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Children’s math learning (N = 217; M,z = 4.87 years; 63% European American, 96% college-educated fami-
lies) from an intelligent character game was examined via social meaningfulness (parasocial relationships
[PSRs]) and social contingency (parasocial interactions, e.g., math talk). In three studies (data collected in the
DC area: 12/2015-10/2017), children’s parasocial relationships and math talk with the intelligent character
predicted quicker, more accurate math responses during virtual game play. Children performed better on a
math transfer task with physical objects when exposed to an embodied character (Study 2), and when the
character used socially contingent replies, which was mediated by math talk (Study 3). Results suggest that
children’s parasocial relationships and parasocial interactions with intelligent characters provide new frontiers

for 21st century learning.

Early childhood is a period of rapid change, one in
which new social relationships are forming and cog-
nitive development is expanding. Media provide a
sociocultural context in which these skills develop,
with U.S. 2- to 8-year-old children averaging 2 hr per
day with screen media (Common Sense Media,
2017). These digitized environments offer a wide
range of imaginary social partners for children to
interact with through movies, television programs,
and videogames (Calvert & Richards, 2014). Children
can treat these imaginary media characters as social
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partners, similar to their real friends and teachers
(Richert, Robb, & Smith, 2011).

While media have traditionally been a one-way
transmission to children, the characters who breathe
life into observational media have become increas-
ingly interactive, and hence, increasingly life-like,
integrating content and lessons across diverse plat-
forms and environments (Calvert & Richards, 2014).
In this digital world, young children form close emo-
tionally-tinged parasocial relationships with characters
that can now interact with them through socially con-
tingent parasocial interactions, a technique in which
characters are programmed to create pseudo conver-
sations with children through comments, questions,
and pauses (Lauricella, Gola, & Calvert, 2011). Rapid
developments in artificial intelligence are making
those conversations increasingly accessible and realis-
tic, as interfaces are emerging that respond and inter-
act with children through spoken language (Brunick,
Putnam, Richards, McGarry, & Calvert, 2016).

The purpose of these studies was to examine
young children’s learning from an intelligent media
character, focusing on children’s parasocial relation-
ships and parasocial interactions with the character.
The targeted learning activity was a key math con-
cept, the add-1 rule: knowing that adding one to a
number increases the total sum by a single unit
(Baroody, Eiland, Purpura, & Reid, 2012). In three
studies, the following questions were asked (a) Can
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young children learn the add-1 rule from an intelli-
gent character prototype? (b) Is children’s learning
influenced by a parasocial relationship with an
intelligent media character that provides socially
contingent feedback through parasocial interaction
techniques? and (c) Will children’s learning in a
screen-based context transfer to an add-1 task with
physical objects?

Social Meaningfulness, Parasocial Relationships, and
Learning

Children live in a world filled with socially mean-
ingful people. From the beginnings of life, mutual,
reciprocal attachment bonds with parents develop,
which are the foundation of social development
(Bowlby, 1969). Secure attachments provide a web of
safety, security, and trust to learn about and from
others. By early childhood, these attachments include
other close relationships, such as teachers (Corriveau
& Harris, 2009) and friends (Park & Waters, 1989).

Parents and teachers comprise a particularly
important group of socially meaningful partners
that children trust as credible sources of informa-
tion. For example, toddlers imitated more actions
performed by their socially meaningful mother than
by a socially nonmeaningful stranger, even though
the video message was the same (Krcmar, 2010).
Consistent with this thesis, 3- to 5-year-old children
trusted a familiar more than an unfamiliar teacher’s
labels for novel objects (Corriveau & Harris, 2009).
Taken together, these results suggest that a cache of
emotional trust may build up over time for knowl-
edge conveyed by significant others.

In the 20th century, the advent of movies, televi-
sion, and personal computing facilitated a new kind
of close relationship for children, one with media
characters. These symbolically presented characters
are now ubiquitous, occurring on various screens,
on clothing, and on the very sheets in which chil-
dren are tucked into at night—often holding soft
toy embodiments of those same characters (Calvert
& Richards, 2014). Through parasocial relationships,
these transmedia characters, who cross numerous
physical and virtual contexts, serve as social part-
ners for children, as companions, friends, play-
mates, and teachers (Calvert & Richards, 2014;
Lauricella et al., 2011; Richert et al., 2011).

In Parasocial Relationship Theory, parasocial rela-
tionships are defined as the perception of relation-
ships that cross situations, ones that can endure over
time (Liebers & Schramm, 2019). Young children per-
ceive their parasocial relationships as strong mutual
bonds with media characters (Richards & Calvert,

2017), just as they perceive reciprocal bonds with
imaginary characters in other contexts (Gleason &
Hohmann, 2006; Taylor, 1999). Children’s parasocial
relationships can cross situations, such as onscreen
and physical experiences with embodied characters
in amusement parks or as toys (Calvert & Richards,
2014).

Young children’s parasocial relationships with
media characters are often measured by assessing
how children perceive their favorite characters
(Hoffner, 1996). Using parent surveys to assess the
attributes of their child’s favorite character, parent
responses yielded three factors: attachment and
character personification, social realism, and
human-like needs (Richards & Calvert, 2016). Factor
analyses of 3-to-6-year-old children’s reports about
their favorite characters yielded similar dimensions
as those of their parents (Richards & Calvert, 2016).
For children, the only factor with acceptable levels
of internal consistency was attachment and friendship,
which consisted of a favorite character who was a
trustworthy, safe, cute, friend, with Dora the Explorer
emerging as the most frequent favorite character
(Richards & Calvert, 2017).

Parasocial relationships with media characters
influence toddlers’ learning of academic content,
specifically early math concepts like seriation in
which objects are sequenced in canonical order by
attributes like size. An onscreen seriation presenta-
tion by the meaningful character Elmo increased
mathematical learning in seriating physical objects
when compared to an onscreen presentation of the
same material by a nonmeaningful character named
DoDo (Lauricella et al,, 2011). Meaningful paraso-
cial relationships can also be built with unfamiliar
characters. For instance, when compared to a no
character exposure control group, toddlers who had
played for 3 months with a previously unfamiliar
character as a plush puppet (Gola, Richards, Lauri-
cella, & Calvert, 2013) or with a previously unfamil-
iar personalized interactive toy character (Calvert,
Richards, & Kent, 2014) learned math better after
viewing those characters subsequently present a
seriation task on a screen. In both studies, toddlers
who formed the closest parasocial relationships
with characters as toys, as measured by nurturing
toys during play, subsequently learned the most
from those characters (Calvert et al.,, 2014; Gola
et al,, 2013). Close, meaningful parasocial relation-
ships developed with puppet and toy characters in
play, then, can lead to learning that transfers
between virtual and physical contexts.

