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Abstract of the Dissertation
It was long assumed that the capacity to represent false beliefs did not emerge until age 4
as evidenced by children’s performance on elicited-response tasks. However, recent evidence
that infants can succeed on non-elicited-response tasks has led many to conclude that this
capacity may be present much earlier than previously thought. Some have argued that this
conclusion is inconsistent with well-established associations between social factors (e.g. mentalstate language) and preschooler’s performance on elicited-response tasks. If infants understand
false beliefs, then why would social input predict preschooler’s performance on elicited-response
false-belief tasks?
I began to address this question in the current dissertation. I suggest that rather than
promoting the emergence of the ability to represent beliefs, social input fosters an individual’s
ability to use such representations in appropriate situations. Individuals who frequently hear and
use mental-state language may more readily attend to, encode, and retrieve information related to
agents’ mental states. Here, I tested three specific predictions that followed from this claim.
Experiment 1 showed that parental mental-state talk, which predicts toddlers’
performance on a verbal spontaneous-response false-belief task, also predicts 2.5-year-olds’
performance on a non-verbal spontaneous-response task. These findings suggest that parental
talk does not simply predict children’s ability to follow a verbal story, but rather that parental
mental-state language relates to children’s false-belief understanding. Moreover, parental
mental-state language did not predict children’s physical-reasoning abilities, suggesting that such
talk relates to children’s understanding of mental states rather than children’s general cognitive
abilities.
Experiment 2 replicated the finding that parental use of mental-state language predicts
children’s spontaneous-response false-belief performance, extended these findings to a new task,
and showed that 3-year-olds’ personal use of mental-state language also predicts their falsebelief performance.
Building on this finding, Experiment 3 demonstrated that the relationship between personal use
of mental-state language and false-belief performance is also present in adulthood: adults who
used more mental-state terms when describing individuals were better at quickly and accurately
predicting the actions of a mistaken agent.
Together, these findings provide evidence that social factors support individuals’ ability
to use their false-belief understanding in a variety of different situations across the lifespan.

x

CHAPTER 1
As members of a social species, we spend much of our everyday lives predicting and
interpreting the behavior of other individuals. Adults often do this by attributing to others
unobservable mental states such as goals, preferences, and beliefs. Researchers have long been
interested in the nature and development of this psychological reasoning ability.
In particular, considerable research has focused on when children can understand that
others can be mistaken, or hold false beliefs, about the world. When children demonstrate falsebelief understanding, it shows that they understand that mental states are representations of
reality and that whether mistaken or accurate, it is an individual’s representation that guides
his/her behavior. For this reason, false-belief understanding has been viewed as a litmus test for
understanding the mind (e.g., Gopnik & Wellman, 1994; Perner, 1991; Ruffman, 2014;
Wellman, Cross & Watson, 2001).
How does false-belief understanding develop? Traditionally, false-belief understanding
has been investigated using elicited-response tasks, which require children to answer direct
questions about the behavior of a mistaken agent (e.g., Wellman et al., 2001). In one such task
(Baron-Cohen, Leslie, & Frith, 1985), children hear a story enacted with props: Sally puts a
marble in a basket and then leaves; in her absence, Anne moves the marble to a nearby box.
Children are then asked where Sally will look for her marble when she returns. Beginning around
age 4, children typically indicate that Sally will look in the basket, where she falsely believes the
marble to be. In contrast, younger children incorrectly respond that Sally will look in the
marble’s actual location. This widely replicated finding suggested that the capacity to attribute
false beliefs to others did not emerge until at least age 4 (e.g., Gopnik & Astington, 1988; Perner,
Leekam, & Wimmer, 1987; Wellman et al., 2001).
These findings gave rise to a dominant view that the transition in children’s performance
on elicited-response false-belief tasks was indicative of a major conceptual shift in children’s
understanding of the mind (e.g., Carlson & Moses, 2001; de Villiers & de Villiers, 2003; Gopnik
& Wellman, 1994; Perner, 1995). Proponents of this view suggest that prior to the conceptual
shift children are incapable of understanding mental states as representational (e.g. Perner, 1991;
Gopnik & Wellman, 1994; Wellman, 2014). That is, young children do not understand that
people represent the world in their minds in a way that is separate and distinct from reality, and
that these mental representations guide people’s behavior.
This view led to a great deal of research on identifying factors that promoted the
conceptual shift in understanding false beliefs. One such factor is children’s exposure to and
personal use of mental-state language: terms that refer to psychological states such as think,
know, and understand. Children’s experience with this kind of language strongly positively
predicts their performance on elicited-response tasks during the preschool years (e.g., Adrián,
Clemente, Villanueva & Rieffe, 2005; Brown, McCall & Dunn, 1996; Devine & Hughes, 2016;
Ensor & Hughes, 2008; Howard, Mayeux & Naigles, 2008; Nielson & Dissanayake, 2000;
Ruffman, Slade & Crow, 2002). Parents’ use of mental-state terms in both laboratory settings
and home environments predicts their preschooler’s performance on elicited-response tasks
concurrently (e.g., Howard et al., 2008) and longitudinally (e.g., Ruffman et al., 2002).
Preschoolers’ performance on elicited-response tasks is also related to their personal use of
mental-state language in naturalistic settings such as free play with peers and siblings (e.g.,
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Hughes & Dunn, 1998; Brown, McCall & Dunn, 1996) and in laboratory settings (e.g., Nielson
& Dissanayake, 2000; Ruffman et al., 2002).
Several additional sets of findings provide further support for the relationship between
false-belief performance and the use of mental-state language. For instance, training parents to
use more mental-state language in conversations with their children improves children’s
performance on elicited-response false-belief tasks (e.g., Lohmann & Tomasello, 2003;
Taumoepeau & Reese, 2013). Conversely, in populations where parents use less mental-state
talk, such as deaf children of hearing parents and certain cultural groups, children perform worse
on elicited-response false-belief tasks (Gale, de Villiers, de Villiers, & Pyers, 1996; Mayer &
Träuble, 2013; Meristo et al., 2007; Moeller & Schick, 2006). These robust associations led
researchers to argue that use of and exposure to mental-state language facilitates the emergence
of the ability to represent and reason about false-beliefs during the preschool years (Astington &
Baird, 2005; de Villiers, 2005; Harris, 2005; Hughes, Fujisawa, Ensor, Lecce, & Marfleet, 2006;
Ruffman, 2014; San Juan & Astington, 2012; Taumeopeau & Ruffman, 2006, 2008).
However, a growing body of evidence suggests that the ability to attribute false beliefs
might be present much earlier than previously thought: when tested via other means, infants
appear to demonstrate false-belief understanding as early as 6 months of age (e.g. Buttelmann,
Suhrke, & Buttelmann, 2015; Kovács, Téglás, & Endress, 2010; Onishi & Baillargeon, 2005;
Scott, Baillargeon, 2009; Scott, He, Baillargeon & Cummins, 2012; Song & Baillargeon, 2008;
Southgate, Senju, & Csibra, 2007; Surian & Geraci, 2012; Träuble, Marinović, & Pauen, 2010).
For instance, infants visually anticipate where a mistaken agent will search for an object (e.g.,
Southgate, Senju, & Csibra, 2007; Surian & Geraci, 2012), look reliably longer when an agent’s
actions are inconsistent with her false belief (e.g., Onishi & Baillargeon, 2005; Träuble,
Marinović, & Pauen, 2010), and use an agent’s false belief to guide their own responses to that
agent (e.g., Buttelmann, Carpenter, & Tomasello, 2009; Southgate, Chevallier, & Csibra, 2010).
These positive findings from studies using non-elicited-response tasks have led many researchers
to conclude that the capacity to attribute false beliefs to others emerges in the first year of life
(e.g., Baillargeon, Scott, & Bian, 2016; Buttelmann et al., 2009; Carruthers, 2013; Kovács et al.,
2010, Southgate et al., 2007).
These findings challenge conceptual-shift accounts and, more specifically, call for a new
account that can explain why social factors, such as hearing and using mental-state language, are
related to the development of false-belief understanding. If, as suggested by the infant studies, a
representational understanding is present in the first years of life, then it cannot be that the
factors described earlier promote the formation of such an understanding in the preschool years.
I propose that rather than promoting children’s ability to represent beliefs, hearing and
using mental-state language fosters children’s ability to use their already existing false-belief
concepts in appropriate situations. This could occur in a number of ways, and here I propose four
specific mechanisms through which social experience might facilitate children’s false-belief
reasoning.
First, in order to infer and reason about an agent’s false beliefs, one must attend to that
agent’s behavior. This is demonstrated by the fact that disrupting children’s attention to an agent
interferes with their false-belief performance (e.g., Rubio-Fernández & Geurts, 2013) and that
adults’ inclination to attend to others’ mental states is more predictive of their everyday social
functioning than their ability to represent and infer mental states (e.g., Brandone et al., 2015).
Thus, children who frequently discuss mental states may become more motivated to, and
proficient at, attending to and considering others’ mental states.
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A second way that social experience and mental-state language might facilitate the use of
false-belief concepts is through inference. Attending to an agent does not guarantee that one will
successfully infer that agent’s mental states or reason about that agent’s subsequent actions: one
might be unable to create a causal model of the events unfolding within the scene due to a lack of
situational knowledge (e.g., Christensen & Michael, 2016). For instance, an infant observing her
mother texting might view this behavior as goal-directed yet be unable to determine what that
goal might be. Consistent with this possibility, although 6-month-olds can represent goals and
infer the goal of an agent’s reaching action (e.g., Luo & Baillargeon, 2005; Woodward, 1998),
they have difficulty inferring the goal of other actions such as pointing to or looking at an object
(e.g., Kim & Song, 2008; Woodward, 2003). Similarly, although children pass elicited-response
false-belief tasks by age four, even older children have difficulty with more advanced tasks that
require them to infer false beliefs based on more subtle situational cues (e.g., Devine & Hughes,
2013). Beyond drawing attention to others’ mental states, social experiences might facilitate the
acquisition of situational knowledge (perhaps in the form of schemas, Christensen & Michael,
2016), resulting in an improved ability to infer others’ mental states in a range of situations based
on the (sometimes limited) information available (e.g., Bianco, Lecce, & Banerjee, 2016).
A third mechanism through which social experience might facilitate false-belief
reasoning is by promoting memory retrieval. Successful false-belief reasoning sometimes
requires retrieving from memory information about types of social situations (as just discussed),
events that recently occurred in a specific situation, or mental states that one had previously
attributed to an agent in that situation. Social experiences might facilitate access to this
information via the creation of retrieval cues. In particular, learning and using mental-state terms
likely provides an especially useful tool for retrieving belief-relevant information, as well as
holding that information in mind while planning a response to an agent or to a question about
that agent (as in traditional false-belief tasks).
A final possible way in which social experience could support the use of false-belief
concepts is by promoting appropriate responding. Assuming that one successfully attends to,
infers, and retrieves an agent’s false belief, social factors might facilitate the ability to generate
appropriate responses based on that belief in several ways. First, because both children and
adults’ find their own perspective naturally salient (e.g. Birch & Bloom, 2007; Epley et al., 2004;
Lagattuta, Sayfan, & Harvey, 2014; Symeonidou, Dumontheil, Chow, & Breheny, 2016), they
must often inhibit their own knowledge in order to respond based on another individual’s
perspectives and beliefs (e.g. Carlson & Moses, 2001; German & Hehman, 2006; Leslie &
Polizzi, 1998). Social experiences might provide practice inhibiting one’s own beliefs and
desires in order to focus on those of another. Second, consider recent false-belief tasks in which
children are prompted to help a mistaken agent (e.g., Buttelmann et al., 2009; Buttelmann et al.,
2014; Buttelmann et al., 2015). In order to assist the agent, not only must children use the agent’s
false belief to infer the agent’s likely goal, but they must also (1) understand that the agent needs
help, (2) realize that they are capable of helping and choose to do so, (3) determine how they
could best assist, and (4) plan and execute that helping response. Successful responding thus
requires children to integrate multiple inferences about the agent’s mental states with inferences
about their own knowledge and capabilities in order to produce appropriate helping behavior.
Social experience likely plays a critical role in developing such integrative abilities.
The mechanisms described above have implications for the relationship between social
factors and false-belief understanding. Recall that according to conceptual-shift accounts (1)
false-belief understanding does not emerge until at least age four, as demonstrated by
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performance on elicited-response tasks, and (2) social factors predict performance on elicitedresponse tasks because they facilitate the emergence of false-belief understanding. On this view,
the relationship between social factors and false-belief understanding should be specific to
preschoolers’ performance on elicited-response tasks: these factors should not predict earlier
performance on non-elicited-response tasks (because these task assess rudimentary abilities
rather than false-belief understanding), nor should this relationship persist after the ability to
represent beliefs is attained. However, if social factors facilitate the use, rather than the
emergence, of mental-state concepts, as I have argued above, then there is no reason why the
relationship between these factors and false-belief understanding should be specific to
preschoolers’ performance on elicited-response tasks: this relationship should be evident across
the lifespan in a variety of tasks. In my dissertation, I investigated three specific predictions that
follow from these claims.
My first prediction is that parental use of mental-state language should be related to
children’s performance on non-elicited-response false-belief tasks prior to age 3. Consistent with
this prediction, I recently found that parental use of mental-state language was associated with
2.5-year-olds’ performance on a verbal anticipatory-looking false-belief task (Roby & Scott, in
prep, 2015). These findings provide the first evidence that parental mental-state talk is related to
false-belief understanding prior to age 3, and that this relationship extends to non-elicitedresponse tasks. However, the reasons for these correlations remain unclear. Because the task we
utilized involved a verbal false-belief story, parental language might have predicted children’s
comprehension of the language in the task (e.g., Hurtado, Marchman, & Fernald, 2008), or their
ability to follow a verbal story rather than false-belief understanding per se. Another possibility
is that parental talk about mental states is related to children’s general cognitive abilities rather
than their false-belief understanding specifically. In order to provide definitive evidence for my
prediction, these issues must be addressed. In Project 1 of my dissertation I addressed these
questions by testing whether parental mental-state talk predicts 2.5-year-olds’ performance on a
nonverbal anticipatory-looking false-belief task and physical-reasoning task.
A second prediction that stems from my account is that young children’s personal use of
mental-state language should be related to their performance on non-elicited-response falsebelief tasks. I tested this prediction in Project 2 by collecting samples of 3-year-old children’s
mental-state language as they took part in activities with their parent. They then completed two
non-elicited-response false-belief tasks, and I examined whether or not their use of mental-state
language predicted performance on either false-belief task.
My final prediction is that personal use of mental-state language should be related to
adult’s performance on false-belief tasks. I explored this question in Project 3. Adult participants
completed a picture description task, and I assessed the mental-state language they used during
the task. In addition, participants completed speeded and un-speeded measures of false-belief
understanding and I investigated whether or not their personal use of mental-state language
predicted performance on either of these measures.

