviewed. 

Children Use Testimony to Determine Reality Status  

One way that children decide what is real and what is not is by asking adults. 

Research by Baxter and Sabbagh (2005) suggests that children frequently gather 

testimonial evidence about Santa Claus, and that there is development in the types of 

questions children ask. First, children ask parents for human-like details about Santa 
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Claus, and question how he violates real-world constraints. As indicated by the types of 

questions that children ask about Santa Claus, recent research demonstrates that children 

do not believe everything adults tell them, contrary to Gilbert and Dawkins, but instead 

display limits to their credulity (Jaswal, 2004; Koenig, Clement, & Harris, 2004; Lee, 

Cameron, Doucette, & Talwar, 2002). Jaswal (2004) found that children pay attention to 

adults’ intentional cues when determining whether their testimony is veridical. He 

presented preschoolers with pictures of animal hybrids and object hybrids, such as a 

catlike dog.  Although the animals and objects were hybrids of two kinds, they were more 

perceptually similar to one. For example, the catlike dog resembled a dog more than a 

cat. When adults labeled the object with the non-perceptual label in an unintentional 

manner, such as acting distracted while labeling the catlike dog a “cat”, the children did 

not accept the adults’ non-perceptual label. However, when adults labeled the object with 

intention, such as “You’re not going to believe this, but that is actually a cat!” children 

used the adults’ intention to determine that the adult’s non-perceptual label was veridical. 

Jaswal’s (2004) research indicates that children are able to weigh evidence they might 

use to label a novel entity; they can choose whether to label based on their own 

perceptual evidence, or whether to contradict their sensory input and label based on 

testimonial evidence. This research indicates that children do not accept testimony 

credulously; they consider the source’s intention. 

Koenig, Clément and Harris (2004) also found that preschoolers do not accept 

testimony from adults indiscriminately.  They found that preschoolers keep track of 

whether the adult has provided correct information in the past. They introduced children 

to two puppets who were labeling familiar objects; one puppet labeled the familiar 

objects correctly and the other puppet mislabeled them. Once the puppets established a 

pattern of correct/incorrect labeling on the familiar objects, the puppets began labeling 
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novel objects. After each of the puppets labeled the novel object, the children were asked 

to label the same novel object. Koenig et al. (2004) found that children chose to label the 

novel object using the word provided by the puppet that had previously provided correct 

labels for familiar objects. Their results indicate that by age four, children are able to: (1) 

determine whether an informant is giving correct answers, (2) decide whether an 

informant is trustworthy, and finally (3) choose to accept a trustworthy informant’s 

answers as truth. This research demonstrates that children do not accept testimony 

credulously; they consider a testifier’s past reliability before accepting testimony. 

Lee et al. (2002) found that 5- and 6-year-olds can use their world knowledge 

about reality versus fantasy to determine when a person is lying. For example, after 

hearing someone say that a ghost jumped out of a book and broke a glass, elementary 

school children assumed that the speaker was lying to hide their misdeed. However, 

children who believed that ghosts were real asserted that the ghost was responsible for the 

broken glass. Thus, children appear able to use at least three cues in deciding whether to 

accept new information: (1) the speaker’s intentionality, (2) the speaker’s credibility, and 

(3) how consistent the speaker’s information is with the child’s own world knowledge.  

Together, these studies show that preschool children are not uniformly credulous 

and do not believe everything that adults tell them. Children can use the intention of an 

adult’s statement to determine whether it is veridical. They can also keep track of adults’ 

prior accuracy to choose a trustworthy source. Additionally, they can even use their own 

knowledge about the world to determine when someone’s testimony is not truthful. By 

late preschool, children are quite adept at using testimony to differentiate real from not 

real. 
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Children Infer Reality Status  

Children can also use cues to infer reality status. Woolley and Van Reet (2006) 

have shown that children use the context in which a novel entity is presented to assign 

reality status. In this research, children heard descriptions of novel entities like ‘surnits’ 

and ‘hercs’. Some children heard fantastical descriptions (e.g., “Dragons hide surnits in 

their caves”), some heard everyday descriptions (e.g., “Grandmothers find surnits in their 

gardens”), and some heard scientific descriptions (e.g., “Doctors use surnits to make 

medicine”). Woolley and Van Reet found that 4-, 5- and 6-year-olds were able to use 

context to assign reality status to novel entities. When the entities were described in 

everyday or scientific settings, children used the setting as a cue to infer that the novel 

entity was real. However, when the setting was fantastical, children inferred that the 

entity was also fantastical. Five- and 6-year-olds were also able to verbalize this 

reasoning. For example, a 5-year-old might explain that a surnit is real because doctors 

use surnits and doctors are real. Woolley and Van Reet conclude that children develop 

the ability to infer reality status based on context during the preschool years.  

Children can also infer reality status based on evidence. Woolley, Boerger and 

Markman (2004) and Boerger, Tullos and Woolley (in press) introduced children to a 

novel fantastical entity, the Candy Witch, who visits children’s homes on Halloween 

night to exchange children’s candy for a new toy. In this research, parents of children in 

the experimental condition exchanged their children’s candy for a toy on Halloween night 

to represent a visit from the Candy Witch. Children in the control condition were 

introduced to the Candy Witch at their school, but were not visited. Woolley et al. 

measured children’s belief in the Candy Witch after Halloween and found an interaction 

between age and condition. Older preschool children (4 to 5 years) in the visit condition 

showed higher levels of belief than their counterparts in the control group, whereas the 
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visit had no significant effect on young preschoolers’ belief in the Candy Witch. Woolley 

et al. suggested that the interaction between age and condition might involve children’s 

ability to analyze the evidence from the visit. Perhaps the older children were able to 

connect the evidence of the Candy Witch’s visit to the Candy Witch’s reality status, 

thereby increasing their belief in her. This research suggests that children can infer a 

novel fantastical figure’s reality status based on evidence. 

Tullos and Woolley (2009) confirmed that children infer reality status based on 

evidence. Four to eight-year-olds were told about a novel animal, and then were shown 

evidence that either supported or was irrelevant to its existence, or were given no 

evidence. Then, they were asked to determine the entity’s reality status based on this 

evidence. Experiment 1 revealed that the ability to make reality status judgments based 

on evidence, distinguishing supporting from non-supporting evidence, develops 

incrementally between the ages of 4 and 6. Experiment 2 demonstrated that children with 

no initial hypothesis about the novel entity’s reality status were better at evaluating 

evidence than were biased children. They concluded that by age 6, children can use 

evidence to infer a novel entity’s reality status, and that they perform better when their 

evaluation is free from bias. 

Thus, it is clear that even preschool children are quite adept at assigning reality 

status, based on perception, testimony from others, and their inferential skills. However, 

as suggested by Tullos and Woolley (2009) and Tullos, Woolley and Ikpeme (2009), 

sometimes children have initial reality status hypotheses that interfere with their ability to 

assign reality status correctly.  

BIAS IN DETERMINING REALITY STATUS 

Experimenters first noticed these initial reality status hypotheses when some 

children vehemently declared that all of the novel entities were real, or all were pretend, 
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regardless of the testimony or evidence. In their second experiment, Tullos and Woolley 

(2009) sought to determine if these responses were simply a response bias, or if they 

represented a true initial hypothesis that children brought to the task. This experiment 

raised two questions: (1) Do children have initial hypotheses? and, (2) If children have 

hypotheses, do they interfere with their ability to evaluate evidence to determine the 

reality status of novel entities?  

I will describe this research in detail, as the methods used in the dissertation are 

based upon these procedures. Tullos and Woolley (2009) told 4- and 6-year-olds about a 

scientist, Dr. Kim, whose job was to find undiscovered animals. She had index cards for 

all of the real animals she found, and she also had index cards for pretend animals she 

had seen on TV, in movies and storybooks. However, children were told that she got her 

cards mixed up, and could not remember which ones were the real animals. Children 

were asked to help determine which cards represented the real animals she found and 

which represented the pretend animals by looking in books and in animal transportation 

boxes for clues that may have been left behind by the animals.  

At the beginning of each trial, the experimenter picked up the first card and read 

the animal’s name to the child. Next, the experimenter said “Let’s see if we can find the 

takin in the books. Remember, this is the real animal book, and this is the pretend animal 

book. Which book should we look in first?” Children were asked to point to or open the 

book they wanted to look in first. Children’s first book choice was used as an indicator of 

their initial hypothesis about the novel animal’s reality status. Children were not asked 

verbally for their hypothesis because this explicit question might have prompted them to 

create a hypothesis. Instead this behavioral measure of book choice was used to identify 

any existing, implicit hypotheses that children might have had about the reality status of 

the novel entity. Children participated in 10 trials: 4 dummy trials in which they found 
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the novel entity in one of the books, and 6 test trials in which the novel entity was not in 

the books, so children then had to evaluate the evidence in the animal transportation 

boxes to infer whether the animal was real or pretend.  

In this within-subjects design, each child completed two trials of three different 

evidence tasks: supporting evidence, irrelevant evidence, and no-evidence. In the 

supporting evidence tasks, children saw evidence supporting the existence of the novel 

animal. For example, children saw twigs in the box to support the existence of the takin. 

In the irrelevant evidence tasks, children saw ambiguous evidence, that is, evidence that 

was not associated with the novel animal. For example, children saw a feather in the box, 

which was not associated with the takin. In the no-evidence tasks, the box was empty. 

Children were asked to open the transportation box and look inside to see if an animal left 

behind evidence. For example, children might see a twig or feather in the box, or the box 

might be empty. While the child was looking in the box, the experimenter read the novel 

animal’s description to the child. For example, children heard: “Takins eat twigs and 

always leave twigs behind wherever they go.” After looking in the box, children were 

asked to answer questions about the novel animal. First, children were asked the Identity 

Questions: “Do you think an animal was in this box, yes or no?” If they answered 

affirmatively, they were asked: “What animal do you think was in this box?” Next 

children were asked to answer the Reality Status Questions: “Is this a time when you can 

tell if takins are real or not; can you tell or can you not tell?” When children said that they 

could tell whether the novel animal was real or pretend, children were asked, “Are takins 

real or pretend?”  

Children’s initial hypotheses were assessed by noting the first book in which they 

looked for the novel animal. To compare children with differing biases, children were 

divided into three groups. In six trials, children with five or more “real” hypotheses were 
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categorized as having a credulity bias (23% of children). Children who had 2-4 “real” 

hypotheses were labeled as having no bias (46%), and children with one or fewer “real” 

hypotheses were categorized as having a pretend bias (31%). Four-year-olds displayed 

significantly more of a skepticism bias, whereas 6-year-olds displayed significantly more 

of a credulity bias  

The primary question of interest was whether children who had a reality status 

bias differed in answering the Reality Status Question from children without a bias. 

Skeptical children’s answers to the Reality Status Question on all 3 tasks were distributed 

at chance even when receiving evidence that supported the reality of the novel animal. 

Credulous children answered that the novel animal was real in supporting tasks, as 

expected; however, they also answered that the novel animal was real in irrelevant 

evidence tasks. Thus, it appears that when evidence contradicted their hypothesis, their 

original hypothesis interfered with their ability to observe and use the evidence 

appropriately. Only children with no bias used the evidence differentially to answer the 

Reality Status Question. When receiving supporting evidence, children without bias used 

the evidence to answer that the novel animal was real, when receiving irrelevant 

evidence, their answers to the Reality Status Question were distributed at chance, and 

when receiving no evidence, they said the animal was pretend. This experiment answered 

two questions: (1) there were individual differences in children’s initial reality status 

hypotheses –many children had initial hypotheses about the reality status of novel 

entities; some thought that the entities were all real, whereas others assumed that they 

were all pretend. A third group of children had no reality status bias. (2) Children’s biases 

did affect the way they used evidence to determine reality status. Children who were 

unbiased used supporting evidence to substantiate the existence of a novel entity, and 

expressed doubt or uncertainty about a novel entity’s reality when receiving irrelevant or 
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no evidence. Biased children, on the other hand, allowed their initial hypothesis to 

interfere with their reality status inferences. However, the biased 6-year-olds seemed to 

be better at ignoring their reality status bias to evaluate the evidence clearly than the 4-

year-olds were.  

Tullos, Woolley and Ikpeme (2009) also found that biased children have difficulty 

using testimony to determine a novel entity’s reality status. In this experiment, 4-year-

olds viewed videos of adults and children providing testimony about the reality status of 

6 novel entities. Each video consisted of an adult and a child confirming or disconfirming 

the existence of the entity. For each entity, the speakers introduced themselves, provided 

reality status information about the novel entity, and provided a reason for their belief. 

For example, for a civet, the confirming speaker said, “Hi, I’m (name). Some people 

don’t know about civets. Civets are real animals with sharp teeth. I saw one at the zoo. 

They really do exist.” The disconfirming speaker said, “Hi, I’m (name). You may be 

wondering about civets. Civets are pretend creatures with big wings. I’ve never seen one 

anywhere. They’re not in real life.” Children saw 4 videos in which the adult and child 

provided conflicting information about the novel entity; 2 in which the adult said the 

novel entity was real but the child said it was pretend, and two in which the adult said the 

novel entity was pretend but the child said it was real. The remaining two videos were 

control trials, one in which both the adult and child said the entity was real, and one in 

which they both said it was pretend. 

Before children watched the videos, the experimenter introduced the novel 

animal, asked if the child had ever heard of the animal before, and then asked them if 

they wanted to guess whether the novel animal was real or pretend. After guessing (or 

not), children watched the videos of the two speakers giving testimony about the novel 

animal. Next, children were reminded what the speakers said, and then were asked the 
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Reality Status Question, “What do you think, are (animal name) real or are they 

pretend?” 

Children’s initial guess on the six trials was used to group them according to bias: 

children who gave 5 or more “real” answers were coded as having a credulity bias (21% 

of participants), children who gave 5 or more “pretend” answers were coded as having a 

pretend bias (22%), and all other children were coded as having no bias (57%). Biased 

children were more likely to miss the control trials (in which both speakers said the same 

thing), and instead were more likely to give a reality status answer that matched their 

bias. For example, even when both speakers said that the novel animal was real, skeptical 

children said it was pretend. One biased child who heard both speakers say a bilby was 

real, explained his/her reasoning: “Because they’re pretend. Bilbies are not real and 

they’re not animals”. Compare this quotation to an unbiased child’s explanation for 

his/her reality status answer on a control trial: “If they’re [speakers] both saying pretend, 

I guess they’re pretend.” From these quotations and others, what is noticeable is that 

biased children rarely reference the testimony when explaining their reality status answer, 

instead they explain their answers based on their own guess. Alternatively, unbiased 

children are more likely to reference the speakers’ statements when explaining their 

answers. 

In summary, two sets of studies testing children’s ability to determine reality 

status based on evidence or testimony have demonstrated that some children appear to 

have reality status biases. These reality status biases interfere with children’s ability to 

use external information (evidence or testimony) to reason about reality status. This 

raises the question as to what mechanisms drive these individual differences? Research 

has shown that older children might have less difficulty overcoming their bias to infer 

reality status from evidence (Tullos & Woolley, 2009). The goal of the current study is to 
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investigate what cognitive changes occur between ages 4 and 6 that improve older 

children’s ability to overcome their initial biases, and what cognitive skills may account 

for individual differences within the age groups.   

POTENTIAL ORIGINS OF BIAS 

The origin of this reality status bias has not yet been investigated. Perhaps fantasy 

orientation plays a role in children’s reality status biases. Fantasy Orientation is a 

measure of children’s predisposition to pretend play, and to explain things in their world 

as predominately fantastical (Taylor, 1994). Children high in fantasy orientation may 

have imaginary companions, and usually involve fantastical entities and story lines in 

their pretend play, whereas children who score low in fantasy orientation are more likely 

to involve real items in their play such as trucks and board games. The literature 

regarding whether fantasy orientation affects children’s ability to determine reality status 

is mixed. Some researchers have found that children high in fantasy orientation make 

reality/fantasy distinctions more easily, perhaps because they have more practice 

switching between the two realms (Sharon & Woolley, 2004; Singer & Singer, 1981), 

whereas others have found that fantasy orientation does not affect children’s ability to 

discern fantasy from reality (Dierker & Sanders, 1996; Prentice, Manosevitz, & Huggs, 

1978; Taylor, Cartwright, & Carlson, 1993). Regardless, children’s individual differences 

in their level of fantasy orientation may explain why some children have a preference for 

thinking of new entities in a fantastical context, whereas others prefer thinking in a more 

realistic realm.  