Making successful characters, however, is not an
easy task. There are visual challenges, such as the



uncanny valley in which artificial looking characters
look creepy, not really looking like a human yet
appear human looking enough to appear odd
(Mori, MacDorman, & Kageki, 2012). Media charac-
ters have no such hurdle to overcome with their
young audience. Rather, popular media characters
are already viewed as friends by many children
(Richards & Calvert, 2017), making them ideal
social partners to teach young children (Brunick
et al., 2016).

Socially Contingent Interactions, Parasocial Interactions,
and Learning

Socially meaningful relationships with family
members, teachers, and friends are formed in part
through socially contingent interactions. It is
through socially contingent interactions that lan-
guage develops. For instance, children are more
responsive and they learn language more quickly
when their mothers” replies are socially contingent
to their vocalizations (Goldstein, Schwade, & Born-
stein, 2009). Social contingency is an essential part
of interactivity, of the turn taking that takes place
in conversations between children and others
(Rafaeli, 1988), and in certain media experiences,
such as video chat that allows young children to
interact contingently with socially meaningful peo-
ple (McClure, Chentsova-Dutton, Holochwost, Par-
rott, & Barr, 2018; Roseberry, Hirsh-Pasek, &
Golinkoff, 2014).

In contrast to the perceived parasocial relation-
ship that an audience member feels with a media
persona across situations and over time, parasocial
interactions are defined as a more limited, one-way
exchange between an audience member and a
media persona within a specific media experience
(Liebers & Schramm, 2019). Contemporary televised
media characters, particularly those in children’s
educational television programs, typically interact
with their young audiences via pseudo parasocial
interactions, in which a character makes a com-
ment, pauses for a reply, and then responds as if
they heard what a child said (Lauricella et al., 2011;
O’Doherty et al.,, 2011). Children’s engagement in
these “conversations” suggests that children treat
media characters that interact with them as social
partners (Calvert, 2015).

Using educational prompts in young children’s
media, particularly television content, is now a
common practice (Calvert, 2015). Parasocial interac-
tion is used to elicit small talk to build rapport and
educational replies to foster learning. Preschool chil-
dren who respond to television prompts learn more
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of the targeted lessons (Anderson et al, 2000),
understand the program plot better (Calvert,
Strong, Jacobs, & Conger, 2007), and master more
vocabulary (Neuman, Wong, Flynn, & Kaefer,
2018). A limitation of this approach is that the child
can say anything to a character in a television pro-
gram, whether it be correct or incorrect, on-topic or
off-topic, and the character will continue as if they
heard a meaningful reply, whether the child made
one or not (Roseberry et al, 2014). Interactive
media address this limitation.

Acting on information, which takes place during
the use of interactive media, can improve learning
via contingent replies. For instance, preschool-aged
children successfully searched for hidden characters
in a playroom after exposure to an interactive com-
puter game that provided onscreen feedback about
where the characters were hiding (Lauricella, Pem-
pek, Barr, & Calvert, 2010), and they learned math
problems better after playing a computer math
game with contingent responses (Baroody, Eiland,
& Thompson, 2009). Put simply, social contingency
that targets task-relevant information can enhance
children’s learning in ways that facilitate transfer
from virtual to physical contexts.

Young Children’s Learning in the 21st Century: The
Age of Intelligent Characters

A new dawn has arisen for children to learn
from socially meaningful media characters in
socially contingent ways that approximate face-to-
face social interactions. Specifically, intelligent char-
acters will be able to respond contingently to
exactly what a child says, creating new opportuni-
ties for character-based educational learning (Bru-
nick et al., 2016). Voice recognition and contingent
responses from Internet of Things-enabled devices,
such as Amazon Echo or Apple’s Siri, are already
acclimating children to the notion of interactive
smart objects, including the use of smart objects as
educational tools, such as Alexa Skills: Math Tutor.

The next generation of interaction with artificial
agents has begun and can be approximated using a
Wizard-of-Oz prototyping approach (Kelley, 1983).
This research method gets its name from the wizard
behind the curtain in the classic Wizard of Oz film.
As an experimental procedure, a researcher plays
the role of the wizard by staying away from view
of the participant and supplying output that
appears to be coming directly from an interactive
system. As a human in the loop, the wizard is cap-
able of understanding the nuances and intentions of
the child’s actions and reacting to them in real time
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by supplying socially contingent responses that
appear to be generated by the machine itself.
Wizard of Oz prototyping is frequently employed
to test interfaces and interactions when the technol-
ogy to do so is either too fragile, too expensive, or
simply beyond our current capabilities.

Using a Wizard of Oz approach, Finkelstein
(2018) had second-and third- grade low-income
African American children interact with a novel vir-
tual peer to teach science. African American chil-
dren’s rapport and science reasoning increased after
interacting with a virtual peer who used African
American dialect for small talk to build repertoire
and Standard American English for science talk,
rather than Standard American English in both con-
texts. Small talk, which emphasized interpersonal
goals over task-oriented ones, also predicted trust
in autonomous conversational agents, as it allowed
users to move from more superficial to deeper
levels of conversational interaction (Bickmore &
Cassell, 2001; Cassell et al., 1999). These findings
are consistent with the literature on parasocial rela-
tionships and parasocial interactions, as children
and adults develop trust in, and learn through
interactions with digital characters. Parasocial inter-
actions may also influence learning by eliciting on-
topic interactions that include contingent feedback
from a character about academic content, thereby
scaffolding children’s knowledge.

Young Children’s Early Mathematical Skills: Learning
the Add-1 Rule

U.S. children lag behind their international peers in
science, technology, engineering, and mathematical
(STEM) skills, leading to a call for an integrated math
curriculum for 3- to 6-year-old children (National
Research Council [NRC], 2009). During the preschool
years, children are committed media users (Common
Sense Media, 2017), including video and gaming
experiences that provide a relatively untapped
approach for learning math (NRC, 2009). Indeed,
young children can learn math informally when they
have stronger parasocial relationships with the char-
acter who teaches the lesson (Calvert et al., 2014).
Children’s parasocial relationships and parasocial
interactions with media characters can provide a new
pathway for 21st century education, with popular
media characters bridging the traditional boundaries
between home and school settings.

A major problem in math expertise is that many
U.S. children begin school with inadequate knowl-
edge of number systems (Baroody et al., 2009;
NRC, 2009). Fluency in computing basic sums, such

as the add-1 rule (e.g., 2 + 1 = 3), is widely recog-
nized as an essential math skill for curricular focus
(Baroody et al., 2012; NRC, 2009). The add-1 rule is
one of the earliest strategies that children learn
(Baroody et al., 2012). Performance on add-1 prob-
lems provides a knowledge base that predicts
future math achievement (Jordan, Kaplan, Rami-
neni, & Locuniak, 2009), making its mastery a foun-
dation for future math proficiency.

Computer technologies are one approach that has
been used to teach the add-1 rule. Using Vygotsky’s
(1978) theory, scaffolds have been built into computer
games for preschool- and kindergarten-aged children
based on their zone of proximal development (i.e.,
knowledge that is just within their grasp), but this
application was object focused and used a mouse to
answer problems (Baroody et al., 2012; Baroody et al.,
2009). Advances in technology will allow intelligent
characters to provide scaffolds through a spoken
interface using math talk.

