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Abstract
The processes and mechanisms of theory of mind development were examined via a training study
of false belief conceptions in deaf children of hearing parents (N = 43). In comparison to two
different control conditions, training based on thought-bubble instruction about beliefs was linked
with improved false belief understanding as well as progress on a broader theory-of-mind scale.
By combining intervention, microgenetic, and developmental-scaling methods the findings
provide informative data about the nature and mechanisms of theory-of-mind change in deaf
children, as well as an initial demonstration of a useful intervention for enhancing social cognition
in deaf children of hearing parents. The methods and results also point to possible avenues for the
study of conceptual change more generally.
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Typically developing children’s explicit understanding of mental states develops rapidly in
the preschool years. This everyday theory of mind (ToM) includes increased insights into
agents’ beliefs, desires, emotions and perceptions as well as awareness of how such mental
states shape the intentional actions of self and others. Initial implicit understanding of some
of these concepts begins in infancy (Brandone & Wellman, 2009; Onishi & Baillargeon,
2005; Woodward, 1998) but developments in the years from 3 to 6 are particularly
pronounced and important. During this period, typically-developing children make dramatic
gains in hallmark achievements of a representational theory of mind, including mastery of
explicit false belief tasks. Progress on these tasks has real-world application. ToM mastery
predicts preschool children’s social popularity with peers (Peterson & Siegal, 2002;
Slaughter, Dennis & Pritchard, 2002), teacher-rated social competence (Astington, 2003;
Peterson, Slaughter & Paynter, 2007; Watson, Nixon, Wilson & Capage, 1999), and skilled
interactions with peers (Dunn, Cutting & Demetriou, 2000) including abilities to play games
like hide-and seek (Peskin & Ardino, 1999) and social pretend play (e.g., Astington &
Jenkins, 1999). Preschool acquisition of explicit ToM understanding, as indexed by
performance on standard false-belief tasks, constitutes an important social-cognitive
achievement.

However, not all children of normal intelligence develop ToM understanding as
preschoolers. Happé’s (1995) comprehensive summary revealed that for individuals with
autism passing false-belief tasks was extremely rare before age 13 and continued to be rare
after that. Poor ToM performance for individuals with autism is often taken to reflect
specific neurocognitive differences and deficiencies (Frith & Frith, 2010). Yet even in the
absence of neurocognitive impairment, severe delays exist for severely and profoundly deaf
children of hearing parents (e.g., Courtin & Melot, 1998; Meristo, Falkman, Hjelmquist,
Tedoldi, Surian & Siegal, 2006; Peterson, 2002; Peterson & Siegal, 1995, 1999; Schick, de
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Villiers, de Villiers & Hoffmeister, 2007). A review of over 20 studies revealed that only a
minority of profoundly deaf children with hearing parents passed standard false belief tests
even at mean ages of 10 or 11 years (Peterson, 2009). This was true whether children had
cochlear implants or communicated in sign versus speech. The deaf children in these studies
are free of disabilities apart from hearing loss and are typically of normal intelligence and
sociability.

A conversational-communicative (Astington & Baird, 2005; Harris, 2005, 2006)
interpretation of the deaf data seems reasonable for several reasons. Deaf children who grow
up in hearing families do not usually acquire sign language until school entry and, until then,
typically have no one at home who can converse freely with them about unobservable
thoughts, feelings and other mental states (e.g., Vaccari & Marschark, 1997). Controlled
comparisons reveal that hearing mothers talk less about mental states with deaf than hearing
children, despite equivalent amounts of talk about non-mentalistic topics (Moeller & Schick,
2006). In typically developing children, rich exposure to conversational-communicative
input about persons’ minds via parental mental-state talk and sibling dialogue correlates
with rapid ToM development (e.g., Dunn & Brophy, 2005; Ruffman, Slade & Crowe, 2002),
so the paucity of such experiences for deaf preschool children is a potential barrier to false
belief understanding.

Indeed, nature has provided a controlled comparison. Although most deaf children are born
to hearing parents, about 5% have a deaf parent and are able to converse as early and as
naturally in sign with parents and siblings as hearing infants and toddlers do in speech. Such
native signers achieve false belief understanding (e.g., Courtin & Melot, 1998; Schick et al.,
2007) and other milestones of ToM development (e.g., Peterson, Wellman & Liu, 2005) on
the same early timetable as hearing children. Thus the severe ToM delays for deaf children
with hearing parents are not a consequence of deafness per se, but rather of growing up deaf
in the closed conversational world of a hearing family.

With these considerations as background, we report a training study with deaf children of
hearing parents that attempts to engender gains in ToM understanding via systematic
intervention. Several questions inspire this research. Primarily and theoretically, what is the
basic nature of ToM progress? How is it best characterized, how enabled via environmental
input, and how constrained via neurobiological maturation, including, perhaps a critical
period (Siegal & Varley, 2002)? Training interventions for ToM-delayed children with
deafness could help address these issues. Training interventions with young typically-
developing children have boosted success on false belief tests (e.g., Lohmann & Tomasello,
2003; Slaughter & Gopnik, 1996). But this sheds no light on whether interventions are
successful later in development, for those with known ToM delays.