There are also many other potential explanations for children’s reality status 

biases. For example, the amount and type of children’s media exposure (television, 

books, games) might influence children’s reality status biases; children who watch a lot 

of scientific television, such as “Animal Planet” and “The Discovery Channel”, might 
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have a reality status bias because they are exposed to more realistic entities through these 

venues. Children who play many fantastical video games may be more inclined to have a 

bias. Children who have a rural upbringing might also have a reality status bias as rural 

environments have been shown to affect children’s biological theory development (Ross, 

Medin, Coley & Atran, 2003). Children whose parents are veterinarians or biologists may 

be more likely to have a bias, as parental expertise has been shown to affect children’s 

biological theory development as well (Tarlowski, 2006). There are many potential 

influences on the creation of this bias. Future research should attempt to identify these 

influences to improve our understanding of the biases and to investigate possible 

preventions. 

BIASES IN OTHER DOMAINS 

The finding that children tend to neglect relevant evidence when it is incompatible 

with their own hypotheses is consistent with research on older children’s scientific 

reasoning (e.g., Kuhn, Amsel, & O’Loughlin, 1988). In this research, children were asked 

to conduct scientific experiments in order to explain the outcomes. Their task was to 

isolate variables in the experiments to determine which variable was responsible for the 

outcome. However, researchers found that children’s ability to do this successfully was 

thwarted by any existing hypotheses they held. However, there is less work with younger 

children of the age tested in most fantasy/reality studies. Ruffman, Perner, Olson, and 

Doherty (1993) showed that, by age 5, children are aware of the basic distinction between 

hypothesis and evidence. Children in their studies understood that tampered evidence 

would lead someone to have a different belief (hypothesis) about something than their 

own. Koerber, Sodian, Thoermer, and Nett (2005) showed that young children often have 

trouble using evidence when it conflicts with their prior beliefs. They found that 5- and 6-
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year-olds more often correctly predicted another person’s belief when they lacked prior 

beliefs about a domain than when the evidence contradicted their beliefs.  

If this problem is examined using an information processing approach, it is 

possible to evaluate the cognitive step at which biased children err when evaluating 

evidence. Before one can make an inference using evidence, detecting and correctly 

evaluating the evidence is a key first step. Mastering this step plays an important role in 

the development of scientific reasoning. Research in scientific reasoning has investigated 

how inferences are made when receiving anomalous evidence. Chinn and Brewer (1998) 

propose a taxonomy of the ways that anomalous evidence can potentially drive 

conceptual change: one might ignore, reject or express uncertainty about the evidence, 

reinterpret it to align with one’s current conceptual understanding, or use the evidence to 

effect a marginal or central conceptual change. Chinn and Malhotra (2002) examined 

how fourth to sixth graders dealt with evidence that contradicted their original belief. 

Specifically, they determined at which of the following cognitive steps children erred: (1) 

evidence observation, (2) interpretation, (3) generalization, or (4) retention. They found 

that children failed the first step, observation, which affected their ability to later 

interpret, generalize and retain the new ideas. They suggest that children erred at 

observation because their previous beliefs tainted their observations. This research 

demonstrates that older children can use evidence to make inferences, yet their inferential 

capabilities can be affected by previous conceptual biases. When children focus on a pre-

existing concept and attempt to evaluate evidence to drive a conceptual change, they are 

apt to ignore or misunderstand the evidence at the observation stage.  

One possible explanation for why children may have difficulty integrating the 

new evidence with their original hypothesis concerns the role of higher-order executive 

functions such as inhibitory control. Inhibitory control allows one to prevent or stop a 
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prepotent, automated response and instead initiate an alternative response. When children 

with biases or previous beliefs evaluate evidence, they need to inhibit their primary 

concept to be open to cognitive change; thus inhibitory control may be a necessary 

prerequisite for this ability. The next section will review the research on inhibitory 

control, how it develops and how it is related to similar developing cognitive skills such 

as theory of mind. 

INHIBITORY CONTROL 

Inhibitory control is one of the executive functions controlled by the pre-frontal 

cortex. Executive functions are primarily responsible for self-planning, execution of 

goals, attention, inhibition, and working memory. A common example of inhibitory 

control in action is the game Simon Says in which children carry out all of Simon’s 

requests, but not requests from others. This game requires inhibitory control because, 

while playing the game, children get in the habit of performing all of Simon’s requests 

over and over, and then must inhibit their action when receiving a request from someone 

else.  

Simon Says is an example of inhibiting a behavior (motor inhibitory control), 

however inhibitory control is also used to inhibit thoughts and memories (memory 

inhibitory control). An example of memory inhibitory control comes from Cognitive 

Behavioral Therapy (CBT). Individuals suffering from Post Traumatic Stress Disorder 

are taught to use systematic desensitization, which is based on the concept of reciprocal 

inhibition, allowing patients to inhibit anxiety and replace it with relaxation (Rothbaum, 

Meadows, Resick, & Foy, 2004). Detectives also may use inhibitory control to stop 

focusing on any preconceived notion regarding whom they suspect, in order to focus on 

the evidence free from bias. Similarly, scientific thinking relies heavily on inhibitory 

control to stop focusing on the hypothesis and instead find the answer that the data 
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provide. Before implicating inhibitory control as a possible mechanism for overcoming 

reality status biases in order to observe evidence correctly, a review of the research and 

theory on inhibitory control is in order. 

Motivating Theories of Inhibitory Control Development 

Pavlov (1955) developed one of the first theories of inhibition while working with 

animals. He suggested that there are two levels of inhibition that develop. The first level 

is called the first signal system, at which reflexes and conditioned responses control 

behavior. At this level, inhibition is built internally via conditioning, habituation, and 

extinction. Inhibition at the first signal system is also known as internal inhibition. Pavlov 

argued that internal inhibition is present in both animals and humans. The second level, 

only present in humans, is called the second signal system. The second signal system is 

built upon language, which makes the development of inhibition (via conditioning) faster 

through the use of symbols. 

One measure of internal inhibition, the second signal system, is spontaneous 

alternation. In this procedure, subjects are shown that they can change the visual stimulus 

displayed by pressing a second switch rather than the first switch they pressed to initiate 

the original stimulus. If internal inhibition is present, after seeing the first stimulus, the 

subject should want to see the second stimulus, and thus should inhibit pressing the first 

switch, and alternate to the second switch to view the second stimulus. Pavlovian theory 

would suggest that internal inhibition develops before verbal self-inhibition because 

internal inhibition does not require language to direct it, though many internal inhibitions 

are language based. Luria (1961; as cited in Reed, Pien & Rothbart, 1984) examined 

verbal inhibition, specifically in how it develops from receiving direction from another 

person to providing self-directed inhibition. Luria suggested that before verbal self-

inhibition develops, children are able to demonstrate inhibition when receiving verbal 
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commands from others. Verbal self-inhibition is the latter stage, marked by two sub-

stages: (1) external self-commands, in which children give themselves directives out 

loud, followed by (2) internal self-commands, in which directives are merely thoughts. 

Luria (1961) argued that the final stage, internal self-commands, develops around age 5. 

Is Inhibitory Control One Construct? 

Early research on inhibitory control took these theories and began to apply the 

construct by defining it in various ways, for example: (1) as the ability to inhibit an 

immediate action to achieve a goal (Kagan, Rosman, Day, Albert, & Phillips, 1964), (2) 

as the ability to make plans for a future goal (Porteus, 1965), and (3) as the ability to 

inhibit motoric movements on demand (Maccoby, Dowley, Hagen, & Degerman, 1965). 

This construct has several operational definitions, as well as many measures to assess a 

person’s inhibition skills. Given the array of descriptions for this executive function, it is 

not surprising that early researchers discovered that the measures of inhibitory control do 

not correlate well. In one of the first notable modern studies of inhibitory control, Olson 

(1989) examined whether the multiple definitions and measures of inhibitory control 

assess the same construct or whether they evaluate different sub-constructs within this 

executive function. The weak correlations between the measures lend support for the 

hypothesis that inhibitory control comprises several sub-constructs. Olson (1989) 

attempted to define the sub-constructs of inhibitory control through the use of principal 

components analysis (PCA).  

Seventy-nine preschool children ages 4 to 5 were given a battery of measures over 

the course of two years: inhibitory control tasks including KRISP (Kansas Reflection – 

Impulsivity Scale for Preschoolers, Wright, 1971), Draw-a-line Slowly, Walk-a-line-

Slowly, and Gift (a delay of gratification task). Based on the measures in the first year, 

PCA found a three-component solution. The first component included the delay of 
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gratification measures. The second component combined the motoric inhibition 

measures, and the third component grouped the KRISP measures. From the second year 

measures, PCA only identified two components: the delay of gratification measures, and 

a combination of the motoric inhibition measures and the KRISP measures. Thus, based 

on the PCA analysis during years 1 and 2, Olson (1989) determined that inhibitory 

control is not one construct, but rather encompasses many related constructs, including a 

construct composed of delay tasks, one composed of motoric inhibition tasks, and one 

composed of impulsivity measures. For the purpose of this research, I will discuss 

inhibitory control in two constructs: motor (external) inhibitory control, and memory 

(internal) inhibitory control. I will argue that memory inhibitory control is involved in the 

process of inhibiting biases. 

Motoric Inhibitory Control 

Motoric (external) inhibitory control is the ability to inhibit a prepotent behavioral 

response. Examples of common activities that require motoric inhibitory control are the 

game Simon Says, or the A-not-B object permanence task. In both of these tasks, one has 

to inhibit a primary behavioral response. In the Simon Says game, the child has been 

repeatedly doing the action that Simon says, but then must inhibit doing the action that is 

not commanded by Simon. In the A-not-B task, the infant must inhibit searching for the 

item in the original hiding place, and instead search in the new location. 

Researchers have created several games to test motoric inhibitory control, 

including: (1) the “walk-a-line slowly task” and the “draw-a-line slowly task” in which 

children are asked to first walk/draw the path at a normal (or quick) pace, and are then 

asked to walk/draw it again in slow motion; children have to inhibit their original quick 

pace, (2) the “bear/dragon task”, similar to the Simon-Says game in which children are 

asked to perform the commands given by the nice bear, but inhibit performing the 
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commands given by the mean dragon, (3) a delay of gratification task called the “gift 

task” in which children must turn around and shut their eyes while the experimenter 

noisily wraps a gift for them; children have to inhibit turning around, peeking, and 

reaching for the gift, (4) a “candy task” or “M&M task” in which children are asked to 

hold a candy on their tongue and inhibit eating it until the experimenter gives them 

permission to consume it, (5) Luria’s tapping game in which children are told to tap the 

opposite number of times that the experimenter does; if the experimenter taps once, they 

tap twice, and vice versa; children have to inhibit repeating the same response as the 

experimenter, (6) a “go-no-go task” (a.k.a. the “button-press task”) in which children are 

told to respond to a stimulus on “go” trials and inhibit responding on “no-go” trials and 

(7) a “pinball task” in which children are told to wait for the experimenter’s cue to release 

the pinball lever to shoot the pinball. These motoric inhibitory control tasks vary in the 

amount of internal, verbal inhibition required to succeed. For example, the draw-a-line 

slowly task requires less verbal inhibition than the pinball task. In the draw-a-line slowly 

task, the directions for the task do not cause a conflict between activation and inhibition 

responses. On the other hand, in the pinball task, the child has to inhibit a response that 

has been habitually activated. Tasks that require greater internal, verbal inhibition are 

purported to be more difficult for children who have developing inhibitory control skills. 

In addition, some of these tasks are simply delay tasks (e.g., gift and M&M tasks), 

whereas others require more inhibitory control skills because they cause a conflict 

between the prepotent response and an alternate response; in other words, the conflict 

tasks require the child to stop (or inhibit) one action and instead initiate an alternative 

one. Often inhibitory control tasks are categorized as either conflict or delay tasks. 

Several researchers have studied the development of motoric inhibitory control. 

Some of the first researchers to correlate a battery of inhibitory control tasks were Reed, 
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Pien, and Rothbart (1984). The purpose of their study was to determine whether there 

was a developmental trajectory for inhibitory control. In this research, children aged 40 – 

49 months were divided into two age groups: 40-44 months, and 45-49 months, and were 

given four measures of inhibitory control. The first task was a picture-alternating task 

involving spontaneous alternation. This task was used to measure internal inhibition (a 

modified task based on Douglas, Packouz, and Douglas, 1972). In this task, children were 

taught that one switch displays the first picture, and the second switch displays a new 

picture. This task measured spontaneous alternation by tallying the number of times 

children activated the second switch to see the new picture in 21 trials. The last three 

tasks were motoric inhibitory control tasks: the “draw-a-line task”, the “Simon-says 

task”, and the “pinball task”, however the researchers note that the latter two tasks require 

more internal inhibition than the former.  

Reed, Pien, and Rothbart (1984) found a strong correlation between the pinball 

game, the simon-says task, and the picture alternation task. These tasks also correlated 

strongly with age, indicating that inhibitory control skills improve with age; however, 

these tasks were not correlated solely on the basis of maturation, the correlations 

remained moderately strong even when controlling for age. Overall, even though these 

tasks were correlated strongly with age, even children in the younger age group (40-44 

months) showed some level of inhibitory control. These results indicate that there is a 

developmental trajectory for motoric inhibitory control, and that these tasks measure the 

same construct.  

In a similar longitudinal study, Kochanska, Murray, Jacques, Koenig, and 

Vandegeest (1986) gave children a battery of motoric inhibitory control tasks and 

compared their performance at age 3 and again at age 4. Additionally, they compared the 

development of inhibitory control skills to children’s internalization skills. One hundred 
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children were interviewed as toddlers (mean age 32.8 months, SD = 4.1) and again one 

year later (mean age 46.0 months, SD = 2.6). At Time 1, children were given a battery of 

inhibitory control measures, including: “Snack delay” in which the child had to wait to 

eat the snack until the experimenter rings a bell, “Tongue” in which the child had to hold 

the piece of candy on his/her tongue until the experimenter said they could eat it, “Gift” 

in which the child sat blindfolded while the experimenter noisily wrapped a gift for the 

child, “Turtle and Rabbit” in which the child had to lead two puppets through a maze fast 

and slowly, “Tower” in which the child and experimenter took turns building a tower of 

blocks, but the child was required to offer turns to the experimenter, and “Whisper” in 

which children were asked to whisper the names of their favorite cartoon characters when 

they saw pictures of them. At Time 2, children were given five of the previous tasks: 

snack delay, whisper, tongue, tower and gift. In addition to these five old games, seven 

new games were added, including: “Dinky Toys” in which the child was instructed to 

keep his hands on his knees while verbally indicating to the experimenter which toy he 

wanted, “Walk a Line Slowly”, “Draw a Line Slowly”, “Circle”, which is similar to 

“Draw a Line Slowly”, “Bear/Dragon”, “Pinball”, and KRISP, a measure of impulsivity 

in which the child’s job was to match pictures, but almost all pictures differ in small 

details. While children were completing their battery of tests, mothers completed 

Rothbart’s Children’s Behavioral Questionnaire, which has 15 scales that measured a 

child’s temperament, inhibitory control, and impulsivity along with other features. 

Children were also given four measures of internalization: (1) internalization of maternal 

prohibition without surveillance, (2) internalization of maternal request without 

surveillance, (3) internalization of the experimenter’s prohibition, and (4) reluctance to 

violate standards of conduct. 
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Results indicated that the inhibitory control battery of tests correlated on average 

at .45 at time 1, and .42 at time 2. Additionally, inhibitory control measures were stable 

over time, r = .59, and maternal ratings of inhibitory control and impulsivity were stable 

over time (r = .67 and .69, respectively).  At Time 1, the inhibitory control battery 

correlated with the mother’s report of inhibition skills (r = .30) and her report of 

impulsivity (r = -.26). Additionally, children’s inhibitory control skills increased between 

Times 1 and 2, and likewise mothers’ ratings of inhibitory control were significantly 

higher at Time 2. Inhibitory control was also significantly related to internalization in that 

children who had high inhibitory control scores also had high scores on the 

internalization battery, and mothers of these children rated them as more internalized in 

their daily activities both at times 1 and 2. Thus, Kochanska et al. (1986) demonstrated 

that motoric inhibitory control tasks correlate well with each other and across time, and 

also significantly correlate with a child’s developing internalization.  

Due to its longitudinal focus, Diamond and Taylor (1996) is one of the most 

commonly cited inhibitory control studies. Diamond and Taylor examined the 

development of inhibitory control in children ages 3 ½ to 7 years. One hundred and sixty 

children performed the “Tapping task” with experimenters counting the number of errors 

and response latency. They found that children’s inhibitory control improves greatly from 

ages 3 ½ to 6, first by error reduction, and then by response time decrease. Although 

inhibitory control continues to develop throughout childhood, Diamond and Taylor 

demonstrate that children make great strides in their mastery of this ability between the 

ages of 3 ½ and 6 years. 