The successor principle- that each successive num-
ber name is one unit higher than the previous one- is
an educational goal for kindergarten-aged children
(Council of Chief State School Officers, 2010), and
may be the foundation of the add-1 rule (Baroody
et al, 2012). Prior data indicated that Dora the
Explorer was children’s favorite character at ages 3- to
5 (Richards & Calvert, 2017). Children who feel
a strong parasocial relationship for a media character
can potentially transfer learning across situations
(Calvert et al., 2014; Liebers & Schramm, 2019). For
example, 3- to 6-year-old children who trusted a tele-
vision character more learned science content and
transferred that knowledge better (Schlesinger,
Flynn, & Richert, 2016). The preschool years are also
a time when children are highly imaginative, engag-
ing in pretense (Lilliard, 2015; Taylor, 1999), in this
case, having conversations (i.e., parasocial interac-
tions) with imaginary beings that are media charac-
ters (Anderson et al, 2000). Given children’s
propensity to talk to television characters at this age
(Anderson et al., 2000), parasocial interactions may
provide another route to successful learning and
transfer from virtual to physical contexts. In particu-
lar, beneficial math outcomes may occur when chil-
dren’s math talk receives a socially contingent reply
from a character.

In sum, children who are approximately 4-
through 6-years-old are likely to feel parasocial rela-
tionships for, and engage in, parasocial interactions
with media characters. As this is the developmental
time frame to learn the add-1 rule (Baroody et al.,
2009), the trust that is built through parasocial rela-
tionships and the contingent feedback that occurs



via parasocial interactions with characters, particu-
larly about targeted lessons, can both potentially
enhance children’s learning and transfer of the add-
1 rule.

Overview of the Present Studies

In three studies, 4- to 6-year-old children’s (one
child was 3 years, 10 months) learning of the add-1
rule from an intelligent character prototype was
examined as a function of socially meaningful paraso-
cial relationships and socially contingent parasocial
interactions. In Study 1, children’s learning was eval-
uated based on their parasocial relationships and
parasocial interactions with the character, focusing on
how quickly they answered add-1 problems correctly
during the game. In Study 2, children’s parasocial
relationships for learning were examined by compar-
ing the intelligent character to an intelligent no char-
acter control version of the game, while keeping
meaningful parasocial interaction prompts constant.
In Study 3, children’s parasocial relationship were
held constant using the same character in both condi-
tions, but children’s parasocial interactions were
manipulated using socially contingent or noncontin-
gent character replies. Add-1 transfer problems were
included to measure flexibility in moving from virtual
to physical contexts in Studies 2 and 3. A robustness
analysis was conducted on latency scores as a func-
tion of parasocial relationship and parasocial interac-
tion scores by comparing the performance of children
from Study 1 to a combined sample from Studies 2
and 3.

Study 1: The Feasibility Study

Study 1 tested if children could learn the add-1 rule
from a meaningful, socially responsive intelligent
character prototype. The hypotheses were H': chil-
dren would interact with the intelligent character in
the game via parasocial interactions involving math
talk and small talk; H% children who had a stron-
ger parasocial relationship with Dora would cor-
rectly solve add-1 problems more quickly; and H>:
children who had more math talk and small talk
parasocial interactions with Dora would correctly
solve add-1 problems more quickly.

Method
Participants

An initial sample of 55 children (data collection
12/2015-5/2016) yielded a final sample of 50
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children who completed the game (M,g. = 4.87
years, SD = 0.42). Children were recruited from
child-care centers in the Washington, DC metropoli-
tan area. Table 1 presents demographic information,
as reported by parents (1 = 48).

Child Parasocial Relationship (PSR) Measure: Emotional
Closeness to Dora

Children initially answered a child PSR measure
about the Dora character, using the attachment and
friendship subscale (Richards & Calvert, 2017). These
items were presented on a 5-point Likert scale with
yellow smiley faces that varied in both face size (lar-
ger for more happiness) and size of smile (bigger
smiles for more happiness). The child could touch the
smiley face or provide verbal responses, which an
experimenter recorded on an answer sheet.

The attachment and friendship questions measured
children’s perceptions of the character as a trustwor-
thy, cute, friend, that made them feel safe (e.g., "Do you
believe what Dora tells you . . . all of the time, a lot of
the time, sometimes, a little bit of the time, or not at
all?"). The 5-point responses for the four items were
averaged to create a mean attachment and friendship
score (Richards & Calvert, 2017). The internal consis-
tency of this subscale is acceptable for 4- to 6-year-old
children, Cronbach’s o = .70 (Richards & Calvert,
2017) and was validated by a parent scale for the
dimensions of their children’s parasocial relationships
(Richards & Calvert, 2016).

The Intelligent Character Prototype and Game

The socially contingent intelligent prototype
was based on the popular Hispanic children’s
media character, Dora the Explorer. The character
was embedded in a game that presented opportu-
nities for parasocial interactions through a simple
story. Children were asked to help Dora gather
items for a birthday party for her cousin Diego by
counting items that came down a conveyor belt at
a grocery store. At the end of the game, children
viewed a screen with a picture of Diego’s birthday
party.

The Dora prototype was displayed on a video
screen and used speech as an interface to communi-
cate with children. Dora spoke to children through-
out the game with prompts to elicit small talk (e.g.,
“What is your favorite color balloon?”) and math
talk (e.g., “What does 4 and 1 make?”). The number
of math talk and small talk prompts varied based
on the number of scaffolds children required (see
Appendix S1 for the script and all prompts).
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For each add-1 math problem, a group of items
came down the conveyor belt together (e.g., 1, 2, 3,
or 4 balloons). Dora would say, for example, “Here
comes 3 balloons.” Once the group of items
dropped into a grocery bag, one additional item
came down the conveyor belt alone. Dora then said,
“Oh, here comes one more balloon! What does 3
and 1 make?” At this point, Dora paused to allow
the child to answer, a parasocial interaction tech-
nique (Lauricella et al., 2011). The child had to
count the items correctly before they fell into a gro-
cery bag. If they did not succeed in time, Swiper,
the fox from the Dora television program, grabbed
them. If the child missed the problem, Dora encour-
aged them to try again, and scaffolds were intro-
duced to assist them. After each round, the bag
disappeared, and a new bag appeared for the next
problem.

The initial game had four rounds and four add-1
problems in each round. The party items—balloons,
party hats, birthday candles, and goodie bags—
were presented based on a story script in four
rounds of game play, with each round increasing in
difficulty. The objects within rounds initially moved
down a grocery store conveyor belt at either a slow
(2.5s) or fast (5.5 s) speed, and items were pre-
sented in either sequential or random numerical
order. The rounds occurred as follows: Round 1—
sequential numerical order, slow presentation (item:
balloons); Round 2—sequential numerical order,
fast presentation (item: party hats); Round 3—ran-
dom numerical order, slow presentation (item:
birthday candles), and Round 4—random numerical
order, fast presentation (item: goodie bags). Within
each round, there were four add-1 math problems.
These were “What does 1 and 1 make?” with com-
parable language used for 2+1; 3+1; and 4+1. The
total number of trials was fixed (n = 16). Each child
answered all four add-1 problems in each round,
regardless of accuracy on the prior trial.