CHAPTER 2
Adults routinely interpret and predict others’ behavior based on their underlying mental
states (i.e. thoughts, goals, intentions). As a result, we can identify with Luke Skywalker’s desire
to become a Jedi knight and his intention to defeat the evil Galactic Empire, all the while not
knowing that Darth Vader, the leader of the enemy army, is his father. This ability, known as
psychological reasoning, underlies many of our interpersonal interactions and is crucial for
navigating the social world. Given the essential role psychological reasoning plays in our
everyday functioning, a large body of research has been dedicated to understanding when and
how this ability develops.
In particular, researchers have focused on when children understand that others’ can have
false beliefs, or be mistaken about the true state of the world. Traditionally, false-belief
understanding has been tested using elicited-response false-belief tasks, which require children to
answer direct questions about a mistaken agent. For instance, in one version of this task, children
are told a story and see a series of events acted out with props: A boy named Maxi places a bar
of chocolate in a kitchen cupboard. He then leaves to go outside and play. While he is gone, his
mother uses some of the chocolate to make a cake. She then moves the remaining chocolate to a
different cupboard. Finally, Maxi returns to the scene and children are asked, “Where will Maxi
look for the chocolate?” 4-year-olds correctly say that Maxi will search in the cupboard where he
originally left the chocolate, suggesting they are capable of representing and reasoning about
Maxi’s belief. However, younger children incorrectly state that Maxi will look for the chocolate
in its actual location, suggesting a failure to appreciate the mistaken character’s mental state.
These findings have been replicated hundreds of times using a variety of other paradigms (e.g.
Gopnik & Astington, 1988; Perner, et al., 1987; Wellman et al., 2001), and led to the dominant
view that false-belief understanding does not develop until at least age 4.
However recent evidence suggests that false-belief understanding may be present much
earlier. This evidence comes from studies that capture the spontaneous responses children make
when viewing a scene in which a character holds a false belief (e.g. Kovács et al., 2010; Onishi
& Baillargeon, 2005; Scott & Baillargeon, 2009; Surian & Garaci, 2012; Träuble et al., 2010).
For instance, some tasks measure where children look in anticipation of Maxi’s return (e.g.
Southgate et al., 2007), or how long children look if Maxi’s actions are inconsistent with his
belief (e.g. Onishi & Baillargeon, 2005). Using such tasks, positive evidence has been reported
with children as young as 6 months, suggesting that false-belief understanding is present in the
first year of life (e.g., Southgate & Vernetti, 2014).
These findings raise many questions about the development of false-belief understanding.
One question that has received attention is how to reconcile the findings that infants may
demonstrate false-belief understanding with the well-established positive relationship between
preschooler’s exposure to certain social experiences and their performance on elicited-response
false-belief tasks. For instance, preschoolers from larger families (e.g., Perner, Ruffman, &
Leekam, 1994) and those with same-aged or older siblings (e.g., McAlister & Peterson, 2013)
show superior performance on elicited-response false-belief tasks. There is also a wellestablished relationship between preschoolers’ false-belief performance and their exposure to,
and use of, mental-state language: terms that refer to psychological states such as think, know,
and understand (Adrián et al., 2005; Brown et al., 1996; Ensor & Hughes, 2008; Howard et al.,
2008; Nielson & Dissanayake, 2000; Ruffman et al., 2002). Some researchers have argued that
children’s exposure to certain social experiences facilitates the emergence of the capacity to
represent beliefs during the preschool years (e.g. Carpendale & Lewis, 2004; de Villiers, 2005;
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Ensor & Hughes, 2008; Meins et al., 2003; Nelson, 2005; Ruffman, 2014; San Juan & Astington,
2012; Taumoepeau & Ruffman, 2016). However, if the capacity to represent beliefs emerges in
infancy, as indicated by the recent findings with children under the age of 3, then it cannot be the
case that social experience gives rise to this ability.
One possibility is that rather than promoting the emergence of the ability to represent
beliefs during the preschool years, social experiences support the use of these representations to
reason about behavior. More specifically, we suggest that the ability to represent beliefs emerges
in infancy, but that social experiences facilitate the ability to infer, retrieve and respond
appropriately to a mistaken agent’s belief. On this view, social experiences should facilitate
false-belief reasoning across the lifespan, both prior to and after the preschool years.
Consistent with this view, I recently found that parental use of mental-state language was
associated with 2.5-year-olds’ performance on a verbal anticipatory-looking false-belief task
(Roby & Scott, 2015). Children heard a false-belief story accompanied by a video in which two
characters, Lucas and Jacob played hide-and-seek. Lucas peeked and saw Jacob hide in a tent
(false-belief location). When Lucas closed his eyes, Jacob snuck under a table (reality location).
Children then saw Lucas standing between the two locations and heard, “Ready or not! Here I
come!” Children’s anticipatory looking to the two locations was calculated. In addition, parents
described images to their child and we calculated the percentage of their utterances that included
mental-state terms (e.g., Taumoepeau & Ruffman, 2006, 2008). Children’s tendency to look
towards the false-belief location in anticipation of Lucas’ search for Jacob was correlated with
parental use of mental-state language. These findings provide the first evidence that parental
mental-state talk is related to false-belief understanding prior to age 3, and that this association
extends to non-elicited-response tasks.
However, these results also raise several questions about the nature of this relationship.
Because the task described above involved a verbal story, it is possible that parental talk merely
facilitated children’s comprehension of the story itself rather than the character’s underlying
mental states (e.g., Hurtado, Marchman, & Fernald, 2008). Second, it is possible that parental
mental-state language is not related to children’s false-belief understanding per se, but instead is
related to children’s overall cognitive abilities. For instance, such talk might support children’s
ability to anticipate or make predictions about impending events, whether or not mental states are
involved.
To address these questions, in the present study, I investigated whether parental mentalstate talk predicts 2.5-year-olds’ performance on two nonverbal spontaneous-response tasks: a
false-belief task and a physical-reasoning task. In the false-belief task, children viewed events in
which an agent came to hold a false belief about the location of an object. Children first viewed
two familiarization trials in which an agent (A1) stood behind a robot and two identical boxes.
A1 played with the robot briefly then left. Another agent (A2) entered, put the robot in a box
(side counterbalanced), and left. The robot remained partly visible. A1 returned and retrieved the
robot. In the test trial, one of the boxes was large enough to hide the robot and the other was too
small (side counterbalanced). A1 again played with the robot then left. A2 entered, accidentally
broke the robot in half, fully hid the pieces inside the small box, and left. A1 returned and
approached the table. We measured children’s anticipatory looking to each container as A1
approached. If children attributed to A1 a false belief that the robot was one piece, they should
expect him to infer that the robot must be in the large box (where it could be fully hidden) and
look there in anticipation of his search (anticipatory-looking measure).
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The physical-reasoning task (adapted from Lee & Kuhlmeier, 2013) involved a series of
falling events in which children viewed a female actress drop a ball into one of two S-shaped
opaque tubes. The tubes were connected between an upper and lower platform. Below the lower
platform were three hidden cups that would catch the ball when it was dropped. We measured
which of the three cups children looked to in anticipation of the ball landing. Previous research
has shown that when 2-year-olds view occluded falling events, they visually anticipate that the
ball will fall straight down from location where it was dropped rather than visually following the
occluded trajectory of the ball to anticipate where it will land (e.g. Lee & Kuhlmeier, 2013). This
tendency is referred to as gravity bias. Children are more likely to show a gravity bias response
when they view the ball being dropped into a tube opening that is directly above where a second
tube is connected to the bottom platform. Events that do not have a second tube connected below
the drop location elicit less gravity bias (e.g. Hood, 1995). We included both types of events in
the current study. Based on prior research with this task, we expected the 2.5-year-olds in our
study to exhibit variability in how vulnerable they were to the gravity bias. This would then
allow us to examine whether or not their ability to anticipate the outcomes of these falling events
was related to their parent’s use of mental-state language.
After completing these two tasks, parents described images to their child (as in Roby &
Scott, 2015). Our goal was to examine whether the mental-state terms parents used during this
activity predicted their children’s performance on either the false-belief task or the physicalreasoning task. If parental use of mental-state talk is associated with young children’s
performance in an entirely non-verbal false-belief task, this would provide evidence that such
talk is related to children’s understanding of mental states, and not just the language involved in
the task. Further, if parental mental-state language is related to children’s performance on the
false-belief task but not the physical-reasoning task, this would provide evidence that such talk
does not simply predict general cognitive abilities such as the ability to predict impending
events, but rather that it is specifically related to children’s reasoning about mental states. Thus,
the findings from this study will help to clarify the nature and extent of the relationship between
early false-belief understanding and parental mental-state talk.
Experiment 1
Method
Participants. Thirty-seven 2.5-year-olds (27.3 – 31.7 months, M = 28.9 months), 19
male and 18 female, participated in the study. This sample size was selected based on our
previous study, Roby and Scott (2015), and would allow us to detect an effect of the size we
obtained in that study with an observed power of .89. An additional fifteen children completed
all tasks but were excluded because they were fussy during the false-belief task (2), they did not
anticipate correctly during the familiarization trials of the false-belief task (see Coding section)
(2), they were inattentive when the character broke the toy during the test trial (4), his eyes were
off-screen during the anticipatory-looking window of the test trial (1), experimenter error (4),
parental interference (1), or because the child completed the picture-description task with her
grandparent (1). An additional 6 children were excluded because they failed to complete one or
more of the tasks: 4 children failed to complete the false-belief task, 1 failed to complete the
picture-description task, and 1 did not successfully complete any of the tasks.
All children were native English or Spanish speakers. Children’s vocabulary was
measured using the short form of the MacArthur-Bates Communicative Development Inventory
(MCDI), Level 2 (Fenson et al., 2000). Depending on which language their child spoke, parents
completed either the English (N = 22) or the Spanish (N = 2) version of the MCDI-II. If a parent
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indicated that their child spoke both languages, they completed both forms (N = 13). English
vocabulary scores ranged from 7 to 100 with a median of 37.5. Spanish vocabulary scores ranged
from 2 to 99 with a median of 26. The majority of children completed the picture-description
task with their mother (N = 32); the remainder completed the task with their father (N = 5). We
recorded the education level of the participating parent: 2 had less than a high school diploma, 19
completed high school, 5 had an Associate’s degree, 4 had a Bachelor’s degree, 4 had a Master’s
degree, and 3 completed a professional degree such as an MD or PhD.
Parents were asked to indicate their child’s race and ethnicity: 20 of the children were
identified as White, 4 as Asian, 2 as African American and 1 as American Indian or Alaska
Native; 5 parents chose ‘other race’, and 5 chose not to respond. 21 children were identified as
Hispanic or Latino, 15 as Not Hispanic or Latino, and 1 parent chose not to respond.
The toddlers’ names were obtained from birth records provided by the California
Department of Public Health and from parents who had previously expressed interest in
participating in research projects with their children. Parents provided written informed consent
for participation.
Stimuli
False-belief task. Stimuli consisted of three video-taped trials that depicted two male
actors interacting with a toy robot and several sets of boxes. All children saw two familiarization
trials and one test trial. A separate video was played for each trial. Each trial consisted of an
initial phase followed by a final phase. The duration of the initial phase was fixed and identical
for all participants. The duration of the final phase was child-controlled1. Participants were
assigned to one of two side conditions; the same videos were shown in each condition, but for
one condition the videos were flipped using video software so that the sides of all events were
reversed. For the ease of description, events are described from the perspective of children who
saw the un-flipped videos.
In the first familiarization trial, a male agent (A1) stood at a table that held a toy robot (6
x 17cm) and two identical red boxes (16 x 11 x 6.5 cm) spaced 91 cm apart (see Figure 1). A1
picked up the robot (2s) and then played with it, making the robot hop to the right (2s), then hop
to the left (2s). Next, there was a knocking sound (2s) and A1 turned towards it (2s). A1 placed
the robot on the table (2s), turned and walked towards a door at the back of the room (6s), and
exited through the door (2s). The door closed behind him. After a 2-s pause, another male agent
(A2) entered from the right side of the screen and stopped centered between the boxes (6s). He
picked up the robot, looked at it (2s), and made it jump in the air (2s). A2 looked left and right
while making a sneaky face (2s). He set the robot down next to the left box (2s), grasped the lid
of the box, lifted the lid (2s), and then placed the robot inside (2s). He placed the lid back on the
box; however the robot was too big to fit fully inside, so its arm stuck out from the top of the box
(1s). A2 then exited to the right (4s). He made a sneaky face and looked back and forth as he left.
After 1 second, A1 knocked three times on the door at the back of the room (2s). He opened the
door (1s), turned to close it behind him (2s), faced the table (1s), and then walked in a straight
1

In order for children to correctly anticipate the behavior of the mistaken agent in the test trial,
it was imperative that children learn that the agent would always search for his robot in one of
the boxes when he returned to the scene. Prior studies using anticipatory-looking measures (e.g.,
Southgate et al., 2007) have reported high drop rates because children fail to learn how the agent
will behave in 2 trials. In an effort to improve the likelihood that children would learn to
correctly anticipate the agent’s behavior during the familiarization trials, we allowed children to
inspect the final scene for as long as they desired.
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path towards the table (7s). A1 walked with his head down, not looking towards either box.
When A1 reached the table, he stopped and stood between the two boxes. Maintaining a neutral
face, he turned to the box on the left (the one containing the robot) (1s), reached for and grabbed
the lid with his right hand (1s), lifted the lid (1s), and retrieved the robot with his left hand (1s).
He placed the lid back on the box (1s), looked at the robot, and then placed the robot on the
table, centered between the two boxes (3s). A1 then paused until the trial ended (see Apparatus
and Procedure section for description of criteria used to end trials).
The second familiarization trial was identical to the first with two exceptions. First,
different boxes were used. In the second familiarization trial, the boxes were blue and measured
12 x 16.5 cm. Second, after sneaking in and playing with the robot, A2 hid the robot on the left
side. These trials served to establish that A2 always hid the robot in A1’s absence, and that A1
expected the robot to be in one of the boxes when he returned to the scene.
The order in which children viewed the familiarization trials was counterbalanced.
Approximately half the children saw A2 hide the robot in the red box first, and half saw A2 hide
the robot in the blue box first.
False-belief test trial. Following the familiarization trials, children received a single test
trial. At the start of the trial, A1 again stood behind the table (see Figure 2). In this trial, the two
boxes differed in size: one was large enough for the robot to fit inside (23 x 14.5 x 7.5 cm), while
the other was too small (11.5 x 11.5 x 10 cm). The test trial began in the same way as the
familiarization trials: A1 played with the robot, heard a knock at the door, placed the robot on the
table, and left through the door behind him. A2 again entered and approached the robot. As in the
familiarization trials, he picked up the robot and held it with two hands (2s). He moved the robot
to produce jumping motions in the air, 2 times to the right, and then 2 times to the left (2s), but
during this second motion, he accidentally broke the robot into two pieces (1s). A2 made a
shocked facial expression while looking at the broken pieces of the robot in his hands (2s). He
quickly looked side to side (as if to see whether anyone had witnessed the robot breaking) (1s)
and then placed the broken robot pieces on the table next to the small box (1s). He grasped the
lid of the small box with his left hand (1s) and lifted it to open the box (1s). A2 then picked up
the broken robot pieces, hid them inside the small box, and then placed the lid back on the box,
fully hiding the robot (3s). A2 exited the scene to the right, while looking back and forth with a
guilty expression (4s). After 1 second, A1 knocked three times on the door at the back of the
room (2s), opened it (1s), entered and closed the door behind him (1s). He turned so that he was
facing the table and walked in a straight path towards the table (7s). As in the familiarization
trials, A1 walked with his head down, not looking towards either box. When A1 reached the
table, he stopped and stood between the two boxes. Maintaining a neutral face, he grasped the lid
of either the large box or the small box (1s) then paused until the trial ended.2
Physical-reasoning task. Stimuli consisted of 9 trials. All children saw three
familiarization trials and six test trials. A separate video was played for each trial. The duration
of each trial was fixed and identical for all participants. All trials are described from the child’s
perspective.
2

Given that the familiarization trials were child-controlled, we also allowed the test trial to be
child-controlled, and included these two outcomes in an exploratory manner. However, because
in the current task children only saw one test event, and our small sample was split equally
between these two events, we did not achieve adequate power to analyze these measures in
relation to parental talk. We therefore confined all analyses of this task to the anticipatorylooking measure.
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In the three familiarization trials, a female actress stood centered behind a table holding
an opaque tube in her right hand (4.5 x 66 cm; held at approximately 45 degrees) and a small ball
in her left hand (3 cm). She wore a visor in order to avoid giving gaze cues (see Figure 3). After
a 2-s pause, the actress said, “Hey, look” while looking at the camera (2s). She then lowered her
head so that her eyes were no longer visible (1s), raised her hand above the upper opening in the
tube (2s) and released the ball into the opening of the tube. The ball passed through the tube and
rolled off the left side of the screen (3s). After dropping the ball, the actress paused with her head
down and her arm just above the opening where she had dropped the ball until the trial ended.
The familiarization trials demonstrated to the children that the tube was hollow, and thus a ball
would pass through the tube when it was dropped into it.
Children then saw six test trials in which the actress stood centered behind an apparatus
(see Figure 4). The apparatus consisted of a white wooden frame (61 x 13 x 52 cm) with an
upper and lower platform. There were three openings on both the top and bottom platform,
spaced 20 cm apart. Two pieces of blue opaque flexible tubing were used to form connections
between the openings in the top and bottom platforms. The pieces of tube were 4.5 cm wide and
either 50 or 66 cm long. Three transparent cups were placed below the bottom platform directly
under the three lower openings (3 x 6.5 cm). A white opaque flap was connected to the bottom
front edge of the apparatus (61 x 13 x 13 cm). The flap could be flipped up to fully occlude the
transparent cups, or could be flipped down so that it was flush with the table, making the cups
fully visible.
In each of the six test trials, the actress stood behind the apparatus. At the start of each
trial, the opaque flap was up, occluding the transparent cups. There was a 2-s pause and then the
actress looked at the camera and said, “Hey, look” (2s). She then lowered her head so that her
eyes were no longer visible (1s). The actress raised her hand above the upper platform of the
apparatus and held it there for 1 second before dropping the ball into one of the openings. The
actress then brought her hand back down behind the apparatus and paused with her head down
(1s). After 3 seconds, the opaque flap dropped down, revealing the location of the ball and the
scene paused for 6 seconds.
Children viewed both gravity-bias and filler trials. Gravity-bias trials involved the actress
dropping the ball into an opening in the apparatus that was directly above a location where the
second tube was connected to the bottom platform. Filler trials did not have another tube
connected in this position.
Children viewed the three familiarization trials, followed by six test trials, which were
administered in one of five orders. The orders were counterbalanced such that every child saw
two filler trials (1 with parallel, one with crossed tubes) and 4 gravity-bias trials (1 with parallel,
3 with crossed tubes) (see Figure 5 for sample configurations). Using both parallel and crossed
tubes configurations is consistent with prior literature (e.g. Lee & Kuhlmeier, 2013) and allowed
us to show children a larger number of gravity-bias trials without repeating configurations. The
filler trials were included to help reduce fatigue and to simplify counterbalancing. No child saw
the same configuration twice, the same drop location 2 trials in a row, or two filler trials in a row.
The end ball location (e.g., left, center, right) never appeared more than three times in any
condition, and the ball never appeared in the same end location more than twice in a row.
Picture-book task. The picture book consisted of 23 (20 x 28 cm) color photos placed
into 20 x 28 cm clear plastic sleeves and assembled in a three ring binder (picture book). The
photos displayed images of adults and children engaging in a variety of activities (e.g. building
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with blocks, milking a cow, feeding ducks, etc.) and reflected a variety of emotions (e.g. anger,
happiness, sadness). The pages did not contain any words.
Apparatus and Procedure
Children played with toys in the lobby while their parent completed the consent form and
the MCDI-II. They were then brought into an adjoining room where they sat on their parent’s lap
and completed the false-belief and physical-reasoning tasks (order counterbalanced across
children). After completing both tasks, the children and their parents were taken to a separate
room where they completed the picture-book task. The duration of the entire study was
approximately 30-45 minutes.
Spontaneous-response tasks. Children sat on their parent’s lap in front of a large
television screen (68.5 cm × 122 cm) approximately 91.5 cm away. A camera hidden at the base
of the television (centered, 89 cm high) recorded children’s eye movements during the study.
Parents were asked to close their eyes or look down to prevent them from biasing their children’s
responses during the video. The children viewed the stimuli on the television, which was
connected to a Macintosh computer. This computer controlled the presentation of the
experimental stimuli using custom software written in Python (Peirce, 2007).
False-belief task. The Python software selected the correct version of each trial based on
the child’s condition and presented the video on the center of the television screen. The software
also controlled the duration of each trial. An experimenter observed the child on a monitor and
pressed a button on the keyboard whenever the infant attended to the video. The software
separately computed looking times for the fixed-duration and infant-controlled portions of each
trial; looking times during the child-controlled portion of the trial were used to determine when
each trial ended. In between trials, an attention-getting stimulus (e.g. a yellow smiley face
measuring 28 cm x 20 cm) was presented on the screen for 4s and a brief tone sounded to attract
children’s attention back to the television screen.
At the start of the experiment, the attention-getter was presented in the center of the
television screen. When the child was still and looking at the screen, the experimenter started the
presentation of the stimuli. Children first viewed the two familiarization trials appropriate for
their condition, followed by the test trial appropriate for their condition. Each trial ended when
the child either (1) looked away for 2 consecutive seconds after having looked for at least 8
cumulative seconds or (2) looked for 60 cumulative seconds without looking away for at least 2
consecutive seconds.
Physical-reasoning task. There was a set duration for each trial of the study. The
familiarization trials were 13-s long and the test trials were 15.5-s long. In each of the
familiarization and test trials, children viewed the event and then the scene paused for 6s, at
which point the trial ended. Between trials, an attention-getting stimulus was presented on the
screen. Children saw either a yellow smiley face measuring 28 x 20 cm for 4s in combination
with a short beep, or an image of a baby measuring 30 x 19cm in combination with a 4-s audio
clip of a baby laughing.
Picture-book task. Children sat on their parent’s lap facing a table. A camera was
centered on the table to capture the parents’ verbal utterances. A second camera was mounted
above and behind the child in order to capture the stimuli.
Parents were asked to look at the picture book with their child. They were instructed to
go through each picture with their child as though they were looking at a book at home. Parents
were encouraged to speak in whichever language they felt most comfortable. The experimenter
then left the parent and child in a room alone until they finished looking at the images.
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Coding
False-belief task. In order to present events that were contingent on the children’s
looking times, an experimenter completed online coding during the presentation of the three
video-taped trials. The experimenter was blind to the child’s condition. A trained coder who was
naïve to the child’s condition later coded children’s looking behaviors offline, frame-by-frame
from silent video. The offline coder’s looking times were used in all analyses. For all three trials,
the coder first watched the silent video and indicated whether children were looking at the screen
or looking away during each frame of the video. For child-controlled portions of the trial, the
offline coder used the same trial-ending criteria as described above. 50% of the videos were
coded by a second coder who was naïve to the child’s condition. The two coders agreed on the
children’s direction of gaze for 96% of coded video frames.
Preliminary analyses indicated that the children were highly attentive during the initial
phase of both familiarization trials, and the test trial. They looked on average for 97%, 95%, and
92% of the initial phases, respectively.
For the anticipatory-looking measure, in the test trial we coded where children looked
(left box, right box, other location within the screen, or away) during a 4-s window that began
when the agent was facing forward and began to approach the table. The duration of this window
was based on prior studies examining anticipatory looking (e.g. Garnham & Ruffman, 2001;
Low, 2010). We computed children’s looking time in seconds to the large (belief-consistent
location) and small (belief-inconsistent location) boxes. In addition, we calculated an
anticipatory-looking difference score: looking time to belief-consistent location – looking time to
belief-inconsistent location.
The familiarization trials served to show children that A1 had the goal of retrieving his
robot from one of two boxes. If children did not detect this pattern, their looking behaviors in the
test trial would be uninterpretable. We therefore also coded children’s anticipatory-looking
behavior during the familiarization trials. To be included in the sample, children had to
successfully anticipate the agent’s behavior (i.e. look longer at the box that held the robot than to
the other box) during the agent’s approach in at least 1 familiarization trial. 30 of the included
children successfully did so during the 4-s window corresponding to the window used in the test
trial. An additional 7 children failed to anticipate during this window, but correctly anticipated
during the 4-s preceding this window in at least 1 familiarization trial. During this window the
agent had re-entered the room, pulled the door shut, and was beginning to turn towards the table.
Analyses excluding these 7 children produced the same pattern of significant results as the full
sample; these children were therefore included in all analyses reported here.
67% of anticipatory-looking trials were coded by a second coder who was naïve to the
child’s condition. The two coders agreed on the children’s direction of gaze for 96% of coded
video frames.
Physical-reasoning task. For the 6 test trials, the coder indicated the direction of
children’s gaze (left container, center container, right container, actress, or away) during a 3s test
window. The test window began when the actress released the ball into the tube, and ended when
the white flap at the bottom of the apparatus began to open. 50% of the familiarization and test
trials were reliability coded by a second coder who was naïve to the child’s condition. The two
coders agreed on the children’s direction of gaze for 93% of coded video frames during the 3s
test window.
We computed children’s looking time in seconds to the 3 possible drop locations (correct
location, gravity-bias location, other location) during the 4 gravity-bias trials. In addition, we
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calculated an anticipatory-looking difference score: looking time to correct location – looking
time to gravity bias location (average across gravity-bias trials).
Picture-book task. Parent language was transcribed verbatim. Other sounds or
exclamations were not included in the transcription (e.g. gasps, sighs, groans, etc.). Parents
completed the picture-book task in either English (32) or Spanish (5). If parents spoke in Spanish
during the task, their words were first transcribed by a native Spanish speaker. The transcriber
then translated the parental utterances into English. We examined the percentage of utterances
that contained mental-state terms rather than total number of mental-state terms in order to
control for overall parent verbosity (e.g., Meins et al., 2003; Taumoepeau & Ruffman, 2008).
The general criteria for mental-state word inclusion were taken from previous research on
mental-state language (e.g., Taumoepeau & Ruffman, 2008). Under these standards, perfect
repetitions of a word or phrase made by a parent in response to their child were not included. In
addition, utterances containing only the phrase “I don’t know” were excluded from analysis.
We utilized Linguistic Inquiry and Word Count (LIWC; Pennebaker, Booth, & Francis,
2007) to identify parental utterances that included mental-state terms. LIWC is a commonly used
text-analysis program that analyzes written text on a word-by-word basis and can be used to
identify the proportion of words within a body of text that fall into different categories.
In order to investigate possible differences in the pattern of relationships between specific
types of mental-state terms and children’s false-belief performance, we used LIWC to identify
five separate categories of mental state terms: cognition, emotion, desire, modulations of
assertion and other mental-state references. The first category included words directly related to
cognition such as “think” and “know.” The second category, emotion words, included items
directly related to affect such as “happy,” “sad,” “mad,” as well as less specific references that
could be interpreted as emotional, “unhappy,” “disappointed,” “worried.” Parent references
about desires included words such as “want,” “love,” “like,” “doesn’t like.” The fourth category,
modulations of assertion, included words that are used to modify the certainty of a given
proposition. For example, words such as “might,” “maybe,” and “could” can be used to indicate
the level of confidence one has in a given statement (e.g. I think it’s a frog, but it might be
something else). These terms were included because their use has been correlated with falsebelief understanding in previous research with older children (Brown et al., 1996). A final
category for other mental state words was included for words that may not relate directly to
cognition but still relate to mental states. Examples include words such as “dream,” “wonder,”
“consider.” A summary of the utterance categories is included in Table 1.
Results
Performance on the Spontaneous-Response Tasks
Performance on the anticipatory-looking task. Preliminary analyses of children’s
looking times to the large and small boxes in the test trial revealed no interactions of box and the
order tasks were presented or side condition, all Fs < 1, all ps > .19 (all tests are two-tailed
unless stated otherwise). Children’s anticipatory-looking difference scores were not correlated
with age, vocabulary, or their average looking time in the familiarization trials, all ps > .56.
These factors were not examined further.
Children’s looking times (in seconds) to the two boxes during the anticipatory-looking
window were analyzed using an ANOVA with box (large, small) as a within-subject factor and
sex (male, female) and familiarization trial order (red box first, blue box first) as betweensubjects factors. This analysis revealed a significant effect of box F(1, 33) = 5.14, p = .03.
Children looked significantly longer at the small box (M = .72, SD = .84) than the large box (M =
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.37, SD = .53), suggesting that as a group, children did not show a preference for the beliefconsistent container (see Figure 6). This analysis also revealed a significant interaction of box
and sex, F(1, 33) = 4.78, p = .04. Males looked significantly longer at the small box (M = .93, SD
= .99) than the large box (M = .23, SD = .41), t(18) = 2.93, p = .009, whereas females looked
equally at the two boxes (small: M = .50, SD = .59; large: M = .52, SD = .61), t < 1. These
findings suggest that males demonstrated poorer performance than females in the anticipatorylooking false-belief task. There was also a significant interaction of box and familiarization trial
order, F(1, 33) = 4.17, p = .05. Children who viewed familiarization trials with the red box first
looked significantly longer at the small box (M = .87, SD = .96) than the large box (M = .19, SD
= .26), t(18) = 3.28, p = .004, whereas children who viewed familiarization trials with the blue
box first looked equally to the two boxes (small box: M = .56, SD = .68; large box: M = .56, SD
=.67), t < 1. These findings suggest that children who viewed the red-box familiarization trials
first performed worse on the anticipatory-looking measure than those who saw blue-box
familiarization trial first. Finally, there was a marginal interaction of sex and familiarization trial
order, F(1, 33) = 3.09, p = .09, reflecting the fact that females looked longer on average when
they saw blue box familiarization trials first, whereas males looked longer when they saw red
box familiarization trials first. There were no other significant effects, all Fs < 1.
Performance on the physical-reasoning task. One child from the full 37-child sample
completed all tasks but was not included in the current analyses because he viewed a pilot
version of the stimuli that did not include any gravity-bias trials. Preliminary analyses of
children’s average looking time to the correct and gravity-bias locations in the gravity-bias test
trials revealed no interactions of location and the order the tasks were presented or sex, Fs <
1.77, all ps > .19. Children’s gravity-bias difference scores were not correlated with either age or
vocabulary, both ps > .30 (N = 36). These variables were not examined further.
We next examined children’s average looking times to the correct and gravity-bias
locations during the gravity-bias trials. Paired t-tests revealed that, on average, children looked to
the gravity-bias location (M = .44, SD = .33) marginally longer than to the correct location (M =
.33, SD = .29), t(35) = 1.74, p = .09, and significantly longer than to the other location M = .15,
SD = .18), t(35) = 4.73, p < .001. An additional paired t-test showed that, on average, children
looked significantly longer to the correct than to the other location, t(35) = 3.30, p = .002 (see
Figure 7). Together, these findings suggest that in the gravity-bias trials of the physicalreasoning task, children looked longer to the gravity bias location than the correct location, and
longer to the correct rather than the other possible drop location. These findings are consistent
with the pattern of responding reported by Lee and Kulmeier (2013).
Parental talk. Table 2 shows descriptive statistics for parental talk in the picture-book
task. Parents varied considerably both in how many words and utterances they used in the
picture-book task, as well as in the percentage of their utterances that contained mental-state
terms. There were no associations between children’s age and parent’s use of mental-state
language, all ps > .16. However, children’s vocabulary was positively correlated with parent’s
total use of mental-state language3, r = .36, p = .03, as well as their use of desire terms, r = .36, p
= .03, and their use of other mental-state terms r = .32, p = .053. There were no other significant
correlations between these variables, all ps > .10.
In order to examine the relationship between parental education and the mental-state
language variables, we transformed the parent education variable by taking the reported levels of
education and converting them into a 6-point scale that ranged from 1 (less than high school) to 6
3