High-functioning school-age individuals with autism can be coached to pass specific forms
of the false belief task via ingenious and extensive training (e.g., McGregor, Whiten &
Blackburn, 1998; Swettenham, Baron-Cohen, Gomez & Walsh, 1996; Wellman, et al.,
2002), but serious questions remain as to how generalizable such increases are beyond the
particular materials, examples, and questions used in training. For example, Fisher and
Happé (2005) implemented a brief (4 to 10 day) training in which 10 children with autism
learned to slot pictures into a doll’s head to depict her true and obsolete beliefs. They found
significant gain immediately after training on the trained false belief task but no transfer to
another equivalent one. Of course, the specific neurocognitive impairments associated with
autism could account for lack of progress or lack of generalization in a manner that would
apply only to this group.
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Deaf children could provide a more informative and generalizable test of training’s impact
in the context of ToM delay. Deaf individuals have been especially informative about
critical periods for language learning (e.g., Newport, 1991); they could be equally
informative about ToM learning. Longitudinal evidence of ToM progress by deaf children of
hearing parents (e.g., Falkman, Roos & Hjelmquist, 2007; Peterson, 2009; Wellman, Fang &
Peterson, 2011) hints that ToM progress is possible for some children even as late as mid-
adolescence. But these longitudinal data are sparse, and moreover training interventions
supply an important complement to longitudinal investigations (Bradley & Bryant, 1983;
Harris, 2005).

In the preschool years, transition to a representational theory of mind is well documented for
typically developing children, but extant research mostly yields “before” and “after”
snapshots of development. Cross-sectional studies depict typical 3-year-olds who fail false
belief and 4- and 5-year-olds who pass a variety of explicit, inferential tasks. Training
studies similarly identify preschoolers who fail false belief and then provide a posttest
snapshot of whether or not false belief was mastered (e.g., Lohmann & Tomasello, 2003).
Standard longitudinal studies, because re-testings have employed intervals of 6, 9, or 12
months long (e.g., Dunn & Hughes, 1998; Ruffman et al., 2002) capture performance before
and after the preschool transition to false-belief success but typically fail to provide rich
information about how the transition unfolds. One way to capture developmental change
more richly is through multiple sessions with the same children over a protracted transition,
thereby achieving a more microgenetic record of change (Kuhn, 1995; Siegler, 1995). We
adopt that approach here using a quasi-microgenetic method with weekly training sessions
over 2 months. Moreover, we couple this approach with use of a developmentally-ordered
ToM Scale (Wellman & Liu, 2004) which provides a more extended, and genuinely
progressive developmental assessment of children’s ToM competence.

False belief understanding is one milestone amid an extended progression of ToM insights,
as is clear from research using a ToM scale (Wellman & Liu, 2004) that encompasses
carefully constructed tasks assessing understanding of (1) Diverse Desires (people can have
different desires for the same thing), (2) Diverse Beliefs (people can have different beliefs
about the same situation), (3) Knowledge-Access (something can be true, but the uniformed
do not know that), (4) False Belief (something can be true, but someone might believe
something different), and (5) Hidden Emotion (someone can feel one way but display a
different emotion). These tasks are similar in procedures, language, and format, yet U.S.
(Wellman & Liu, 2004; Wellman, et al. 2011), Australian (Peterson, Wellman, & Liu, 2004;
Shahaeian, et al. 2012), and German (Kristen, et al., 2006) preschoolers evidence a clear
order of difficulty (just as listed above). A similar 5-step developmental progression, at the
same rate, characterizes Chinese (Wellman, et al. 2006) and Iranian children (Shahaeian, et
al., 2012).

Using this scale in combination with microgenetic training research can provide especially
informative data concerning the nature of conceptual changes. One crucial example
concerns accounting for variability in children’s responses to cognitive interventions. To
illustrate, Lohmann and Tomasello (2003) compared several training conditions with young
preschoolers all of whom failed false belief at pretest. In the most successful condition (full
training) on average children performed substantially better at posttest on a set of three false
belief tasks, however, post-test success ranged from 0 to 3 among individual children. In
Amsterlaw and Wellman’s (2006) microgenetic study, children received scripted theory-of-
mind experiences (over multiple sessions across 6 weeks) and this enhanced false belief
performance relative both to a pretest and control groups. Nevertheless there was again
considerable individual variation (see also Flynn, O’Malley, & Wood 2004). Why do some
children gain but others, exposed to the same conditions, do not? Novel mixes of scaling,
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training, and microgenetic-longitudinal methods could better inform us about this question
which is fundamental to any theoretical account of the nature of cognitive change.