Scaffolds (Vygotsky, 1978) were built into the
game to assist children who missed a problem.
There were three possible scaffold levels for each
problem. In the first scaffold level, the items for the
problems that had been missed would slow down
in their progression along the conveyor belt and
would flash to highlight that they were a group.
Those items fell into the bag as a group, followed
by the next single item, which came down the con-
veyor belt at the same slower speed. If the problem
was still missed, children entered a second scaffold
level in which the items for the same problem came
down the conveyor belt one by one and fell into
the bag. In this level, Dora prompted children to
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count with her, pausing as each item appeared
onscreen so that children could say the answer
before she did. In the third scaffold level, Boots,
who is Dora’s animated monkey friend who joins
her on educational adventures, told children the
answer to the math problem so that children could
answer correctly and move forward.

The program was developed in C#. Assets, such
as the animated characters Dora, Diego, Swiper,
and Boots, the voice of Swiper, and the Dora theme
song, were provided by the Nickelodeon Dora the
Explorer team. The conveyor belt, store scene, and
party items were drawn by a member of our
research team, and the voices of the Dora and Boots
characters were provided by team members. Fig-
ure 1 depicts the Intelligent Character in the main
program scene.

Procedure

In a room at their child-care center, a trained
experimenter administered the attachment and
friendship Child PSR Scale (Richards & Calvert,
2017) with Dora as the character. Next, the child
played the intelligent character game while the
same experimenter sat beside the child to assist if
needed. Another experimenter sat in the back of the
room, operating a video camera to record the ses-
sion. The third experimenter was the game Wizard,
who sat behind a screen where she was invisible to
the child. The Wizard had a computer that con-
trolled the intelligent character through a preset
menu of keys that provided socially contingent
responses to the child based on the child’s replies
to Dora during game play. At the end of the 25-to-
30-min session, each child received a small gift.

Coding for Parasocial Interactions and Latency in
Children’s Responses

Parasocial interactions were scored by research
assistants for children’s small talk and math talk as
children played the virtual game. Small talk
involved meaningful replies to Dora that could take
place in a conversation. For instance, one point was
awarded for any color a child said when asked
what their favorite color balloon was. No point was
awarded for answers that did not involve a color.
Other small talk prompts included “How old are
you?”; “What else do we need for Diego’s birthday
party?’; “What should we wear on our heads?”;
“Say it with me, Swiper, No Swiping!” There was a
maximum of 30 small talk prompts, which varied
depending on how many scaffolds children needed



1498 Calvert et al.

Figure 1. Dora the Explorer characters were used in our intelligent character prototype with permission from Nickelodeon at Viacom,

Inc.

(see Appendix S1). To measure the proportion of
small talk, the number of small talk replies were
divided by the number of small talk prompt oppor-
tunities each child had. Reliability was computed
from session videos on 20% of the sample, Cron-
bach’s o = .96.

For math talk, one point was awarded for a
numerical reply. When Dora asked, for instance,
“What does 3 and 1 make?,” an answer such as 4
or 5 received one point. Children could respond
verbally or by holding up their fingers to represent
a number. If a nonmath reply was given, no point
was received. The number of math talk prompts
and replies varied (possible range = 16-64),
depending on how many scaffolds children needed.
Proportion scores were calculated by dividing the
number of math replies by the number of math
prompt opportunities each child had. Reliability
was computed on 20% of the sample, Cronbach’s
o= .94

Latency.  Latency scores were computed from
session videos as the average amount of time in
seconds between the math questions being asked
and when a child solved the math problems cor-
rectly, including the time in scaffolds, for each
problem. To simulate a natural conversation with
the character, there was no specific cut off time for
each trial. When children did not respond, time
was allowed for children to think, including pauses
and vocalizations like “hmm.”

Reliability was computed on 20% of the sample,
Cronbach’s o = 1.0.

In Study 2, potential condition differences in
Wizard latency scores when children did not
respond to prompts were analyzed. There were no
significant differences. Studies 1 and 3 did not ana-
lyze condition differences in latency scores. The
overall Wizard latency when children did not
respond to prompts was about 7 s in Study 1, 9 s
in Study 2, and 10 s in Study 3.

Results

The 91% of the children who completed the game
took an average of 13.15 min (SD = 4.63 min). The
video camera malfunctioned for one participant and
the data collection session was not captured in its
entirety. This child was excluded from the game time
and latency analysis.

In preliminary analyses, possible gender and age
effects were considered. Because gender did not sig-
nificantly predict latency nor did boys or girls differ
in getting all problems correct on the first trial, gen-
der was not controlled in any subsequent analyses.
Because age significantly predicted latency, it was
included in models.

Parasocial Interactions and Parasocial Relationships

H' asked if children would interact with the
character in the game. On average, children
responded meaningfully to 79.60% (SD = 19.85%)
of small talk prompts and to 92.54% (SD = 10.59%)
of math talk prompts.



The strength of children’s parasocial relation-
ships was assessed as their attachment and friend-
ship to Dora. On a scale of 1 to 5 for each of the
four items, children reported an average attachment
and friendship score of 3.63 (SD =1.02;
range = 1.5-5.0). No parent reported Dora as their
child’s favorite character in this study. Parents’
reports of their children liking Dora on a 5-point
Likert scale (not at all to very much; M =291,
SD = 1.02, N = 47) was significantly correlated with
their children’s reports of parasocial relationships
with Dora, r = .32, p = .03, N = 47, thereby further
validating the Child PSR subscale.

Latency Scores for Add-1 Problems During Game Play

Parasocial relationships (feelings of attachment
and friendship) and meaningful parasocial interac-
tions (small talk and math talk) were predicted to
influence children’s math learning. If children
answered all problems correctly on the first trial,
they already knew the add-1 rule. Therefore, 12
children were excluded from the analysis because
they demonstrated ceiling level accuracy.

An ordinary least square (OLS) regression analysis
with average attachment and friendship scores, small
talk with the character, math talk with the character,
and child age significantly predicted children’s aver-
age latency scores during game play, n = 37, adjusted
R? = .60, F(4, 32) = 9.09, p = .0001. As predicted by
H?, average attachment and friendship scores signifi-
cantly predicted faster latency scores, B = —5.66,
SE = 2.15, p = .01. For each average point higher on
attachment and friendship, children answered add-1
math problems almost six seconds faster. As predicted
by H’, math talk significantly predicted latency scores
(B = —-136.27, SE = 2741, p <.001). The math talk
variable ranged from 0 to 1: for each percentage point
higher in children’s math talk with the agent, children
answered add-1 math problems 1.36 s faster on aver-
age. Small talk did not significantly predict latency
scores. Therefore, H> was only partially supported.
Age in months also significantly predicted latency
scores: older children correctly answered add-1 prob-
lems more quickly than younger children did
(B =-0.16,SE = 0.08,p = .048).