N = 37 for all correlations unless otherwise stated.
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(completed an MD or PhD). Spearman’s correlations using this new variable showed that there
were no significant correlations between parental education and their use of mental-state
language, all ps > .46. To examine whether parent talk differed across boys and girls, we
conducted a multivariate analysis of covariance (MANCOVA) with each of the percentage
scores as dependent variables, child sex (male, female) as a between-subjects factor and child
age and vocabulary as covariates. There was no significant effect of sex, F < 1, suggesting that
boys and girls did not differ in the percentage of utterances containing mental-state terms that
they heard during the picture-book task. An additional MANCOVA revealed that the number of
words and utterances that parents used also did not differ across boys and girls, F < 1.
Relation Between False-Belief Performance and Parental Talk
We performed hierarchical multiple regression to examine the relationship between
parent’s use of mental-state language in the picture-book task and children’s difference scores on
the anticipatory-looking false-belief task (see Table 3). Sex and familiarization trial order were
entered at the first step and accounted for 24% of the variance in children’s difference scores,
F(2, 34) = 5.33, p = .01. The percentages of parent utterances containing each of the five
categories of mental-state terms were added at step two4. Together these accounted for an
additional 33% of the variance in children’s difference scores, F(5, 29) = 4.37, p = .004. These
findings suggest that parental use of mental-state language predicted children’s performance on
the non-verbal anticipatory-looking false-belief task. Examination of the individual categories of
talk indicated that parent's use of cognitive terms (e.g. think, know) significantly positively
predicted children’s false-belief performance, as did their use of modulations of assertion (e.g.
maybe, might). Children who heard more of these mental-state terms had higher anticipatorylooking difference scores. In contrast, parental use of desire terms (e.g. want) and other mentalstate terms (e.g. guess) negatively predicted children’s performance. Children who heard more of
these terms had lower anticipatory-looking difference scores.
Relation Between Physical-Reasoning Performance and Parental Talk
We next performed multiple regression to examine the relationship between parent’s use
of mental-state language in the picture-book task and children’s difference scores on the
physical-reasoning task. We entered children’s difference scores on the physical-reasoning task
as the dependent variable, and the percentages of parent utterances containing each of the five
categories of mental-state terms as the predictor variables5. The parental talk variables did not
explain a significant proportion of the variance (12%), F < 1, and none of the individual
categories of talk were significant, suggesting that parental use of mental-state language did not
predict children’s performance on the physical-reasoning task (see Table 4).
General Discussion
A large body of research has shown that there are strong positive associations between
certain social factors, such as parent’s tendency to discuss mental states, and preschool children’s
performance on elicited-response false-belief tasks. However, very few studies have examined
whether these associations extend to younger children’s performance on spontaneous-response
false-belief tasks. One exception is a recent study from our laboratory, where we showed that
parent’s use of mental-state language is related to 2.5-year-old’s performance on a verbal
spontaneous-response false-belief task (Roby & Scott, 2015). However, there are still open
questions regarding the nature of this relationship. First, is the relationship between parental use
4

The largest variance inflation factor (VIF) was 2.9, suggesting there were no issues with
multicollinearity.
5
The largest VIF was 2.6, suggesting there were no issues with multicollinearity.
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of mental-state language and children’s spontaneous-response false-belief performance specific
to verbal tasks? Second, is parental use of mental-state language related to children’s general
cognitive abilities, such as their ability to predict the outcome of events, whether or not mental
states are involved? Or is this kind of language related to children’s mental-state reasoning
abilities specifically? We addressed these issues in the current study by testing 2.5-year-old
children in two non-verbal spontaneous-response tasks, an anticipatory-looking false-belief task,
and physical-reasoning task. We also assessed their parent’s use of mental-state language in a
picture-book task. Results revealed that parental use of mental-state language significantly
predicted children’s performance in the false-belief task, but not the physical-reasoning task.
These findings provide the first evidence that parental use of mental-state language is
related to children’s performance in a completely non-verbal spontaneous-response false-belief
task. In addition, these findings cast doubt on the notion that prior evidence of a relationship
between parental use of mental-state language and children’s spontaneous-response false-belief
performance (Roby & Scott, 2015) was simply due to parental mental-state language predicting
children’s ability to follow a verbal story. Instead our findings suggest that this kind of talk
relates to children’s early false-belief understanding. These findings are consistent with recent
evidence that deaf infants of hearing parents, who hear fewer mental-state references than
hearing children of hearing parents (Morgan et al., 2014), exhibit deficits on anticipatory-looking
false-belief tasks (Meristo et al., 2012; Meristo et al., 2016). They also complement a growing
body of evidence showing that social factors such as parental use of mental-state language relate
broadly to children’s social-cognitive abilities (Newton, Thompson, & Goodman, 2016; Symons,
Fossum, & Collins, 2006; Taumoepeau & Ruffman, 2008).
In the current study, we found that children whose parents used high levels of cognitive
terms (e.g., think, know) were better able to predict where the mistaken agent would search in the
anticipatory-looking task. These findings parallel those from Roby & Scott (2015), where we
also found that parent’s use of cognitive terms were related to children’s performance on a verbal
anticipatory-looking task. The relationship between parental use of cognitive talk and children’s
performance on elicited-response task has also been demonstrated in numerous studies with
preschool-aged children (e.g., Adrián et al., 2007; Howard et al., 2008; Ruffman et al., 2002).
However, one unexpected finding from our regression analyses was the negative relationship
between parent use of desire terms and other mental-state terms and children’s performance in
the anticipatory-looking task. Parent’s use of a high proportion of desire terms and other mentalstate terms was associated with children spending less time looking at the belief-consistent
location. This association has not previously been reported in the literature. Prior studies
measuring parent mental-state language have reported positive correlations between parent use
of other mental-state terms and children’s performance on social-cognitive tasks (Taumoepeau &
Ruffman, 2008; Ruffman et al. 2002). We return to this issue in Chapter 5.
The current study is also the first to examine whether parental use of mental-state
language is related to children’s performance on a spontaneous-response physical reasoning task.
To my knowledge, no study has ever examined whether parental use of mental-state language is
related to children’s performance on anything other than a social cognition task at any age range.
Our findings showed that there was no association between parental use of mental-state language
and young children’s performance on a physical-reasoning task. While both tasks used in the
current study required children to make predictions regarding impending events, and both were
clearly challenging for children at this age, only the false-belief task required children to make
inferences based on a character’s underlying mental states. Our findings thus provide
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discriminant validity for the association between parental use of mental-state language and
young children’s false-belief understanding. The fact that the relationship did not extend to
children’s performance on the physical-reasoning task suggests that parental use of mental-state
language is not simply related to children’s general cognitive skills, or prediction abilities.
Instead, our findings suggest that parental use of mental-state language may specifically support
children’s ability to reason about mental states such as false beliefs.
Why might parental use of mental-state language predict children’s early false-belief
performance? We suggest that from an early age, aspects of the social environment such as
parental talk facilitate children’s psychological reasoning. Along with many other researchers,
we have argued that infants and toddlers possess the ability to represent the mental states of
agents, including false beliefs (e.g., Scott et al., 2017). However, the capacity to represent mental
states does not guarantee successful psychological reasoning in any given situation (e.g.,
Kampis, Fogd, & Kovács, 2017; Roby & Scott, 2016). For instance, one might fail to attend to
and encode relevant aspects of an event that are necessary for understanding the mental states of
the agents involved, or be unable to retrieve and respond to an agent’s mental states due to
limited processing skills (e.g., Scott & Roby, 2015).
On this view, parental mental-state talk might scaffold improvements in children’s ability
to make use of mental-state representations in a wide variety of situations, including the nonverbal anticipatory-looking task used in the current study. When parents frequently refer to
mental states, this gives their children repeated practice attending to, identifying, and responding
to the mental states of agents. Thus, when presented with a situation that requires children to
predict an agent’s behavior on the basis of their mental states, children who have had such
practice are better able to do so.
In the present research we showed that 2.5-year-old’s performance on a non-verbal
spontaneous-response false-belief task, but not a non-verbal spontaneous-response physicalreasoning task was related to their parent’s use of mental-state language. The current findings
replicate our previous research and provide additional evidence that social factors relate to
children’s false-belief understanding prior to age 3. In addition, the current study begins to
clarify the role that mental-state language plays in children’s early social and cognitive
development.