Our training approach used pictorial input in cartoon-like format to try to convey mental-
state insights to deaf children. Specifically, we used a thought-bubble program that has
yielded proven, albeit limited, success for children with autism (Wellman, et al., 2002).
Previous research shows that children with deafness (and autism) may be more responsive to
pictorial stimuli than hearing preschoolers (e.g., Peterson, 2002). For hearing children,
reference to thoughts as representational mental states typically occurs via language and
conversation (Astington & Baird, 2005; Dunn & Brophy, 2005; Harris, 2005); for deaf
children pictorial input specifically focused on thinking could usefully augment and clarify
such language. Moreover, everyday media that feature pictures along with print--comics,
storybooks, cartoons and graphic novels (e.g., Manga)--are very popular with deaf children
in the age range we tested. Thought-bubbles could thus provide a useful tool for helping
deaf children to understand representational mental states, including differences among
persons in the mental representations they may hold. As tangible, readily comprehensible,
depictions of the mental states (like false belief) that hearing parents have difficulty talking
about with their deaf child (Moeller & Schick, 2006), thought bubbles may give deaf
children new means for thinking about these states and discussing them with others.

Overview
School-age deaf children in a thought-bubble training group were compared to two control
groups of deaf children. The baseline control group had pretests and posttests as a control
for any spontaneous developmental gains over the study’s time frame. To control for general
benefits from practice in discussing and working on visual-representational projects, a non-
ToM training group received an extended program of training that was similar in procedural
format to the thought-bubble training but with content involving artistic representation of
visual information rather than thought bubbles representing mental states.

Method
Participants

A total of 43 Australian signing deaf children of hearing parents aged 5 to 13 years took
part: 13 children (mean age: 9.8; range: 7.8–13.0) in the ToM training group; 16 (mean age:
9.8; range: 6.8 –13.2) in the baseline control group; and 14 (mean age: 8.7; range: 5.7–12.2)
in the non-ToM intervention control group. Table 1 summarizes background information on
these children. There was no significant difference among the groups’ mean age at pretest, F
(2, 40) = 1.61, p = .21, and gender balance was also equivalent: χ2 (2) = 1.16, N = 43, p = .
56. All children had severe or profound prelingual hearing losses and were being educated in
special units for hearing impairment within large public schools. In these units Signed
English (91%) or Auslan (9%) was the primary mode of instruction. The same educational
program, delivered by teachers with identical training, qualifications and language
approaches, was being followed by all groups though at different school campuses.

Twenty-one children (49%) had a cochlear implant, 6, 7 and 8 in ToM training, baseline,
and non-ToM training groups, respectively: χ2 (2) = .34, N = 43, p = .84. All children were
academically capable, as evidenced not only by their uniform placement in the primary
school grade that would be expected for hearing children their age, but also by their
teachers’ reports that they were coping satisfactorily with that grade’s national academic
curriculum. All children had acquired good everyday communication skills in their preferred
sign language modality, according to both their teachers’ reports and their uniformly high
success on our comprehension control questions.
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Two school units for hearing impairment, essentially the same apart from geographical
location, supplied all children in the sample. Children in the ToM training group came from
School 1, and the baseline control children came from School 2. The non-ToM training
group came equally from Schools 1 and 2 (n= 6 and 7, respectively), consisting of a later
cohort who had had no involvement with either of the other groups. Teachers at Schools 1
and 2 were closely matched in age, experience, training and qualifications; all carefully
adhered to a shared, government-mandated approach to language-teaching and classroom-
communication. Indeed, the academic curriculum was the same in both units and teachers
from each school met regularly to compare notes and exchange ideas. Given that the two
schools offered essentially the same program, most parents simply chose between them on
the basis of proximity. This was unlikely to have introduced any systematic bias since the
neighborhoods around Schools 1 and 2 were highly similar in all major demographic
respects (Australian Bureau of Statistics, 2011). For example, their median weekly
household incomes were $1472 and $1464, respectively (both above the national average of
$1234), they had similar household composition and family sizes (1.7 and 1.8 children,
respectively), similarly low levels of unemployment (6.7% and 5.8% respectively) and
similarly high levels of private home ownership (66% and 69% respectively).

In sum, although assignment of children to groups was school-based not random, the close
similarity between Schools 1 and 2 argued against school differences having systematic
effect on our findings. Moreover, a final indicator of the similarity between Schools 1 and 2
was the absence of any pretest group differences, as we detail in the results, including no
differences between the non-ToM-training subgroups at School 1 and 2.

Experimental Design and Procedures
For testing and training, two adults were present: an experienced male experimenter (the
same for all children), and a professionally-qualified female interpreter of sign language.
The interpreter differed according to the school attended. Yet, all were equivalent in being
familiar school staff, well-known to children, and highly fluent in the child’s preferred sign
language (Signed English or Auslan). All interpreters were professionally-qualified sign
language interpreters and all had full certification by NAATI, the Australian “National
Accreditation Authority of Translators and Interpreters” (NAATI Ltd, 2011). In each case
accreditation had been achieved at the highest level specified by NAATI (namely
“Translator and Interpreter”—formerly known as Level 3) as deemed optimal for complex
work in educational settings.