Figure 2 displays average latency scores on the
y-axis and attachment and friendship scores on the
x-axis, controlling for math talk, small talk, and
children’s age. The confidence intervals indicated
that children who reported the highest level of
attachment and friendship (i.e., 5) answered math
problems significantly faster (95% CI [4.31, 15.26])
compared to children who reported lower levels of
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attachment and friendship (i.e., 1.5, 2, 3; 95% CI for
1.5 [17.96, 41.26]; 95% CI for 2 [17.19, 36.36]; 95%
CI for 3 [15.37, 26.86]).

Summary

Children who had higher parasocial relationship
scores, who engaged in more socially contingent
math talk with the character, and who were older,
correctly answered add-1 problems more quickly
than those with lower scores or who were younger.
Replies to small talk prompts had no significant
effects on response times, perhaps because children
already knew the character and small talk was not
directly relevant to math performance. The findings
suggest that children can learn the add-1 rule as a
function of their parasocial relationships and paraso-
cial math interactions with the character. Next, prop-
erties of the intelligent agent that made it successful
in teaching math skills were manipulated.

Study 2: Intelligent Character Versus Intelligent
No Character Control

Many interactive children’s games provide no char-
acter, instead relying on the game objects to carry
the experience (Baroody et al., 2012). On the one
hand, the absence of a character could reduce pro-
cessing demands, freeing up cognitive resources to
understand the math problems (Lauricella et al,
2011). On the other hand, a trusted character could
increase children’s learning (Schlesinger et al,
2016). Social meaningfulness was varied in Study 2
by comparing children’s learning from the intelli-
gent character game as an embodied character or as
an intelligent no character voiceover speaking to
children. Both versions of the game used social con-
tingency, the essential ingredient of being intelligent
in this prototype.

Because young children have difficulty transfer-
ring virtual learning to physical objects (Barr, 2010),
an add-1 transfer task was included. Children in
the intelligent character condition were expected to
transfer the add-1 rule from virtual to physical
objects because parasocial relationships cross differ-
ent situations (Liebers & Schramm, 2019). Many
media characters, including Dora, appear as physi-
cal toys and as digital characters in children’s
everyday experiences (Calvert, 2015). Prior play
with characters as toys before viewing those charac-
ters present onscreen math tasks increased chil-
dren’s transfer of onscreen learning to physical
objects (Calvert et al, 2014; Gola et al., 2013).
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Figure 2. Children’s attachment and friendship to character as a predictor of add-1 latency scores.
Note. Lower latency scores indicate faster response times. Bars above and below means indicate confidence intervals.

Preschool-aged children also transferred problem
solving strategies from a media character to a dif-
ferent task when they trusted the character more
(Schlesinger et al., 2016). Similar beneficial transfer
outcomes were expected for the add-1 rule.

The hypotheses were that H': children in the intel-
ligent character condition would solve add-1 prob-
lems faster than those in the intelligent no character
control group; H?: children with stronger rather than
weaker parasocial relationships with Dora in the
intelligent character condition would solve add-1
problems faster. This hypothesis was tested with a
robustness analysis at the end of Study 3 with intelli-
gent character data from both studies 2 and 3; H:
children who responded with more math replies in
either condition would answer add-1 problems faster;
H* children who responded with more small talk
replies in either condition would answer add-1 prob-
lems faster; and H”: children in the intelligent charac-
ter condition would perform better on a transfer task
with physical objects than those in the intelligent no
character group.

Method
Participants

An initial sample of 107 children (data collection:
6/2016-3/2017) yielded a final sample of 94
(Mage = 4.88 years, SD = 0.60, 49 males) who com-
pleted the game. Children were recruited from
child-care centers in the Washington, DC metropoli-
tan area. See parents’ (n =77) reports of demo-
graphic information in Table 1. Within gender
groups, children were randomly assigned to one of
two conditions: intelligent character or intelligent
no character.

The Intelligent No Character Prototype

The intelligent character game was modified to
create an intelligent no character prototype, which
used an offscreen adult female narrator to deliver
spoken content. The voice did not sound like Dora,
as her voice is part of her character, just as her
body is. All characters were eliminated, retaining
the grocery store scene with the conveyor belt and
the objects, plus the birthday scene. The script was
changed somewhat from, for example, “We're hav-
ing a birthday party for Diego” to “We’re having a
birthday party!” In both conditions, the game was
condensed to three rounds: sequential numerical
order, slow presentation; sequential numerical
order, fast presentation; and random numerical
order, fast presentation. The total number of trials
was fixed (n = 12). Each child answered all four
add-1 problems in each round, regardless of accu-
racy on the prior trial. The maximum number of
small talk prompts was 30, and the maximum num-
ber of add-1 prompts was 48.

Procedure

The procedure was the same as in Study 1,
except for the add-1 transfer task with physical
objects. After completing the game, an experimenter
told the child that they were going to play one
more game. In this transfer task, the experimenter
held up notepads, markers, stickers, and crayons
that paralleled the game problems. For instance,
she showed the child three stickers and said, “I
have three stickers,” and she put those stickers in a
small goodie bag. Next she held up one more
sticker and said, “I have one more sticker. How
many stickers do we have?” The child then



answered the problem. Problems were presented
sequentially from 1 + 1 through 4 + 1. No correc-
tions were made for a child’s performance. The cor-
rect number of add-1 problems solved was
averaged to create a mean composite transfer score.
At the end of the 20- to 25-min session, each child
received a small gift.

Results

Of the 94 children who completed the game
(88% of the sample; intelligent no character, n = 49
and intelligent character, n = 45), the average dura-
tion of game play was 8.72 min (SD = 2.72 min).
For the full sample, condition differences occurred
in the duration of game play, #(92) = —2.22, p = .03
(intelligent no character condition: M = 8.14 min,
SD =2.76 versus intelligent character condition:
M =9.36 min, SD = 2.55). There were no condition
differences in the duration of game play in the trun-
cated sample, p > .05. Preliminary analyses indi-
cated that there were no significant age or gender
differences across conditions, nor did either variable
predict latency or transfer scores. Therefore, these
variables were not controlled in any subsequent
analyses.

Parasocial Interactions and Parasocial Relationships

Children responded meaningfully to 93.61%
(SD =10.24%) of math prompts and to 67.16%
(5D =19.90%) of small talk prompts. There were
no significant condition differences in either math
talk (p =.14) or small talk (p =.28). Children’s
reports of their attachment and friendship with
Dora (M = 3.45, SD = 1.15; range = 1.0-5.0) were
similar to the first study. Only 3.8% of parents
reported Dora as their child’s favorite character.
Parents” reports of how much their children liked
Dora (M =253, SD =119, N =76) were signifi-
cantly correlated with their children’s reports of
parasocial relationships with Dora, r = .23, p = .04,
N =76, thereby validating the child scale.