In summary, there are many tests of motoric inhibitory control that measure a 

child’s ability to stop or hinder a prepotent action and potentially replace it with an 

alternative behavior. The three studies reviewed above are representative of the findings 
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from the literature on motoric inhibitory control, which demonstrate a clear 

developmental maturation from age 3½ to 6. Additionally, the effects of underdeveloped 

inhibitory control are evident throughout the child development literature; for example, 

one of the reasons that infants demonstrate the object permanence “A-not-B” error is 

because they cannot inhibit the motor action of reaching for the hidden object in the last 

place they reached for it. Similarly, in DeLoache’s (1987) symbolic retrieval task, when 

children are asked to retrieve an object from a room based on where they saw a 

corresponding smaller object hidden in a scale model of the room, children do better at 

retrieval on the first trial than on subsequent trials. One of the potential reasons for their 

decline in successful retrievals is their perseveration on the previous trial’s location; they 

continue searching in (or looking at) the old location, and thus are unable to find the 

object in the new location. Additionally, children fail conservation tasks. They fixate on 

one aspect of the problem (e.g., the liquid’s height in the liquid conservation task) and 

cannot evaluate other aspects (Kuhlmeier, 2005). As these examples illustrate, the 

dependency on the development of motoric inhibitory control is pervasive throughout the 

child development literature. While children are developing the ability to inhibit 

prepotent motoric responses, children also develop the ability to inhibit thoughts and 

memories.  

Memory Inhibitory Control 

The literature researching memory inhibitory control defines it as the ability to 

suppress automatic, internal cognitions such as memories and thoughts to focus on an 

alternative. Although many researchers have used memory inhibitory control tasks in 

their research, this section will only focus on the research that developed and evaluated 

the most common measures. The first measures were developed for adults and then were 

adapted to test children. 
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The quintessential adult memory inhibitory control task is the Stroop task (Stroop, 

1935). In this task, adults are asked to name the color ink in which the word is written, 

rather than reading the word. Reading text is an automated cognitive action for literate 

adults; and thus adults must rely on their inhibitory control skills to refrain from reading 

the words in order to name the ink color. This task is most difficult when the words are 

names of colors (e.g., “red” written in blue ink). In this task, inhibitory control taxation is 

evident through both the errors that adults make (especially when the error given is the 

prepotent response) and in the longer reaction time on Stroop trials versus control trials. 

As inhibitory control skills are stressed, reaction times and errors increase. Although the 

Stroop task works well to test adults, it is not appropriate for children. Even for children 

who are learning to read, reading is not a sufficiently automated response to fully tax 

their developing inhibitory control skills. Thus, several researchers have attempted to 

develop a Stroop-like task that is developmentally appropriate for children.  

The most well known child Stroop task is the Day-Night task (Gerstadt, Hong & 

Diamond, 1994). In the experimental condition of this task, children are shown two cards: 

one with a drawing of the moon and stars, and the other a drawing of the sun. Children 

are told to say “day” when they see the picture representing night, and “night” when 

shown the picture representing day. In the control condition, children are shown two 

cards of abstract designs, and again children are told to say “day” to one of the cards, and 

“night” to the other one. Both the control and experimental conditions place working 

memory demands on the participant. However, the control condition does not place 

inhibition demands on the participant because the abstract pictures have no symbolic 

meaning to inhibit, unlike the experimental condition’s pictures of night and day. 

Gerstadt, Hong and Diamond (1994) tested 3 ½- to 7-year-olds’ inhibitory control 

on the “Day/Night” task. In the experimental condition, children performed better on the 
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first 4 trials than on latter trials; this was especially true of the younger children who 

often answered randomly in later trials. This decline was presumably due to their 

exhausted inhibitory control skills, as indicated by their reduced response time (due to 

children’s random guessing) and increased errors. Children 5-years-old and older did not 

change their response time significantly over the course of 16 trials.  However, children 

performed better on the trials in which they took longer to respond, especially the 3 ½-

year-olds to 4 ½-year-olds. In the control condition, young children were able to maintain 

high performance across the 16 trials, indicating that the experimental condition was 

more difficult for them than the control. Gerstadt et al. proposed that the difference 

between the two conditions is that, in the experimental condition, children have to use 

their inhibitory control to inhibit giving the prepotent response, that is, saying “day” to 

the picture of day. Additionally, this task requires that they maintain two rules in working 

memory (“say ‘night’ to the day card, and ‘day’ to the night card”) in addition to using 

their inhibitory control skills; and thus perhaps the combination of these two cognitive 

requirements creates a cognitive load too demanding for younger children. The 

researcher’s explanations are illustrated in the younger children’s pattern of response 

times; in earlier trials younger children were better able to inhibit the prepotent response, 

but this required great concentration on their part, and thus their response latency was 

longer. 

In summary, Gerstadt, Hong, and Diamond (1994) demonstrated that children 

younger than 5 years have considerable difficulty with the Day/Night inhibitory control 

task, as evidenced by their pretest failures, high number of errors, and response latency. 

They proposed that younger children could not handle the cognitive load required to keep 

two rules in memory and inhibit the natural response of saying the word matching the 
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picture. The Day/Night task is a common, useful procedure for testing memory inhibitory 

control (involving conflict) in children ages 3 ½ to 6. 

Another approach to measuring inhibition is to develop child versions of adult 

inhibition tasks by varying the domain-specific content of the task and controlling for 

other skills that are required to pass the task, such that only inhibition is tested. The main 

critique of the tests developed in this style is that in making the task child-friendly, the 

prepotent response is no longer routinized. For example, Luria’s tapping task may teach 

the children to tap, but tapping a table is arguably not an automatic, prepotent response. 

Similarly, the Day/Night task requires children to say “day” at a picture of night and vice 

versa, but naming pictures may not be as strong a prepotent response as reading a word is 

for an adult in the Stroop task. Additionally, the Day/Night adds working memory 

demands by requiring children to remember two rules, and thus does not measure 

inhibitory control independent of other skills. Wright, Waterman, Prescott, and Murdoch-

Eaton (2003) attempted to design a Stroop-like task that had a clear prepotent response, 

and did not require children to have skills they had not mastered, such as working 

memory or content domain specific knowledge unfamiliar to children.  

Wright et al. (2003) evaluated their newly developed Stroop task for both 

typically developing children ages 3-16 and for special populations that are characterized 

as having poor inhibitory control skills. The new measure was named the Animal-Stroop 

task. In this task, children are presented with drawings of animals (a duck, sheep, pig, and 

cow) that sometimes have mismatched faces and bodies (e.g., a duck face on a cow 

body). Children are asked to name the animal based on the body, not the face. Given 

previous literature about the strength and prepotency of faces (Johnson, 1993), naming 

the body instead of the face requires greater inhibition skills than tapping or saying “day” 

to a picture of night. In addition to mismatched animals, they employed three controls: 
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one in which the face and body match, one in which the face is replaced with a shape 

(e.g., square), and one in which the animal face is replaced with a drawing of a human 

face. Before children begin the experiment, they are shown the matched animals 

(matching head and body) and asked to name the 4 animals. Then, they are shown the 

mismatched and control trials to practice naming the animal’s body. After the warm-up 

and pretests, children respond to four counterbalanced blocks of 36 trials each. Two of 

the blocks contain only matching trials, and two contain randomized mismatched and 

control trials. Children are asked to name the animal’s body as quickly as they can. 

Response time and errors are recorded to measure inhibitory control. Errors are coded as 

either naming the incorrect animal, or an articulation error in which children start to say 

an incorrect animal but later correct themselves (e.g., “pi…duck”). 

To test this new Animal-Stroop task, Wright et al. (2003) measured the inhibitory 

control of 155 children between the ages of 3 and 16. Children were grouped into 2-year 

cohorts for data analysis to reduce the heterogeneous variance in the response time data 

(e.g., 3-4-year-olds, 5-6-year-olds, etc.) Inhibitory control was measured by the 

difference between the response times (and errors) of the mismatched trials and the 

control-human face trials. The control face trials were chosen as a comparison over the 

control shape trials because control face trials are the most similar to mismatched trials in 

terms of details to be processed and details to inhibit (both trials require you to process 

and inhibit a face).  Results indicated a main effect of trial type, a main effect of age and 

an age by trial interaction. Participants made more errors and had slower response times 

for stroop trials than control trials, younger children made more errors and had slower 

response times than older children, and as children aged, the discrepancy between their 

stroop and control response times and errors decreased. Thus the age by trial interaction 

in error rates and response times demonstrated the development of inhibitory control 



 31 

skills in childhood. These findings are consistent with Gerstadt, Hong and Diamond’s 

(1994), demonstrating that although inhibitory control develops throughout childhood, its 

most significant development occurs between ages 3 ½ to 6 years. This Animal-Stroop 

task is an effective way to measure memory inhibitory control in young children. It 

shows sensitivity from ages 3 to 16, and provides the closest match to the adult Stroop 

task for children. In conclusion, the Day/Night task and the Animal-Stroop task are the 

two best tasks for assessing inhibitory control skills to determine whether it is a 

mechanism involved in children’s ability to inhibit their hypothesis in lieu of 

contradictory evidence or testimony. The next section reviews how other researchers 

have examined inhibitory control as a mechanism of cognitive development in specific 

domains. 

How Memory Inhibitory Control Serves as a Mechanism for Other Developing 
Cognitive Skills in the Preschool Years 

In addition to studies examining the development of memory inhibitory control 

directly, other researchers have investigated the development of memory inhibitory 

control concerning its relationship to other developing cognitive skills, such as symbolic 

retrieval, theory of mind, the “curse of knowledge”, and hindsight bias.  

Symbolic retrieval. Researchers are looking at how memory inhibitory control 

may be related to early developing skills, such as symbolic retrieval (DeLoache, 1987). 

Kuhlmeier (2005) investigated how inhibitory control is related to children’s ability to 

pass the symbolic retrieval task. Three-year-olds consistently pass symbolic retrieval 

tasks, whereas 2 ½-year-olds fail to make the connection between the scale model and the 

room when trying to retrieve the toy. DeLoache (1987, 1991; DeLoache, Kolstad, & 

Anderson, 1991) has suggested that this failure can be attributed to 2 ½-year-olds’ 

difficulty with dual representation, specifically scale models. However, when the task is 
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made easier, 2 ½-year-olds improve. Some of the ways to make the task easier are to 

reduce the size discrepancy between the model and the room, making the room and the 

model one in the same thereby removing the second model representation (e.g., “ the 

credible shrinking room”, DeLoache, Miller, & Rosengren, 1997), or by having the 

experimenters point to the location of the toy in the model rather than asking the child to 

watch while they hide a mini-toy in the model room. Kuhlmeier points out that, whereas 

these accommodations make the symbolic retrieval task easier for the 2 ½-year-olds, they 

still do better on the first trial than on subsequent ones. The common error in subsequent 

trials is perseveration; 2 ½-year-olds look in the previous location instead of the new 

hiding place. Kuhlmeier argues that this perseveration is rooted in inhibitory control.  

To investigate the claim that inhibitory control is necessary to pass the symbolic 

retrieval task, Kuhlmeier (2005) compared the performance of 3-year-olds and 2 ½-year-

olds in the standard symbolic retrieval task, the first condition. In the second condition, 

she used the point-model method to reduce the difficulty of dual representation and 

improve 2 ½-year-olds’ scores. In the third condition, she used a contingency task that 

had been used successfully with chimps to reduce perseveration, thereby improving 

inhibitory control. In this task, children were rewarded when they found the toy on their 

first search. In the fourth condition, she combined the point-model with the contingency 

task. She argued that 2 ½-year-olds’ difficulty with the symbolic retrieval task can be best 

explained as difficulty with both dual representation and with inhibitory control. She 

found that 2 ½-year-olds in the 4th condition (point model and contingency combination) 

performed significantly better than 2 ½-year-olds in the point-model condition, the 

contingency condition, and the standard condition; in fact, 2 ½-year-olds in the 

combination condition performed equally as well as 3-year-olds in the standard condition. 

Thus, the combination of improving inhibitory control and reducing the dual 



 33 

representation task demands helped 2 ½-year-olds perform on par with 3-year-olds. 

However, she noted that 2 ½-year-olds in the combination condition still perseverated on 

the toy’s previous location. She explains that the contingency task helps reduce motoric 

inhibitory control, but not memory inhibitory control. She noted that although the 

children did not go search for the toy in the previous location, they still looked toward the 

previous location, demonstrating that they were focusing on the memory of where the toy 

was hidden previously. Kuhlmeier suggested that finding a task that reduces memory 

inhibitory control demands would further improve 2 ½-year-olds’ performance on the 

symbolic retrieval task. In summary, this research demonstrates that both dual 

representation and inhibitory control are responsible for children’s success on the 

symbolic retrieval task. 

Theory of Mind. Shortly after children pass the symbolic retrieval task, they begin 

to develop a theory of mind. Theory of mind involves children’s understanding of mental 

states, an understanding that people have internal beliefs and thoughts that can be 

disparate from reality (Wellman, Cross & Watson, 2001). One of the classic tests of 

theory of mind is the false belief, displaced objects task (Wimmer & Perner, 1983). In a 

version of this task, children are told a story about two girls, Sally and Ann, who are 

playing ball. After they finish playing, they put their ball away in one location. When 

Sally leaves the room, Ann hides the ball in a different location. Children are asked 

where Sally will look for the ball when she returns. Children who have a theory of mind 

and understand that one can hold a false belief will answer that Sally will look for the ball 

in the original location because she does not know that the ball was moved. Children who 

do not have a theory of mind will say that Sally will look for the ball in the new location, 

because they do not understand that one can have a belief contrary to the true state of the 

world. Children usually pass this false belief task between the ages of 4 to 5. 
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There is a debate in the field as to whether theory of mind tasks tap developing 

mental state concepts or whether its development is dependent on more general cognitive 

skills. The literature proposes 3 reasons for children failing false belief tasks. The first is 

that they lack the conceptual understanding of mental states (Wellman, Cross & Watson, 

2001). The second is that they lack general cognitive skills such as memory and 

processing skills (Carlson & Moses, 2001). The third proposal is that false belief is 

related to the “curse of knowledge”, which children are more susceptible to than adults 

(Birch & Bloom, 2003). 

Gerstadt et al. (1994) discussed how the cognitive load of inhibitory control and 

working memory may play a role in theory of mind tasks. In the Sally-Ann task (theory 

of mind, displaced objects task), children must remember the object’s two locations, and 

then inhibit their natural response to say where the object is now when asked to state 

Sally’s false belief of the object’s location. The natural response, where the object is 

presently, is the prepotent response because it is the present state of the world. Thus, 

Gerstadt et al. argue that children with more developed inhibitory control skills are more 

likely to pass this theory of mind task.  

Carlson and Moses (2001) investigated the potential links between theory of mind 

and inhibitory control development. They explain that there are four reasons why 

inhibitory control should be implicated in theory of mind success: (1) the two skills 

develop together during early preschool, (2) both skills are located in the frontal lobe, (3) 

inhibitory control impairment is paired with theory of mind impairment in children with 

autism, (4) logically, it makes sense to assume that inhibitory control is required to pass a 

theory of mind task. In order to pass a theory of mind task, children have to inhibit their 

knowledge of the real state of world (the prepotent response) and instead give an answer 

that is alternate to reality. To test the link between theory of mind and inhibitory control, 
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Carlson and Moses (2001) gave 3- and 4-year-old children a battery of theory of mind 

tasks, inhibitory control delay and conflict tasks, along with measures of vocabulary, 

general executive functions, pretense, and a mental state control. The researchers wanted 

to determine if the relationship between inhibitory control and theory of mind would 

remain even after age, gender, verbal ability, and performance on the mental state control 

task were controlled. As expected, results indicated that 4-year-olds outperformed 3-year-

olds in both theory of mind tasks and inhibitory control tasks. Additionally, they used 

Principal Components Analysis (PCA) to examine the underlying constructs of inhibitory 

control. PCA revealed two components of inhibitory control: delay tasks and conflict 

tasks. The following tasks loaded on the delay task construct: KRISP, build a tower, 

pinball, and gift delay; the conflict construct was composed of card sort, day/night, 

grass/snow, whisper, bear/dragon, and spatial conflict. The experimenters measured and 

controlled for age, gender, verbal ability, motor sequencing, mental state control, pretense 

ability, and the number of siblings. Even after the variance of all of those factors was 

removed from the analysis, the relationship between inhibitory control conflict tasks and 

theory of mind remained significant. In summary, this research indicates that there is a 

significant relationship between the development of inhibitory control and theory of mind 

during the preschool years that cannot be accounted for by other mediators such as age, 

gender, and verbal ability. 