The same female interpreter was used for all of any one child’s testing and training sessions.
However, no interpreter was involved with more than one of the three experimental
conditions; thus all were blind both to the hypotheses of the study and to the other types of
training being used. The interpreter sat beside the experimenter, directly opposite the
participant in full view, and provided an accompanying translation of the experimenter’s
speech in the child’s preferred mode of sign language, using a style of interpretation very
familiar to these children from everyday school routines. The interpreter and experimenter
paused while critical bits of stories were acted out (e.g., a doll’s entry onto the scene) to
avoid problems of divided attention, and both adults monitored that the child’s gaze was
directed at the props or the interpreter, as appropriate.

In total, children received fully bilingual input conforming to a well-practiced routine that
was a common part of their everyday classroom instruction. This bilingual presentation was
preferable to signing alone because many children had some residual (or implant-assisted)
hearing, or some lip-reading facility, and so were able to profit from this bimodal exposure
to the tasks and training. At the same time, most pretests and posttests permitted a
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completely nonverbal response (e.g., pointing) and the same was true of many questions
asked during training (see on-line Appendices)

At pretest, all children took a battery of ToM tasks and a language measure. Then, for the
ToM training group, a two-week school holiday intervened, after which each child took part
individually in six thought-bubble training sessions, each roughly half an hour long and
conducted at about the same time for each child each week across a training period of
exactly six weeks duration. The non-ToM training group also had weekly half-hour training
sessions, each child with the male experimenter and a constant, familiar interpreter, over a
similarly extended period (M = 6.00 weeks, range = 5 to 7 weeks) but their training
addressed artistic production rather than mental representation. Those in the baseline control
group had no intervention but took the pretest and posttest after a time lag equivalent to that
of the other groups (see Table 1).

ToM and non-ToM Training
The ToM training concepts, materials and procedures were closely modeled on the thought-
bubble program that Wellman et al. (2002) developed for children with autism. Training
focused on changed-location false belief situations and two-dimensional cardboard objects
(cut-out dolls, thought bubbles, and containers and rooms with opening paper flaps) were
used throughout training (see on-line Appendix A). All of these were very different from the
three-dimensional dolls, props and stimuli used for the ToM pretests and posttests. The two
adults conducted the training (as well as all pre-and post-testing) in weekly individual
sessions in a quiet room at school.

For the ToM-training children, each week was devoted to one of six sequential stage
concepts shown in on-line Appendix A. At each stage, the children continued with the
training until a pre-established success criterion was reached (see Appendix A). All children
achieved this success criterion for each stage within the specified weekly session, but with
somewhat different session lengths for different children (averaging about 30 minutes)
depending on the number of repeated trials a child needed to achieve that week’s stage
concept. Later stages generally demanded more training than earlier ones did. No child
required any extra trials at stage 1; most (77%) did so for most later stages. For example, the
extra trials needed on stages 5 and 6 ranged from 0 to 8 and 0 to 12. A measure used in
statistical analyses was each child’s total extra training trials across the six training weeks.
Comprehension control questions (e.g. “What is really in the red box?”) were interspersed
throughout the training and children did uniformly well on these. On rare control-question
failures, the preceding demonstration and all questions were repeated.

The non-ToM training group also had weekly sessions of about 30 minutes duration,
presented in the same bilingual manner in the child’s preferred modality of sign. As
illustrated in on-line Appendix B, these children received a different art project each week,
always beginning with a demonstration phase (just as for the ToM-training) followed by a
phase of individual coaching using questions and corrective feedback (similar to that for
ToM training but with no ToM content). Each week’s art activity was decomposed into 4 or
5 simple steps, similar to ToM training. The type of art activity changed each week; projects
required both two-dimensional picture creation (e.g., making a colored paper collage of a
peacock) and three-dimensional representations (e.g., an owl made from clay). Like the
ToM training group, all children managed to complete each art project within each week’s
session, even though the amount of individual teaching needed differed from child to child.
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Measures
Language ability pretest—Children’s general language comprehension was assessed at
pretest using the syntax subscale (“Sentence Structure”) of the Clinical Evaluation of
Language Fundamentals Preschool (CELF-P) test (Wiig, Secord & Semmel, 1992). This 22-
item scale is designed for hearing children aged 5 to 8 years and uses nonverbal (picture-
pointing) responses to assess a broad range of semantic, morphological and syntactic
concepts including plurality, verb tense, relative clauses and embedded propositions.
Children took it in their preferred modality of signing (95% Signed English). We used raw
scores as our dependent measure, as recommended by the test manual. Indeed, no age norms
are available for individual subscales of the CELF-P and none are available for deaf children
for any aspect of the test. Exactly the same approach (i.e., use of only one of the six CELF-P
subscales and reliance on raw scores rather than age-equivalents as potential ToM
correlates) has been taken effectively in one past study of deaf children (Peterson, Wellman
& Slaughter, 2012) and at least eight past ToM studies of hearing children (see Milligan,
Astington & Dack, 2007, Table 1, for details). In these, the correlation with false belief has
generally been significant, as it was for our sample, r (38) = .71, p < .001. Furthermore,
score ranges (13 to 22) and the absence of floor or ceiling effects (only 8 children--19%--
scored 20 or higher and all scored at least twice what would be expected by chance) support
the test’s suitability for our sample. Groups did not differ significantly from one another, F
(2,39) = 2.18, p > .125, indicating comparable general language ability. All children had
complete language data except for three in the baseline control group. Child reluctance (2
cases) or a scheduling problem (1 case) precluded administration of the language test to
these three children.