Latency Scores in Add-1 Problems During Game Play

To examine the impact of character presence on
average latency scores during game play, an OLS
regression was conducted predicting latency by con-
dition as the only independent variable. Contrary to
prediction, condition did not significantly predict
latency scores, p = .73. Then an OLS regression anal-
ysis was conducted with condition, meaningful math
talk to the character, meaningful small talk to the
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character, and average attachment and friendship
scores as independent variables. Thirty children (15
in each condition) who answered all math questions
correctly on their first try were excluded from both
analyses, as they already knew the add-1 rule.

The regression results indicated that the predictors
for the full model explained a significant proportion
of the variance in average latency scores, n = 64,
adjusted R? = .15, F(4, 59) = 3.87, p = .007. Math talk
significantly ~predicted average latency scores,
B =—-49.63, SE =16.21, p = .003, and there was a
marginally significant effect for average attachment
and friendship scores, B = —2.59, SE = 1.31, p = .052.
For each percentage point higher in children’s math
talk, children answered add-1 problems approxi-
mately 0.5 s faster on average, controlling for condi-
tion, small talk, and parasocial relationships with
Dora. For each point higher in average attachment
and friendship scores, children answered add-1 prob-
lems 2.59 s faster on average, controlling for condi-
tion, math talk, and small talk. Contrary to prediction,
there were no significant effects of condition or of
small talk on latency scores.

Transfer Task Scores

The number of add-1 problems answered correctly
on the transfer task with physical objects was ana-
lyzed by condition (0 = intelligent no character,
1 = intelligent character) in an OLS regression analy-
sis, excluding those children who answered all prob-
lems correctly on the first trial during game play, as
they already knew the add-1 rule. As predicted, con-
dition significantly predicted the number of transfer
problems children answered correctly, n = 64,
R* = .07, F(1, 62) = 4.43, p = .04, thereby supporting
H°. Children in the Intelligent Character condition
answered 0.49 (SE = 0.23) more transfer task prob-
lems correctly compared to the Intelligent No Charac-
ter Control group. Condition remained a significant
predictor of transfer scores after controlling for math
talk and small talk in an OLS regression, B = 0.53,
SE = 0.24, p = .031; math talk and small talk did not
significantly predict transfer scores.

Summary

The findings from Study 2 indicated that chil-
dren’s math talk with socially contingent feedback
was important in answering add-1 rule problems
faster, with a marginally significant effect favoring
attachment and friendship with the character. The
character was most important for transferring the
add-1 rule to physical objects. The intelligent
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character may have aided transfer because children
see transmedia characters like Dora in multiple set-
tings and forms (screens and toys), which may pro-
vide links across virtual and physical settings
(Liebers & Schramm, 2019). The finding suggests
that a socially meaningful character that can pro-
vide feedback to children can assist them with
transfer challenges from virtual to physical objects.

Study 3: Contingent Intelligent Character Versus
Noncontingent Character

In Study 3, the character was kept constant and the
social responsiveness of the Dora character was
manipulated by contingent or no feedback to chil-
dren’s small talk and math talk. Because contin-
gency provided children with corrective feedback,
the main hypothesis was H': children in the contin-
gent condition would answer more transfer ques-
tions correctly than those in the noncontingent
group. Possible condition differences in latency
scores could not be examined, as children in the
noncontingent condition had only one opportunity
to answer math problems before the game moved
to the next problem.

Method
Participants

An initial sample of 79 children (data collection:
3/2017-10/2017) yielded a final sample of 73 chil-
dren (M,ge = 4.84 years, SD = 0.49) who completed
the game. One child who completed the game did
not complete the transfer task. Participants were
recruited from child-care centers in the Washington,
DC metropolitan area. See Table 1 for parents’
(n=69) reports of demographic information.
Within gender groups, children were randomly
assigned to one of two conditions: contingent intel-
ligent character or noncontingent character.

The Intelligent Character Prototype and Procedure

The contingent intelligent character was the same
prototype used in Study 2 in which Dora
responded to children in socially contingent ways
for small talk and math talk. The noncontingent
character version gave no feedback during game
play and moved on regardless of what children
did, as is true in a television program. For instance,
if a child said nothing in the noncontingent condi-
tion after Dora asked, “What does 3 and 1 make?,”

the game moved forward as Dora said, “Let’s get a
new bag.” Other game components and the proce-
dure were the same as in Study 2.

Results

Of the 73 children (92% of the full sample; n = 35
noncontingent character and n = 38 contingent intel-
ligent character) who completed the game, the aver-
age game duration was 8.10 min (SD = 2.41 min).
One child did not consent to be video-recorded so
those data were not included in the average game
duration (N = 72). Not surprisingly, the game dura-
tion time for the full sample was shorter in the non-
contingent (M = 6.93 min, SD = 0.62) than in the
contingent character condition (M = 9.14 min,
SD =2091), t(70) = —0.435, p < .001, as the noncon-
tingent game moved forward irrespective of the accu-
racy of children’s responses. The game duration was
also shorter in the truncated sample for the noncon-
tingent (M =7.17 min, SD = 0.61) than the contin-
gent condition (M =9.73 min, SD =3.28), ¢
(48) = —3.68, p < .001. Preliminary analyses indicated
that there were no significant age differences across
conditions, nor did age predict transfer scores. There-
fore, age was not controlled in any subsequent analy-
ses.

Parasocial Relationships and Parasocial Interactions
With Dora

Children’s average levels of attachment and
friendship with Dora (M =351, SD =1.16,
range = 1.00-5.00) were similar to attachment and
friendship scores in Studies 1 and 2. Girls, however,
reported significantly higher feelings of attachment
and friendship with Dora than boys did (M = 3.88,
SD =1.00 vs. M =3.19, SD = 1.21, respectively), ¢
(71) = —2.60, p = .01. There were no initial differ-
ences in the strength of attachment and friendship
by condition, p = .45. Parents reported that 6.8%
viewed Dora as their child’s favorite character. Par-
ents’ reports of how much their children liked Dora
(M =282, SD=124, N=067) were significantly
correlated with their children’s reports of parasocial
relationships with Dora, r = .27, p = .04, N = 76.

For math parasocial interactions, the difference
between conditions was statistically significant,
favoring more math talk by children in the contin-
gent intelligent character (M = 0.92, SD = 0.02) over
the noncontingent character conditions (M = 0.70,
SD = 0.38), #(49) = —3.01, p = .004. There were no
significant condition differences in small talk,
M =0.61 (SD = 0.22).



Transfer Task Score Performance

Analysis of the number of physical object prob-
lems that children answered correctly about the
add-1 rule was conducted by condition (0 = non-
contingent character; 1 = contingent character) in an
OLS regression. Only children who did not get all
answers correct on the first try during game play
were included in the analysis, as they knew the
add-1 rule (truncated n = 51; 22 dropped, 11 from
each condition).