Moses, Carlson and Sabbagh (2005) reviewed the literature linking executive 

functions to theory of mind, and speculated about how they may be related. One option is 

that inhibitory control and working memory may make independent contributions to the 

development of theory of mind. Children may need both inhibitory control skills and 

working memory skills to pass theory of mind tasks. Alternatively, one skill may 

subsume the other. Another possibility is that working memory and inhibitory control 
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may interact in some way to develop theory of mind skills, or they may work together 

synergistically so that partial development in both inhibitory control and working 

memory are enough to together launch theory of mind development. Moses, et al. (2005) 

discuss how these possibilities may be teased apart in research. First, they explain that 

inhibitory control conflict tasks (e.g., Day/Night task) are more strongly correlated with 

theory of mind than inhibitory control delay tasks (e.g., gift delay task). Carlson and 

Moses (2001) suggest that conflict tasks are better predictors of theory of mind because 

they impose greater working memory demands in addition to inhibitory control demands 

than delay tasks do. For example, in the day/night task, children have to keep two rules in 

working memory: (1) say ‘night’ to the day card, and (2) say ‘day’ to the night card. 

However, in delay tasks, there is only one rule held in working memory: (1) wait to open 

gift. Carlson, Moses and Breton (2002) confirmed that working memory, conflict tasks 

and theory of mind performance are all related; however delay tasks are not. Working 

memory tasks and conflict inhibitory control tasks both do not independently predict 

theory of mind well; instead they work together to predict theory of mind. Carlson, et 

al.’s (2002) results were replicated by Hala, Hug and Henderson (2003), confirming that 

conflict inhibitory control tasks, which tax both working memory and inhibitory control, 

predict false belief performance over and above age and verbal ability, however delay 

tasks and working memory tasks alone do not predict theory of mind well. Moses et al. 

(2005) point out that this allied relationship between inhibitory control and working 

memory is logical because social cognition requires both the ability to remember multiple 

ideas and suppress those that are irrelevant when attending to a specific goal. 

One additional question that Moses et al. (2005) raised is the direction of the 

relationship between executive functions and theory of mind. Perner (1998) argued that 

theory of mind development spurs on the development of executive functions, however 
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Moses et al. suggested that there is little empirical research to support this direction. Most 

research supports the opposite; developments in executive functions, specifically working 

memory and inhibitory control, are at least partially responsible for the development of 

theory of mind. Moses et al. argued that if theory of mind development led to the 

development of executive functions, then executive functions would develop generally, 

rather than specifically. However, this is not the case; research has demonstrated that 

conflict inhibitory control tasks predict theory of mind development much better than 

delay inhibitory control tasks do. This evidence points causality in the other direction, 

that conflict inhibitory control development advances theory of mind development. 

Additionally, there is no support for theory of mind developing other executive function 

skills such as working memory. Lastly, longitudinal research demonstrates that children 

develop executive functions before theory of mind. Children who are given executive 

function training improve their theory of mind skills, but the reverse is not as true. In 

summary, Moses et al. (2005) made a clear, empirically supported argument that 

executive functions, specifically inhibitory control and working memory, are related to 

the development of theory of mind, and that this relationship appears causal; 

development of inhibitory control and working memory together develop children’s 

theory of mind. 

Curse of Knowledge. Another aspect of cognitive development that may be 

affected by the development of the executive functions is known as the “curse of 

knowledge”. Both children and adults exhibit the curse of knowledge in varying degrees. 

It is the tendency for one to be biased by one’s own enriched knowledge state when 

assessing the knowledge of a more ignorant party. Birch and Bloom (2003) sought to 

determine if the curse of knowledge was related (or responsible in some part) to 

children’s difficulty with false belief tasks.  
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To test the hypothesis that false belief is related to the curse of knowledge, Birch 

and Bloom (2003) told 3-, 4-, and 5-year-olds that a puppet was familiar with some 

opaque containers, and knew what toy was concealed inside them, but was unfamiliar 

with other containers. In each trial, the children were presented with two containers: one 

puppet-familiar container, and one puppet-unfamiliar container. In this within subjects 

design, sometimes children were shown the toy concealed in both containers at the 

beginning of the trial, and sometimes they were ignorant of the contents. In each trial, 

children were asked whether the puppet knew the contents of each of the two containers. 

When the puppet was unfamiliar with the contents, knowledgeable children were more 

likely to attribute knowledge to the puppet than ignorant children. However, when the 

puppet was familiar with the toys, there was no difference between the child-

knowledgeable vs. child-ignorant conditions. These results demonstrate the curse of 

knowledge effect. Interestingly, only 3- and 4-year-olds demonstrated the curse of 

knowledge in this experiment; 5-year-olds did not; the magnitude of the curse 

significantly diminished with age. Birch and Bloom suggested that the age effect might 

be explained by the development of inhibitory control; in order to not be affected by the 

curse of knowledge bias, one must inhibit one’s own knowledge state to consider the 

other person’s perspective. Thus, the curse of knowledge may partially contribute to 

young children’s difficulty with false belief tasks. Another phenomenon that is associated 

with false belief tasks and inhibitory control is hindsight bias. 

Hindsight Bias. Hindsight bias involves the tendency to claim that one’s previous 

knowledge state was more accurate than it really was. Bernstein, Atance, Meltzoff, and 

Loftus (2007) examined the relationship between hindsight bias and false belief errors in 

children; why do false belief errors decline with age yet hindsight bias errors persist? 

Hindsight bias differs from false belief in terms of the certainty of the original mental 
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state; false belief requires the appreciation of two different knowledge states when both 

knowledge states are high in certainty, whereas hindsight bias requires the recollection of 

one’s (or an ignorant party’s) previous uncertain knowledge state. Bernstein et al. 

predicted that children who demonstrated less hindsight bias would perform better on 

false belief tasks because they would be able to focus on the false belief rather than their 

own knowledge of the true belief. In addition to studying the developmental trajectory of 

hindsight bias in children, this research also investigated the relationship between 

hindsight bias, theory of mind, inhibitory control, memory development, language 

development, and age. 

Bernstein et al. (2007) developed several age-appropriate hindsight bias tasks for 

children, including both hypothetical design tasks (“The Statue of Liberty is 151 feet tall. 

What height would your friend guess?”), and memory design tasks (Participants are 

asked, “How tall is the Statue of Liberty?” After they guess, they are told the correct 

answer. After a delay, the participants are asked, “How tall did you originally think the 

Statue of Liberty was?”). In the hypothetical design task, participants’ estimate of their 

friend’s guess will be closer to the correct answer than an ignorant party’s answer would 

be. In memory design tasks, participants’ memories for their original answer are 

distorted, making them closer to the real answer than they actually were.  

In Experiment 1, twenty-four, 3½-, 4½-, 5 ½-year-olds were given the two 

hindsight bias tasks, a theory of mind battery, and two inhibitory control tasks 

(Bear/Dragon task and Day/Night task), and the Peabody Picture Vocabulary Test. They 

found that theory of mind was negatively correlated with hindsight bias (the more 

hindsight bias displayed, the worse the theory of mind performance). Regression analysis 

revealed that age, hindsight bias, and inhibitory control significantly predicted theory of 

mind performance, and hindsight bias correlated significantly with false belief tasks, even 
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after controlling for age, inhibitory control and language skills. However, the inhibitory 

control tasks related to theory of mind performance but not hindsight bias, indicating that 

inhibitory control does not mediate the relationship between hindsight bias and theory of 

mind. In Experiment 2, the Bear/Dragon inhibitory control task was replaced with a Card 

Sort Task to re-evaluate the link between inhibitory control and hindsight bias. 

Additionally, new hindsight bias tasks were created based on the memory design, and 

working memory tasks were added to test another facet of executive function’s ability to 

mediate the relationship between hindsight bias and theory of mind. As in Experiment 1, 

hindsight bias and theory of mind were significantly correlated. Hindsight bias accounted 

for 10-30% of variance in theory of mind after controlling for age, language ability, 

working memory and inhibitory control. The Card Sort (inhibitory control) task and the 

working memory task correlated with theory of mind, but not the Day/Night inhibitory 

control task. 

In summary, Bernstein et al. (2007) demonstrated a relationship between 

hindsight bias and theory of mind; hindsight bias contributes to children’s difficulty with 

false belief tasks. Additionally, the experiments demonstrated that theory of mind can be 

predicted (about 50-65% of variance) from knowing the child’s age, language ability, 

executive function (inhibitory control and working memory) and hindsight bias. 

However, no relationship between inhibitory control and hindsight bias was found, which 

might explain why hindsight bias remains throughout childhood into adulthood, whereas 

there is maturation in theory of mind. 

Conclusion. These studies demonstrate the link between children’s developing 

inhibitory control skills and their susceptibility to errors in symbolic retrieval, false 

belief, and the curse of knowledge. Without inhibitory control, children cannot inhibit 

their own knowledge state, or the true state of the world at present (both of which are 
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prepotent responses) to represent their previous knowledge state or another party’s 

conceptual understanding. One can make a parallel argument regarding how inhibitory 

control might be related to children’s reality status biases. When children have a strong 

opinion about a novel entity’s reality status, they must inhibit that belief to assess 

alternative information. When children have not developed sufficient inhibitory control 

skills, they do not have the cognitive skills in place to achieve this goal. This may explain 

why Tullos and Woolley (2009) found that even though both 4- and 6-year-olds 

displayed biases, some of the 6-year-olds were able to overcome their biases. Perhaps 

they were able to use their developed inhibitory control skills to inhibit their initial 

hypothesis and entertain other information about the novel entity. Given that research has 

shown that inhibitory control is responsible for children’s susceptibility to similar 

cognitive errors such as false belief and the curse of knowledge, it seems prudent to 

investigate whether it also serves as a mechanism for overcoming reality status biases.  

In addition to inhibitory control, it is also plausible that the development of 

certainty understanding may also be involved in overcoming reality status biases. If 

children do not understand the difference between mental states of varying certainty (e.g., 

a guess versus knowledge), they cannot appreciate that their bias is just a guess, and 

furthermore that they should place less certainty in this guess than in knowledge inferred 

from evidence or gained from testimony. In the next section, we will review the 

development of children’s understanding of certainty and how it may be related to their 

reality status biases. 

Children’s Understanding and Awareness of Certainty 

Based on the literature, there are two levels of certainty development. In 

preschool, children develop an understanding of mental verbs that convey certainty. They 
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begin to develop an awareness that there are mental verbs that have differing degrees of 

certainty, such as the difference between guess, think, and know. Later, in elementary 

school, children develop an awareness of their own certainty, which helps them 

understand and remember whether they guessed an answer, inferred it from evidence, or 

knew the truth. 

DEVELOPMENT OF THE UNDERSTANDING OF MENTAL VERBS THAT CONVEY 
CERTAINTY 

Several researchers have investigated the development of children’s 

understanding of mental verbs such as know, think, and guess. Miscione, Marvin, 

O’Brien, and Greenberg (1978) hypothesized that children develop an appreciation of the 

difference in meaning of the words “know” and “guess”. They suggested that children 

would first not differentiate the two mental state verbs. Before coming to an adult 

understanding, children would have a transitional period in which they would 

differentiate the words based only on outcome; children would say they knew when they 

answered correctly, and would say they guessed when they were incorrect. To investigate 

this possibility, children aged 3 to 7 were asked to name the shape hidden in one of three 

magic boxes. In a combination of 4 within-subject conditions, children were either shown 

the shape that would be hidden in the box or not; and the shape’s identity (square of 

circle) in the box was either revealed before or after children were asked to name it. 

Children were then asked to identify whether they knew which shape was in the box, or if 

they guessed which shape was in the box. Results revealed that children go through at 

least 4 invariant stages in their understanding of the mental verbs “know” and “guess”: 

(1) no understanding of the difference between the two words, (2) focusing on the 

external results, such that “know” equates with correct answers and “guess” equates with 

incorrect answers, (3) a transitional period in which children have some understanding of 
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know versus guess, and (4) an adult-like distinction. Miscione et al. demonstrated that the 

development of the understanding of the mental verbs “know” and “guess” occurs 

between the ages of 4- to 5 ½-years-old. 

Johnson and Wellman (1980) challenged Miscione et al.’s finding that four-year-

olds incorrectly distinguished the mental verbs “know” and “guess” based on a correct or 

incorrect outcome, suggesting that children’s errors may have been a result of forced 

choice questions. In Johnson and Wellman’s experiment, 4-year-olds, 5-year-olds, first, 

and third graders participated in experiments similar to Miscione et al. in which they 

were asked to say in which box an object was hidden. In some trials, children had prior 

knowledge of the location, and in other trials they were told immediately following their 

guess. In some trials, the object’s location was either visible or able to be inferred 

(because the two boxes were transparent and opaque). In some trials, the experimenters 

used magic boxes that allowed the object to be secretly moved from one box to another. 

After the object was hidden (with or without the child witnessing it), the child was asked, 

“Did you see where I put the block?”, “Where is the block?”, “Do you know it is there?”, 

“Do you remember it is there?”, and “Do you guess it is there?”. The first two questions 

were pre-test questions to establish that the child was paying attention, and the last three 

questions measured their understanding of the three mental verbs independently, rather 

than in forced choice questions as Miscione et al. used. They found that children begin to 

differentiate these mental verb states between ages 4 and 6. Four-year-olds did not 

differentiate the terms; however, unlike in Miscione’s study, they did not always 

associate guessing with incorrect performance. Johnson and Wellman demonstrated that, 

at 4 years of age, children recognize that know, guess, and remember are mental verbs 

that refer to some understanding of the truth, though they are beginning to appreciate that 

‘know’ indicates that the knowledge is more certain than ‘guess’ does. By five, children 
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recognize that ‘guess’ does not suggest that the knowledge is true; and in the elementary 

school years, children develop an adult-like understanding of the word ‘guess’, 

appreciating that it is used when there is a complete lack of knowledge from the senses, 

testimony, or inference.  

Moore, Bryant, and Furrow (1989) investigated when children understand that the 

word “know” implies more certainty than the words “think” and “guess”. They presented 

children ages 3 to 8 with an object hidden in one of two boxes; two puppets testified 

about their knowledge of the object’s location using two of the contrasting mental words: 

“know”, “think”, and “guess”. Children were then asked to find the object. The results 

indicated that by age 4, children began to differentiate “know” from “think” and “guess”, 

and this differentiation was solidified by age 5. However, even the 8-year-olds never 

completely differentiated “think” from “guess”.  

These three studies demonstrate that, through language development, preschoolers 

develop an understanding that knowledge is not simply a true or false dichotomy, but 

rather it can vary in degrees of certainty. Four-year-olds have a fragile understanding of 

this concept, however 5-year-olds make great strides in developing an appreciation of this 

nuance. By age 6, children are aware that the verb “know” implies knowledge of the truth 

with great certainty, whereas the word “guess” implies a lack of knowledge with low 

certainty in the answer provided. 

DEVELOPMENT OF INFERENCE AND SCIENTIFIC THINKING 

Along with the development of certainty, children also develop scientific 

reasoning skills allowing them to gain knowledge via inference and deduction. The next 

section will review the development of inferential skills, followed by relevant research 

demonstrating how the development of scientific reasoning skills and certainty 

development are related.  
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Several researchers have investigated when and how children develop inferential 

abilities. Gopnik and Sobel (2000) demonstrated that children as young as 2 ½ years of 

age are able to infer an object’s causal properties based on its name. In this experiment, 

children were presented with novel objects and were shown whether each object could 

make the “blicket detector” go. In the categorization condition, children were told to 

watch while the experimenter demonstrated four blocks, two of which made the blicket 

detector light up and two of which did not. Afterwards the experimenter held up one of 

the blocks that activated the blicket detector and said, “This is a blicket, can you show me 

another blicket?” In the induction condition, children were shown four objects again, and 

the experimenter labeled each of the objects for them by saying, “This is a blicket” or 

“This is not a blicket”. Then the experimenter demonstrated how a pair of blicket/non-

blicket objects made/did not make the blicket detector go. After demonstrating the first 

two objects, the experimenter asked the child to find another one that would make the 

machine go. Gopnik and Sobel found that children as young as 2 ½ years of age could 

successfully make categorical and inductive inferences. However, when the blickets’ 

perceptual characteristics were conflicting with the non-blickets’, the 2 ½-year-olds often 

reverted to using the perceptual characteristics of the objects to determine which two 

were blickets; the 3- and 4-year-olds less frequently made this error. Thus, this research 

suggests that children can use perception, linguistic categorization, and causality to make 

inferences about novel objects. 

Sodian and Wimmer (1987) demonstrated that four-year-olds can use inference as 

a source of knowledge. In this experiment, first they showed children a transparent box 

that contained only red balls. Next, they asked children to look away while they 

transferred “something from the box” (one of the red balls) into a brown paper bag. 