Pretest and posttest ToM measures—Theory of mind (ToM) understanding at pretest
and immediate posttest was measured for all three groups using ToM batteries comprising
(a) a three-item false-belief composite (Total False Belief, TFB) and (b) the five tasks of
Wellman and Liu’s (2004) broader ToM Scale. The three false belief items consisted of the
two changed-location items of Baron-Cohen, Leslie and Frith’s (1985) Sally-Ann task and
the misleading container (bandaids box) item from Wellman and Liu’s scale. All tasks were
presented and scored as in the original publications, and included a focal test question about
a person’s false belief and one or two language/comprehension control questions. As in the
original publications, a pass for each item required accuracy on controls as well as on the
test.

Wellman and Liu’s (2004) five-task ToM Scale was administered and scored exactly as in
Peterson et al. (2005). Five sequentially-developing ToM concepts were assessed: (1)
Diverse Desires (DD), (2) Diverse Beliefs (DB), (3) Knowledge Access (KA), (4)
misleading container False Belief (FB), and (5) Hidden Emotion (HE). These tasks are
carefully matched in procedures, stimuli, and questions, and research has demonstrated that
contrasts in performance on them cannot be explained away by executive function, or
language performance alone (Wellman et al. 2008; Peterson et al. 2012). Each task included
a warm up question, a focal test question and a comprehension control question, all of which
must be answered correctly to pass. Scale totals (0–5) reflect the total steps passed correctly.

We further examined fine-grained changes from pretest to posttest via several subsidiary
variables. Because our thought-bubble training was structured around the concept of false
beliefs about object locations, to measure exactly this trained concept (although tested with
different stimuli and no thought bubbles) we examined gains on the two Sally-Ann items.
The misleading-container false-belief item was also examined separately as an index of
“near-generalization”. To examine changes in understanding ToM concepts not including
false belief, we computed two additional subtotals from the ToM Scale. A 3-item pre-false-
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belief (Pre-FB) total consisted of just the items (DD, DB and KA) that are routinely
mastered ahead of false belief by both deaf and hearing children. A 4-item index of “far-
generalization” to other ToM concepts besides false belief was the sum of DD, DB, KA, and
HE.

Post-tests—The posttest was given to all children in each of the training groups within
one week of completing their final training session and after an equal lapse of time from
pretest for the baseline control group. The actual intervals separating pretest from immediate
posttest did not differ significantly between ToM training and non-ToM training groups, t
(25) = 1. 61, p >.10, nor between ToM training and the baseline control group, t (27) = 1. 73,
p = .095.

Results
Pretest Comparisons among Groups

As outlined in Table 1, before training began the groups were closely matched in age,
linguistic skill, and other key background variables. As shown in Table 2, there were no
significant pretest differences on any ToM measure. For total false belief (TFB), the
omnibus ANOVA was nonsignificant, F (2, 40) = 0.78, p = .465, and pairwise t-tests
showed no significant contrasts between ToM versus non-ToM training groups, t (25) =1.11,
p = .279, nor between ToM training and baseline control, t (27) = 0.08, p = .940. The same
was true on the specific false belief concept to be trained, F (2, 40) = 0.67, p > .50 (pairwise
contrasts were t (25) =1.07, p = .297 and t (27) = 0.15, p = .884, respectively) and on a
different (container) false belief test, χ2 (2) = 1.20, N = 43, p =.548. ToM Scale totals were
also equivalent for all three groups at pretest, F (2, 40) = 0.36, p > .60; pairwise contrasts
showed no difference between ToM training versus non-ToM training, t (25) =0.32, p = .
749, nor between ToM training and baseline control, t (27) = 0.75, p = .462. (Nor were there
any significant pretest group differences on any individual ToM Scale task: χ2 (2) ranged
from 1.01 to 3.47, N = 43 (ps ranged from .176 to .602).

Note in Table 1, however, that children had a wide range of ages at pretest (5 years 8 months
to 13 years 2 months) and that mean group ages differed by as much as 1 year (although, to
reiterate, they did not significantly differ). Thus, for the main analyses we used ANCOVA
with age as the covariate to compare the groups’ ToM scores, followed up with simple
planned comparisons as recommended by Keppel (1973). We accepted for training only
children who failed multiple ToM tasks at pretest. Thus all children in both training groups
had room to progress. However, a few children in the ToM-training group (n= 2), the non-
ToM-training group (n = 1), and the baseline control group (n = 4), did pass all three pretest
false belief tasks. In most analyses we retained these children both because they had failed
other pretest ToM Scale tasks and because they could conceivably do worse at posttest, in
line with previous findings both for hearing preschoolers (Flynn, et al. 2004) and older deaf
children (Falkman, et al., 2007). In fact, four children two in each control group with pretest
TFB scores of 3 earned scores of 2 at posttest. Nevertheless, for several follow-up analyses
we looked at a smaller, more conservative subgroup of children, namely the “reduced”
sample (n = 36) who failed at least one (and typically most or all) of the pretest false belief
tasks.