As predicted by H', children in the contingent con-
dition answered more transfer questions correctly
than those in the noncontingent condition, B = 0.68
(SE = 0.25), t(48) = 2.76, p = .008. Children in the
contingent character condition answered, on average,
.68 more transfer task problems correctly than those
in the noncontingent character condition. Math talk
and small talk were added to the model; only math
talk was significant in this model, B = 1.31, SE = 0.47,
t(46) = 2.79, p = .008, and condition became non-
significant, p = .12. Gender was initially examined in
this analysis and was not significant so it was not
included in the model presented here.

A mediation analysis was then conducted to test
formally whether math talk explained the effect of
condition on outcomes. In model 1, the regression of
condition on the number of transfer task problems
answered correctly was significant, controlling for
small talk, B = 0.65, #(47) = 2.57, p < .05. This finding
means that children in the contingent character condi-
tion answered, on average, 0.65 more problems cor-
rectly than children in the noncontingent character
control group. In Model 2, when condition was
regressed on math talk, condition significantly pre-
dicted more math talk, controlling for small talk,
B =0.19,t(47) = 2.62, p < .05. This finding means that
children who were in the contingent character condi-
tion engaged in more math talk compared to children
in the noncontingent character control group. Finally,
when math talk was entered into the model predict-
ing the number of transfer problems answered cor-
rectly from  condition, condition became
nonsignificant whereas math talk was significant,
suggesting that higher levels of math talk in the con-
tingent character condition partially explained their
higher rate of transfer, B = 1.32, t(46) = 2.79, p < .01.
Formal tests of mediation support this interpretation.
The indirect effect of condition on transfer, through
math talk, was 0.25, a significant indirect effect
according to a Sobel Goodman-2 test (z =1.98,
p < .05; see Figure 3).

Therefore, H' was partially supported, but math
talk was important in this outcome.

Learning From Intelligent Characters 1503

Robustness Analysis: Latency Score Analysis in
Add One Problems for Studies 2 and 3

To examine the impact of parasocial relationships
and social contingency on average latency scores
for the game, the data from the samples in Stud-
ies 2 and 3 who had the exact same game experi-
ence (i.e, a socially contingent intelligent
character) were collapsed and compared to the
findings from Study 1. The hypotheses were as
follows: H': children from the combined samples
of Studies 2 and 3 would solve add-1 problems
faster when they had a stronger rather than a
weaker parasocial relationship with the character;
H?% children with higher rather than lower math
talk scores would correctly solve add-1 problems
faster; and H” children with higher rather than
lower small talk scores would correctly solve add-
1 problems faster.

In this analysis, participants in the socially con-
tingent intelligent character conditions in Study 2
and Study 3 were pooled together (1 = 83 children;
45 from Study 2 and 38 from Study 3). Twenty-six
children were excluded (15 from Study 2 and 11
from Study 3) because they answered all math
questions in the game correctly on their first try,
which meant that they knew the add-1 rule. This
exclusion yielded a final sample of 57 children
(Mage = 4.81 years, SD = 0.64, 28 girls). Preliminary
analyses revealed no significant age or gender
effects on latency scores, and these variables were
not controlled for in subsequent analyses.

Results

An OLS regression analysis was conducted with
average attachment and friendship scores with
Dora, small talk with the character, and math talk
with the character as predictors of average latency
scores in correctly answering add-1 math prob-
lems. The model was significant, F(3, 53) = 7.12,
p <.0004, adjusted R*=.29. For each additional
point higher children reported on attachment and
friendship scores, they answered math problems
correctly almost 3.5 s faster (B = —3.48, SE = 1.06,
p = .002). For every percentage point higher on
children’s math talk, children replied correctly to
math problems an average of 0.57 s faster,
B = —57.27, SE = 17.41, p = .002. Small talk did not
significantly predict latency scores. The findings
were consistent with those reported in Study 1.

Figure 2 displays average latency scores on the
y-axis and attachment and friendship scores on the
x-axis, controlling for math talk and small talk. The
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Figure 3. Number of transfer problems correct by condition, mediated by math talk.

Note. Covariate is small talk. *p < .05; **p < .01; ns = nonsignificant.

confidence intervals indicated that children who
reported the highest level of attachment and
friendship (i.e., 5) answered math problems signifi-
cantly faster (95% CI [5.77, 13.94]) compared to
children who reported low levels of attachment
and friendship (i.e., 1 or 2; 95% CI for 1 [17.30,
30.23]; 95% CI for 2 [15.61, 24.97]). Children who
reported the second highest level of attachment
and friendship (i.e., 4) also answered math prob-
lems significantly faster (95% CI [10.29, 16.39]) than
children who reported the lowest level of attach-
ment and friendship (i.e., 1).

Summary

The results of Study 3 revealed that children’s
transfer scores were higher in the contingent con-
dition, with mediation analysis demonstrating that
contingency impacted transfer by increasing math
parasocial interactions. The robustness analysis,
which collapsed the add-1 latency data from Stud-
ies 2 and 3, demonstrated a pattern of quicker
response times in correctly answering add-1 prob-
lems when children in the intelligent character
condition had stronger parasocial relationship
scores with the character, after controlling for
math talk and small talk interaction scores. This
pattern was consistent with the faster, accurate
add-1 latency findings for children who had stron-
ger parasocial relationships with the character in
Study 1.

Discussion

The purpose of these studies was to examine chil-
dren’s learning of the add-1 rule as a function of
their parasocial relationships and parasocial interac-
tions with an intelligent character. The add-1 rule is
key for young children to move forward to more

complex math skills, as being able to add basic
sums in your head frees up cognitive resources to
compute higher order math problems (Baroody
et al., 2012). Both latency and transfer scores were
measured. These kinds of skills are essential for
children’s math success in the 21st century (Cle-
ments & Sarama, 2016).

In the current studies, an intelligent character
prototype was built using a popular children’s tele-
vision character, Dora the Explorer, to determine if
young children could learn the add-1 rule from this
kind of interface. The interface was not expected to
fall prey to the uncanny valley, in which characters
look somewhat creepy when straddling the divide
between a real and an animated being (Brunick
et al., 2016). This thesis was supported. Children in
these studies rated Dora in the middle of a five-
point Likert scale on their feelings of attachment
and friendship with her. Consistent with prior
research (Richards & Calvert, 2016), girls in the
third study had stronger parasocial relationships
with her than boys did. The strength of boys’
parasocial relationships with Dora in the other two
studies did not differ from those of girls. No other
gender differences were found, making this
approach one that can get both girls and boys off
to an early start in foundational math skills.

The strength of children’s parasocial relation-
ships with a meaningful character who responded
contingently to their responses led to better learning
in both the digital game and the transfer task with
physical objects. Specifically, children performed
faster in the latency analyses when they felt stron-
ger parasocial relationships with Dora, and they
transferred what they had learned better when the
Dora character had been present in the game. The
beneficial impact on speed of response may be due
in part to reduced processing demands as well as
enhanced motivation when children feel emotion-
ally close to a character (see Lauricella et al., 2011).