Afterwards, they asked children what object was in the bag. Most 4- and 6-year-olds 
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knew there was a red ball in the bag even though they had not witnessed the transfer, 

demonstrating that they can use inference as a source of knowledge. However, when 

asked whether another person would know the contents of the bag in the same situation, 

4-year-olds responded negatively, indicating that although they can use inference as a 

source of knowledge, they are not fully aware of their ability.  

Fay and Klahr (1996) investigated whether children could use inference for 

problem solving. Specifically, they wanted to know whether young children could infer 

whether a problem had a determinate or indeterminate solution based on the information 

provided. Children were shown an object that was constructed from blocks shaped like 

crescents, sticks, or cubes. The researchers asked children if they could tell which one of 

two boxes contained the blocks used to build the constructed object, or if they could not 

tell. For example, in a determinate problem, the children were presented with an object 

made out of crescent blocks, and only one of the boxes contained crescent blocks. In an 

indeterminate problem, both boxes contained crescent blocks. Fay and Khlar (1996) 

found that, by age 5 to 6, children were able to infer whether or not a problem had a 

determinate solution. 

Thus, it appears that the use and understanding of inference as a source of 

knowledge begins to develop in early preschool and continues to develop significantly 

between the ages of 4 and 6. In the next section, research will show how the development 

of certainty awareness may be linked to children’s metacognitive awareness of inference 

as a source of knowledge. This is important in determining how children use inferences 

to determine reality status. In order to overcome a reality status bias and infer a novel 

entity’s reality status from evidence, arguably children need to be aware that their bias is 

just a guess (low certainty) and that they can infer information from available evidence 

(higher certainty). 
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HOW CERTAINTY AWARENESS MAY ADVANCE SCIENTIFIC REASONING SKILLS 

Recently, Pillow and Anderson (2006) investigated whether an awareness of 

certainty helps children differentiate between seeing, inferring and guessing. They 

hypothesized that children’s awareness of their own certainty might help them distinguish 

when they know something to be true versus when they have guessed at an answer. For 

example, children might have some metacognitive awareness of their uncertainty when 

guessing. However, this metacognitive awareness would only help them differentiate 

their own inference from guessing; it would not help them assess another person’s mental 

states. They suggested that memories of certainty/uncertainty may help children develop 

the concepts of inference and guessing, and the ability to differentiate the two. The 

purpose of this research was to determine how children’s developing awareness of 

certainty and their developing inferential skills are related.  

In Experiment 1, first and third grade children participated in a hiding game in 

which they were shown two toys of varying color, size or identity. The toys were hidden 

in separate containers and children were allowed to look at either both toys, one toy, or 

neither toy. Then, they were asked questions about the toys (e.g., their color, size or 

identity). There were two conditions – immediate or delayed identification. In immediate 

identification, after each trial, children were asked to name the source of their knowledge: 

sight, inference, or guess. In delayed identification, after all six trials, children 

participated in distracter tasks, and then were asked to name the source of their 

knowledge for all six preceding trials. Specifically, they were asked if they “looked at it 

with their own eyes”, “figured it out”, or “guessed”. In both conditions, they were also 

asked to rate their certainty in their answer. The data revealed that in the immediate 

condition, both first and third grade children rated inferences as more certain than 

guesses. However, in the delay condition, there was a significant age by task interaction. 
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Whereas third graders differentiated inferences from guesses, first graders did not. 

Overall, children had more trouble distinguishing seeing, inferring and guessing after a 

delay. Interestingly, first graders had difficulty remembering seeing as a source of 

knowledge. The researchers suggest that this might be the case because sight encoding 

happens automatically and is not as memorable as making an inference or a guess. 

Additionally, the difficulty in remembering seeing as a source of knowledge might also 

be due to the strong certainty that accompanies seeing, rather than the more memorable 

uncertainty accompanying inferences and guesses. Pillow and Anderson speculated that 

this interesting finding might indicate that source memory and certainty affect each other. 

Either the memory of uncertainty helped children recall that they inferred or guessed 

rather than received the knowledge by sight; or, when guessing, children knew that they 

should be uncertain. Regardless of the direction of the link, source memory and certainty 

are suggested to be related. 

The purpose of Experiment 3 was to compare children’s certainty of their own 

inferences/guesses with their certainty of another person’s (puppet’s) inferences/guesses. 

First, second and third grade children participated. As in Experiment 1 and 2, children 

participated in either the immediate or delay condition of inference and guess trials. On 

some of the trials, children saw the contents, and on others the puppet saw them. The data 

revealed that in the delay condition, first graders did not differentiate their own certainty 

from the puppet’s in the inference and guess trials. Second graders differentiated their 

own inferences from their own guesses, but not those of the puppet. Third graders 

differentiated inferences and guesses of both their own and the puppet’s. Thus, it appears 

that there is a developmental progression such that children first begin to differentiate 

their own certainty of inferences versus guesses, and then are able to apply that to another 

person’s experience. These findings are consistent with the suggestion of the link 
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between source memory and the conceptual understanding of certainty. In summary, 

Pillow and Anderson (2006) demonstrated that: (1) children’s ability to distinguish 

inference from guessing improves from first to third grade, (2) children’s retention of that 

information improves from first to third grade, and (3) children’s ability to rate their own 

inferences as more certain than their guesses leads to their ability to rate other’s 

inferences as more certain than guesses.  

The previous research demonstrated a relationship between elementary school 

children’s certainty awareness and their scientific reasoning development. However, what 

evidence is there to establish that children under the age of 6 have some awareness of 

certainty? The work on mental verbs suggests a developing awareness during the 

preschool years, yet those studies did not require children to report their own certainty. In 

the fantasy/reality literature, preschool children have occasionally been asked to rate how 

certain they are of their reality status answers. For example, in Woolley, Boerger and 

Markman (2004) and in Boerger, Tullos and Woolley (2008), children were asked to rate 

how certain they were of a novel fantasy figure’s (the Candy Witch) reality status. 

Children were given three certainty choices: “really sure”, “a little sure”, and “not so 

sure”. They found that children who were visited by the Candy Witch were more certain 

of her reality than children who had not been visited by her on Halloween night. Woolley 

and Van Reet (2006) used the same questions and coding procedure to ask children to 

rate entities that had appeared in their contextual descriptions (e.g., “Scientists use 

“hercs” to make medicine.” “Are hercs real or pretend?” How sure are you that hercs are 

real/pretend: really sure, a little sure, or not so sure?”) Woolley and Van Reet found an 

interaction between age and condition; whereas 4- and 5-year-olds in the scientific and 

everyday context conditions gave higher combined reality status certainty ratings than 

their peers in the fantastical context condition, 3-year-olds’ ratings did not vary based on 
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context. Thus, preschool children do show some awareness of their own certainty, and are 

able to provide valid ratings of their certainty.  

In the theory of mind literature, Ruffman, Garnham, Import, and Connolly (2001) 

investigated children’s certainty in their answers to the change of location task by having 

the children bet chips to indicate the probability that the protagonist would look in each 

location. The children could put all of their chips on one location and none on the other to 

indicate a high certainty in their answer, or they could spread their chips out between the 

two locations to indicate a lower certainty in their answers. Chips placed in the correct 

location were doubled, and those placed in the incorrect location were lost. In addition to 

betting to indicate certainty on theory of mind tasks, children were also given 

probabilities tasks to test the new certainty measure. In this task, children were shown a 

bag that contained 10 objects, including red balls and green cubes. Sometimes the objects 

were all identical, and sometimes they were mixed. Children were allowed to see the 

contents of the bag, and then were told that a puppet was going to secretly select one of 

the objects, drop it down the chute, and the object would come down the corresponding 

slide (a red slide that only allowed red balls to pass, or a green slide that only allowed 

green cubes to pass). Children were asked to bet, based on their knowledge of the 

contents of the bag, which slide the secretly selected object would pass down. They found 

that children ages 3 to 5 were able to use this betting measure to indicate their certainty. 

They bet most/all of their counters on the red slide when only red balls were in the bag, 

and they spread their bet out when the content of the bag was mixed. The bets became 

more equalized between the two slides as the contents of the bag also approached equal 

amounts of red and green objects. Ruffman et al. discuss how their measure of certainty 

is especially useful for assessing small changes in children’s certainty levels. 
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Ruffman et al. demonstrated not only that preschoolers can indicate the certainty 

of their answers, but also that researchers can develop sensitive, valid measures of 

certainty for young children to use if they consider a few important guidelines. Acredolo 

and O’Connor (1991) discussed the relevant considerations and suggested measures that 

might be more sensitive and valid for assessing certainty. First, they explained what 

measures are invalid indications of certainty. Sometimes researchers look for inconsistent 

responses to indicate uncertainty; however Acredolo and O’Connor argued that this is not 

necessarily a good indication of uncertainty. Participants may be uncertain of their 

answer, yet still consistently favor their preferred answer. In addition, researchers often 

look at delay or hesitation in participants’ answers to spot uncertainty, yet some 

participants give their preferred answers quickly and with certainty that the answer they 

gave is the best answer they could determine, rather than being certain that their answer is 

the true answer. Some studies have given participants fixed answer choices, including an 

undecided choice; however, Acredolo and O’Connor suggest that participants are usually 

hesitant to choose this option because it lacks a sense of finality that determinate answers 

provide. On the other hand, some researchers have found that the indeterminate answer is 

a popular choice and children will select it as a response bias simply to avoid working to 

identify the best solution. 

To improve measures of certainty, they suggest researchers teach participants to 

value the indeterminate answer as a legitimate, final answer to the question. They also 

suggest that researchers design procedures to allow participants to indicate that two or 

more answers are acceptable, and also specify that one of those answers is preferred over 

the other. The betting measure used by Ruffman et al.’s (2001) theory of mind study is a 

good example of this. By using chips, children were able to indicate that they thought that 

the protagonist would probably look in location A by giving this location 7 chips, but also 
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indicate that there is a possibility of the protagonist looking in location B by giving this 

location 3 chips. In this manner, the participants were allowed to indicate that two 

possibilities exist, and to give their certainty levels in the two possibilities.  

In summary, the certainty literature shows that there is a relationship between the 

development of children’s certainty awareness and the development of their scientific 

reasoning. In order to understand the difference between mental states such as knowing 

the truth versus inferring or guessing, children have to understand that those knowledge 

states differ in levels of certainty. Pillow and Anderson (2006) have demonstrated that 

there is a relationship between the development of children’s awareness of certainty and 

the development of their understanding of mental states, “know”, “infer”, and “guess”. 

They showed that children begin to develop this understanding at age six and its 

development continues through age 8. However, other researchers have shown that 

children are aware of certainty in preschool. Ruffman et al. employed a clever betting 

game that allowed even three-year-olds to indicate their certainty in an answer. This 

technique is one that Acredolo and O’Connor would suggest provides a better measure of 

certainty than those that have been used in the past. It allows the children to indicate that 

more than one answer may be possible, and to demonstrate their preference (or certainty 

in) one answer over another. Although there is not a large body of research on the 

development of certainty, a clear argument has been made that an understanding of 

certainty begins to develop in preschool and is further developed in elementary school. 

This understanding fosters children’s ability to reason scientifically, understanding that 

they can use evidence to make inferences, and that these inferences differ in certainty 

from knowledge of the truth versus a blind guess.  
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Conclusion 

In conclusion, research shows that children can assign reality status based on 

perceptual clues, testimony from others, and inference. Assigning reality status from 

perceptual clues and testimony develops in early preschool, whereas the ability to infer 

reality status from context or evidence develops later, beginning at age 4 and solidifying 

by age 6. However, individual differences lead some children to have reality status biases 

that stand in the way of their ability to infer reality status. Although the origins of these 

biases are unknown, it may be possible to unveil the mechanisms that help children 

overcome these biases. Two possible mechanisms are inhibitory control and the 

understanding of certainty in one’s mental states. The possible effect of these 

mechanisms on children’s ability to overcome reality status biases is the focus of the 

present investigation.  

Method 

PARTICIPANTS 

One hundred and twenty-eight children participated in this experiment. Five 

participants’ data were excluded due to experimenter error, pretest failure, or inattention 

during the task. The final sample used in all analyses includes 123 children. Sixty 4-year-

olds (M = 54.5 months, SD = 3.4 months; range = 47 – 62 months, 28 females and 32 

males) and 63 six-year-olds participated (M = 78.4 months, SD = 2.7 months; range = 74 

– 84 months; 35 females and 28 males). Seventy-seven percent of the children were 

Caucasian, 14% were Hispanic, 6% were more than one race, 2% were Asian, and 1% 

was not reported. Children were recruited from the participant database of the Children’s 
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Research Laboratory. Each child was seen individually for one 45-minute session, and 

received a small toy or t-shirt for participating. 

MATERIALS 

The stimuli were as follows: six opaque plastic boxes (13-1/2" x 8" x 5-1/4" h), 

Animal-Stroop task (Wright et al., 2003) software running on a Mac computer, and one 

pictured, dichotomous scale for the Reality Status Question. The Reality Status Scale 

aided children in providing reality status judgments for the novel animals. The scale 

depicted a drawing of a tree to represent “real,” and a singing fish representing “pretend”.  

The remaining materials were used as evidence in the boxes: bark, tree branches, 

twigs, rocks, pinecones, sand, dried corn kernels, bird feathers, rice, tree leaves, 

sunflower seeds, pecan shells, and sea shells. Nineteen novel animal names, some of 

which are real and some of which are pretend, were used in the experiment. Babbins, 

brackens, chibus, flinas, florans, korefs, mahkas, pikoys, pemas, rokers, ropangis, sanets, 

tree-sloos, and wokets are pretend animals. Langurs, serows, takins, tokis, and whistle-

pigs are real animals. The novel animal names were chosen through pilot testing to 

identify ones that are unfamiliar and not perceived consistently as either real or pretend.  

PROCEDURE 

Parent Questionnaire 

Before the experiment began, parents completed a questionnaire reporting their 

children’s level of fantasy orientation with the following three questions: (1) their 

children’s belief in fantastical entities, (2) their children’s favorite television shows, 

videogames, books, and games, (3) their children’s level of fantasy orientation (on a scale 

from 1-5). They also reported their children’s knowledge and experience with animals 

with the following three questions: (1) their children’s exposure to pets, (2) their 
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children’s frequency of visits to zoos and aquariums, and (3) whether their children live 

in a rural environment with animals.  

Questions on the Parent Questionnaire were coded individually (see Appendix for 

Parent Questionnaire). The question about belief in fantastical figures was coded for each 

entity. If the parent indicated that the child thought the entity was real, it was coded as 1, 

unknown belief was coded as .5, and pretend was coded as 0. The sum of the seven 

entities’ scores served as a total score for this question. The question asking parents to list 

the television shows, books, video games, and games that their children play were coded 

for each show/game/book that the parent listed. Items were coded as highly fantastical 

(1), involving magic (e.g., Mary Poppins or Polar Express), somewhat fantastical (.5), 

involving unrealistic characters such as anthropomorphized animals (e.g., Clifford or 

Curious George), and not fantastical (0), (e.g., Planet Earth or Signing Time). An average 

score was calculated for this question. The question asking parents to rate the child’s 

level of fantasy orientation was coded from 1 to 5: (1) child strongly interested in reality, 

to (5) child strongly interested in fantasy. The question about interacting with pets was 

coded as (1) having a pet at home, (.5) pets in another location that the child sees often, 

or (0) no pet interaction. The question about living on a farm or in a rural environment 

was coded as (1) yes or (0) no. The question about the frequency of visiting zoos or 

aquariums was coded as (1) visiting 6 or more times a year, (.5) visiting 2-5 times a year, 

and (0) visiting 0-1 times a year. 

Reality Status Pretest 

Next children completed a Reality Status pretest. In this pretest, children practiced 

using the Reality Status Scale by classifying 6 familiar real and pretend entities. The 

Appendix provides a sample verbatim script for each task. This measure was coded as 
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pass or fail; children who failed to identify at least one familiar real entity as real and at 

least one familiar pretend entity as pretend failed the pretest. 

Reality Status Bias Measure 

After completing the pretest, children’s reality status biases were measured by 

asking them to categorize ten novel entities as real or pretend. All ten were names of real, 

novel animals: fossa, gigas, cowrie, gracilis, longa, mola, murre, skua, uakari, and sifaka. 

The novel animal names were chosen through pilot testing to identify ones that are 

unfamiliar and not perceived consistently as either real or pretend. The experimenter told 

participants that she had a list of ten “things” that needed to be categorized as real or 

pretend, and if they didn’t know whether one was real or pretend, they could guess. 

Children who categorized eight or more entities as real, or eight or more as pretend were 

classified as having credulity or skepticism biases respectively. Children who categorized 

fewer than eight of the entities the same were classified as having no reality status bias. 