CHAPTER 3
As adults, the ability to represent the underlying mental states of other individuals as
separate and distinct from our own plays a critical role in our everyday social interactions. This
ability, known as psychological reasoning helps us to both predict and interpret the behavior of
other people. Given the importance of this ability there is considerable interest in how it
develops.
Research on psychological reasoning has focused extensively on when children
understand that other individuals can hold false beliefs, or be mistaken about the true state of the
world. Traditionally, false-belief understanding has been examined by testing children’s
performance on elicited-response false-belief tasks, which require them to answer direct
questions regarding the behavior of a mistaken agent. For instance, in one version of this task
children hear a story enacted with props: Sally puts a marble in a basket and then leaves the
scene. In Sally’s absence, Anne moves the marble from the basket to a box. Sally returns to the
scene and children are asked the test question, “Where will Sally look for her marble?” (BaronCohen et al., 1985). Beginning around age 4, children correctly say that Sally will look for the
marble in the basket, where she falsely believes it to be. However, prior to age 4 children
incorrectly respond that Sally will look for the marble in the box, where it is actually located
(e.g., Wellman et al., 2001). These well-replicated findings led many to conclude that the
capacity to represent beliefs does not develop until at least age four.
However, more recently, researchers have begun using spontaneous-response tasks to
examine children’s understanding of false belief. Spontaneous-response tasks differ from
elicited-response tasks in that they do not require an explicit response from the child. Instead,
researchers infer children’s understanding of a character’s false belief by measuring spontaneous
behaviors that children produce as they watch a scene in which a character has a false belief.
Results from studies using spontaneous-response tasks indicate that children are capable of
representing beliefs much earlier than previously thought, as early as 6 months of age (e.g.
Onishi & Baillargeon, 2005; Scott, et al., 2010; Song & Baillargeon, 2008; Southgate & Vernetti,
2014; Surian, Caldi, & Sperber, 2007; Träuble et al., 2010).
These recent findings have raised many questions regarding the origins and nature of
early false-belief understanding. First, the extent to which young children vary in how well they
perform on spontaneous-response false-belief tasks is unknown. Second, if considerable
variability does exist in young children’s performance of spontaneous-response false-belief
tasks, it is unclear what factors contribute to these individual differences in false-belief
understanding in the first few years of life.
Several decades of research have shown that preschool children’s performance on
elicited-response false-belief tasks is related to a number of social factors (e.g., Carpendale &
Lewis, 2004; Dunn & Cutting, 1999; Holmes, Black, & Miller 1996; Hughes, Deater-Deckard, &
Cutting, 1999; Lecce & Hughes, 2010; Mayer & Träuble, 2013; McAlister & Peterson, 2013;
Meins et al., 2003; Perner et al., 1994). For instance, children from larger families (Perner et al.,
1994) or those with same-age or older siblings (McAlister & Peterson, 2013) pass elicitedresponse false-belief tasks at earlier ages. In particular, there is a well-established positive
association between preschooler’s exposure to mental-state language, terms that refer to
psychological states such as think and know, and elicited-response false-belief performance.
Parental use of mental-state talk has been shown to predict preschooler’s false-belief
performance concurrently and longitudinally (Howard et al., 2008; Ruffman et al., 2002), and the
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association is evident when children are tested both in naturalistic (Howard et al., 2008) and
laboratory contexts (Ruffman et al., 2002). Importantly, these associations remain even after
controlling for a number of other variables including children’s age, vocabulary, and parental
education (e.g., Ruffman et al., 2002). Additional support for this association comes from
training studies, which have demonstrated that when children are exposed to additional mentalstate language, they show improvements in their performance on elicited-response false-belief
tasks (e.g. Lohmann & Tomasello, 2003; Taumoepeau & Reese, 2013).
To date, only one study has examined whether social factors contribute to younger
children’s performance on spontaneous-response false-belief tasks. In a recent study from our
laboratory, we showed that parental use of mental-state language predicted 2.5-year-olds’
performance on a verbal spontaneous-response false-belief task (Roby & Scott, 2015). 2.5-yearolds heard a false-belief story accompanied by a video in which two characters, Lucas and Jacob,
played hide-and-seek. Lucas peeked and saw Jacob hide in a tent (false-belief location). When
Lucas closed his eyes, Jacob snuck under a table (reality location). Children then saw Lucas
standing between the two locations and heard, “Ready or not! Here I come!” Children’s
anticipatory looking to the two locations was calculated. In addition, parents described images to
their child as a measure of mental-state language (e.g. Ruffman et al., 2002; Taumoepeau &
Ruffman, 2006, 2008). Children’s tendency to look towards the false-belief location in
anticipation of Lucas’ search for Jacob (i.e. anticipatory looking) was correlated with parental
use of mental-state language, suggesting that children who heard more mental-state terms more
readily anticipated where the mistaken agent would search.
These findings provide the first evidence that one of the social factors that predicts
preschooler’s performance on elicited-response false-belief tasks also predicts younger
children’s performance on spontaneous-response tasks. These findings also raise that possibility
that additional social factors might relate to young children’s spontaneous-response false-belief
performance. One such factor is personal use of mental-state language. Children’s use of mentalstate language and performance on false-belief tasks has been assessed both longitudinally
(Brooks & Meltzoff, 2015; Ensor & Hughes, 2008; Ruffman et al., 2002) and cross-sectionally
(Brown, McCall & Dunn, 1996; Hughes & Dunn, 1997; Nielson & Dissanayake, 2000). In both
cases, it has been reliably associated with children’s false-belief understanding. Children’s early
use of mental-state language at age 2 and 3 is predictive of later false-belief understanding at age
4 (Brooks & Meltzoff, 2015; Ruffman, Slade, & Crowe, 2002), and child mental-state language
at age 4 is associated with children’s performance at that same time point (Brown, McCall &
Dunn, 1996; Hughes & Dunn, 1997; Nielson & Dissanayake, 2000; Ruffman, Slade, & Crowe,
2002). Child mental-state language has been investigated in naturalistic contexts such as during
meals with parents (Ensor & Hughes, 2008; Nielson & Dissanayake, 2000), during free-play
with friend pairs, peers, and siblings (Hughes & Dunn, 1997; Brown, McCall & Dunn, 1996),
and in laboratory settings (e.g. Ruffman et al., 2002). In each case, preschool children’s use of
mental-state talk was a significant predictor of their performance on elicited-response false-belief
tasks.
Here I asked whether personal use of mental-state language is also related to toddlers’
performance on spontaneous-response false-belief tasks. To address this question, children were
tested in two spontaneous-response tasks. The first was an anticipatory-looking task adapted
from Low (2010). We utilized an anticipatory-looking task because we previously found
associations between performance on this kind of measure and parental use of mental-state
language (Roby & Scott, 2015). Children heard a story enacted with props in which a character
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comes to have a false belief about the location of an object. We measured where children
visually anticipated the mistaken character would search (i.e. location-A or location-B). The
second was a preferential-looking task taken from Scott & Roby (2015). We utilized this second
measure because we were interested in whether the association between social factors and young
children’s performance on a spontaneous-response task would extend to an additional
spontaneous-response paradigm. Children heard a change-of-location false-belief story
accompanied by a picture book. In the test trial, children were shown two images: one matched
the story and the other did not. We measured the duration of children’s looking to each of the
images.
Children also participated in two interactions with their parent. The first was a shortened
version of the picture-book task used in Roby and Scott (2015). This task was selected because
parental use of mental-state talk in this task has been shown to correlate with children’s
performance on an anticipatory-looking false-belief task (Roby & Scott, 2015). Thus, it seemed
like a reasonable context in which to examine whether children’s mental-state language might
show similar associations. Including this task would also provide us with the opportunity to
replicate our earlier findings. However, it was possible that because this activity is led by the
parent, children might not use sufficient mental-state language in this task. We therefore added a
second, free-play task in an attempt to give children an additional context in which to use
mental-state language. Although play tasks have been successfully used to elicit children’s use of
mental-state language with their peers (Brown, McCall, & Dunn, 1998; Hughes & Dunn, 1998),
they have not previously been used to explore children’s mental-state talk with parents or
parent’s mental-state talk. The inclusion of this second measure should therefore be considered
exploratory. We coded the mental-state language that both parents and children used during these
interactions and examined it in relation to children’s false-belief performance on the two
spontaneous-response tasks.
Experiment 2
Method
Participants. 40 3-year-olds (33.4 – 39.3 months, M = 35.9 months), 18 male and 22
female participated in the study. The sample size was selected to match the sample size used in
Roby and Scott (2015) and Experiment 1, where we achieved an adequate level of observed
power to detect a significant effect of parent talk on children’s false-belief performance. An
additional 2 children completed all tasks but were excluded, (1) because he was fussy during the
false-belief tasks, and (1) because he did not respond to any questions during the false-belief
tasks, making it unclear whether he was engaged in the task.
All children were native English speakers. Children’s productive vocabularies were
measured using the short form of the MacArthur–Bates Communicative Development Inventory,
Level 3 (Fenson et al., 2007). Vocabulary scores ranged from 11 to 98 with a median of 47. The
majority of children completed the interactive task with their mother (N = 30); the remainder
completed the task with their father (N = 10). We recorded the education level of the
participating parent: 14 completed high school, 10 had an Associate’s degree, 8 had a Bachelor’s
degree, 4 had a Master’s degree, and 4 completed a professional degree such as an MD or PhD.
Parents were asked to indicate their child’s race and ethnicity: 31 of the children were
identified as White, 1 as Asian, and 1 as African American; 3 parents chose ‘other race’, 4
selected ‘more than one race’, and 2 chose not to respond. 19 children were identified as
Hispanic or Latino, 21 as Not Hispanic or Latino, and 2 parents chose not to respond.
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The toddlers’ names were obtained from birth records provided by the California
Department of Public Health and from parents who had previously expressed interest in
participating in research projects with their children. Parents provided written informed consent
for participation.
Apparatus
The false-belief tasks were conducted in one room and the interactive tasks were
conducted in a different room.
Spontaneous-response false-belief tasks. Children sat on their parent’s lap facing a
table. A wooden story board (56 × 53 cm; inclined at a 70° angle) sat in the middle of the table in
front of the child. The story board had a small hole (5 cm) cut through it so that a camera could
be placed behind it. For the preferential-looking task, pages of the picture-book were attached to
the top of the story board with multiple binder rings. Each page (56 × 28 cm) was composed of a
large clear plastic photo sheet with plain, white paper backing; either one or two color photos (20
× 25 cm) were affixed to the each sheet.
For the anticipatory-looking task, a second board was placed over the front of the story
board, covering it completely except for the small camera hole. The board was modeled after
Low (2010) and was constructed to look like a house (see Figure 8). A black wooden ladder
extended from the bottom, to the top of the apparatus (86 x 61 cm). Two slides made from 7.5
cm cardboard tubing protruded from the wooden board, 2.5 cm from the outer edge and 6.5 cm
from the bottom of the apparatus. One slide was green (right) and the other was red (left)
(throughout, descriptions are from the child’s point of view). Clear plastic containers (13 x 8 x 6
cm) were placed beneath each slide (23 cm long) and secured to the table using Velcro. A green
box (9 x 6 x 5 cm) sat 7 cm to the left of the green slide and a matching red box sat 7 cm to the
right of the red slide. Both boxes had hinged lids and were secured to the table using Velcro.
A camera was centered on the table behind the story board to capture the children’s eye
movements. A second camera was mounted above and behind the child in order to record the
stimuli, apparatus, and children’s pointing behaviors.
Interactive tasks. The room had a large open floor space with a table off to one side and
a chair positioned to the left of the table. A camera sat centered on the table, covered by a small
black box (30 x 15 x 11cm). It was used to capture children’s verbal utterances. An additional
camera on a tripod in the corner of the room faced the chair and floor space to capture the
children’s physical actions.
Stimuli and Procedure
All children completed the spontaneous-response false-belief tasks first. Half the children
viewed the anticipatory-looking task first, and half viewed the preferential-looking task first.
Next, they were taken to a separate room where they were left alone with their parent to
complete the picture-book and free-play tasks. Half the children completed the picture-book task
first, and half completed the free-play task first. The duration of the entire study was
approximately 45 minutes.
Anticipatory-looking false-belief task. Children heard a change-of-location false-belief
story enacted with props (see Appendix A for script). The props consisted of a male doll (Liam)
with short brown hair wearing a white shirt, blue pants, and a red tie (9 cm tall), a female doll
(Sophia) with long brown hair in a ponytail wearing a blue and white dress (9 cm tall), and a blue
plastic bear figurine (2.5 cm tall). Children were first introduced to Liam, who lived in a house
and had two boxes where he sometimes put toys. Children were told that when Liam wanted to
look in the green box, he would go down the green slide, and that when he wanted to look in the
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red box, he would go down the red slide. Children were then asked two practice questions,
“Which slide will Liam come down if he wants to look in the red box?” and “Which slide will
Liam come down if he wants to look in the green box?” (order of practice questions was counterbalanced across children). Consistent with Low (2010), practice questions were included to
ensure that children understood how the slides worked (i.e. Liam will go down the red slide to
open the red box) before continuing with the story. The experimenter paused for 5 seconds after
the practice question. If children did not respond, she asked up to 4 additional times, pausing 5
seconds after each question. If children did not respond after 5 prompts, or if they continued to
identify the wrong slide in their response through the 5th prompt, the experimenter corrected
them by saying, “Remember, if Liam wants to look in the red/green box, he’ll go down the
red/green slide”. Following the practice questions children were told that Liam found a toy inside
the house. He put his toy inside the green box and then left (the color of the box where Liam put
his toy was counterbalanced across children). Then, while Liam was gone his sister Sophia came
home and looked in the green box. She found the toy, moved it to the red box, and left. Finally,
the experimenter told the children that Liam just woke up and now wanted to play with his toy.
She then wondered aloud to herself, “I wonder which slide Liam will come down to look for his
toy” (anticipatory-looking prompt).
The experimenter stood behind the apparatus across from the child, and moved around
the apparatus to act out the story using the props (i.e. toy dolls) as she told it. During the
anticipatory-looking trial, the experimenter looked down as she delivered the anticipatorylooking prompt so that children did not interpret it as a direct question (e.g., He et al., 2012).
When asking direct questions, the experimenter maintained eye contact with the child.
Preferential-looking false-belief task. Children heard a change-of-location false-belief
story accompanied by a picture-book. The picture book consisted of ten pages (7 story trials, 2
practice trials, 1 test trial) (see Appendix B for script and pictures).
The experimenter stood behind the book across from the child. To start, the book’s pages
were face down behind the bookstand, away from the children. On each trial, the experimenter
turned a page of the book and either recited a line of the story (story trials) or asked a question
(practice trials). Children were first introduced to Mia (story-1), who wanted to give her
grandmother a cookie for her birthday (story-2). Children then received a practice trial6 (practice1): they saw two images, one of Mia’s cookie and one of an orange, and were asked, “Where is
Mia’s cookie?” Next, Mia put Grandma’s cookie into a blue bag (story-3; containers were
counterbalanced across children) and went to put on her shoes (story-4). Children then received a
second practice trial (practice-2): they saw two images, one of Mia’s shoe and one of a hat and
were asked, “Where is Mia’s shoe?” While Mia was gone, her friend Danny took the cookie out
of the blue bag (story-5). He placed the cookie in a pink box and left (story-6). Children then saw
an image of Mia running into the room in a coat (story-7) and heard: “‘Hurry hurry,’ says Mia’s
mom! ‘We’re leaving for Grandma’s!’ Mia puts on her coat and quickly runs in to get Grandma’s
cookie. She grabs the cookie and runs out the door.” This story line was slightly ambiguous and
open to two interpretations: (1) Mia runs in and hastily grabs the container that she believes
contains the cookie (the bag; false-belief interpretation) and (2) Mia runs in, locates the cookie, and
takes the container holding it (the box; reality interpretation). Children needed to determine which
of these interpretations the experimenter intended. Although both interpretations were possible,
6

As in Scott and Roby (2015), practice trials were included to familiarize children with the
two-picture format of the test trial.
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prior research suggests that both 3-year-olds and adults find the false-belief interpretation was
more plausible in this story context (e.g., Scott & Roby, 2015).
Next, children received a test trial (i.e. preferential-looking trial) in which they saw two
pictures of the back of an individual in a hooded coat. The identity of the individual was unknown.
In one image, the individual carried the bag (original-container picture) and in the other, the
individual carried the box (current-container picture). While viewing these images, children heard,
“There’s Mia walking to Grandma’s. She’s carrying Grandma’s present.” We measured how long
children looked at each of the pictures. Because children never saw which container Mia acted on
when she returned to the scene, they had to infer which container she must have selected based on
the context of the story. If children assumed that Mia came in, looked for, and found the cookie,
they should look longer at the image of the individual carrying the box (i.e. current-container
picture; reality interpretation). If instead, they assumed that Mia hurriedly grabbed the container
she believed held the cookie without looking, they should look longer at the image of the
individual holding the bag (original-container picture; false-belief interpretation).
The experimenter paused briefly after each line, looking naturally between book and
child. On practice trials, the experimenter paused for 5 seconds after the question. If children did
not respond, she asked up to 4 additional times, pausing 5 seconds after each question. When
asking the practice questions, the experimenter maintained eye contact with the child to ensure
that they interpreted her utterances as direct questions and to make sure she did not give gaze
cues.
Picture-book task. Materials consisted of 10 (20 x 28 cm) color photos placed into 20 x
28 cm clear plastic sleeves and assembled in a three-ring plastic folder (picture book). The
photos displayed images of adults and children engaging in a variety of activities (e.g. petting a
rabbit, digging in the sand at the beach, feeding ducks, etc.) and reflected a variety of emotions
(e.g., anger, happiness, sadness). The pages did not contain any words.
Each parent-child dyad was seated either in a chair with children positioned on their
parents’ lap, or on the floor. Parents were asked to look at the picture book with their child. They
were instructed to go through each picture with their child as though they were looking at a story
at home. The experimenter then left the parent and child in the room alone to complete the task.
The experimenter returned after ten minutes or after the dyad stopped discussing the pictures,
whichever happened first.
Free-play task. Materials consisted of a variety of age-appropriate dramatic play toys
including a plastic barn and farm animals, a doctor’s kit, a wooden tool set, kitchen utensils, play
food, and a small plastic stove top. The toys were stored in a large wicker basket (52 x 38 x 23
cm).
Each parent-child dyad was seated on the floor. Parents were asked to play with the toys
with their child, just as they would at home. The experimenter then left the parent and child in
the room alone to complete the task. The experimenter returned after ten minutes or after the
dyad stopped playing, whichever happened first.
Coding
Anticipatory-looking task. During the test trial, we coded children’s looking behavior
during the first four seconds following the offset of the anticipatory-looking prompt (i.e. “I
wonder which slide Liam will come down to look for his toy”); this test window was selected to
match the four-second window used in Low’s (2010) anticipatory-looking task. During this
window, we coded where children looked frame-by-frame: left slide, right slide, experimenter, or
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away. A second coder who did not know which side was the belief-consistent location coded
93% of anticipatory-looking trials. The two coders agreed on 97% of coded frames.
We computed children’s looking time in seconds to the belief-consistent location and the
belief-inconsistent location. In addition, we calculated an anticipatory-looking difference score:
looking time to belief-consistent location – looking time to belief-inconsistent location.
We also coded where children pointed (left slide, right slide, or no response) in response
to the practice questions (e.g. “Which slide will Liam come down if he wants to look in the green
box?”)
Preferential-looking task. In the test trial, we coded children’s looking behavior during
the first six seconds that the pictures were visible; this test window was selected to match the sixsecond window used in Scott and Roby’s (2015) preferential-looking false-belief task. During
this window, we coded where children looked frame-by-frame: left picture, right picture,
experimenter, or away. 93% of preferential-looking trials were coded from silent video by a
second coder who did not know which was the original-container picture. The two coders agreed
on 97% of coded frames.
We computed children’s looking time in seconds to the original-container picture and the
current-container picture. We then calculated a preference score by subtracting children’s
looking time to the current-container picture from their looking time to the original-container
picture. The resulting preference score reflected the magnitude of children’s preference for the
false-belief interpretation (positive scores) or the reality interpretation (negative scores) of the
story.
Lastly, we coded where children pointed (left picture, right picture, no response) in
response to the practice questions, “Where is Mia’s cookie/shoe?”
Picture-book and free-play tasks. Children’s and parent’s language was first
transcribed verbatim. Other sounds or exclamations were not included in the transcription (e.g.
gasps, sighs, groans, etc.). In the initial transcription, children’s language was transcribed exactly
as it was heard, including any mispronunciations (e.g., “wabbit” rather than “rabbit”). The
transcriber then reviewed the transcripts and videos and indicated what they thought the child
had intended to say (i.e. rabbit). An independent transcriber then reviewed this adjusted
transcription and indicated whether they agreed with the corrections. The transcribers reviewed
the full transcription at each step of the process and indicated if they disagreed with something
that was written or omitted in a previous transcription. Disagreements were settled through
discussion, or by a third transcriber.
In order to identify parental and child utterances that included mental-state terms, we
utilized Linguistic Inquiry and Word Count (LIWC; Pennebaker, Booth, & Francis, 2007).
LIWC is a commonly used text-analysis program that analyzes written text on a word-by-word
basis and can be used to identify the proportion of words within a body of text that fall into
different categories.
The general criteria for mental-state word inclusion were taken from previous research on
mental-state language (e.g., Taumoepeau & Ruffman, 2008). Under these standards, perfect
repetitions of a word or phrase (e.g., child repeating after their parent or vice versa) were not
included. In addition, utterances containing the phrase, “I don’t know” were excluded from
analysis. For both parent and child language, we examined the percentage of utterances that
contained mental-state terms rather than total number of mental-state terms in order to control for
overall verbosity (e.g., Meins et al., 2003; Taumoepeau & Ruffman, 2008).
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In order to investigate possible differences in the pattern of relationships between specific
types of mental-state terms and children’s false-belief performance, we used LIWC to identify
five separate categories of mental state terms: cognitive, emotion, desire, modulations of
assertion and other mental-state references. The first category included words directly related to
cognition such as “think” and “know.” The second category, emotion words, included items
directly related to affect such as “happy,” “sad,” “mad,” as well as less specific references that
could be interpreted as emotional, “unhappy,” “disappointed,” “worried.” References about
desires included words such as “want,” “love,” “like,” “doesn’t like.” The fourth category,
modulations of assertion, included words that are used to modify the certainty of a given
proposition. For example, words such as “might,” “maybe,” and “could” can be used to indicate
the level of confidence one has in a given statement (e.g. I think it’s raining, but I’m not sure).
These terms were included because their use has been correlated with false-belief understanding
in previous research with older children (Brown et al., 1996). A final category for other mental
state words was included for words that may not relate directly to cognition but still relate to
mental states. Examples include words such as “remember,” “wonder,” “consider.” A summary
of the utterance categories is included in Table 1.
Results
Performance on the False-Belief Tasks
Anticipatory-looking task. Two children from the full 40-child sample were excluded
from all analyses of this task, 1 because she was looking away for over 70% of the anticipatorylooking trial, and 1 because she was touching one of the boxes when the anticipatory-looking
prompt was being given.
Preliminary analyses of children’s looking times to the original- and current-locations in
the test trial revealed no interactions of location and the order tasks were presented, the order of
the practice questions, or the number of correct responses in the practice trials, all Fs < .67, all ps
> .51 (all tests are two-tailed unless stated otherwise). Children’s anticipatory-looking difference
scores were not correlated with either age or vocabulary, both ps > .16. These factors were not
examined further.
Children’s looking times to the two hiding locations during the anticipatory-looking trial
were analyzed using an ANOVA with location (original, current) as a within-subject factor and
sex (male, female) and container (green, red) as between-subjects factors. This analysis revealed
a significant effect of location, F(1, 34) = 11.19, p = .002. Children looked significantly longer at
the current-location (M = 1.36, SD = 1.09) than the original-location (M = .64, SD = .83). This
suggests that as a group, children failed to show a significant preference for the belief-consistent
location during the anticipatory-looking trial (see Figure 9). There was also a marginal effect of
sex, F(1, 34) = 3.51, p = .07, reflecting the fact that males looked longer on average than
females. In addition, there was a significant interaction of location and sex, F(1, 34) = 8.99, p =
.005. Males looked significantly longer at the current location (M = 1.91, SD = 1.09) than the
original location (M = .41, SD = .69), t(17) = 4.13, p = .001, whereas females looked equally at
the two locations (current location: M = .86, SD = .83; original location: M = .85, p = .91), t(19)
= .048, p = .96. These findings suggest that males performed worse than females on the
anticipatory-looking false-belief task. Finally, there was a marginal interaction of location and
container, F(1, 34) = 3.20, p = .083. Exploration of this effect showed that children had a larger
preference for the current location when Liam hid the toy in the green box (M = 1.33) as opposed
to the red box (M = .28). There were no other significant effects, all Fs < 1.
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Preferential-looking task. Preliminary analyses of children’s looking times to the
original- and current-container pictures in the test trial revealed no interactions of picture and the
order the tasks were presented, number of correct responses in the practice trials, or the side of
the original-container picture in the test trial, all Fs < 1.37, all ps > .25. Children’s preferentiallooking difference scores were not correlated with age or vocabulary, both ps > .8. Thus, we
collapsed across these factors in all subsequent analyses.
An ANOVA on children’s looking times during the test trial with picture (originalcontainer, current-container) as a within-subjects factor and sex (male, female) and container
(box, bag) as between-subjects factors revealed a significant effect of picture, F(1, 36) = 6.93, p
= .012. Children looked significantly longer at the original-container picture (M = 2.32, SD = .99
1.00) than at the current-container picture (M = 1.80, SD = 1.01) (see Figure 10). Thus, children
showed a significant preference for the false-belief consistent interpretation of the story. These
findings replicate those reported in Scott and Roby (2015). This analysis also revealed a
significant interaction of picture and container F(1, 36) = 5.28, p = .03, and a marginal
interaction of picture and sex F(1, 36) = 3.48, p = .07. Exploration of these effects showed that
children showed a larger preference for the original-container picture when Mia placed the
cookie in the box (M = 1.03) than when she placed it in the bag (M = .05). Further, males (M =
.94) showed a larger preference for the original-location image than did females (M = .17).
There were no other significant effects, all Fs < 1.58, all ps > .22.
Parental and Child Talk in the Picture-Book and Free-play Tasks
Parental talk. Table 5 includes descriptive statistics for parent talk in the picture-book
and free-play tasks. Parents showed considerable variation in the number of words and utterances
they produced during the tasks, as well as in the percentage of their utterances that included
mental-state terms. Overall, parents used fewer words and utterances in the picture-book than the
free-play task. Comparisons of parent’s use of mental-state language across the tasks revealed
that a significantly higher percentage of their utterances contained mental-state terms in the
picture-book than the free-play task. Examination of the individual categories of mental-state
talk showed that parents also used significantly more cognitive terms, emotion terms, and
modulations of assertion in the picture-book task than in the free-play task. Despite the
differences in the amount of mental-state language parents used in the two tasks, their overall use
of mental-state language in the two tasks was correlated7, r = .41, p = .009. This was also true
for several individual categories: cognitive terms = .45, p = .004, emotion terms r = .41, p = .008,
and modulations of assertion r = .57, p < .001. Parent’s use of desire terms and other mentalstate terms in the picture-book and free-play task were not correlated, both ps > .45.
Pearson’s correlations showed that children’s age was significantly positively correlated
with parent’s use of desire terms in the picture-book task, r = .32, p = .04, and marginally
negatively correlated with parent’s use of modulations of assertion in the free-play task, r = -.29,
p = .07, but was not correlated with any other parental mental-state language variables, all ps >
.25. In contrast, children’s vocabulary was significantly correlated with parent’s use of
modulations of assertion r = .35, p = .03, and marginally correlated with their total use of
mental-state language r = .28, p = .08 in the picture-book task. Children’s vocabulary was also
significantly correlated with parental use of cognitive terms r = .43, p = .006, modulations of
assertion r = .45, p = .004, emotion terms r = .41, p = .009, and total use of mental-state
language r = .41, p = .008 in the free-play task.
7