Group Differences after Training
Table 2 shows children’s performance on the posttest, given without any thought-bubble
supports. ANCOVA (with age as a covariate) for the total false belief measure, posttest
TFB, revealed a significant overall group difference, F (2, 39) = 5.65, p = .007. The ToM
training group performed significantly higher than both the non-ToM training group (p = .
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002) and the baseline control group (p = .028). ToM-trained children outperformed the other
groups on changed location false belief tasks (similar to the training emphasis) in an overall
ANCOVA, F (2, 39) = 5.01, p = .012, and in direct comparison outperformed the non-ToM
training group (p = .003). Moreover, there was an identical group pattern on the misleading
container task (a task dissimilar to the ones used in training) χ2(2) = 6.77, N = 43, p = .034.

Posttest ToM Scale scores likewise differed among the groups, F (2, 39) = 6.33, p = .004;
again the ToM training group outperformed the non-ToM training group (p = .002) and the
baseline control (p = .007). This difference represented more than merely improvement in
the false-belief task embedded in that scale; the ANCOVA for the 4-item “far
generalization” scale total (removing FB) yielded a significant overall posttest difference
among the groups, F (2, 39) = 5.08, p = .011, with ToM training significantly surpassing
both non-ToM training (p = .005) and baseline control (p = .014).

To confirm these results with children who were the most incorrect on false belief at pretest,
we examined the three “reduced” groups. ANCOVA (with age controlled) again revealed
significant posttest group differences for total false belief, F (2, 32) = 8.25, p = .001, with
the reduced ToM training group outperforming both the reduced baseline control and the
reduced non-ToM training groups (p = .004 and .001, respectively). This same pattern was
evident for both changed-location (F (2, 32) = 6.23, p = .001: planned-comparisons ps = .
014 and .002, respectively) and misleading container FB tasks, χ2(2) = 7.64, N = 36, p < .05.
On the scale total at posttest, there was likewise a significant overall group difference F (2,
32) = 8.75, p = .001, and again the thought-bubble training group outperformed both the
reduced baseline and reduced non-ToM training groups (p = .002 and p = .001). Identical
patterns appeared for the 4-item “far generalization” score, F (2, 32) = 5.45, p < .01 (p = .
010 and .005, respectively).

We computed individual gain scores for each ToM variable as the difference between a
child’s score at pretest versus posttest. Results echoed the patterns reported above. For the
TFB and changed-location totals, group differences in posttest gains were highly significant,
F (40) = 14.30 and 6.35, respectively, p < .001 and .005. The two control groups did not
differ (p = .491 and .460), but the ToM-training group significantly outperformed each of
them, all ps < .005. Similarly, for the ToM-Scale and the far-generalization score, there were
significant group differences in gains, F (40) = 13.54 and 7.97, respectively, both ps < .001.
The two control groups did not differ (p = .285 and .316), but the ToM-training group
significantly outperformed both (all ps < .006).

Comparisons within the ToM-training Group
As these gain scores indicate, thought bubble training (and it alone) resulted in significant
increases over pretest performance. Moreover, these results show training effects were
widespread; deaf children in the ToM training group made significant gains on a new type of
false belief task not used in training and further on the ToM Scale (where they gained a
mean of 1.38 over their pretest levels). For the “reduced” ToM training group, the subgroup
most incorrect on false belief tests at pretest, the pattern for all these pre- to post-test gain
analyses was very similar. For example, these children recorded significant posttest gains on
TFB and in total ToM Scale steps passed, t(10) = 5.16 and 6.25, respectively, ps < .01.

Individual differences in ToM gains made after training—Figure 1 shows ToM
Scale scores for individual children. All but two children (85%) in the ToM-training group
had upwardly-sloping lines (i.e., gains of one ToM-Scale step or more) and none regressed.
Most of the control children (73%) failed to change (flat lines: 43%) or regressed (30%).
Also clear in Figure 1 is that although ToM-trained children progressed, they differed in
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starting points and total progress. What accounts for this variability? Here we consider three
factors. First, we considered pretest performance on the ToM Scale, a key measure of how
far along a child was in ToM understanding at the start. Additionally, for comparison and
control, we considered children ‘s language competence and the amount of training they
received during training sessions themselves. Focally, there was a large, significant positive
correlation between posttest total false belief, TFB, and pretest performance on the ToM
Scale, rho = .80, p = .001. There was a similar correlation of ToM Scale scores on posttest
and pretest, rho = .68, p = .011. There were no significant correlations of language ability
with either posttest TFB—rho = .47, p = .107—or posttest ToM Scale—rho = .38, p = .198.
Extra thought-bubble training was significantly negatively correlated with posttest TFB =
rho = −.73, p = .004—although not posttest ToM Scale—rho = −.43, p = .141. Thus,
children who needed more training during the thought-bubble sessions (extra thought-bubble
trials) did worse at posttest on false belief understanding than those who did not.