Certainty Understanding Measure 

Next, children’s certainty understanding was assessed. In this measure, children 

practiced giving certainty answers to six questions by saying whether they were “a lot 

sure”, “a little sure”, or “not sure” of their answers. The experimenter explained the three 

possible answers and used hand gestures to further illustrate the difference between “a lot 

sure” (hands a foot apart), “a little sure” (hands six inches apart), and “not sure” (hands 

together). After explaining the three possible answers, the experimenter gave examples of 

answers in which one should be “a lot sure”, “a little sure”, and “not sure”. After the 

examples, participants answered six questions that varied in levels of certainty and were 

asked to indicate how sure they were of their answers (see Appendix for script). The 

answers to these six questions had clear certainty values. For example, one should be “a 
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lot sure” when answering the question “What is your name?”, “not sure” when answering 

the question “What is this strangers’ name?”, and “a little sure” when giving an answer to 

a question that is more likely to be true than other answers based on probabilities.  Thus, 

correct certainty values were assigned to each question, and children’s responses were 

scored as correct/incorrect. The sum of their correct answers served as a measure of their 

explicit certainty understanding. 

Inhibitory Control Measure 

In addition to the certainty measure, children completed a measure of inhibitory 

control, the Animal-Stroop task (Wright et al., 2003). In this task, children were 

presented with drawings of animals (a duck, sheep, pig, and cow) that sometimes have 

incongruent faces and bodies (e.g., a duck head on a cow body). Children saw 

incongruent animals whose face and body were mismatched (Stroop trials) in addition to 

two sets of alternative pictures, one in which the face and body matched (matching trials), 

and one in which the face was replaced with a cartoon human face (control trials). Before 

children began the experiment, they were shown pictures of 4 familiar items (e.g., boat, 

train, etc.) and pictures of the 4 animals, and were asked to name them as quickly as 

possible. Next, they were shown a sample incongruent trial to practice inhibiting the 

animal’s face and naming the animal’s body instead. After the warm-ups, children 

completed four counterbalanced blocks of 24 trials each. Two of the blocks contained 

only matching trials, and two contained randomized incongruent and control trials. In all 

trials, children were asked to name the animal’s body as quickly as possible. Response 

time and errors were recorded to measure inhibitory control. Errors were coded as either 

naming the animal incorrectly, or as an articulation error in which children started 

naming the animal incorrectly but then correct themselves (e.g., “pi…duck”). 
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Two inhibition scores were calculated for each child: one for response time and 

one for errors. Children’s response times and number of errors for both the incongruent 

(stroop) trials and congruent (matching) trials were compared, and the difference between 

the stroop and matching trials was expressed as a percentage (((stroop – matching) / 

matching) x 100). Higher percentages indicate poorer inhibition scores, whereas lower 

percentages indicate better inhibition scores. 

Evidence Task 

In addition to the Reality Status pretest, the explicit certainty measure, and the 

inhibitory control task, children also completed six trials to test their ability to use 

evidence to infer the reality status of novel entities. To introduce the evidence task, the 

experimenter told the children that s/he needed help to determine if ten novel animals are 

real or pretend. The experimenter told children about a scientist, Dr. Kim, whose job is to 

find new animals. Children were told that when Dr. Kim finds a new animal, she puts it 

in a box to transport it to her lab. Importantly, the animals leave food or items from their 

habitat behind in the boxes. Dr. Kim has index cards for all of the new, real animals she 

has found, and she also has index cards for pretend animals she had seen on TV, in 

movies and storybooks. However, her cards have been disordered, and she cannot 

remember which ones are the real animals. Children were asked to help determine which 

cards represent the real animals she found and which represent the pretend animals by 

looking in the transportation boxes for clues that may have been left behind by the 

animals. Children watched a short video of Dr. Kim working in her lab to help them 

understand the premise of the experiment. The video depicted a female scientist dressed 

in a white lab coat, standing in front of terrariums, looking in transportation boxes, and 

taking notes. In addition to the video, the experimenter addressed any questions children 

had about Dr. Kim. Children were given no base rate information about the percentage of 
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real versus pretend animals. Description cards and transportation boxes were numerically 

labeled to link them together.  

At the beginning of each trial, the experimenter picked up the first card and read 

the animal’s name to the child. Then the experimenter said “Let’s see if we can find the 

takin in the books. Remember, this is the real animal book, and this is the pretend animal 

book. Which book should we look in first?” The experimenter helped children who could 

not read look for the animal in the book by reading aloud the names of the animals on 

each page and making comments such as “This furry animal is called a quokka. It’s not 

the takin.” Children’s first book choice was used as an indicator of their hypothesis about 

the novel animal’s reality status. The verbal and positioning order of the books was 

counterbalanced and the novel test animals were not represented in either book. Before 

the test trials, a practice session was added to orient children to the picture books. In the 

practice session, children were asked to indicate in which book they would find familiar, 

real animals and in which book they would find familiar, pretend creatures. This pretest 

ensured that children knew the content of the books differentially. 

In addition to the six test trials, there were four dummy trials in which children 

found the animals in the books. The 10 trials were randomized within 16 orders, with the 

constraint that dummy trials were not consecutive. These four dummy trials, two with 

real animals and two with pretend creatures, were added to encourage the children to 

keep looking in the books throughout the entire experimental session. After children 

looked in the first book for the novel animal, if they did not find it, they were encouraged 

to look in the second book where they either found the dummy animal or realized that the 

novel animal was not in either book. In the six test trials, after looking in the books and 

not finding the novel animal in either book, the experimenter read the children a clue 

about the animal from the back of the numbered index card: “It says here that takins eat 
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twigs and always leave twigs behind wherever they go.” After children heard the clue 

about the novel animal, they looked in the numerically corresponding box provided by 

the experimenter.  

Evidence Task Identity Question 

First, children were asked the Identity Questions: “Do you think an animal was in 

this box, yes or no?” If they answered affirmatively, they were asked: “What animal do 

you think was in this box?” Next they were asked if they remembered what the 

description said the entity left behind, and if children did not remember, the experimenter 

reminded them.  

The Identity Question (“What animal was in the box?”) was coded as confirming 

the identity of the novel animal (1) or disconfirming it (0) for each task. Answers were 

coded as confirming when children identified the novel animal as the one associated with 

the evidence; answers were scored as disconfirming when children identified any other 

animal or said that there was no animal in the box. Participants completed two trials 

(boxes) for each task resulting in scores from 0-2 confirming answers of the Identity 

Questions. 

Evidence Task Reality Status Question 

Next children were asked to answer the Reality Status Questions: “Is this a time 

when you can tell if takins are real or not; can you tell or can you not tell?” This question 

was added to give children an opportunity to indicate that they did not know the reality 

status of the novel animal without adding “don’t know” as an optional answer to the 

Reality Status Question. Fay and Klahr (1996) successfully used a similar question to 

give 4- to 6-year-old children an opportunity to express uncertainty regarding whether a 

problem had a determinate solution. When children said that they could tell whether the 
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novel animal was real or pretend, children were asked, “Are takins real or pretend?” 

Children were given two trials for each of the three tasks: supporting evidence, irrelevant 

evidence, and no-evidence. The evidence tasks and novel animals were counterbalanced 

among 16 orders. Approximately eight children, four children from each age group, were 

randomly assigned to each order. 

The reality status question was broken down into two questions. In analysis, these 

two questions were consolidated to reflect “real”, “pretend”, and “can’t tell” answers. 

“Real” answers were coded as 1 and “pretend” answers were coded as 0. “Can’t tell” 

responses were coded as .5. The Reality Status Question analysis was conditional on 

appropriate answers to the Identity Question. If children did not answer this question 

appropriately, it would be difficult to interpret their response to the Reality Status 

Question. To demonstrate this, children who answered the Identity Question 

appropriately on both trials of each task (the “successful group”) were compared to 

children who did not answer both Identity Questions appropriately (the “unsuccessful 

group”). Because children had a 50% chance of answering the Identity Question 

appropriately on each trial, the “successful group” assignments were conservatively 

limited to children who answered the Identity Question appropriately on both trials for 

each evidence task. Note that membership in the successful group was variable for each 

of the three tasks; for example, a child may have been successful in identifying the novel 

entity in supporting and no-evidence tasks, but not in irrelevant tasks. In the supporting 

task, 55% of children were classified as successful, 46% were successful in the irrelevant 

task, and 65% were successful in the no-evidence task. Nineteen percent of children were 

successful on all three tasks, 39% were successful on two of the three tasks, 31% were 

successful on only one task, and 11% were unsuccessful on all tasks.  
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Results 

PARENT QUESTIONNAIRE 

Principal Components Analysis revealed that the three fantasy orientation 

questions hang together as one component (Eigenvalue = 1.364, factor loadings ranged 

from .43 to .67), and that two of the three animal-related questions (pets and zoo visit) 

hang together well as a second component (Eigenvalue = 1.226, factor loadings ranged 

from .68 to .79). Composite mean scores were created for each of the two factors. Both 

components, as well as each individual question, were analyzed to determine if any 

predicted whether or not a child would display a reality status bias. Logistic Regression 

revealed that the individual question asking parents to rate their children’s fantasy 

orientation best predicted whether or not children displayed reality status biases (β = .53, 

Wald (1) = 5.90, p = .015, Exp(β) = 1.69, y^predicted bias = -2.23 + .53⋅βfantasy orientation score). 

Predicted values indicate that children whose parents rate them as being more oriented 

towards fantasy are more likely to display reality status biases. 

REALITY STATUS BIAS MEASURE 

This measure identified 44 children (35% of the sample) as having a reality status 

bias, including 21 four-year-olds, and 23 six-year-olds. This finding is consistent with 

previous studies that found approximately one-third of children display a reality status 

bias (Tullos, Woolley, & Ikpeme, 2009; Tullos & Woolley, 2009). Of the 4-year-olds 

with a reality status bias, 6 displayed a bias to say that novel things are real (credulity 

bias), and 15 displayed a bias to say that novel things are pretend (skepticism bias), 

whereas all of the biased 6-year-olds displayed a skepticism bias. Chi-square test of 

independence revealed a significant difference in the distribution of biases between the 

age groups, χ2 (2) = 7.63, p = .02. However, there was no significant difference in the 
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amount of children in each age group demonstrating a reality status bias in general, χ2 (1) 

= .03, ns. Thus, whereas the two age groups did not vary significantly in the percentage 

of children who demonstrate reality status biases, these data suggest that there may be a 

developmental shift in the type of bias displayed (real versus pretend).  

CERTAINTY UNDERSTANDING 

The overall mean certainty score on this measure was 3.88 (SD = 1.19) out of 6 

questions. The mean score for 4-year-olds was 3.61 (SD = 1.11), whereas the mean for 6-

year-olds was 4.13 (SD = 1.22). ANOVA revealed a significant difference between the 

mean scores of the two age groups on the certainty measure; F (1, 119) = 5.94, p = .02, 

ηp
2 = .05. Thus, this measure demonstrated development in children’s understanding of 

certainty as is consistent with the literature (Johnson & Wellman, 1980; Miscione, 

Marrin, O’Brien, & Greenburg, 1978; Moore, Bryant & Furrow, 1989; Pillow & 

Anderson, 2006). 

INHIBITORY CONTROL 

The data revealed a significant main effect of age for both response time (4-year-

olds M = 79.43%, SD = 48.04%, 6-year-olds M = 44.03%, SD = 20.45%, F (1,120) = 

28.10, p < .001, ηp
2 = .19) and errors (4-year-olds M = 173.34%, SD = 178.77%, 6-year-

olds M = 64.45%, SD = 114.76%, F (1,120) = 16.24, p < .001, ηp
2 = .12). Thus, this 

measure revealed development across age groups in inhibitory control. Additionally, 

regression revealed significant development in response time within the 4-year-olds (β= -

4.09, t (1) = -2.22, p = .03), but not within the 6-year-olds (β= -1.29, t (1) = -1.35, ns.). 

This finding is consistent with the inhibitory control literature demonstrating that 

inhibitory control develops primarily between the ages of 3 ½ and 6 years of age 

(Gerstadt, Hong & Diamond, 1994). 
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EVIDENCE TASK IDENTITY QUESTION 

The data from this experiment replicated the results of Tullos and Woolley 

(2009), revealing a significant main effect of task, F (2, 120) = 131.19, p < .001, ηp
2 = 

.52), and a significant task by age interaction, F (2, 120) = 6.69, p = .01, ηp
2 = .05). Post-

hoc analyses were conducted to determine how each age group performed on the Identity 

Question. They revealed significant main effects of task for 4-year-olds (F (2,58) = 

18.05, p < .001, ηp
2 = .38) and 6-year-olds (F (2,60) = 54.27, p < .001, ηp

2 = .64). 

However, as seen in Figure 1, 6-year-olds were more successful at clearly distinguishing 

the tasks than were 4-year-olds. Six-year-olds successfully confirmed the novel animal 

when receiving supporting evidence (M = 1.53, SD = .67, t (61) = 6.25, p < .001), and 

successfully disconfirmed it when receiving irrelevant (M = .71, SD = .75, t (62) = -3.02, 

p = .004) and no evidence (M = .37, SD = .63, t (61) = -7.82, p < .001). However, 

whereas the 4-year-olds displayed patterns similar to the 6-year-olds and each task was 

significantly different from chance, their distinction between the three evidence tasks was 

not as strong: supporting evidence (M = 1.30, SD = .74, t (59) = 3.13, p = .003), irrelevant 

evidence (M = .70, SD = .74, t (59) = -3.13, p = .003), and no evidence (M = .57, SD = 

.77, t (59) = -4.38, p < .001).  
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Figure 1. Mean Identity Question scores for each age group by evidence task (Error bars 
are 95% confidence intervals.) 

Thus, as in Tullos and Woolley (2009), the data from this experiment revealed 

development in the ability to judge whether or not to link evidence to the novel entity in 

question. 

EVIDENCE TASK REALITY STATUS QUESTION 

The data from this experiment replicated the results of Tullos and Woolley 

(2009). As shown in Figure 2, children in the “successful group” answered the Reality 

Status Question differentially by evidence task, stating that the animal was real on 

supporting evidence trials at a rate significantly different from chance (M = 1.63, SD = 

.55, t (66) = 9.28 p < .001), stating that they couldn’t tell the reality status of the novel 

animal when receiving irrelevant evidence (M = .89, SD = .52, t (56) = -1.66, ns.), and 
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that the novel animal was pretend on no-evidence trials at a rate significantly different 

chance (M = .78, SD = .52, t (79) = -3.91 p < .001). However, children in the 

“unsuccessful group” failed to assign reality status to the novel entities differentially 

based on the evidence. They said they couldn’t tell whether the animal was real or 

pretend on supporting evidence trials (M = 1.12, SD = .58, t (55) = 1.52, ns.), and said the 

animal was real at a rate greater than chance when receiving irrelevant evidence (M = 

1.21, SD = .55, t (65) = 3.00 p = .004) and no evidence (M = 1.29, SD = .46, t (41) = 4.05 

p < .001). However, these means are not significantly different from each other, as 

indicated by the overlap in their 95% confidence intervals as seen in Figure 2.  

  

Figure 2: Mean Reality Status Question scores for each evidence task comparing children 
who were successful vs. unsuccessful at appropriately answering the 

Identity Question (Error bars are 95% confidence intervals.) 
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Additionally, regardless of age, children who were successful at answering the 

Identity Questions were also successful at answering the Reality Status Question. For 

example, in supporting tasks, both 4- and 6-year-olds in the successful group answered 

the reality status correctly at a rate significantly different from chance (4-year-olds: M = 

1.36, SD = .68, t (27) = 2.79, p = .01; 6-year-olds: M = 1.82, SD = .33, t (38) = 15.33, p < 

.001). Thus, whereas children who were successful at linking evidence to the novel entity 

in question were also successful at assigning reality status differentially based on the 

evidence, unsuccessful children were not; and this success was not dependent upon age. 

Therefore, these results indicate that being able to use evidence to determine a novel 

animal’s reality status first requires one to correctly identity the evidence and then 

determine whether the novel animal is associated with the evidence.  