N = 40 for all correlations unless otherwise stated.
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In order to examine the relationship between parental education and our other variables
of interest, we transformed the parent education variable by taking the reported levels of
education and converting them into a 5-point scale that ranged from 1 (completed high school) to
5 (completed an MD or PhD). Spearman’s correlations using this new variable revealed that
parental education was significantly positively associated with their use of cognitive terms rs =
.57, p < .001, modulations of assertion rs = .41, p = .008, emotion terms rs = .33, p = .04, and
their total use of mental-state language rs = .40, p = .01 in the picture-book task. Parental
education was also significantly correlated with their use of cognitive terms rs = .44, p = .004,
and total use of mental-state terms rs = .32, p = .05, and marginally correlated with their use of
modulations of assertion rs = .27, p = .09 in the free-play task. There were no other correlations
between parental education and the mental-state talk variables, all ps > .95.
To examine whether parent talk differed across boys and girls in the picture-book task,
we conducted a multivariate analysis of covariance (MANCOVA) with the percentage scores as
dependent variables, child sex (male, female) as a between-subjects factor and child age and
vocabulary as covariates. There was no significant effect of sex, F < 1, suggesting that boys and
girls did not differ in the percentage of utterances containing mental-state terms that they heard
during the picture-book task. An additional MANCOVA with the parent’s percentage scores in
the free-play task as dependent variables, child sex (male, female) as a between-subjects factor
and child age and vocabulary as covariates again revealed no significant effect of sex F < 1. A
final set of MANCOVAs showed that the number of words and utterances that parents used in
the tasks also did not differ across boys and girls, all Fs < 1.
Child talk. One child from the full 40-child sample was excluded from all analyses of the
picture-book task because she was non-compliant during the task. Table 6 shows descriptive
statistics for children’s talk in the picture-book and free-play tasks. Children also varied
substantially in in the number of words and utterances they used, and in the percentage of their
utterances that contained mental-state terms. Children used considerably less mental-state
language than parents. In addition, children used significantly more words and utterances in the
free-play task than in the picture-book task. However, children used similar amounts of mentalstate language in the two tasks. This was true with the exception of their use of emotion terms:
children used marginally more emotion terms in the picture-book than the free-play task, t(38) =
1.94, p = .06. Interestingly, children’s use of the categories of mental-state terms were not
correlated across the two tasks for any category, all ps > .12.
Parental education was marginally positively correlated with children’s total use of
mental-state terms in the picture-book task, r = .27, p = .09 (N = 39). In addition, children’s age
was marginally positively correlated with their total use of mental-state language in the free-play
task, r = .31, p = .06. Finally, children’s vocabulary was significantly positively correlated with
their use of cognitive terms in the free-play task r = .36, p = .02, and marginally correlated with
their use of modulations of assertion in the picture-book task, r = .28, p = .08. There were no
other correlations between these measures, all ps > .12.
To examine whether boys and girls differed in their use of mental-state language in the
picture-book task, we conducted a multivariate analysis of covariance (MANCOVA) with the
children’s percentage scores as dependent variables, child sex (male, female) as a betweensubjects factor and child age and vocabulary as covariates. There was no significant effect of sex,
F(6, 30) = 1.35, p = .27, suggesting that boys and girls did not differ in the percentage of
utterances they used that contained mental-state terms in the picture-book task. An additional
MANCOVA with the children’s percentage scores in the free-play task as dependent variables,
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child sex (male, female) as a between-subjects factor and child age and vocabulary as covariates
revealed no significant effect of sex F(6, 31) = 1.43, p = .24. A final set of MANCOVAs showed
that the number of words and utterances that children used in the tasks did not differ across boys
and girls, all Fs < 1.
Finally, we examined whether parent’s use of mental-state language in the interactive
tasks was related to children’s use of mental-state language in the tasks. For the picture-book
tasks, there were positive correlations between parent’s and children’s use of cognitive terms r =
.27, p = .09 (N = 39), emotion terms r = .75, p < .001 (N = 39)., and total mental-state language r
= .34, p = .03 (N = 39). There was also a correlation between parent’s and children’s total use of
mental-state talk in the free-play activity r = .31, p = .05. None of the other categories were
significant, all ps > 12.
Relation Between False-Belief Performance and Parental Talk
We next examined whether children’s performance on the false-belief tasks were related
to parental mental-state talk. Because the incorporation of the free-play task in this study was
exploratory, and because there were clear differences in parental talk across the two tasks, we
conducted our analyses separately for the interactive tasks rather than combining them.
Anticipatory-looking task. We used hierarchical multiple regression to examine the
relationship between parent’s use of mental-state language in the picture-book task and
children’s difference scores on the anticipatory-looking false-belief task (see Table 7). Sex and
container were entered at the first step and accounted for 28% of the variance in children’s
difference scores, F(2, 35) = 6.81, p = .003. The percentages of parent utterances containing each
of the five categories of mental-state terms were added at step two. Together these accounted for
an additional 20% of the variance in children’s difference scores, F(5, 30) = 2.24, p = .076.
These findings replicate Roby and Scott (2015) and show that parental use of mental-state
language in the context of a picture-book task predicted children’s performance on an
anticipatory-looking false-belief task. Examination of the individual categories of talk indicated
that parent's use of other mental-state terms (e.g. remember) positively predicted children’s
performance. Children who heard more of these mental-state terms had higher anticipatorylooking difference scores.
We next examined the relationship between parent’s use of mental-state language in the
free-play task and children’s anticipatory-looking difference scores on the false-belief task (see
Table 8). Again, sex and container were added at step 1, and the percentages of parent utterances
containing each of the five categories of mental-state terms were added at step two. The addition
of the parental talk variables did not produce a significant change in R2, F(5, 30) = 1.75, p = .15.
However, inspection of the individual categories of talk suggested that the percentage of
utterances parents used containing cognitive terms significantly negatively predicted children’s
performance. Children who heard more cognitive terms had lower anticipatory-looking
difference scores.
Preferential-looking task. We next examined whether parental use of mental-state
language in the picture-book task predicted children’s difference scores on the preferentiallooking task (see Table 9). Sex and container were entered at the first step and accounted for
19% of the variance in children’s difference scores, F(2, 37) = 4.40, p = .02. The addition of the
parent utterances containing each of the five categories of mental-state terms in the picture-book
task at step 2 did not significantly increase the amount of variance accounted for, F < 1,
suggesting that parental talk in the picture-book task did not contribute to children’s performance
on the preferential-looking measure.
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A second set of regressions examining whether parental use of mental-state language in
the free-play task predicted children’s difference scores on the preferential-looking task revealed
similar results: parent-talk variables did not account for a significant portion of the variance in
difference scores, F < 1 (see Table 10). Thus, parental use of mental-state language did not
predict children’s performance on the preferential-looking false-belief task.
Relation Between False-Belief Performance and Child Talk
Anticipatory-looking task. Given the positive relationship that emerged between
parental use of mental-state language and children’s performance on the anticipatory-looking
task, we next asked whether children’s use of mental-state language also contributed to variation
in their performance on this task once the effect of parental talk was taken into account. To
examine this question, we performed hierarchical multiple regressions with sex and container at
step 1, the percentage of parental utterances containing each of the five categories of mental-state
terms at step 2, and the percentage of children’s utterances that contained mental-state terms at
step 3 (see Table 7). The addition of the child mental-state variables at step 3 did not account for
a significant increase in the percentage of variance explained, F(5, 24) = 1.07, p = .40. Inspection
of the individual talk categories revealed that children’s use of other mental-state terms in the
picture-book task significantly positively predicted their performance on the anticipatory-looking
measure even after taking into account the effect of parental talk. Children who used a higher
percentage of these terms in the picture-book task had higher anticipatory-looking difference
scores.
We next examined whether children’s use of mental-state language in the free-play task
predicted their anticipatory-looking difference scores on the false-belief task after taking into
account parental use of mental-state language (see Table 8). The addition of the child mentalstate variables at step 3 did not account for a significant increase in the percentage of variance
explained, F(5, 25) = 1.20, p = .34. However, children’s use of other mental state terms
significantly negatively predicted their performance: children who used a higher percentage of
these terms in the free-play task had lower anticipatory-looking difference scores.
Preferential-looking task. Although parental use of mental-state language did not
predict children’s performance on the preferential-looking task, correlational analyses revealed
that parent’s and children’s use of mental-state language were significantly related. We therefore
asked whether children’s use of mental-state language in the picture-book task predicted their
performance on the preferential-looking measure after controlling for parental talk (see Table 9).
We performed hierarchical multiple regressions with sex and container at step 1, the percentage
of parental utterances containing each of the five categories of mental-state terms at step 2, and
the percentage of children’s utterances that contained mental-state terms at step 3. The addition
of the child mental-state variables at step 3 did not account for a significant increase in the
percentage of variance explained, F(5, 26) = 1.87, p = .14. Examination of the individual talk
categories showed that children’s use of desire terms in the picture-book task negatively
predicted their performance. Children who used a higher percentage of desire terms had lower
preferential-looking difference scores, suggesting that children who frequently discussed their
own or others’ desires (e.g. want) looked longer at the test image that showed the protagonist
acting on her desire rather than her belief.
Lastly, we examined whether children’s use of mental-state language in the free-play task
predicted their difference scores on the preferential-looking task (see Table 10). The addition of
the child mental-state variables at step 3 did not account for a significant increase in the

30

percentage of variance explained, F < 1. Children’s use of mental-state language did not predict
their preferential-looking performance.
General Discussion
Several decades of research have revealed a strong positive association between
particular social factors such as exposure to and use of mental-state language and preschooler’s
performance on elicited-response false-belief tasks. However, few studies have investigated
whether similar factors contribute to younger children’s false-belief performance, and whether
these associations extend to performance on spontaneous-response tasks. One recent study from
our laboratory has shown that parental-mental state language is related to toddler’s false-belief
performance (e.g. Roby & Scott, 2015). The current study sought to replicate this finding, as well
as extend this research by investigating whether another social factor, children’s personal use of
mental-state language is related to young children’s performance on spontaneous-response falsebelief tasks. Results revealed that parental use of mental-state language in the context of a
picture-book task positively predicted children’s performance on an anticipatory-looking falsebelief task. Conversely, parental mental-state talk in the context of a free-play task negatively
predicted children’s anticipatory looking. There were no associations between parental use of
mental-state language in either interactive task and children’s performance on a preferentiallooking false-belief task. Moreover, children’s personal use of mental-state language in the
picture-book task positively predicted their anticipatory-looking performance. However, their
use of mental-state language in the free-play task negatively predicted their preferential-looking
performance.
The findings that parental use of mental-state language during a picture-book activity
positively predicted children’s performance on an anticipatory-looking false-belief task replicate
those reported by Roby and Scott (2015). Our current findings build on these results by showing
that this association extends to a different anticipatory-looking false-belief measure, and to an
age range than has not previously been tested. Thus, our findings add to the growing body of
evidence that shows that parental use of mental-state language is related to children’s
performance on spontaneous-response false-belief tasks, and that there is a relationship between
parental mental-state language and false-belief understanding prior to age 3.
In the current study, we found that children whose parents used high levels of other
mental-state terms (e.g., remember, guess) were better able to predict where the mistaken agent
would search. These findings complement those from training studies (Taumoepeau & Reese,
2013), which showed that when mothers received training on how to engage in elaborative
reminiscing (i.e. using rich memory cues and words like, “remember” to talk about past events)
their preschool child improved in their elicited-response false-belief performance. These findings
suggest that talking about mental states and engaging in interactions that help children to think
about past events might be particularly useful in supporting false-belief performance, which
requires children to remember and reason about an individual’s underlying mistaken belief.
Parental use of mental-state language in the picture-book task predicted children’s
performance on an anticipatory-looking but not a preferential-looking false-belief task. There are
at least two ways to interpret these results. One possibility is that hearing mental-state language
facilitates children’s ability to predict the behavior of a mistaken agent. If this were the case,
then associations would be specific to children’s performance on the anticipatory-looking task,
and they would not emerge in the preferential-looking task, which requires post-hoc analysis of a
mistaken agent’s behavior. A second possibility is that anticipatory-looking tasks are more
challenging than preferential-looking tasks, and thus result in more individual variance that can
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be examined in relation to parental talk. Additional research is needed to address these
possibilities.
The current study is also the first to report that children’s personal use of mental-state
language is related to their false belief performance. More specifically, we found that children’s
use of other mental-state terms in the picture-book task marginally predicted their performance
on the anticipatory-looking false-belief task. These findings are consistent with the large body of
evidence showing that children’s personal use of mental-state language relates to their elicitedresponse false-belief performance during the preschool years. The current study suggests that
these associations are apparent earlier than previously thought, and that they also emerge when
children are tested using spontaneous-response tasks.
Somewhat unexpectedly, several categories of talk in the free-play task, parent cognitive
talk and children’s use of other mental-state terms, negatively predicted children’s anticipatorylooking performance. We interpret these negative findings as an indication that free-play tasks
may not be an appropriate context for examining the use of mental-state language in parent-child
interactions. As stated in the introduction, we anticipated that children might produce low levels
of mental-state language in the picture-book task and that this might make it difficult to examine
relationships between their talk in this task and their spontaneous-response false-belief
performance. Our findings suggest that indeed, children used very little mental-state language in
the picture-book task. In an attempt to elicit additional mental-state language from children, we
utilized a second free-play task. However, play tasks have not been used in laboratory settings, or
with parents as children’s interaction partners. To date, these tasks have only been conducted
with children and their friends or siblings (Brown, McCall, & Dunn 1996; Hughes & Dunn,
1997; Hughes & Dunn, 1998). It is likely that the way children use mental-state language in this
context is different with parents than it is with peers (e.g. Brown, McCall, & Dunn, 1996).
Therefore, it is possible that different relationships may emerge between the use of mental-state
language and false-belief performance depending on the setting and the conversational partners
that are present. Our results suggest that picture-book tasks may be more appropriate than play
tasks for measuring parent’s use of mental-state language. In addition, we suggest that future
research should investigate children’s use of mental-state language in naturalistic settings with
other children.
Our findings also showed that children’s use of desire terms in the picture-book task
negatively predicted their performance on the preferential-looking task. One possible explanation
for this finding is that children who make frequent references to desires (e.g. want) may focus
more heavily on these mental states than on other mental states such as thoughts or beliefs.
Consequently, during the test trial in the preferential-looking task, children who frequently used
words such as “want” looked at the picture that showed the protagonist of the story acting in a
way that was consistent with what she wanted (i.e. holding the container that held the cookie),
rather than what she believed (i.e. holding the empty container) about the location of her cookie.
Thus, hearing and using particular kinds of mental-state terms may impact which kinds of mental
states one attends to when presented with information involving multiple mental states.
In the present research, we found that parental-use of mental-state language in the context
of a picture-book task predicted children’s performance on an anticipatory-looking false-belief
task. We also found that children’s use of mental-state language was related to their anticipatorylooking false-belief performance. These findings add to a growing number of studies suggesting
that exposure to and use of mental-state language is related to false-belief performance across the
lifespan. These associations have now been demonstrated with toddlers (Roby & Scott, 2015),
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preschoolers (e.g., Dunn et al., 1991; Ensor & Hughes 2008; Ruffman et al., 2002), elementaryschool children (e.g., Bianco et al., 2016; Grazzani & Ornaghi, 2012; Lecce, Bianco, Devine,
Hughes, & Banerjee, 2014) and even adults (e.g. Lecce, Bottiroli, Bianco, Rosi, & Cavallini
2015; Roby & Scott, 2016). Our findings are also consistent with evidence that parental use of
mental-state language is related to a broad range of children’s early social cognitive skills
(Newton et al., 2016; Symons, Fossum, & Collins, 2006; Taumoepeau & Ruffman, 2008). The
current results are now the second to show that these associations also extend to children’s early
false-belief understanding (for the first evidence, see Roby & Scott, 2015). In addition, our
findings are the first to show that children’s personal use of mental-state language relates to their
performance on spontaneous-response false-belief tasks. Thus, our findings provide additional
evidence that parent’s and children’s use of mental-state language supports children’s ability to
reason about false beliefs from an early age, and that associations between mental-state talk and
false-belief performance are not specific to elicited-response tasks.