To better assess how close or far children were from false-belief understanding at pretest
(albeit failing false-belief itself at that point) we scored children on just DD, DB, and KA
combined (Pre-FB), those conceptual steps that regularly precede false belief
developmentally for deaf and hearing children (e.g., Wellman et al., 2011). There was a
highly significant correlation for children who had ToM training between Pre-FB scores at
pretest and their TFB performance at posttest, rho = .86, p < .001. Pretest Pre-FB also
correlated significantly with posttest ToM Scale scores, rho = .59, p = .033.

To assess the independent contributions of separately significant predictors, we conducted
two hierarchical regression analyses focused only on TFB. We did not consider ToM Scale
scores further because from raw correlations alone, Pre-FB was the only significant
predictor of ToM Scale scores at posttest. We restricted our hierarchical regressions to two
predictor variables so that our sample size (n=13) would exceed the required minimum
(n=10) for a two-predictor hierarchical regression (see Tabachnick & Fidell, 1989, p. 129).

First, consider the relevant contributions of Pre-FB and extra thought-bubble training to
post-test TFB. With extra training trials as the Step 1 predictor, the equation was significant,
Mult R = .71, R2 = .51, Adj. R2 = .46, F (1, 11) = 11.42, p = .006. Entry of Pre-FB at Step 2
produced a further significant increment, F (change: 1, 10) = 19.52, p < .001, and a
significant full equation Mult R = .89, R2 = .80, Adj. R2 = .76, F (2, 10) = 14.07, p = .004.
Beta weights in the final model showed that only Pre-FB was independently significant β = .
87, p = .004. (For extra training: β = .−02, p = .920).

Conceivably, Pre-FB could be just a proxy for children’s language competence. As noted
earlier, across all three groups false belief performance did correlate with CELF language
scores (rho = .71, p < .001). For children in the ToM training group alone language ability
did not correlate significantly with TFB (see above), but it was substantial—rho = .47, p = .
107. Therefore we explored the independent contribution of Pre-FB along with language to
TFB. With language ability entered at Step 1, the result was nonsignificant: Mult R = .42, R2

= .18, Adj. R2 = .10, F (1, 11) = 2.39, p > .10. Pre-FB scores, entered at Step 2, resulted in a
significant increment, F (change: 1, 10) = 33.55, p < .001, and a significant overall equation,
Mult R = .90, R2 = .81, Adj. R2 = .77, F (2, 10) = 21.50, p < .001. Pretest performance on the
Pre-FB scale tasks was separately significant in the final model, β = .982, p < .001, but
language ability was not: β = −.15, p = .388. Thus, how advanced children had been before
training in understanding ToM concepts that developmentally precede false belief was the
best predictor of posttest false belief understanding after thought-bubble training.

In short, children who were equally incorrect on false belief at pretest responded
differentially to training depending on how advanced they were on the other concepts
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comprising the ToM Scale. Our design enabled us to sensitively test this possibility because,
at pretest, roughly half the sample as a whole was “closer” and the others “further” from
focal false belief understanding (for the focal thought-bubble training group 54% had
proceeded as far as KA, as had 43% of the control groups).

Discussion
Although most deaf children growing up in hearing families are severely delayed in ToM
development (see Peterson, 2009, for a review), it is clear from our findings that these
setbacks are not intractable. An intensive 6-week program of learning to use thought bubbles
to talk about and represent beliefs resulted in dramatic improvements on a range of standard
ToM tasks. Not only did these deaf primary-schoolers (a) gain understanding of the ToM
concepts focal to their training (changed location false belief), but they also (b) generalized
their gains to a new type of false belief task (misleading container), and (c) progressed
significantly on a broad developmental scale of ToM concepts that are precursors to, and
consequences of, false belief understanding. In fact, ToM-trained children gained an average
of more than one full step on the ToM Scale after their 6-weeks’ work with thought-bubbles.
Longitudinal evidence (Wellman et al., 2011) suggests that, without the benefit of training,
the same amount of gain would require at least two years for a deaf child to achieve.

The non-ToM intervention group helps confirm that gains by the ToM- trained group related
specifically to our ToM training. It is not definitive that our thought-bubble form of ToM
training was crucial, but it was significantly helpful beyond mere passage of time (baseline
control) and beyond general, interactive-instructional experiences with the experimenter and
interpreters (non-ToM training group). It is important to note that our ToM training not only
employed thought-bubbles but used these pictorial devices to provide and elicit talk about
mental states, including frequent use of mental-state terms like think, know, want, see (see
on-line Appendix A). Mental-state language, separate from thought-bubbles themselves,
may well have contributed to ToM gains by these children. Indeed, as noted in the
introduction, language mastery and opportunities to discuss thoughts with others are clearly
bound up in ToM growth generally. Thus we favor a conversational interpretation of the
ToM delays typically observed in deaf children of hearing parents.