The data from this task demonstrate that children’s ability to use physical 

evidence to make reality status judgments about novel entities develops significantly 

between the ages of 4 and 6. However, regardless of age, children who appropriately 

answered the Identity Question were also more successful at answering the Reality Status 

Question, affirming the two-step cognitive process required to use evidence to determine 

a novel entity’s reality status. The results of the Identity Question and the Reality Status 

Question together replicate the findings of Tullos and Woolley (2009), demonstrating that 

the Identity Question is developmentally determined but the Reality Status Question may 

not be. With age children appear to improve at linking evidence with the identity of an 

animal. Once they have mastered this, judgments about its reality status seem to follow 

easily. 
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BIASES AFFECTING REALITY STATUS JUDGMENTS 

To determine whether children who had a credulity/skepticism bias differed in 

their ability to answer the Reality Status Question from children who did not, a 3 (bias: 

credulity, skepticism, none) x 3 (task) Repeated Measures ANOVA was conducted on 

children’s answers to the Reality Status Question. This analysis revealed that children’s 

reality status bias (as measured by the 10-question pretest) did not influence their ability 

to use evidence to determine a novel entity’s reality status, F (4, 238) = .07, ns., which 

did not replicate the findings of Tullos and Woolley (2009).  However, Tullos and 

Woolley’s finding regarding the effect of children’s biases on their reality status 

judgments was identified using a different measure of bias. They used children’s initial 

hypothesis on each task to determine bias.  Out of 6 trials, children who had 5 or more of 

the same book choice (i.e., children who chose the real/pretend book 5 or more times in 6 

trials) were identified as having a reality status bias.  Using this method for identifying 

biases, Repeated Measures ANOVA on data from the present investigation revealed a 

marginally significant interaction between hypothesis bias and evidence type, F (4, 234) 

= 2.32, p  = .058, ηp
2 = .038, replicating the findings of Tullos and Woolley (2009).  

Additionally, Pearson’s r revealed that the two measures of biases, the 10-question pretest 

and the hypothesis book choice, were not significantly correlated, r(121) = .08, ns. As 

seen in Figure 3, children without reality status biases were more successful at 

differentiating the three types of evidence when judging reality status than children who 

had a skepticism bias. 
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Figure 3. Mean Reality Status Question scores for each evidence task comparing children 
with differing reality status biases (Error bars are 95% confidence intervals.) 

RELATIONS TO REALITY STATUS BIASES 

The primary goal of this experiment was to identify general cognitive skills that 

may be related to whether or not children display strong reality status biases that interfere 

with their ability to reason about the reality status of novel entities. Two general 

cognitive skills were examined: certainty understanding and inhibitory control.  

The Relation of Certainty Understanding to Reality Status Biases 

To examine whether certainty understanding was related to children overcoming 

their reality status biases to use evidence successfully to judge reality status, certainty 

scores of the biased children in the evidence task’s successful group were compared to 
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those of biased children in the unsuccessful group. These analyses were conducted once 

for each of the three evidence tasks independently due to the constraint that the members 

of the “successful group” were determined by children’s performance on each task. On 

supporting tasks, the successful group’s mean certainty score was 4.03 (SD = 1.18), 

whereas the unsuccessful group’s mean was 3.65 (SD = 1.18), resulting in a marginally 

significant difference between the two groups F (1, 118) = 3.15, p = .078, ηp
2 = .03. 

Similarly, on irrelevant tasks, the successful group’s mean certainty score was 4.07 (SD = 

1.13), whereas the unsuccessful group’s mean was 3.71 (SD = 1.23), resulting in a 

marginally significant difference between the two groups, F (1, 119) = 2.83, p = .095, ηp
2 

= .02. On no evidence tasks, the successful group’s mean certainty score was 4.05 (SD = 

1.07), whereas the unsuccessful group’s mean was 3.50 (SD = 1.31), resulting in a 

significant difference between the groups, F (1, 118) = 8.30, p = .01, ηp
2 = .05. Thus, 

children who are successful at using evidence to judge reality status also have higher 

certainty understanding scores than children who are unsuccessful.  

The Relation of Inhibitory Control to Reality Status Biases 

To examine whether inhibitory control is related to children’s reality status biases, 

inhibition scores (percentage of difference between stroop and matching trials, as 

described above) of biased children in the evidence task’s successful group were 

compared to those of biased children in the unsuccessful group. Again, these analyses 

were performed separately for each evidence task. On supporting tasks, the successful 

group’s mean inhibitory control score was 54.35% (SD = 35.22%), whereas the 

unsuccessful group’s mean was 70.01% (SD = 45.89), resulting in a significant difference 

between the two groups F (1, 119) = 4.51, p = .036, ηp
2 = .04. Similarly, on no evidence 

tasks, the successful group’s mean inhibitory control score was 52.64% (SD = 36.26%), 

whereas the unsuccessful group’s mean was 77.72% (SD = 44.46%), resulting in a 
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significant difference between the two groups, F (1, 119) = 11.19, p < .001, ηp
2 = .09. 

However, there was no significant difference between the successful and unsuccessful 

group on the irrelevant evidence tasks, Msuccessful = 58.18% (SD = 37.66%), Munsuccessful = 

63.75% (SD = 43.48%), F (1, 120) = .564, ns., although the data from the irrelevant tasks 

trend in the same direction as the supporting and no evidence tasks. Thus, biased children 

who are successful at using evidence to judge reality status also have better inhibitory 

control skills than biased children who are unsuccessful. 

In addition to being related to whether biased children are successful or 

unsuccessful in judging reality status based on evidence, inhibitory control scores were 

also related to whether or not children displayed a reality status bias originally. Repeated 

Measures ANOVA revealed a three-way interaction between children’s age, their 

inhibition scores (matching versus stroop trials) and whether or not they had a reality 

status bias, F (1,118) = 6.66, p = .01, ηp
2 = .05. As seen in Figure 4, six-year-olds who 

displayed a reality status bias had slower reaction times on the stroop trials than 6-year-

olds who did not display a reality status bias. However, no differences in their reaction 

times existed on matching trials. Four-year-olds did not display the same pattern, perhaps 

because of the increased variance on this task due to the development of inhibition at this 

age. Thus, given that inhibition skills develop significantly by age 6, children who 

displayed poorer inhibition skills at this age also were more likely to display reality status 

biases. 
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Figure 4. Mean Inhibitory Control scores for each age group by trial type (Error bars are 
95% confidence intervals.) 

RELATIONS TO OVERRIDING HYPOTHESES BASED ON EVIDENCE  

Besides examining whether children could overcome reality status biases (in 

which children make the same hypotheses across multiple trials), children’s ability to 

override their initial hypothesis in each trial was examined. The percentage of trials in 

which children successfully switched their reality status answer based on the evidence 

(from the Hypothesis Question to the Reality Status Question) was calculated for each 

child. Switch percentage scores ranged from 0% to 100% (M = 60.36%, SD = 33.91%). 

Switch percentage scores varied by age, with 4-year-olds switching their reality status 

answers based on the evidence 51.38% of the time and 6-year-olds switching answers 
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68.76% of the time. Linear regression revealed that the best predictor of reality status 

answer switching is the child’s age in months (β = .68, t (1) = 2.78, p = .006, F (1, 118) = 

7.74, p = .006). Certainty understanding and inhibitory control did not significantly 

predict reality status answer switching.  

Discussion 

Results from the present study inform the fantasy/reality literature and the 

scientific reasoning literature about general cognitive skills that may serve as 

mechanisms for overcoming biases. From the fantasy/reality literature, research has 

shown that approximately one-third of preschool children have strong reality status biases 

that prevent them from correctly reasoning about whether a novel entity is real or pretend 

(Tullos & Woolley, 2009; Tullos, Woolley & Ikpeme, 2009). From the scientific 

reasoning literature, research has shown that older elementary school children incorrectly 

observe evidence when it contradicts their original beliefs, and therefore are not able to 

reason about events correctly (Chinn & Brewer, 1998; Chinn & Malhotra, 2002). The 

present research extends these findings by identifying two general cognitive skills, 

inhibitory control and certainty understanding, that may serve as mechanisms for 

overcoming reality status biases to reason about whether a novel entity is real or pretend.  

Because Tullos and Woolley (2009) were the first to observe reality status biases 

in children, the present research also performs the important role of replicating those 

initial findings.  These studies together demonstrate that the ability to assign reality status 

based on the use of evidence develops significantly between the ages of 4 and 6. As 

argued by Tullos and Woolley (2009), using physical evidence to judge reality status 

appears to be a two-step cognitive process. First one must link the physical evidence with 

the entity in question. Second, based on the decision made in step 1, one can judge the 
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reality status of the novel entity. However, as demonstrated by Tullos and Woolley 

(2009), and replicated in the present experiment, children who have strong reality status 

biases have difficulty using evidence to make reality status judgments. These biases 

interfere with their ability to correctly observe the evidence. Consequently biased 

children make errors in linking the evidence to the entity in question, and also in judging 

its reality status. From an information processing approach, these errors in reality status 

judgments are similar to the errors made by older elementary school children when 

reasoning about the outcome of scientific experiments (Chinn & Brewer, 1998; Chinn & 

Malhotra, 2002).  

The primary goal of the present experiment was to determine what general 

cognitive skills may help children overcome their reality status biases to correctly judge 

reality status based on physical evidence. Two general cognitive skills, a metacognitive 

understanding of certainty and inhibitory control, were investigated as possible 

mechanisms. In the present investigation, when examining the difference between biased 

children who were successful at using evidence to judge reality status versus biased 

children who were unsuccessful, successful children had higher certainty understanding 

scores. These children had a better metacognitive understanding of when they were 

unsure of an answer versus when they were confident in an answer. Perhaps their greater 

understanding of certainty helped them tag their bias as just a guess and therefore less 

certain and less reliable than the inference they made from the evidence. In contrast, 

children who had a poorer metacognitive understanding of certainty may have equated 

their bias with their inference, and thus failed to weigh their inference as more certain and 

more reliable than their bias. It would be interesting to test the causal link between 

certainty understanding and overcoming biases by improving children’s metacognitive 

understanding of certainty through training and then testing to determine if the 
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intervention improved biased children’s reality status judgments. Unfortunately, whereas 

there is speculation about the bidirectional relationship between children’s awareness of 

their feelings of certainty and the development of this metacognitive concept (Pillow & 

Anderson, 2006), there is no research to date demonstrating whether or not a 

metacognitive understanding of certainty can be improved through training.  

In addition to examining how biased children’s certainty understanding related to 

their success in judging reality status, differences in inhibitory control were also 

examined. Biased children who were successful in judging reality status based on 

evidence had better inhibition skills than biased children who were unsuccessful. Perhaps 

the successful children were better able to inhibit their bias to focus on the correct reality 

status judgment inferred from the evidence. Again, a causal link between inhibitory 

control and overcoming reality status biases would be interesting to test. However, the 

inhibitory control literature indicates that executive functions develop primarily via 

maturation of the pre-frontal cortex. Only two studies to date provide any evidence that 

skills controlled by executive functions can be improved through training (Dowsett & 

Livesey, 2000; Minear & Shah, 2008).  

In summary, the primary goal of the present investigation was to determine if 

development of general cognitive skills serves as mechanisms for biased children to 

overcome their reality status biases. These data provide empirical support for the 

influence of certainty understanding and inhibitory control development in children 

overcoming reality status biases to infer reality status from physical evidence. This 

finding fits well in the existing certainty understanding literature and the inhibitory 

control literature. Research on children’s understanding of certainty has found its 

development to be related to the development of children’s understanding of logical 

reasoning skills such as guessing versus making educated inferences (Pillow & Anderson, 
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2006). Additionally, research on the development of inhibitory control has found this 

executive function to be related to the development of Theory of Mind (Carlson & 

Moses, 2001), the curse of knowledge (Birch & Bloom, 2003; 2007), and other biases 

such as stereotypes (Payne, Shimizu & Jacoby, 2005).  

A secondary goal of this research was to investigate whether the development of 

general cognitive skills might enhance children’s overall ability to ignore their hypothesis 

on each trial. This research investigated whether, when children encountered evidence 

that contradicted their initial hypothesis, they were able to switch their response 

appropriately. Unlike the findings with inhibitory control and certainty understanding’s 

relation to reality status biases, the present investigation found that neither cognitive skill 

was related to hypothesis switching. Only age predicted whether children were better or 

worse at this task, with older children successfully switching more often than younger 

children. The differences in the cognitive resources required to abandon a hypothesis 

versus overcome a bias are interesting and raise additional questions for future empirical 

research. Arguably, abandoning a hypothesis that one does not feel strongly about 

requires very little inhibition, but overriding a strong bias requires much more cognitive 

resources. However, in the present investigation, this finding may be affected by the 

behavioral measure used to ascertain the children’s hypotheses. The behavioral measure 

used to ascertain children’s hypotheses was an implicit measure, and therefore, 

presumably, they were unaware of their hypotheses. In future studies, an explicit measure 

could be used to capture children’s hypotheses so that children are aware of their 

hypotheses. Perhaps an explicit hypothesis would require more inhibition and certainty 

tagging to discount. Thus, future studies may find that children do rely on their inhibition 

skills and certainty understanding to discount original hypotheses in each trial as well as 

overcoming general biases. 
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A third goal of the present investigation was to explore the origin of children’s 

reality status biases. Individual differences seem to account for whether or not children 

display reality status biases (Tullos & Woolley, 2009; Tullos, Woolley & Ikpeme, 2009). 

The present study replicated previous findings, demonstrating that approximately one-

third of children hold strong reality status biases which interfere with their ability to 

judge reality status. Although both measures of bias, the 10-question pretest and the 

hypothesis book choice measure, identified approximately one-third of children as 

holding strong reality status biases, it is interesting to note that the two measures of bias 

were not correlated with each other. Future studies should ascertain whether they identify 

the same bias or two distinct constructs.  When exploring the origin of children’s reality 

status biases, two factors that predict this bias were identified: (1) strong interest in 

fantastical play, as rated by parents, and (2) underdeveloped inhibitory control skills. 

Children whose parents rated them as strongly interested in fantastical play were more 

likely to display a reality status bias (either a credulity or a skepticism bias) than children 

whose parents rated them as more interested in realistic play. One possible explanation of 

this finding is that children who participate in fantastical play often may be more 

interested in the fantasy/reality distinction than children who participate in more realistic 

play, and therefore, these children may consider themselves experts in this domain. Thus, 

their strong opinions (biases) about reality/fantasy may be an outgrowth of their interest 

and expertise in this domain.  

Additionally, children who had underdeveloped inhibitory control skills in 

comparison to their peers were more likely to demonstrate a reality status bias. Thus, not 

only are children with poor inhibition skills more likely to display their bias if they have 

one, they’re also less likely to have the cognitive skills to overcome the bias in order to 

judge reality status correctly. Given the finding that children with poorer inhibition skills 
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are more likely to have a reality status bias, it would be interesting to explore whether or 

not this finding would replicate across domains, to stereotypes, for example. Do children 

who exhibit strong stereotypes also have poorer inhibition skills? Research on adults 

links inhibition with stereotype responses on implicit attitudes tests (Cunningham et al., 

2004; Devine, 1989; 1989b; Higgins & King, 1981; Payne, Shimizu & Jacoby, 2005), 

and it is assumed that maturation of the prefrontal cortex is related to the decline in 

stereotypes as children develop, but there is no research directly assessing whether 

inhibitory control development serves as a mechanism for the decline in stereotypes. It 

would be interesting to see if children with poorer inhibition skills are more likely to 

exhibit multiple biases than children with better developed inhibition skills.  

It is noteworthy that the result of inhibitory control skills predicting biases was 

only identified in the 6-year-olds’ data. Given that the 4-year-olds are just beginning to 

develop inhibition skills, their large variance on this task might have masked the finding 

that children with poorer inhibition skills in comparison to their peers are more likely to 

demonstrate reality status biases. Thus it may be the case that, as inhibition skills are 

maturing, children who are slower to develop are also more likely to have retained any 

existing biases. 

In conclusion, the ability to infer a novel entity’s reality status based on evidence 

develops primarily between the ages of 4 and 6, but can be thwarted by children’s 

existing reality status biases. Children with a great interest in fantastical play, and 

children with less developed inhibition skills are more likely to display reality status 

biases. Although these biases interfere with their ability to make reasonable inferences, 

children who have better developed certainty understanding and inhibition skills are 

better able to overcome their biases to make sound inferences about the reality status of 

novel entities. The present study identifies potential mechanisms involved in this process. 
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However, future research should investigate the causal links of these potential 

mechanisms by employing interventions to improve children’s certainty understanding 

and inhibitory control. Identifying these mechanisms will have great implications for our 

understanding of the role of biases in children’s scientific reasoning development, as well 

as our understanding of children’s fantasy/reality differentiation. 
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Appendices 

PARENT QUESTIONNAIRE: 
We’re interested in finding out more about your child’s interests and environment, 
specifically pertaining to his or her interest in fantasy and animals. Your responses will 
help us account for the differences between children so that each child is seen as an 
individual. Please be as specific and detailed as you wish. 
 