CHAPTER 4
As humans, many of our everyday interactions involve predicting and interpreting other
individuals’ behavior on the basis of their mental states such as intentions and beliefs. The ability
to attribute mental states to others is sometimes referred to as psychological reasoning, and
researchers have long been interested in how it develops. In particular, considerable research has
focused on when children understand that others can be mistaken, or hold false beliefs about the
world.
Initial tests of false-belief understanding used elicited-response paradigms, which require
children to answer questions regarding the behavior of a mistaken agent. In one such task,
(Baron-Cohen, et al., 1985), children hear a story about Sally, who puts a marble in a basket and
then leaves. In Sally’s absence, Anne moves the marble from the basket to a box. Sally returns,
and children are asked, “Where will Sally look for her marble?” Beginning around age 4,
children correctly say that Sally will look for the marble in the basket, where she falsely believes
it to be. Prior to age 4, children say that Sally will look for the marble in the box, suggesting that
they are incapable of representing Sally’s false belief about the location of the marble (e.g.,
Wellman et al., 2001). These findings gave rise to the dominant view that prior to age four
children were incapable of representing the concept of belief.
More recently, however, researchers have begun assessing children using alternative
tasks that do not require them to answer direct questions regarding the behavior of a mistaken
agent. Instead, researchers measure alternative responses such as the spontaneous behaviors
children produce as they watch a scene in which a character holds a false belief, including where
they look or how long they look at a given scene (e.g., Onishi & Baillargeon, 2005; Kovacs,
Téglás, & Endress 2010; Scott et al., 2012; Senju, Southgate, Snape, Leonard, & Csibra, 2011;
Southgate, Senju, & Csibra, 2007), where they point to inform a mistaken agent (Knudsen &
Liszkowski, 2012a, 2012b), or the facial expressions they make in anticipation of a mistaken
agent realizing their false belief (Moll, Thompson Kane, & McGowan, 2015; Moll, Khalulyan, &
Moffett, 2017). Children under the age of 3 also succeed in more interactive false-belief
paradigms that require them to actively aid a mistaken agent in achieving his or her goal
(Buttelmann et al. 2009; Buttelman, Over, Carpenter, & Tomasello, 2014; Buttelmann, Suhrke &
Buttelmann, 2015; Southgate, Chevallier & Csibra, 2010). Using these alternative measures,
positive results have been obtained with children between 6 months and 3 years of age (for a
review, see Scott, Roby, & Smith, 2017). These positive findings have led many researchers to
conclude that the capacity to attribute false beliefs to others emerges in the first year of life (e.g.,
Baillargeon et al., 2016; Buttelmann et al., 2009; Carruthers, 2013; Kovács, Téglás, & Endress,
2010, Southgate et al., 2007).
Some researchers have challenged accounts that ascribe false-belief understanding to
infants on the grounds that they fail to address the role of social factors in the development of
this ability (e.g., Ruffman, 2014; San Juan & Astington, 2012). Considerable research has shown
that preschoolers’ performance on elicited-response false-belief tasks is correlated with
individual differences in their social experience (e.g., McAlister & Peterson, 2007; Meins et al.,
2003; Ruffman, Slade & Crow, 2002). In particular, there is a robust relationship between
preschooler’s performance on elicited-response false-belief tasks and their exposure to and
personal use of mental-state language – utterances that refer to psychological states such as think,
know, and believe (e.g. Ensor & Hughes, 2008; Ruffman et al., 2002). It has been suggested that
if the capacity to represent false beliefs is present in the first year of life, there is “little room for
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social factors to play a direct role” in children’s false-belief performance (p. 110, San Juan &
Astington, 2012), and thus the reason for these associations is unclear (e.g. Ruffman, 2014; San
Juan & Astington, 2012).
However, many researchers have argued that the capacity to represent false beliefs does
not guarantee successful performance in false-belief tasks (e.g., Baillargeon, Scott, & He, 2010;
Bloom & German, 2000; Carruthers, 2013; Roth & Leslie, 1998). Studies have identified several
factors that impact children’s performance in both elicited-response and non-elicited-response
false-belief tasks (e.g., Lewis & Osborne, 1990; Rubio-Fernández & Geurts, 2013; Scott &
Roby, 2015; Yazdi German, Defeyter, & Siegal, 2006). If, as these findings suggest, the capacity
to represent beliefs is not sufficient for successful false-belief reasoning, then there is
opportunity for social factors to impact false-belief performance.
Specifically, we propose that hearing and using mental-state language might be related to
false-belief performance in several ways. First, individuals who frequently engage in
conversations about mental states may more readily attend to and consider the mental states of
others. Second, such conversations provide practice inhibiting one’s own beliefs and desires in
order to focus on those of another. Third, individuals who often discuss others’ mental states
may be more practiced at inferring others’ mental states based on the (sometimes limited)
information available. Finally, individuals who frequently hear and use mental-state language
may more rapidly retrieve information about others’ mental states from memory when necessary
(for a more detailed account, see Roby & Scott, 2016).
This account predicts that the relationship between mental-state talk and false-belief
understanding should not be confined to performance on elicited-response tasks in the preschool
years: it should be evident across the lifespan. Support for this prediction comes from recent
evidence that parents’ use of mental-state language is associated with 2.5-year-olds’ performance
on an anticipatory-looking false-belief task (Roby & Scott, 2015). In addition, deaf infants raised
by hearing parents are exposed to significantly fewer mental-state references than their hearing
counterparts (Morgan et al., 2014) and fail anticipatory-looking false-belief tasks (Meristo et al.,
2012). These findings suggest that exposure to mental-state language is related to false-belief
understanding prior to the preschool years.
Here we sought complementary evidence for this account by examining the relationship
between personal use of mental-state language and false-belief performance after the preschool
years. Prior studies that have examined this relationship in school-aged children have produced
mixed results. For instance, several recent studies with Italian-speaking children suggest that
elementary-school children’s personal use of mental-state language is correlated with their falsebelief understanding, and that training accurate use of this language improves false-belief
performance (e.g., Bianco et al., 2016; Grazzani & Ornaghi, 2012; Lecce et al., 2014).
Conversely, English-speaking elementary school children’s use of mental-state language during
the narration of a wordless story is not related to their false-belief performance (Charman &
Shmueli-Goetz, 1998; Meins, Fernyhough, Johnson, & Lidstone, 2006; Tager-Flusberg &
Sullivan, 1995). One possibility for these null effects is that researchers commonly use a
particular assessment called the Strange Stories task for assessing false-belief understanding, and
that elementary-school children do not exhibit enough variability on this task to produce
associations with social factors. If that is the case, then if a measure that produced more variable
responses was used, we may see a relationship between mental-state language and false-belief
understanding beyond the preschool years, perhaps even in adulthood.
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In the present study, we tested this prediction by investigating the relationship between
personal use of mental-state language and false-belief understanding in adults. To our
knowledge, no prior studies have examined this relationship in adulthood. Although adults are
certainly able to represent mental states, their mental-state reasoning exhibits considerable
within- and between-individual variability (e.g., Brown-Schmidt, 2009; Harkness, Jacobson,
Duong, & Sabbagh 2010; McKinnon & Moscovitch, 2007). For instance, adults are faster at
predicting the behavior of an agent who wishes to approach rather than avoid an object (e.g.,
Apperly, Warren, Andrews, Grant, & Todd, 2011), and adults from collectivist cultures exhibit
faster and more accurate perspective taking than adults from individualistic cultures (e.g., Wu &
Keysar, 2007). If, as we argue, personal use of mental-state language is related to greater
attention to and consideration of others’ mental states, then adults’ use of such language should
be related to their performance on false-belief tasks.
The present study tested this prediction. Adult participants described images of people or
physical objects and then completed speeded and unspeeded mental-state reasoning tasks. We
included a speeded measure of mental-state reasoning because (1) when adults are tested using
unspeeded elicited-response tasks, such as those used with preschool children, they respond at
ceiling levels and (2) previous studies that have used speeded tasks have reported variation in
both the accuracy and speed of adult’s responses to questions about an agent’s belief and desire
(Apperly, Riggs, Simpson, Chiavarino & Samson 2006; Apperly, Back, Samson & France, 2008;
German & Hehman, 2006). We reasoned that using a speeded measure of mental-state reasoning
might result in more variable responses and hence a stronger relationship with use of mentalstate language than an unspeeded measure. We further manipulated the difficulty of the speeded
task by varying the agent’s belief about the current state of the world (i.e. true or false), as well
as their desire to either approach or avoid a given object. Findings from previous research with
both children and adults suggest that individuals are slower and more prone to error when the
agent in a given scenario held a false belief rather than a true belief and a desire to avoid rather
than approach a given stimulus (e.g. German & Hehman, 2006; Leslie & Polizzi, 1998).
We predicted that the extent to which participants used more mental-state language when
discussing people than when describing objects (i.e. situations in which mental states were not
relevant) would be related to their false-belief performance, and that this relationship might be
most apparent when participants were required to quickly and accurately predict another
individual’s behavior under time pressure.
Experiment 3
Method
Participants. 117 adults (67 females) completed the study for course credit. An
additional 23 adults were tested but excluded, 1 because she withdrew from the study, 4 because
their vocabulary scores were below the 10th percentile, 3 because their mental-state language
difference scores were more than 3 standard deviations above or below the mean, 1 because he
did not describe the images aloud in the picture-description task, 7 because they were missing
data for one or more measures due to computer error, 1 because 3 of her reaction times on the
speeded belief-desire task were faster than .15s, and 6 because they were incorrect on 6 or more
questions in the speeded belief-desire task.
Materials and Procedure. All participants first completed a picture-description task.
Stimuli consisted of 27 images of people or objects (see Appendix C for sample images). Images
were presented one at a time on a computer screen. Participants were instructed to describe aloud
what they thought was happening in each picture. Once participants finished describing an
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image, they pressed a button on the keyboard to advance to the next image. Participants were
told to take as much time as they needed to complete the task. During the task, audio and video
were recorded to disk using the computer’s built-in microphone and camera.
Participants next completed a speeded belief-desire task, a Strange Stories task, a stroop
task, and a digit-span task in a randomized order.
Belief-desire task. The speeded belief-desire task was administered using PsychoPy
(Peirce, 2007). On each trial, a short story about an agent was presented in the center of the
computer screen. Once participants read the story, they pressed any key. The story was then
replaced by a question about what the agent would do next. After 1s, two response options
appeared, one in each of the bottom corners of the screen. Participants pressed either the left or
right arrow key to select a response. Participants were told to respond as quickly and accurately
as possible.
Participants first viewed two practice trials in which they read a story about an agent
(e.g., Dennis loves pizza and hates vegetables. He is hungry and goes to the store.) and then
answered a question about what the agent would do next (e.g., What will he buy? Responses:
pizza, vegetables). Participants then completed 12 test trials; the stories in these trials were
adapted from prior research (e.g., Bennett & Galpert, 1992; Leslie & Polizzi, 1998; Roby &
Scott, 2015; Scott & Roby, 2015; Setoh, Scott, & Baillargeon, 2016; Yazdi et al., 2006). In each
story, an agent held either a true or a false belief about the location of an object. In half the
stories, the agent wanted to approach the object and in the other half the agent wanted to avoid
the object. For instance, in a story where the agent had a false belief and wanted to approach an
object, a girl named Emma places her apple in a box and then goes outside to play. While she is
gone, her brother Ethan finds the apple and moves it to a nearby bowl. Emma is hungry and
comes back to get her apple. Participants were asked, “Where will Emma look for her apple?”
Alternatively, in a story where the agent had a true belief and wanted to avoid an object, a boy
named Lewis finds two bags, a yellow bag and a pink bag. Each bag has a lollipop inside, but the
yellow bag also contains a snake. Lewis goes away for a moment and when he comes back he
sees the snake slither from the yellow bag into the pink bag. Lewis wants to get his candy.
Participants were asked, “Which container will Lewis choose?” Belief (true, false) and desire
(approach, avoid) were crossed to create four story types; participants read three stories of each
type (see Appendix D for a list of sample stories, questions, and responses).
Strange Stories task. The Strange Stories Task (White, Hill, Happé, & Frith, 2009)
consisted of 14 stories: 8 described social situations (mental-state stories), 3 described events
with physical causes (e.g. an old woman slips on her icy doorstep, causing her to need an X-ray;
physical stories), and 3 described natural phenomena (e.g., Sun melting snow causes the
formation of puddles; nature stories). An imbalanced number of stories were used in an attempt
to maximize the number of stories relevant to our measure of interest, mental-state
understanding, while still including a sufficient number of control stories. This approach is
consistent with prior studies that have utilized this task (e.g., Bianco, Lecce, & Banerjee, 2016;
Lecce et al., 2014; 2015). Stories were presented in one of four orders; each order was
randomized with the constraint that no more than 2 stories of a given type occurred in a row.
Once participants finished reading the story, it was removed and they were asked to provide a
written response to a question about what happened in the story. For example, in one mentalstate story, a nervous woman mistakes an innocent man for a robber. She tells him to take her
purse and asks him not to hurt her. The question asked, “Why did she say that?” Participants
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were told to take as much time as they needed to complete the task (see Appendix E for a full list
of stories and questions).
Stroop task. The stroop and digit-span tasks were included to control for differences in
inhibitory control and working memory, which correlate with adults’ mental-state reasoning
(e.g., German & Hehman, 2006, McKinnen & Moskovitch, 2007). The stroop task (Stroop,
1935) was administered using Inquisit 4.0.3 (2004). The task consisted of 56 experimental and
28 control trials. In experimental trials, participants saw one of 4 color words (red, blue, green,
black); in half the trials the color of the text matched the word (congruent trials) while in the
remaining trials it did not (incongruent trials). In control trials, participants saw a box displayed
in one of the four colors. Participants were asked to respond to the color of the stimulus as
quickly and accurately as possible by pressing a corresponding arrow key.
Digit-span task. The digit-span task (e.g., Woods et al., 2011) was also administered
using Inquisit. On each trial, participants viewed a series of digits one at a time on the screen.
The digits then disappeared, and after 1s a box appeared. Participants were instructed to type the
digits they had seen in either forwards or backwards order using the keyboard. They completed
14 forward trials followed by 14 backwards trials.
Peabody Picture Vocabulary Task. Finally, participants completed the Peabody Picture
Vocabulary Task (PPVT-4; Dunn & Dunn, 2012). On each trial, participants indicated which of
four images corresponded to a spoken word. This measure was included to control for
differences in English fluency, which could impact participants’ picture descriptions or
comprehension of the stories in the mental-state reasoning tasks.
Coding
Picture-description task. We transcribed participants’ descriptions of each image and
then used the Linguistic Inquiry and Word Count (LIWC; Pennebaker, Booth, & Francis, 2007)
program to identify utterances that included mental-state terms. These terms were divided into 5
categories: cognition (e.g., think, know), desire (e.g., want, need), emotion (e.g., happy, angry),
modulations of assertion (e.g., maybe, might), and other mental-state words (e.g., remember,
wonder) (See Table 11 for a full list of mental-state categories and words). The mental-state
words included words from previous work investigating parental mental-state talk during parentchild interactions (e.g., Ruffman et al., 2002) as well as synonyms for those words that are not
generally used in child-directed speech (e.g., devastated, pondering). We omitted the word “like”
because adults use it in several ways that are unrelated to mental states (e.g. “It’s, like, two
people at the beach”).
For each participant, we calculated the percentage of utterances in each description that
contained each category of word. For each category, we then averaged across all the pictures of a
given type (i.e. people, objects). Next, we calculated difference scores for each category of
mental-state talk by subtracting the percentage of mental-state utterances made in reference to
object scenes from the percentage of mental-state utterances made in reference to images of
people (see Table 12). This difference score thus reflected the extent to which participants
selectively used mental-state language when discussing other individuals.
Belief-desire Task. For each participant, we calculated the percentage of correct
responses and average reaction time across all items, as well as separately for each story type
(true-belief approach, true-belief avoid, false-belief approach, false-belief avoid). Trials with
reaction times less than .15s or 2.5 standard deviations above the mean (across all trial types)
were excluded. For one story, over half of the participants responded incorrectly, suggesting a
problem with the item. This item was eliminated from all analyses.

38

Strange Stories Task. Consistent with previous research (e.g. White et al., 2009),
responses were scored on a 3-point scale. Participants received 0 points for responses that
involved irrelevant or incorrect facts, 1 point for responses that were factually correct but failed
to acknowledge key elements that were necessary for interpreting the story, and 2 points for fully
correct responses that were factually correct and referenced the components of the story
necessary for accurate interpretation (See Appendix E for sample stories and scoring). We
calculated participant’s average score for each story type (i.e. mental state, physical, and nature).
All of the participant’s responses to the stories were coded by a second naïve coder. Cohen's κ
was run to determine if there was agreement between the two coders scores. There was
substantial agreement between the two coders, κ = .80, p < .001. Stories in which there was a
disagreement between coders (129/1652) were resolved by a third coder.
Inhibitory Control. Trials in the stroop task with reaction times less than .15s or 2.5
standard deviations above the mean were excluded (MacLeod, 2005). We then subtracted
participants’ average reaction time on congruent trials from their average reaction time on
incongruent trials.
Working Memory. Consistent with prior work (German & Hehman, 2006), we used
participants’ backwards digit span (i.e. the highest number of digits participants recalled
backwards correctly before producing two consecutive errors) as a measure of their working
memory.
Receptive Vocabulary. The PPVT was scored according to published procedures for this
measure (Dunn & Dunn, 2012). Participants’ raw scores were converted to standardized scores
for analysis.
Results
Participants’ Performance on the Mental-State Reasoning Tasks
Preliminary analyses of participants’ performance on the belief-desire task revealed no
significant interactions of belief or desire with sex or task order. In addition, there were no
interactions of story type in the Strange Stories task with sex or task order. We therefore
collapsed across these factors in subsequent analyses.
Table 13 provides descriptive statistics for participants’ performance in the belief-desire
task. An ANOVA on the percentage of correct responses with desire (approach, avoid), belief
(true, false) as within-subject factors, revealed a significant effect of desire, F(1, 115) = 42.10, p
<. 001. There was no effect of belief, F(1,115) = .85, p = .36, and no interaction of belief and
desire, F(1,115) = 1.63, p = .20. A corresponding ANOVA on participants’ reaction times
revealed a significant effect of desire, F(1, 115) = 17.02, p < .001 and a marginally significant
effect of belief, F(1, 115) = 2.8, p = .096; the interaction of belief and desire was not significant,
F < 1, p = .43. Consistent with prior findings (Apperly et al., 2011), participants were slower and
less accurate when the agent wished to avoid rather than approach an object, as well as slower
when the agent held a false rather than a true belief.
An ANOVA on participants’ performance on the Strange Stories task with story type as a
within-subject factor revealed a marginal effect of story type, F(2, 232) = 2.52, p = .08.
Participants performed significantly better on the physical stories (M = 1.60, SD = .40) than the
nature stories (M = 1.52, SD = .39), t = 2.06, p = .04. There were no significant differences
between participants’ performance on the mental-state stories (M = 1.55, SD = .26) and the other
story types, all ps > .15.
Participants’ Talk in the Picture-Description Task
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Table 12 includes descriptive statistics for participants’ talk in the picture-description
task. Participants exhibited considerable variability in the number of words and utterances they
produced during the task, as well as in the percentage of their utterances that included mental
states in terms across the different image types.
Relationships Between Tasks
In the current section, we report p-values corrected for multiple comparisons (a = .05
one-tailed unless stated otherwise; Benjamini & Hochberg, 1995). Table 14 includes bivariate
correlations between participants’ inhibitory control, working memory, receptive vocabulary,
and their performance on the speeded belief-desire task and Strange Stories task. The pattern of
correlations suggests that individuals with better working memory and vocabulary scores were
faster to respond overall and on several of the story-types in the speeded belief-desire task. In
addition, individuals with better inhibitory control were faster to respond on false-belief
approach stories. Finally, participants’ receptive vocabulary was significantly correlated with
their performance on the physical and nature stories of the Strange Stories task: individuals with
larger receptive vocabularies had higher average scores on the physical and nature stories.
Given the associations between participants’ performance on the belief-desire task, and
their inhibitory control, working memory, and receptive vocabulary, we controlled for these
three variables in all of the following analyses.
We next examined the relationship between each of the mental-state reasoning tasks and
participants’ mental-state language difference scores. We were particularly interested in
correlations with the cognitive and total mental-state language difference scores, as these
categories are related to preschoolers’ false-belief performance. Researchers have commonly
investigated children’s total use of mental-state language in relation to false-belief performance
rather than splitting it into separate categories (e.g. Ensor & Hughes, 1998; Ruffman et al.,
2002). However, studies that have examined parent’s and children’s use of mental-state language
by category have found that cognitive language is a particularly strong correlate of preschooler’s
false-belief performance. For instance, Ruffman et al., (2002) found that parental use of
cognitive talk predicted children’s false-belief performance at multiple time points, whereas their
use of emotion terms did not predict performance at any time point, and their use of desire terms
only modestly predicted performance at a single time point. Further, Brooks & Meltzoff (2015)
reported that children’s use of cognitive language (and not their use of desire or emotion
language) predicted their elicited-response false-belief performance. We therefore focused our
analyses on participants’ cognitive talk and total use of mental-state language.
We first examined relationships between participants’ mental-state language and their
performance on the belief-desire task. There were no significant relationships between
participants’ percentage of correct responses on the belief-desire task (overall or by story type)
and their difference scores for either cognitive or total mental-state terms, all ps > .28. However,
as shown in Table 15, participants’ difference scores for total mental-state terms were
significantly negatively correlated with participants’ reaction times on false-belief avoid stories,
r(109) = -.24, p = .03 (two tailed; all correlations for reaction times are for correct responses
only). Participants who used more total mental-state terms in situations where mental states were
relevant (to discuss people rather than objects) were significantly faster to respond correctly in
situations where they needed to simultaneously consider an agent’s false belief and desire to
avoid an object.
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Finally, there were no significant relationships between participants’ difference scores for
cognitive or total mental-state terms and their performance on the Strange Stories task, all ps >
.31.
General Discussion
Recent evidence suggests that the ability to attribute false beliefs to others may emerge in
the first year of life. However, some have pointed out that these findings need to be reconciled
with the well-established associations that we see between social factors and preschoolers’ falsebelief performance (e.g. Ruffman, 2014; San Juan & Astington, 2012). If infants understand false
beliefs, then why would social experience predict preschooler’s performance on elicitedresponse false-belief tasks? We proposed that these two sets of findings are not inconsistent
because the ability to attribute false beliefs to others is necessary but not sufficient for false belief
performance, and thus social experience might very well facilitate the latter throughout the
lifespan. For instance, individuals who hear and use more mental-state language might more
readily attend to, infer, and retrieve others’ mental states.
Here we tested this claim by examining the relationship between mental-state language
and false-belief performance in adults. Participants described images of people and objects and
then completed two mental-state reasoning tasks. Our results suggest that participants who
exhibited a greater tendency to use mental-state terms when discussing people rather than objects
were significantly faster at correctly predicting the behavior of an agent who held both a false
belief and a desire to avoid an object.
These findings constitute the first evidence that personal use of mental-state language is
related to false-belief performance in adulthood. The fact that this relationship was specific to
false-belief avoidance situations likely reflects the fact that these situations impose greater
cognitive load than those involving true beliefs or approach desires (e.g., Apperly et al., 2011;
Leslie & Polizzi, 1998). In particular, false-belief avoidance stories require ‘double inhibition’:
participants must inhibit their own knowledge about the location of an object in order to
appreciate the agent’s false belief while also recognizing the agent’s desire to not approach that
object. Individuals who engage in more discussions of others’ mental states may have more
practice inhibiting their own beliefs and desires while focusing on those of another, allowing
them to more rapidly predict an agent’s behavior in this particular context.
Adults’ use of mental-state language was not related to the accuracy of their responses on
either mental-state reasoning task. There are at least two possible reasons for this. One possibility
is that participants’ use of mental-state language was correlated with speed and not accuracy
because the former has greater variability in adulthood than the latter does. A second possibility
is that personal use of mental-state language is related to how quickly one attends to, encodes,
and retrieves mental-state information rather than one’s ability to generate correct predictions or
explanations based on that mental-state information. In either case, this might explain why
several prior studies have failed to find associations between school-aged children’s use of
mental-state language and their performance on the Strange Stories task (e.g. Charman &
Shmueli-Goetz, 1998; Meins, et al., 2006).
This pattern of findings is also consistent with recent work examining the relationship
between parental mental-state talk and toddlers’ false-belief performance. Roby and Scott (2015)
tested 2.5-year-olds on a false-belief task with two consecutive test trials: an anticipatory-looking
trial followed by a preferential-looking trial. Parental use of mental-state language predicted
children’s performance on the anticipatory-looking trial but not the preferential-looking trial.
This difference could reflect the fact these two trials had different requirements for successful
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performance (prediction vs. post hoc analysis). However, our results suggest that this difference
may also reflect trial order. If exposure to mental-state language is related to how quickly
children are able to attend to, encode, and retrieve mental-state information, then this would lead
to stronger associations on the first test trial than the second.
Why might the use of mental-state language relate to false-belief performance in
adulthood? We propose that personal use of mental-state language reflects an individual’s
tendency to focus on the mental states of others. This tendency may assist individuals in noticing
mental states and improve their ability to quickly encode and retrieve those mental states. This
heightened attention would thus facilitate responding in situations that involve mental-state
reasoning. Moreover, the tendency to discuss mental states in situations where doing so is
relevant (i.e. in reference to agents rather than objects) may indicate that an individual is focused
on the mental states of other people rather than their own mental states or other features of a
scene. This would be especially useful in supporting performance on a speeded false-belief task
where one must quickly identify the mistaken belief of another person in order to predict their
subsequent behavior.
The present research begins to address criticisms that have been made to accounts that
ascribe false-belief understanding to infants for failing to address the role of social factors in
relation to early false-belief understanding. Several researchers have questioned why social
factors would predict preschooler’s performance on elicited-response tasks if the capacity to
represent false beliefs is already present during infancy (e.g. Ruffman, 2014; San Juan &
Astington, 2012). While the current study did not examine infants’ false-belief understanding,
our results suggest that one social factor, the use of mental-state language predicts false-belief
performance at a time point following the preschool years. These findings suggest that social
factors continue to support false-belief performance long after children are capable of passing
standard elicited-response tasks. The current findings cast doubt on the traditional view that
social input in the form of hearing and using mental state language facilitates the emergence of
false-belief concepts, and instead suggest that these factors support the ability to use false-belief
concepts across development.
Our findings also complement recent findings suggesting that parental mental-state talk is
associated with infants’ and toddlers’ false-belief performance (e.g. Meristo et al., 2012; Morgan
et al., 2014; Roby & Scott, 2015) and add to a growing number of studies suggesting that
exposure to and use of mental-state language is related to false-belief performance across the
lifespan. Together, these results suggest that the relationship between mental-state language and
false-belief performance is not constrained to the preschool years or to elicited-response tasks:
hearing and using mental-state talk facilitates the ability to reason about mental states throughout
life.