The beneficial transfer outcomes from exposure to
an intelligent character are consistent with prior
findings in which an emotionally close relationship
with an interactive toy and puppet characters
yielded better transfer skills (Calvert et al, 2014;
Gola et al.,, 2013). The transmedia experiences that
children have with characters across virtual and
physical contexts may well have contributed to this
beneficial transfer outcome (Liebers & Schramm,
2019). The caveat to these findings, and it is an
important one, is that children performed just as
quickly on add-1 problems during the game
(though transfer scores demonstrated a different
pattern) in an intelligent no character voiceover as
in the intelligent character condition. This finding
points to the important role of social contingency in
early learning, in this case for math skills.

Children’s parasocial interactions with an intelli-
gent character prototype received more contingent
replies to math responses and scaffolds to improve
their performance when they missed a problem
than is possible in observational media experiences.
Contingency, a key aspect of interactivity, enables
conversations to take place between children and
others (Rafaeli, 1988). Contingent interactions result
in better learning by children from onscreen adults
(Roseberry et al., 2014) and onscreen media charac-
ters (Lauricella et al., 2010). In the current studies,
enhanced virtual learning emerged through chil-
dren’s parasocial interactions with Dora during
game play or from the intelligent voiceover. When
holding the Dora character constant as an intelli-
gent agent, children produced more math talk with
the socially contingent than noncontingent charac-
ter. Social contingency, however, was only effective
for transfer in the contingent condition when chil-
dren used math talk. That is, it was children’s math
talk with the character that led to better transfer
skills in the contingent condition, possibly because
children were mastering problems about the add-1
rule that were necessary for subsequent transfer
from virtual to physical settings. Although chil-
dren’s latency scores benefited from a no character
intelligent voiceover condition, transfer was poorer
when an embodied character was absent, suggest-
ing that transmedia characters drive learning across
situations while no characters constrain learning to
a specific situation (Liebers & Schramm, 2019).

In contrast to the beneficial outcomes of small
talk with intelligent prototypes reported by other
scholars (Finkelstein, 2018), children’s contingent
replies to small talk prompts yielded no significant
outcomes on virtual learning or transfer to physical
objects in any of the current studies. The small talk
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used here involved responses when prompted to
speak about everyday experiences, such as how old
children were and what their favorite color was.
Small talk might be more important when establish-
ing an initial relationship to develop trust (Bick-
more & Cassell, 2001) than when children interact
with a popular character that they already know, or
perhaps small talk was just not directly relevant to
math performance.

The attachment and friendship subscale of the
Child Parasocial Relationship (PSR) survey demon-
strated promise as a measure. While this measure
was created based on children’s reports about
favorite characters (Richards & Calvert, 2017), chil-
dren’s scores on this subscale about a popular
media character predicted latency and transfer
scores. Parent reports of how much their children
liked the Dora character were also correlated with
their children’s attachment and friendship scores
with that character.

At a basic level, the current research expands the
computer science literature on intelligent agents
and virtual peers where Vygotsky (1978) is often
used to describe scaffolding processes (e.g., Ryokai,
Vaucelle, & Cassell, 2003). The current findings
explicate how children’s feelings about and interac-
tions with popular media characters, who are ubig-
uitous in children’s lives, can scaffold those
processes as intelligent characters through socially
contingent interactions, thereby integrating the
developmental, communication, education, and
computer science literature. Consistent with the
findings reported here on the value of emotionally
tinged parasocial relationships, students who were
exposed to artificial agents that displayed emotion
were also more motivated to interact with the agent
(Woolf et al.,, 2009). Perhaps agents who convey
emotion elicit emotion (Kahn et al., 2012).

The findings reported here point to strong paral-
lels between children’s learning in human and arti-
ficial relationships. More specifically, the results of
these studies indicate that children interact with
humans and intelligent characters in similar ways
(Finkelstein, 2018), that children have feelings for
humans and for robots (Kahn et al., 2012), that they
learn from humans and intelligent agents (Finkel-
stein, 2018), that children can use scaffolds to create
logical bridges to build knowledge whether it be
from humans or artificial agents, and that children
can transfer information learned from personified
artificial agents from one setting to another, just as
they can from real people. Because children treat
agents like people (Finkelstein, 2018; Kahn et al,,
2012), human computer applications that draw
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links between real and virtual beings may provide
children with an optimal social and learning inter-
face.

In these kinds of interactive applications, social
contingency may further blur the lines between what
is real and what is pretend (Kahn et al., 2012), which
may make future characters potentially even more
believable to children (Richards & Calvert, 2017). One
child in our study, for example, excitedly exclaimed,
“She’s [Dora’s] talking to me!” after the character
responded contingently to her math talk reply.

At an applied level, the current findings suggest
that intelligent character applications are part of the
educational horizon as children’s trusted peers
and teachers. Voice assistants like Alexa and Goo-
gle Home are already in children’s homes, and bet-
ter voice recognition systems are being developed.
As these systems come to understand children’s
speech better, children can create an ongoing con-
versation with agents through small talk and aca-
demic areas through, for example, math talk, with
the agent replying contingently to what children
say. Lip syncing is more forgiving with animated
characters than with human actors, making ani-
mated characters a viable interface. Eye tracking
software can be used to pinpoint exactly what chil-
dren are looking at onscreen, and motion sensors
can be used to ensure that children are sitting in
the middle of their seats, an indicator of engage-
ment (Woolf et al., 2009). If children look or move
away for a certain amount of time, the program can
trigger the character to elicit an orienting response
through speech or a sound effect.

A limitation of this research is that only one
character, Dora the Explorer, was examined in this
Wizard of Oz approach. However, this program is
designed so that characters can easily be replaced
with other ones. In future research, the sample
should be expanded to include more ethnic minor-
ity and low-income children to prepare them for
school entry. The use of a Hispanic character, as
was the case here, could be fruitful, as could the
use of other popular characters that appeal to dif-
ferent children. Future research could also examine
if children’s affinity for the character and fluency
with the add-1 rule increases with repeated expo-
sure, if novel versus familiar characters influence
learning, how visual looks are allocated to charac-
ters versus objects being counted via eye-tracking
approaches, and the role of parents in the learning
process. Future research could also examine the
influence of children’s parasocial relationships and
parasocial interactions on learning in virtual reality,
robotic, and other intelligent agent experiences,

particularly for children of different ages, genders,
and ethnicities.

Conclusion

In conclusion, media characters are children’s
friends, playmates, and potential teachers. The cur-
rent studies shed light on how children’s parasocial
relationships and parasocial interactions, in the
form of math talk, increase learning of basic early
math skills, a lesson that can potentially be
extended to other academic and social areas. This
interactive dimension will pave the way for chil-
dren to embrace and trust media characters as
effective intelligent social partners and teachers in
the 21st century, as well as push the boundaries of
what children will perceive to be alive.
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