1. Please indicate which fantastical figures your child currently believes are real. 

• Santa Claus __ believes is real __ belief unknown __ believes is pretend 
• Easter Bunny __ believes is real __ belief unknown __ believes is pretend 
• Tooth Fairy __ believes is real __ belief unknown __ believes is pretend 
• Fairies  __ believes is real __ belief unknown __ believes is pretend 
• witches __ believes is real __ belief unknown __ believes is pretend 
• ghosts  __ believes is real __ belief unknown __ believes is pretend 
• dragons __ believes is real __ belief unknown __ believes is pretend 

 
Other: 
_______________________________________________________________________
_ 
 
2. Please list the television shows, video games, and books that your child enjoys and 
sees often. 
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
____________________________ 
 
What games does your child most enjoy playing? (Although your answer might include 
organized games such as “Chutes and Ladders” or soccer, please also list any 
unorganized games such as “playing trucks/dinosaurs” or “pretending to be a 
mommy/fairy” that your child enjoys and does often.) 
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
____________________________ 
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3. How would you rate your child’s level of fantasy orientation? (i.e., Does your child do 
a lot of pretending, have great interest in fantastical beings, watch television programs 
and read books that are fantasy oriented?) 

1__ child strongly interested in reality (e.g., plays sports) 
2__ sometimes child is interested in fantasy, but mostly interested in reality 
3__ child equally interested in fantastical and reality play/media 
4__ child is mostly interested in fantasy, but sometimes interested in reality 
5__child is strongly interested in fantasy (e.g., often engages in pretense, enjoys 
fantastical books, etc.) 

 
4. Do you have pets at home or does your child have pets that he or she interacts with 
often (at school, a relatives house, etc.)? Please check all that apply. 
___ pets at home ___ pets in other location (child sees often) __ no animal interaction 
 
5. Do you live on a farm or in a rural environment with animals/wildlife? 
______________ 
 
6. How often does your child visit a zoo or aquarium? __________________ 
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REAL VERSUS PRETEND PRETEST 
“Before we get started, let me ask you a few questions. I’m going to ask you 

about things that are real or pretend. Do you know what pretend means? ”  
(If child does not know the word ‘pretend’ you can tell them what it means, and substitute 
the word “not real” or “fake”, whichever one they know. A good explanation of pretend 
is “You can’t see pretend things in real life. Have you ever seen a singing fish in real 
life? No! So it’s pretend – it’s not real.”) 
OK, I want you to tell me whether these things are real like a cat (point to the picture) or 
pretend like a singing fish (point to picture).  
 
1. Tell me about dogs. Are dogs real like a cat or are dogs pretend like a singing fish?  

REAL  PRETEND 
 
2. What about dancing carrots. Are carrots that dance real like a cat or are fish that sing pretend 
like a singing fish?  REAL  PRETEND 
 
If child answers both correctly, move on to the explicit certainty measure. If child misses 
either question, ask them the next two questions. 
 
3. Tell me about purple cows. Are purple cows real like a cat or are purple cows pretend like a 
singing fish?  REAL  PRETEND 
 
4. What about horse. Are horse real like a cat or are horse pretend like a singing fish?   

REAL  PRETEND 
If child answers both correctly, move on to the explicit certainty measure. If child misses 
either question, ask them the next two questions. 
 
5. Tell me about birds. Are birds real like a cat or are birds pretend like a singing fish?   

REAL  PRETEND 
 
6. What about lizards that play the piano. Are lizards that play the piano real like a cat or 
are they pretend like a singing fish?  REAL  PRETEND 
 
Regardless of child’s answers, move on to the explicit certainty measure. 
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REALITY STATUS BIAS MEASURE 
Now I’m going to ask you about ten things, and you tell me if they’re real or pretend? 
OK?  
(If child says “don’t know”, ask them to guess. We need them to guess on all ten – 
prompt them to guess rather than accepting a “don’t know” answer.) 
 
1. Fossa REAL  PRETEND 
 
2. Gigas REAL  PRETEND 
 
3. Cowrie  REAL  PRETEND 
 
4. Gracilis REAL  PRETEND 
 
5. Longa  REAL  PRETEND 
 
6. Mola  REAL  PRETEND 
 
7. Murre  REAL  PRETEND 
 
8. Skua  REAL  PRETEND 
 
9. Uakari  REAL  PRETEND 
 
10. Sifaka  REAL  PRETEND 
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EXPLICIT CERTAINTY MEASURE 
Now let’s practice one more thing. Sometimes when we give an answer, we are a lot sure 
that we’re right. Other times we are only not sure about our answer. So, after I ask you a 
question, I’m going to ask you whether you are A LOT SURE, A LITTLE SURE, or 
whether you are NOT SURE. OK? For example, if I ask you a question that you’re sure 
you know the answer to, such as what color shirt you’re wearing, you could say that 
you’re a LOT SURE your shirt is ____. And if I asked you a question you don’t know the 
answer to, such as what my best friend’s name is, you can say you’re only not sure of 
your guess. But, if I ask you a question that you’re kind of sure you’re right, but not 
really sure, such as if I told you my favorite game is Candy Land, but I also like Chutes 
and Ladders, and I asked you what game you thought I would play today, you can say 
that you’re A little sure that I might play Candy Land. Let’s practice.  (Underlined 
answers are scored as correct.) 
 
1. What’s your name? OK, are you  
 

NOT SURE  A LITTLE SURE  or are you  A LOT SURE  
 
That’s right/Actually, since you know your name, you can say that you are a lot sure. 
 
Let’s try another one. 
 
2. What is this puppet’s name? (If no answer ask them to just guess.) OK, are you 
 

NOT SURE  A LITTLE SURE  or are you  A LOT SURE  
  

That’s right/Actually, since you don’t know the puppets name at all and just guessed, you 
can say that you are just not sure. 
 
3. Tom and Bob race down the street everyday. Tom has won once, and Bob has won 
twice. Who do you think will win the race today? OK, are you 
 

NOT SURE  A LITTLE SURE  or are you  A LOT SURE  
 

That’s right/Actually, since it’s a smart guess that Bob will win because he won more 
than Tom, but you’re not really sure who will win, you can say that you are a little sure. 
 
OK, let’s practice some more. Remember, if you’re really sure your answer is right, say 
that you are a lot sure. If you’re kind-of-sure, say you’re “a little sure”. However, if 
you’re not really sure, say that you are only not sure.  
 
4. What did you eat for breakfast? ___________ (enter child’s answer) OK, are you  
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NOT SURE  A LITTLE SURE  or are you  A LOT SURE  

 
That’s right/Actually, since you ate it yourself, you are a lot sure that you had food for 
breakfast, so you say that you’re a lot sure. 
 
Let’s try another one.  
 
5. What do you think I ate for breakfast? __________ (enter child’s answer). OK, are you  
 

NOT SURE  A LITTLE SURE  or are you  A LOT SURE  
 
That’s right/Actually, since you didn’t see me eat breakfast today, you can’t be a lot sure 
that I ate food for breakfast, so you should say that you’re not sure. 
 
6. Brett’s favorite foods are pizzas and hamburgers. For the last two days he has had a 
hamburger. Do you think that Brett is going to have another hamburger today, or will he 
have a pizza? _______ OK, are you: 
 

NOT SURE  A LITTLE SURE  or are you  A LOT SURE  
 
That’s right/Actually, since you made a smart guess, but you’re not really sure, you can 
say that you are a little sure. 
 
 
 
Number of Certainty Questions Answered Correctly _______ 
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INHIBITORY CONTROL MEASURE 
There are two order choices: (1) practice, matching A, incongruent A, matching 

B, incongruent B, and (2) practice, incongruent A, matching A, incongruent B, matching 
B. Read children the instructions for each block while viewing the first, sample picture in 
each block.  

 
Practice Block Instructions: The first screen that will appear is the welcome screen. 
Tell the child, “You are going to see some pictures on the screen. I want you to name the 
picture as fast as you can without making any mistakes. But, if you make a mistake, 
that’s OK, just keep going. Try to go as fast as you can.” 
 
Matching Block Instructions: A picture of a cat will appear on screen. “You’re about to 
see some pictures of animals on the screen. Name the animal as quickly as you can after 
it appears. Try not to make mistakes, but if you make mistakes that’s OK, just keep 
going.”  
 
Incongruent Block Instructions: A picture of a cat/horse animal will appear on screen. 
“You’re about to see some strange pictures where the animal’s head is different from its 
body. Sometimes the animal will be wearing a different animal’s head like this one, and 
sometimes it will have a cartoon face for a head. Your job is to name the animal’s body 
as quickly as you can. See this animal. It has a cat face and a horse body. Name this 
animal by its body. What animal’s body is that?” _______  
If child is wrong, explain again, and keep explaining and prompting until they 
understand.  
“Good. Now I want you to names these strange animals by their bodies as fast as you can. 
Try not to make any mistakes, but if you do, that’s OK, just keep going. Try to go as fast 
as you can.” 
 
Results:  
Average RT Matching A ______ sec. 
Average RT Matching B ______ sec. 
Average RT Incongruent A ______ sec. 
Average RT Incongruent B ______ sec. 
Average RT Control A ______ sec. 
Average RT Control B ______ sec. 
 
# of errors Matching A ______ 
# of errors Matching B ______ 
# of errors Incongruent A ______ 
# of errors Incongruent B ______ 
# of errors Control A _____ 
# of errors Control B _____ 
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EVIDENCE TASK INTRODUCTION  
Now I’m going to tell you what we’re going to do today. My friend, Dr. Kim, is a 

scientist who studies animals far away in China. She has found all kinds of new animals 

in China. When she finds a new animal, she puts it in blue boxes like these to carry back 

to her lab so she can study the new animal and take pictures of it before she lets it go. Do 

you want to watch a video of her working in her lab?  

* SHOW VIDEO* 
 

Sometimes the animals leave things behind in the blue boxes like food, or 

something from their home like a leaf. After she finds a new animal, Dr. Kim writes its 

name on a card. The animals all have new names that you’ve probably never heard of 

before. Dr. Kim also has cards for the pretend animals she has seen on TV. But, she has a 

problem. The cards of the real animals have gotten mixed up with the cards of the pretend 

animals. So, she asked us to help her figure out which are the real animals. Do you want 

to help me look in the boxes to figure out which of the animals are real?  

OK. Good. One last thing: Sometimes we’ll be able to use the clues in the boxes 

to tell if they’re real, but sometimes we just won’t be able to tell. And that’s OK. So I’m 

going to ask you each time if you can tell or if you can’t tell. 
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SUPPORTING EVIDENCE TRIAL. OK, let’s help Dr. Kim figure out which animals are 
real and which are pretend by using the clues in the animal boxes. Sometimes you’ll say 
your answer and sometimes you’ll use your tokens to answer questions. 
Introduce Animal: This card says “langurs”. Let’s see if we can find langurs in the books.  

Hypothesis Question: Remember, this is the real animal book, and this is the pretend animal 

book. Which book should we look in first? REAL ANIMAL BOOK  PRETEND 

ANIMAL BOOK  

Hmmm. Langurs aren’t in this book. Let’s look in the other one.  

Look in Box: Since langurs aren’t in either book, let’s see if we can figure out if they’re real or 

pretend by looking in the box to see if there’s a clue. Child sees leaves. What do 

you see in there?_________________ (Correct child if wrong – e.g., “Actually, 

that’s leaves.”) 

Read Clue: This card says Langurs eat leaves and ALWAYS leave little bits of leaves behind 

wherever they go. 

Identity Questions: Do you think one of Dr. Kim’s new animals was in this box?  Yes or No? 

Yes  or  No (If No, skip to Memory Question) 

a. (If Yes) What animal do you think was in this box?____________________ 

(If answer is langur, ask c. If “don’t know” or “other”, ask b & c)  

b. Let me ask you about which animal was in the box. Do you think it could have been 

langurs or do you think it was another animal?   

LANGURS   or ANOTHER ANIMAL/WHAT CHILD SAID 

c. How can you tell that a(n) (langur/other) was in there?_____________________ 

Memory Question: OK, remind me. What do langurs leave? (remembered?  Yes or No) If child 

didn’t remember, remind him/her. 

Reminder: Remember, we’re trying to help Dr. Kim figure out which animals are real. You said 

that __________ was in that box. (langur, other animal, nothing) 

Determinate Question: Is this a time when you can tell if langurs are real or not? Can you tell, or 

can you not tell?  (If child says “can’t tell”, end the trial.) 

CAN YOU TELL?  OR CAN YOU NOT TELL 

Reality Status Question: Do you think langurs are real like a cat or pretend like a singing fish?  
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REAL  PRETEND 
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IRRELEVANT EVIDENCE TRIAL. OK, let’s help Dr. Kim figure out which animals are 
real and which are pretend by using the clues in the animal boxes. Sometimes you’ll say 
your answer and sometimes you’ll use your tokens to answer questions. 
Introduce Animal: This card says “wokets”. Let’s see if we can find wokets in the books.  

Hypothesis Question: Remember, this is the real animal book, and this is the pretend animal 

book. Which book should we look in first? REAL ANIMAL BOOK  PRETEND 

ANIMAL BOOK  

Hmmm. Wokets aren’t in this book. Let’s look in the other one.  

Look in Box: Since wokets aren’t in either book, let’s see if we can figure out if they’re real or 

pretend by looking in the box to see if there’s a clue. Child sees pinecones. What 

do you see in there?______________ (Correct child if wrong – e.g., “Actually, 

that’s pinecones.”) 

Read Clue: This card says Wokets chew on wood and ALWAYS leave little pieces of chewed 

wood behind wherever they go. 

Identity Questions: Do you think one of Dr. Kim’s new animals was in this box?  Yes or No? 

Yes  or  No (If No, skip to Memory Question) 

d. (If Yes) What animal do you think was in this box?____________________ 

(If answer is woket, ask c. If “don’t know”or “other”, ask b & c)  

e. Let me ask you about which animal was in the box. Do you think it could have been 

wokets or do you think it was another animal?   

WOKETS   or ANOTHER ANIMAL/WHAT CHILD SAID 

f. How can you tell that a(n) (woket/other) was in there?_____________________ 

Memory Question: OK, remind me. What do wokets leave? (remembered?  Yes or No) If child 

didn’t remember, remind him/her. 

Reminder: Remember, we’re trying to help Dr. Kim figure out which animals are real. You said 

that __________ was in that box. (woket, other animal, nothing) 

Determinate Question: Is this a time when you can tell if wokets are real or not? Can you tell, or 

can you not tell?  (If child says “can’t tell”, end the trial.) 

CAN YOU TELL?  OR CAN YOU NOT TELL 
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Reality Status Question: Do you think wokets are real like a cat or pretend like a singing fish?  

REAL  PRETEND 
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No Evidence Trial. OK, let’s help Dr. Kim figure out which animals are real and which 
are pretend by using the clues in the animal boxes. Sometimes you’ll say your answer and 
sometimes you’ll use your tokens to answer questions. 
Introduce Animal: This card says “mahkas”. Let’s see if we can find mahkas in the 
books.  
Hypothesis Question: Remember, this is the real animal book, and this is the pretend animal 

book. Which book should we look in first? REAL ANIMAL BOOK  PRETEND 

ANIMAL BOOK  

Hmmm. Mahkas aren’t in this book. Let’s look in the other one.  

Look in Box: Since mahkas aren’t in either book, let’s see if we can figure out if they’re real or 

pretend by looking in the box to see if there’s a clue. Child sees nothing. What do 

you see in there?________________ (Correct child if wrong – e.g., “Actually, 

that’s nothing.”) 

Read Clue: This card says Mahkas are muddy and ALWAYS leave muddy tracks wherever they 

go. 

Identity Questions: Do you think one of Dr. Kim’s new animals was in this box?  Yes or No? 

Yes  or  No (If No, skip to Memory Question) 

g. (If Yes) What animal do you think was in this box?____________________ 

(If answer is mahka, ask c. If “don’t know” or “other”, ask b & c)  

h. Let me ask you about which animal was in the box. Do you think it could have been 

mahkas or do you think it was another animal?   

MAHKAS   or ANOTHER ANIMAL/WHAT CHILD SAID 

i. How can you tell that a(n) (mahka/other) was in there?_____________________ 

Memory Question: OK, remind me. What do mahkas leave? (remembered?  Yes or No) If child 

didn’t remember, remind him/her. 

Reminder: Remember, we’re trying to help Dr. Kim figure out which animals are real. You said 

that __________ was in that box. (mahka, other animal, nothing) 

Determinate Question: Is this a time when you can tell if mahkas are real or not? Can you tell, or 

can you not tell?  (If child says “can’t tell”, end the trial.) 

CAN YOU TELL?  OR CAN YOU NOT TELL 
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Reality Status Question: Do you think mahkas are real like a cat or pretend like a singing fish?  

REAL  PRETEND 
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