CHAPTER 5
Traditionally false-belief understanding has been assessed using elicited-response tasks,
which require children to answer direct questions about the behavior of a mistaken agent (e.g.,
Gopnik & Astington, 1988; Perner, Leekam, & Wimmer, 1987; Wellman et al., 2001). Children
fail such tasks until age 4 or later, leading many to conclude that false-belief understanding does
not emerge until at least age 4. Moreover, these findings led to the dominant view that during the
preschool years, children undergo a conceptual shift in their understanding of the mind that
allows them to successfully pass these standard elicited-response tasks (e.g., Carlson & Moses,
2001; de Villiers & de Villiers, 2003; Gopnik & Wellman, 1994; Perner, 1995). One factor that
was thought to promote the shift in children’s conceptual understanding was their exposure to
and personal use of mental-state language (Carpendale & Lewis, 2004; de Villiers, 2005; Ensor
& Hughes, 2008 Meins et al., 2003; Nelson, 2005; Ruffman, 2014; San Juan & Astington, 2012;
Taumoepeau & Ruffman, 2016).
More recently however, researchers have begun testing infants using a variety of
alternative methods, including spontaneous-response tasks. Using these methods, infants appear
to demonstrate false-belief understanding in the first years of life (e.g. Buttelmann, Suhrke, &
Buttelmann, 2015; Kovács, Téglás, & Endress, 2010; Onishi & Baillargeon, 2005; Scott,
Baillargeon, 2009; Scott, He, Baillargeon & Cummins, 2012; Southgate, Senju, & Csibra, 2007;
Surian & Geraci, 2012; Träuble, Marinović, & Pauen, 2010). On one hand, these findings cast
doubt on the notion that false-belief understanding emerges at age 4. However, these positive
results also raise questions regarding the relationship between social factors such as mental-state
talk and preschooler’s false-belief performance. If infants succeed on false-belief tasks, then why
do social factors predict preschooler’s false-belief performance at age 4?
I began to address this question in the current dissertation. I proposed that rather than
promoting children’s ability to represent beliefs, hearing and using mental-state language fosters
children’s ability to use their already existing false-belief concepts in appropriate situations. In
addition, I tested three specific predictions that followed from this claim.
My first prediction was that parental use of mental-state language should be related to
children’s performance on non-elicited-response false-belief tasks prior to age 3. While previous
research has revealed an association between parental use of mental-state language and toddlers’
performance on a verbal spontaneous-response false-belief task (Roby & Scott, 2015), a number
of questions regarding the nature of this relationship remain. For instance, does parental talk
simply help children to follow a verbal false-belief story, or is it related to their ability to
attribute false beliefs? Also, does parental mental-state language specifically predict children’s
false-belief understanding, or does it also predict other forms of reasoning such as the ability to
predict physical events?
I examined these questions in Chapter 2 by investigating whether parental mental-state
talk predicted 2.5-year-olds’ performance on a non-verbal spontaneous-response false-belief task
or a physical-reasoning task. Findings from Chapter 2 revealed that parental use of mental-state
language predicted children’s performance on the false-belief task, but not the physicalreasoning task. These findings provide additional evidence for the relationship between parental
use of mental-state language and early false-belief understanding and show that this association
extends to children’s performance on a non-verbal spontaneous-response task. Moreover, they
challenge the notion that our prior findings showing a relationship between parental use of
mental-state language and children’s spontaneous-response false-belief performance (Roby &
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Scott, 2015) were merely due to parental mental-state language predicting children’s ability to
follow a verbal story.
Is it possible that our failure to find a relationship between parental mental-state talk and
children’s physical-reasoning performance resulted from low power? We find this unlikely for
two reasons. First, our sample size was similar to other cross-sectional studies that have
investigated the relationship between parental mental-state language and young children’s socialcognitive abilities (e.g. Adrián et al., 2007; Brown, McCall, & Dunn, 1996; Newton et al., 2016).
Second, we found robust effects between parental use of mental-state language and children’s
false-belief performance with our current sample size and observed power. This suggests that
even if we had a larger sample, any effect of parental talk on children’s physical reasoning would
likely be very small. Thus, we maintain that the findings from Chapter 2 provide discriminant
validity for the association between parental use of mental-state language and children’s early
false-belief understanding by showing that parental talk was not related to children’s
performance on a physical-reasoning task with similar demands that did not involve mental-state
reasoning.
My second prediction was that young children’s personal use of mental-state language
should be related to their performance on non-elicited-response false-belief tasks. I addressed
this issue in Chapter 3. In this chapter, we also asked whether our previous findings that parental
use of mental-state language predicts children’s performance on a verbal anticipatory-looking
false-belief task (i.e. Roby & Scott, 2015) could be extended to a different task and slightly older
age range. Children were tested on two spontaneous-response false-belief tasks, an anticipatorylooking task, and a preferential-looking task. In addition, we examined child and parental use of
mental-state talk in two different contexts, in a picture-book task, and a free-play interaction.
Consistent with our prior work (Roby & Scott, 2015), and the findings reported in Chapter 2,
parental use of mental-state language in the context of the picture-book task positively predicted
children’s performance on the anticipatory-looking false-belief task. Moreover, children’s use of
other mental-state terms positively predicted their anticipatory-looking performance.
The findings from Chapter 3 that parental talk predicted children’s false-belief
performance replicate our previous findings from Roby and Scott (2015) using a live-action
anticipatory-looking false-belief task with a group of 3-year-old children, and add to the growing
body of evidence showing a relationship between social factors and children’s early false-belief
performance. However, the fact that this relationship did not extend to children’s preferentiallooking performance raises additional questions regarding the nature of this relationship. One
possibility is that parental use of mental-state language is related to children’s ability to predict
the behavior of agents given their current mental state and thus the association was constrained
to children’s anticipatory- but not preferential-looking performance. An alternative possibility is
that anticipatory-looking tasks are more difficult than preferential-looking tasks, and thus result
in more individual variance that can be examined in relation to parental talk. A final possibility is
that the use of mental-state language supports children’s performance on spontaneous-response
tasks via effects on inhibition. Both tasks used in Experiments 1 and 2, where we found positive
associations between mental-state language and false-belief performance were high inhibition
anticipatory-looking tasks. These tasks are considered to involve high inhibitory demands
because the target object remains in the scene during the test phase rather than being removed.
Thus, children must inhibit their own knowledge of where the target object is hidden in order to
quickly and correctly visually anticipate where the mistaken agent will search for it upon their
return. Children who frequently discuss the mental states of other individuals may be better able
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to inhibit their own knowledge of the target object in order to make predictions based on the
mental states of the character involved. The ability to inhibit one’s own knowledge to predict the
behavior of the mistaken agent must occur rapidly in the context of our anticipatory-looking
tasks, whereas children have more time to overcome this initial bias in the preferential-looking
task, hence the lack of association found with the preferential-looking measure. Additional
research is needed to disentangle these possibilities. However, it is important to note that this
finding appears to be robust. We now have preliminary findings that show associations between
parental use of mental-state language and children’s performance on anticipatory-looking falsebelief tasks in 3 different studies using different false-belief tasks and testing children of
different age groups.
In Chapter 3, we also found that children’s personal use of mental-state language in the
picture-book task marginally positively predicted their performance on the anticipatory-looking
false-belief task. Although marginal, these findings are the first to show that an additional social
factor, children’s personal use of mental-state language relates to their performance on
spontaneous-response false-belief tasks prior to the preschool years. Might this marginal effect
be due to issues with low power? We have reason to think that this is not the case. The current
sample size was sufficient for showing a significant relationship between parental talk and
children’s false-belief performance. If child talk actually had a similar effect, we should have
been able to detect it using the same sample size we did for parent talk. We instead suggest that
children’s talk in the context of a picture-book task produces a smaller effect than that of parental
talk and that this effect might be larger if children’s talk were measured in an alternative context.
One limitation of the study in Chapter 3 is that our second exploratory task, the free-play
task, does not appear to be a valid measure of either parent or child use of mental-state language.
This conclusion is based on our findings that the mental-state language parents and children used
in this task negatively predicted children’s false-belief performance. These finding are
inconsistent with our previous findings using picture-book tasks and with the large body of
research investigating the relationship between mental-state language and children’s
performance on elicited-response false-belief tasks. Free-play tasks have never previously been
used to examine children and parent’s use of mental-state language in an interaction with one
another. It is likely that parents use mental-state language differently across contexts. Picturebook tasks may be more suitable for eliciting talk about other people’s mental states, and how
the parent and child relate to the situation being depicted in the images. Further, we suggest that
that children may use mental-state language differently in play contexts with peers and siblings
than with parents. In free-play with same-age partners, children must negotiate the terms of their
play in order to achieve their desired outcome (i.e. “I want to be the doctor.” “Let’s pretend
we’re cooking.”). This kind of interaction involves the discussion of mental states and taking
another person’s perspective into consideration. This kind of negotiation is likely less prevalent
in parent-child interactions, where the parent more easily agrees to the child’s objectives. We
suggest future research should measure children’s use of mental-state language in naturalistic
settings and with other children. This context might be an especially rich source for examining
children’s use of mental-state language in relation to their performance on spontaneous-response
false-belief tasks.
One unexpected finding from the studies in Chapters 2 and 3 were the gender effects that
emerged in children’s performance on the spontaneous-response false-belief tasks. Specifically,
in both anticipatory-looking tasks in Chapters 2 and 3, males showed poorer performance than
females. Conversely, in the preferential-looking task in Chapter 3, males showed better
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performance than females. Given that no prior studies using spontaneous-response tasks have
reported sex effects we initially suspected that this effect represented sampling error rather than a
robust sex difference in early false-belief understanding. However, the fact that this sex effect
was present across multiple studies may suggest that there are genuine gender differences in
early false-belief understanding. It is possible that because prior research has focused primarily
on demonstrating the circumstances under which young children can succeed on false-belief
tasks, children in those studies did not produce enough variability in their responding to see clear
gender differences. In Chapters 2 and 3 we purposefully selected challenging tasks so that we
could examine children’s individual differences in relation to parental talk. This may help to
explain the gender differences we found in the current studies.
Another unanticipated finding from the studies in Chapters 2 and 3 were the differences
we found in the categories of parental talk that positively or negatively predicted children’s falsebelief performance. For instance, while parent’s use of other mental-state terms positively
predicted children’s performance in Chapter 3, the use of other mental-state terms and desire
terms negatively predicted children’s performance in Chapter 2. There are several possible
reasons for these differences. First, we did not distinguish between parent’s genuine and
conversational uses of mental-state terms in our current mental-state language coding scheme
(e.g. Taumoepeau & Ruffman, 2008). Our coding scheme was taken from Taumoepeau and
Ruffman (2008), who suggest that young children may not be able to differentiate between
genuine and other uses of mental-state terms (i.e. “she likes it” vs. “It looks like a frog”), and that
any use of these terms may have the potential to teach children about mental states. Because we
did not code these two uses of mental-state terms separately, parents may have used some
mental-state terms in a non-mental-state or conversational way that negatively predicted
children’s understanding of mental states. A second reason may stem from the differences in
parents’ use of other mental-state terms (e.g. remember) across the studies. Parents of the
children in Chapter 3 used higher rates of these terms than parents of children in Chapter 2.
Further examination of parent’s use of other mental-state terms in Chapter 2 showed that nearly
half the parents never used these terms. Thus, it is possible that the negative association reported
in Chapter 2 is driven primarily by parent’s lack of use of these particular mental-state terms
with their children at this age.
Finally, turning to Chapter 4, my final prediction in this dissertation was that personal use
of mental-state language should be related to adult’s performance on false-belief tasks. The few
studies that have investigated these factors in older children and adults have shown mixed
findings. One possibility for the reported null effects is that researchers commonly use a
particular assessment called the Strange Stories task for assessing false-belief understanding, and
that elementary-school children do not exhibit enough variability on this task to produce
associations with social factors. If that were the case, then relationships between mental-state
language and false-belief understanding may emerge if a measure that produced more variable
responses was used. I investigated this possibility in Chapter 4.
Adult participants completed a picture-description task where they described a series of
images depicting people and objects. They also completed a battery of tasks, including speeded
and unspeeded false-belief measures. Our results indicated that adults’ tendency to use cognitive
terms to describe images of people rather than objects was related to how quickly they correctly
anticipated how a character would behave given the character’s false belief and desire to avoid a
given object. Further, their mental-state talk was not related to their performance on the Strange
Stories task. These findings suggest that social factors not only contribute to children’s false-
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belief performance, but that the relationship persists into adulthood. These findings also
complement our results from Chapter 3, providing evidence that personal use of mental-state
language is related to false-belief understanding across the lifespan. In addition, because this
association was specific to performance on the speeded but not the un-speeded false-belief task,
these results indicate that social factors may contribute to how quickly individuals can attend to,
encode, and retrieve belief relevant information.
The findings from this dissertation suggest that social factors are related to false-belief
performance both prior to and after the preschool years. These findings add to a growing number
of studies suggesting that exposure to and use of mental-state language is related to false-belief
performance across development: these associations have now been demonstrated with toddlers,
preschoolers (e.g., Dunn et al., 1991; Ensor & Hughes 2008; Roby & Scott, 2015; Ruffman et al.,
2002), elementary-school children (e.g., Bianco et al., 2016; Grazzani & Ornaghi, 2012; Lecce et
al., 2014) and even adults (e.g. Lecce et al., 2015; Roby & Scott, 2016).
There are still many open questions regarding the relationship between social factors and
early false-belief understanding. Because all of the studies in the current dissertation were crosssectional, we were not able to address questions regarding the development of these associations.
For instance, it is not clear whether the relationship between parental talk and children’s falsebelief understanding would emerge at earlier time points, or whether the use of mental-state
language with preverbal infants who cannot comprehend the meaning of mental-state terms
predicts their false-belief performance. It is also not known whether varying the use of particular
kinds of mental-state language (e.g. talk about desires vs. talk about cognitions) is supportive of
children’s false-belief understanding at different age ranges as it is for other social-cognitive
skills. In order to address these issues, longitudinal work is needed to investigate how these
relationships change over early childhood.
This issue aside, the fact that these associations have now been demonstrated prior to and
after the age at which children generally begin to pass elicited-response false-belief tasks casts
doubt on the notion that social factors promote children’s ability to represent beliefs. Instead, the
body of research on social experiences and false-belief understanding, along with the studies in
this dissertation suggest that these social factors support individuals’ ability to use their falsebelief understanding in a variety of different situations across the lifespan.
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Appendix A: Script used in the Anticipatory-Looking Task in Experiment 2
This is Liam!
This is Liam’s house and these are Liam’s boxes.
Sometimes Liam puts toys inside his boxes.
When Liam wants to look in the red box, he goes down the red slide.
See? Liam is going down the red slide.
Look! Now he is opening the red box.
When Liam wants to look in the green box, he goes down the green slide.
See? Liam is going down the green slide?
Look! Now he is opening the green box.
Which slide will Liam come down if he wants to look in the red box?
Which slide will Liam come down if he wants to look in the green box?
Liam finds a toy inside.
Look! Now Liam has a toy.
Liam hides his toy in the green box.
Then Liam goes to sleep behind the house.
While Liam is gone, his sister Sophia comes home.
Sophia decides to look in the green box.
Look! She finds a toy!
Sophia takes the toy out of the green box.
Sophia puts the toy in the red box.
Then she leaves.
Liam just woke up and now he wants to play with his toy!
I wonder which slide Liam will come down to look for his toy (anticipatory-looking prompt)?
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Appendix B: Pictures and Script used in the Preferential-Looking Task in Experiment 2

Story-1

“This is a story about a girl named
Mia. Look! There’s Mia!”

Story-2

“Mia has a cookie. It’s her Grandma’s
birthday and Mia wants to give her a
cookie.”

Practice-1

“Where is Mia’s cookie?”

Story-3

“Mia puts the cookie in a blue bag.”

Story-4

“Then Mia goes to put on her shoes.”

Practice-2

“Where is Mia’s shoe?”

Story-5

“While Mia is gone, her friend Danny
takes the cookie out of the blue bag.”

Story-6

“Danny puts the cookie in a pink box.
And then he leaves.”

Story-7

“Hurry, Hurry! Says Mia’s Mom.
We’re leaving for Grandma’s! Mia puts
on her coat, then she quickly runs in to
get Grandma’s cookie. She grabs the
cookie and runs out the door.”

Test trial

“There is Mia walking to Grandma’s!
She’s carrying Grandma’s present.”
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Appendix C: Sample Stimuli from the Picture-Description Task in Experiment 3
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Appendix D: Sample Stories, Questions, and Responses from the
Speeded Belief-Desire Task
True-belief approach
Emma finds an apple. She looks at it and thinks, “I will eat this apple later”. Emma puts her
apple in a box for later and goes outside to play with a ball. When she comes back Emma sees
her brother Ethan move the apple from the box into a bowl.
Question: Where will Emma look for her apple?
Responses: Box, bowl
True-belief avoid
Sally has a nice clean hat, and she wants to put it away in a box. She has two boxes, a red box
and a blue box. Inside the red box is a dirty frog. Sally wants to keep her hat clean. Sally watches
the dirty frog hop from the red box into the blue box.
Question: Where will Sally look for her hat?
Responses: Red box, blue box
False-belief approach
Lucas and Jacob are friends. They are going to play hide and seek. Lucas closes his eyes, and
Jacob hides. While Jacob is hiding, Lucas peeks and sees Jacob go into a tent. Lucas closes his
eyes again and does not see Jacob sneak out from the tent and go underneath a table.
Question: Where will Lucas look for Jacob?
Responses: Tent, table
False-belief avoid
Bill wants to see Fred. Fred is in his office. Bill’s awful boss is also in Fred’s office, but Bill
doesn’t know it. Bill wants to avoid him more than anything else.
Question: What will Bill do?
Responses: Stay, go
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Appendix E: Stories, Questions, and Sample Scoring from the Strange Stories Task
Mental-State Stories
Late one night old Mrs. Peabody is walking home. She doesn’t like walking home alone in the
dark because she is always afraid that someone will attack her and rob her. She really is a very
nervous person! Suddenly, out of the shadows comes a man. He wants to ask Mrs. Peabody what
time it is, so he walks toward her. When Mrs. Peabody sees the man coming toward her, she
starts to tremble and says, “Take my purse, just don’t hurt me please!”
Q: Why did she say that?
Sample scoring for the mental-state stories: Mrs. Peabody story (above)
0 – responses that received a score of 0 involved irrelevant or incorrect facts. For example,
saying that the man was actually going to rob the woman.
1 – responses that received a score of 1 were partially correct. For example, saying that the
woman was just a really nervous person.
2 – responses that received a score of 2 were fully and completely correct. For example, saying
that the woman told the man to take her purse because she thought that he was going to rob her
even though he really wasn’t.
Simon is a big liar. Simon’s brother Jim knows this, he knows that Simon never tells the truth!
Now yesterday Simon stole Jim’s ping-pong paddle, and Jim knows Simon has hidden it
somewhere, though he can’t find it. He’s very cross. So he finds Simon and he says, “Where is
my ping-pong paddle? You must have hidden it either in the cupboard or under your bed,
because I’ve looked everywhere else. Where is it, in the cupboard or under your bed”? Simon
tells him the paddle is under his bed.
Q: Why will Jim look in the cupboard for the paddle?
During the war, the Red army captures a member of the Blue army. They want him to tell them
where his army’s tanks are; they know they are either by the sea or in the mountains. They know
that the prisoner will not want to tell them, he will want to save his army, and so he will certainly
lie to them. The prisoner is very brave and very clever, he will not let them find his tanks. The
tanks are really in the mountains. Now when the other side asks him where his tanks are, he says,
“They are in the mountains.”
Q: Why did the prisoner say that?
Brian is always hungry. Today at school it is his favorite meal—sausages and beans. He is a very
greedy boy, and he would like to have more sausages than anybody else, even though his mother
will have made him a lovely meal when he gets home! But everyone is allowed two sausages and
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no more. When it is Brian’s turn to be served, he says, “Oh, please can I have four sausages,
because I won’t be having any dinner when I get home!”
Q: Why does Brian say this?
Jill wanted to buy a kitten, so she went to see Mrs. Smith, who had lots of kittens she didn’t
want. Now Mrs. Smith loved the kittens, and she wouldn’t do anything to harm them, though she
couldn’t keep them all herself. When Jill visited she wasn’t sure she wanted one of Mrs. Smith’s
kittens, since they were all males and she had wanted a female. But Mrs. Smith said, “If no one
buys the kittens I’ll just have to drown them!”
Q: Why did Mrs. Smith say that?
One day Aunt Jane came to visit Peter. Now Peter loves his aunt very much, but today she is
wearing a new hat; a new hat which Peter thinks is very ugly indeed. Peter thinks his aunt looks
silly in it, and much nicer in her old hat. But when Aunt Jane asks Peter, “How do you like my
new hat?,” Peter says, “Oh, its very nice.”
Q: Why does he say that?
Helen waited all year for Christmas, because she knew at Christmas she could ask her parents for
a rabbit. Helen wanted a rabbit more than anything in the world. At last Christmas Day arrived,
and Helen ran to unwrap the big box her parents had given her. She felt sure it would contain a
little rabbit in a cage. But when she opened it, with all the family standing round, she found her
present was just a boring old set of encyclopedias, which Helen did not want at all! Still, when
Helen’s parents asked her how she liked her Christmas present, she said, “It’s lovely, thank you.
It’s just what I wanted.”
Q: Why did she say this?
A burglar who has just robbed a shop is making his getaway. As he is running home, a
policeman on his beat sees him drop his glove. He doesn’t know the man is a burglar, he just
wants to tell him he dropped his glove. But when the policeman shouts out to the burglar, “Hey,
you! Stop!,” the burglar turns around, sees the policeman and gives himself up. He puts his
hands up and admits that he did the break-in at the local shop.
Q: Why did the burglar do that?
Physical Stories
Old Mrs. Robinson is very frail. One day she slips on her icy door step and falls on her side. She
gets up right away, although she feels quite bruised and shaken. The next day her leg feels very
stiff and she can scarcely walk. She makes her way to the doctors. As soon as the doctor hears
about the fall, and sees her swollen side, he says, “Go immediately to the hospital.” At the
hospital they take an X-ray.
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Q: Why did they take an X-ray?
Sample scoring for the physical stories: Mrs. Robinson story (above)
0 – responses that received a score of 0 involved irrelevant or incorrect facts, or to X-ray’s being
the cure themselves. For example, saying that the X-ray would fix her hip.
1 – responses that received a score of 1 were partially correct. For example, saying that they
wanted to see what was wrong with her.
2 – responses that received a score of 2 were fully and completely correct. For example, saying
that they gave her an X-ray to see if she might have a broken bone.
A burglar is about to break into a jewelers’ shop. He skillfully picks the lock on the shop door.
Carefully he steps over the electronic detector beam. If he breaks this beam it will set off the
alarm. Quietly he opens the door of the store-room and sees the gems glittering. As he reaches
out, however, he steps on something soft. He hears a screech and something small and furry runs
out past him, toward the shop door. Immediately the alarm sounds.
Q: Why did the alarm go off?
Two enemy powers have been at war for a very long time. Each army has won several battles,
but now the outcome could go either way. The forces are equally matched. However, the Blue
army is stronger than the Yellow army in foot soldiers and artillery. But the Yellow army is
stronger than the Blue Army in air power. On the day of the final battle, which will decide the
outcome of the war, there is heavy fog over the mountains where the fighting is about to occur.
Low-lying clouds hang above the soldiers. By the end of the day the Blue army has won.
Q: Why did the Blue army win?
Nature Stories
A storm is building up over a little village in the mountains. There is thunder and lightning. The
trees sway in the heavy gusts of wind, and the rain is pouring down. Leaves and even some
branches are falling from the trees. After one extremely bright flash of lightning, there is a loud
crashing noise and the lights go out in all of the houses in the village.
Q: Why did the lights go out?
Sample scoring for the nature stories: Storm story (above)
0 – responses that received a score of 0 involved irrelevant or incorrect facts. For example,
saying that the thunder caused the lights to go out.
1 – responses that received a score of 1 were partially correct. For example, saying that the storm
interfered with the electricity in the town.
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2 – responses that received a score of 2 were fully and completely correct. For example, saying
that one of the trees was hit by lightning and fell on a power line so the lights went out.
It is a very cold winter and has been snowing for days and days. The snow has covered
everything; the trees, the houses, the hilltops, even the fences are covered in a thick layer of
snow. Everything looks completely white apart from the dull gray sky. One morning, the skies
are blue and the sun comes out. The sun beats down on the houses, the trees, the hilltops, and the
fences. Puddles start to form at the edges of the fields.
Q: Why are there lots of puddles?
The summer has been long and very warm, just the right conditions for producing lots of apples.
All summer long the orchard has been quiet and peaceful. Now, at the end of summer, the apples
hang from the trees, glistening in the bright sun, all ripe and rosy. And every now and then in the
orchard, little thumps can be heard.
Q: Why are there little thumps?
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Table 1
Summary of Utterance Categories in the Interactive Tasks (Experiments 1 and 2)
Category

Words and Phrases

Cognitive

Think, know

Desire

Want, hope, like, love, wish, prefer, keen on

Emotion

Afraid, alarmed, angry, annoyed, bored,
disappointed, cross, enjoy, excited, fed-up, feel,
frustrated, funny, grumpy, happy, hurtful,
interesting, mad, miss, pleased, sad, surprised,
unhappy, upset, worried

Other Mental States

Consider, day dream, dream, expect, forget, guess,
in mind, idea, imagine, realize, remember, remind,
understand, wonder

Modulations of Assertion

Assume, bet, certain, could, curious, definite,
expect, figure, may, maybe, might, must, perhaps,
possible, probably, reckon, seem, suppose, sure
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Table 2
Descriptive Statistics for Parental Talk in the Picture-Book Task in Experiment 1
Mean (SD)

Range

Percentage of Mental-State Utterances
Cognitive
Desire
Emotion
Modulations of Assertion
Other Mental States
Total Mental State Language

2.3 (3.1)
5.9 (4.7)
5.4 (4.3)
.6 (1.5)
.3 (.6)
13.6 (8.8)

0 – 12
0 – 21
0 – 20
0–8
0–2
0 – 36

Number of Parental Words and Utterances
Number of Words
Number of Utterances

508 (348)
138 (79)

57 – 1678
22 – 360
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Table 3
Hierarchical Multiple Regressions Predicting Children’s Difference Scores on the AnticipatoryLooking Task in Experiment 1 from Sex, Order of Familiarization Trials, and Parental Use of
Mental-State Language in the Picture-Book Task.
Anticipatory looking
Predictor

∆R2

Step 1
Sex

.24*
.34*

Familiarization trial order
Step 2
Parent cognitive
Parent desire
Parent emotion
Parent modulations of assertion
Parent other mental states

ß

.31*
.33**
.49*
-.41*
.16
.37^
-.50*

Note: ^ p < .10, * p < .05, ** p < .01; All reported Betas are standardized.
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Table 4
Linear Regression Predicting Children’s Difference Scores on the Physical-Reasoning Task in
Experiment 1 from Parental Use of Mental-State Language in the Picture-Book Task.
Physical Reasoning
Predictor
Step 1
Parent cognitive
Parent desire
Parent emotion
Parent modulations of assertion
Parent other mental states
Note: All reported Betas are standardized.

∆R2
.12

ß
.41
-.25
-.09
-.12
-.19
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Table 5
Descriptive Statistics for Parental Talk in the Interactive Tasks in Experiment 2
Picture-Book
Percentage of Mental-State
Utterances
Cognitive
Desire
Emotion
Modulations of Assertion
Other
Total Mental-State Language
Number of Parental Words and
Utterances
Number of Words
Number of Utterances

Free-Play

Mean (SD)

Range

Mean (SD)

Range

p-value

7.3 (6.4)
9.8 (5.7)

0 - 31
0 - 28

3.0 (2.3)
8.9 (3.9)

0-9
2 -19

< .001
.38

3.1 (3.6)
2.7 (3.1)
.9 (1.6)
21.2 (11.5)

0 - 17
0 - 15
0-7
4 - 50

1.0 (1.1)
1.6 (1.2)
.7 (.9)
14.6 (5.1)

0-4
0-5
0-4
6 - 27

< .001
.008
.63
< .001

475 (230)

136 - 924

700 (176)

379 - 1052

< .001

103 (50)

30 - 210

163 (39)

104 - 262

< .001

Note: N = 40. p-values reflect paired t-tests comparing the percentage of utterances containing a
given category of mental-state term across the two interactive tasks.
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Table 6
Descriptive Statistics for Child Talk in the Interactive Tasks in Experiment 2
Picture-Book
Percentage of Mental-State
Utterances
Cognitive
Desire
Emotion
Modulations of Assertion
Other
Total Mental-State Language
Number of Child Words and
Utterances
Number of Words
Number of Utterances

Free-Play

Mean (SD)

Range

Mean (SD)

Range

p-value

.7 (1.8)
5.2 (5.9)

0-7
0 - 27

1.0 (1.6)
4.0 (3.1)

0-7
0 - 10

.44
.25

1.3 (2.7)
.5 (1.4)
.2 (.6)
7.8 (6.8)

0 - 14
0-8
0-3
0 - 27

.4 (.8)
.5 (.8)
.2 (.5)
6.0 (3.7)

0-3
0-3
0-2
0 - 15

.06
.89
.67
.14

162 (92)

26 - 387

305 (135)

74 - 642

< .001

64 (34)

16 - 133

108 (36)

41- 208

< .001

Note: N = 39. p-values reflect paired t-tests comparing the percentage of utterances containing a
given category of mental-state term across the two interactive tasks.
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Table 7
Hierarchical Multiple Regressions Predicting Children’s Difference Scores on the AnticipatoryLooking Task in Experiment 2 from Sex, Container, and Parent and Children’s Mental-state
Language in the Picture-Book Task.
Anticipatory looking
Predictor

∆R2

Step 1
Sex

.28**
-.42**

Container
Step 2
Parent cognitive
Parent desire
Parent emotion
Parent modulations of assertion
Parent other mental states
Step 3
Child cognitive
Child desire
Child emotion
Child modulations of assertion
Other mental states

ß

.26^
.20^
.09
.02
-.05
-.33
.36*
.10
.09
-.06
-.18
.05
.34^

Note: ^ p < .10, * p < .05, ** p < .01; All reported Betas are standardized; The largest variance
inflation factor (VIF) among the predictors was 3.6, suggesting there were no issues with
multicollinearity.
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Table 8
Hierarchical Multiple Regressions Predicting Children’s Difference Scores on the AnticipatoryLooking Task in Experiment 2 from Sex, Container, and Parent and Children’s Mental-state
Language in the Free-Play Task.
Anticipatory looking
Predictor
Step 1
Sex

∆R2
.28**

-.42**

Container
Step 2
Parent cognitive
Parent desire
Parent emotion
Parent modulations of assertion
Parent other mental states
Step 3
Child cognitive
Child desire
Child emotion
Child modulations of assertion
Other mental states

ß

.26^
.16
-.47**
-.03
.03
.14
.05
.11
-.07
-.14
-.02
-.01
-.34*

Note: ^ p < .10, * p < .05, ** p < .01; All reported Betas are standardized; The largest variance
inflation factor (VIF) among the predictors was 1.9, suggesting there were no issues with
multicollinearity.
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Table 9
Hierarchical Multiple Regressions Predicting Children’s Difference Scores on the PreferentialLooking Task in Experiment 2 from Sex, Container, and Parent and Children’s Mental-State
Language in the Picture-Book Task.
Preferential looking
Predictor

∆R2

Step 1
Sex

.19*
.28^

Container
Step 2
Parent cognitive
Parent desire
Parent emotion
Parent modulations of assertion
Parent other mental states
Step 3
Child cognitive
Child desire
Child emotion
Child modulations of assertion
Other mental states

ß

.35*
.04
-.19
.14
-.03
.04
.09
.20
-.25
-.42*
.14
.20
-.14

Note: ^ p < .10, * p < .05; All reported Betas are standardized; The largest variance inflation
factor (VIF) among the predictors was 4.8, suggesting there were no issues with
multicollinearity.
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Table 10
Hierarchical Multiple Regressions Predicting Children’s Difference Scores on the PreferentialLooking Task in Experiment 2 from Sex, Container, and Parent and Children’s Mental-State
Language in the Free-Play Task.
Preferential looking
Predictor

∆R2

Step 1
Sex

.19*
.28^

Container
Step 2
Parent cognitive
Parent desire
Parent emotion
Parent modulations of assertion
Parent other mental states
Step 3
Child cognitive
Child desire
Child emotion
Child modulations of assertion
Other mental states

ß

.35*
.01
.03
.05
.02
-.09
-.06
.05
-.18
-.03
-.08
.18
-.06

Note: ^ p < .10, * p < .05; All reported Betas are standardized; The largest variance inflation
factor (VIF) among the predictors was 2.1, suggesting there were no issues with
multicollinearity.
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Table 11
Categories of Mental-State Words for the Picture-description task in Experiment 3

Category

Words and Phrases

Cognitive

Think, know

Desire

Aspire, desire, dream, expect, inclined, hope, love,
keen on, prefer, want, wish,

Emotion

Afraid, agitated, alarmed, angry, annoyed, anxious,
amused, ashamed, bored, content, cross, devastated,
disappointed, disgust, distress, embarrass, empathy,
enjoy, excited, fed-up, feel, frustrated, funny, fright,
grumpy, guilty, happy, hurtful, interesting, mad,
miss, mood, mortify, nervous, nerve-wracking,
paranoid, pleased, proud, sad, scared, selfconscious, shame, shock, surprised, sympathetic,
tense, uneasy, ungrateful, unhappy, upset, worried

Other Mental States

Aware, believe, certain, consider, convince, could,
day dream, dream, expect, forget, guess, have in
mind, idea, imagine, impression, notice, perceive,
ponder, preoccupied, realize, remember, remind,
understand, wonder

Modulations of Assertion

Assume, bet, certain, could, curious, definite,
expect, figure, guess, may, maybe, might, must,
perhaps, possible, probably, reckon, seem, suppose,
sure, wonder

Note: All possible forms of a given word (e.g., think, thinks, thinking, etc.) were included
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Table 12
Mean (SD) Percentage of Utterances in the Picture-Description Task Containing Mental-State
Terms by Image Type, as well as Difference Scores (People – Physical)

Cognitive
Desire
Emotion
Other
Modulations of
assertion
Total mental-state
language

People

Physical
Scenes

Difference
Score

6.7 (5.4)
1.7 (2.3)
12.0 (6.3)
3.0 (3.1)
24.5 (13.3)

4.5 (5.9)
.4 (1.4)
1.3 (4.4)
1.7 (3.2)
19.0 (15.3)

2.1 (5.9)
1.2 (1.9)
10.7 (6.7)
1.4 (3.5)
5.6 (12.0)

39.1 (14.2)

24.8 (16.2)

14.3 (14.4)
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Table 13
Mean (SD) Percentage of Correct Responses and Reaction Times in Seconds on the BeliefDesire Task, Separately by Story Type

Approach
Avoid

Percent Correct
True
False
Belief
Belief

Reaction Time
True
False
Belief
Belief

89 (19)
77 (24)

1.3 (.6)
1.6 (.8)

93 (15)
77 (28)

1.4 (.7)
1.7 (.9)
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Table 14
Bivariate Correlations Between Participants’ Performance on the Mental-State Reasoning Tasks
and the Control Variables.
Inhibitory
Control

Working
Memory

Receptive
Vocabulary

Overall

-.03

-.03

.03

TB approach

-.15

.18

-.04

TB avoid

.02

.07

.03

FB approach

-.004

-.004

.009

FB avoid

.06

.19

.000

Overall

.11

-.16

-.19*

TB approach

.07

-.07

-.07

TB avoid

.15

-.03

-.22*

FB approach

.18*

-.11

-.18*

FB avoid

-.004

-.20*

-.08

Physical

-.15

-.07

.25*

Mental State

-.05

.13

.06

Belief-Desire Task: Percent Correct

Belief-Desire Task: Reaction Time

Strange Stories Task

Nature
.04
-.06
.35**
Note: All correlations for reaction times are for correct responses only; * p < .05, **p < .01 (all
significance tests are one-tailed)
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Table 15
Partial Correlations Between Mental-State Difference Scores and Reaction Times (Correct
Responses Only) on the Belief-Desire Task
True Belief
Approach Avoid
Cognitive
Total

.06
.05

-.08
-.07

False Belief
Approach Avoid
.03
-.12

-.12
-.24*

Note: * p = .05 (all significance tests are two-tailed)
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A1

*Knock knock*

A2

*Knock knock*

Figure 1: Red-box familiarization trial from the false-belief task in Experiment 1.

79
*Knock knock*

*Knock knock*

Figure 2: Test trial from the false-belief task in Experiment 1.
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“Hey, look!”

Figure 3: Familiarization trial from the physical-reasoning task in Experiment 1.

81

“Hey, look!”

Figure 4: Sample test trial from the physical-reasoning task in Experiment 1. This particular
example depicts a gravity-bias trial.

82

Figure 5: Sample configurations from the physical-reasoning task in Experiment 1. All the
events pictured show gravity-bias trials (3 crossed examples and 1 parallel example).
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0.9

Mean Looking Time (sec)

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Belief-Consistent
Belief-Inconsistent
Belief-Consistent
Location Belief-Inconsistent
Location
Location
Location

Figure 6: Children’s mean looking time (in seconds) to the belief-consistent and beliefinconsistent locations during the anticipatory-looking window in the test trial of the false-belief
task in Experiment 1. Error bars represent one standard error of the mean.
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0.6

Mean Looking Time (sec)

0.5

0.4

0.3

0.2

0.1

0
Correct
Location
Correct

Location

Gravity-Bias
Gravity-bias
Location
Location

Other
Other
Location
Location

Figure 7: Children’s mean looking time (in seconds) to the correct, gravity-bias, and other
locations during the test window of the physical-reasoning task in Experiment 1. Error bars
represent one standard error of the mean.
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Figure 8: Apparatus used in the anticipatory-looking false-belief task in Experiment 2.
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1.6

Mean looking time (in seconds)

1.4
1.2
1
0.8
0.6
0.4
0.2
0

Original Location

Current Location

Figure 9: Children’s mean looking time (in seconds) to the original and current locations during
the test trial of the anticipatory-looking task in Experiment 2. Error bars represent one standard
error of the mean.
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2.7

Mean looking time (in seconds)

2.4
2.1
1.8
1.5
1.2
0.9
0.6
0.3
0

Original Location

Current Location

Figure 10: Children’s mean looking time (in seconds) to the original and current locations during
the test trial of the preferential-looking task in Experiment 2. Error bars represent one standard
error of the mean.