Interpretation of language effects for ToM typically pinpoint three factors: syntactic
structures (e.g., deVillers, 2005), mental-state terms (Bartsch & Wellman 1995; Ruffman, et
al. 2002), and the perspective-shifting requirements of conversational interchange (Harris
2006; Lohmann & Tomasello, 2003). For assessment purposes, our standard language
measure focused primarily on syntactic competencies and non-mental-state vocabulary.
However, given past findings that exposure to mental-state terms is selectively impaired
when parents of deaf children are hearing (Moeller & Schick, 2006) plus the fact that
conversational interchanges about persons’ minds and perspectives are longitudinal
predictors of ToM development in hearing preschoolers (e.g., Ruffman et al., 2002), we
believe that the increased talk about mental-states entailed by our thought bubble training
regime (see Appendix A) was the most likely language-based contributor to the gains we
observed. Making mental-state reference more frequent and concrete via pictorial
representations like thought-bubbles could certainly aid in the instigation, clarity, and
effectiveness of mental-state discourse. Similarly, it could aid in making salient the different
perspectives of different persons within a social situation. This hypothesis about the
interplay between linguistically-mediated mental-state conversations and visually-accessible
depictions of mental-states is certainly worthy of future research.

From a methodological standpoint, inclusion of Wellman and Liu’s (2004) ToM Scale as a
pretest and posttest measure had clear value. At posttest it demonstrated that the gains in
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ToM understanding made by ToM-trained deaf children were not confined to false belief
alone, but extended to developmentally earlier and later steps in the progressive appreciation
of others’ minds. This indicates that the novel understanding emerging from ToM training
was both genuine and in conformity with a natural developmental trajectory, although at a
much faster pace. Pretest scale scores proved even more revealing. Children systematically
failed false belief at pretest. Yet their “closeness” to false belief understanding, as measured
by their advancement along the ToM Scale, definitely shaped their progress. In regression
and correlation analyses this was by far the largest single factor accounting for posttest gains
and did so even after language competence and total training trials were controlled.

This pattern of performance helps answer the intriguing question of why same-age children,
equally poor initially at understanding false belief, responded so variably to ToM training.
Two distinct possibilities could account for such individual variations. One concerns general
cognitive factors “external” to the domain of theory of mind —perhaps some children were
more attentive, thoughtful, or had better memory and so learned more. A complementary
possibility concerns factors “internal” to ToM conceptions themselves—even given
consistent failure at pretest, some children may have had a more advanced conceptual
foundation about persons and minds and so progressed more, building upon these early
insights. This is not a new proposal, it is the basis of Piaget’s (1970) constructivist
proposals, but direct evidence for it spanning genuine long-term conceptual change, is in
surprisingly short supply. Our data clearly exemplify two empirical signatures of such a
process of conceptual development: (1) that prior conceptual knowledge influences the
presence and amount of learning, and (2) that learning proceeds in orderly progressions.
Children’s prior understandings both enabled learning (for children closer to false belief on
the ToM Scale at pretest) and constrained it (for those further away). Whether closer or
further, however, children’s progress proceeded through an ordered set of intermediate
understandings (see Figure 1). For those further from an understanding of false belief, being
trained about false beliefs via thought bubbles did not often engender an understanding of
false belief, but it provoked other “earlier” ToM understandings anyway.

It is worth considering how prior understandings worked to facilitate false belief acquisition.
Our measure of prior understandings was children’s performance on DD, DB, and KA scale
tasks prior to training. Higher scores on this measure thus reflect better progress toward
understanding knowledge access, KA, in particular and thus better understanding of the
relationship between information access and resulting mental states (while still failing FB).
We speculate that understanding this relationship, acquired in the case of understanding KA,
aids recognition of the role of perceptual evidence in belief formation as well (and this also
explains why KA reliably precedes FB understanding in cross-sectional and longitudinal
theory of mind scaling research, e.g., Wellman, et al. 2011). Information access was also a
focus of our later ToM training sessions. Others have speculated on the formative role of
understanding perceptual access as a conceptual prerequisite for understanding FB evidence
(see Gopnik & Wellman 1994).

Factors external to theory of mind, rather than prior ToM understandings, might nonetheless
constrain ToM progress to a critical period. However, the present findings, along with the
longitudinal data from Wellman, et al, (2011) and the follow-up data on adult Nicaraguan
signers reported by Pyers and Senghas (2009), are not consistent with a preschool (i.e., ages
2 to 6 years) critical period for ToM development. What our data add, in particular, to this
emerging set of findings is needed evidence from a systematic training study.

Clearly our initial study has limitations. Our sample, while sizable for research with delayed
populations, was modest. We chose to use different interpreters across the three conditions.
While advantageous in keeping interpreters blind to our focal variables and hypotheses, this
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added a further dimension of difference between the three groups. Further, we did not
randomize children to conditions; we arbitrarily assigned different schools to conditions.
This raises an intriguing possibility that warrants systematic examination in future research:
Did our thought-bubble training achieve its effectiveness in part because an entire group of
familiar classmates all received their training simultaneously over a lengthy time frame
allowing for ample conversation outside the training sessions? That is, thought-bubble
training might have stimulated children in our sample to talk to each other about mental
states and pictorial depiction of thoughts as their training progressed, activating for them the
known benefits of shared conversation for deaf and hearing children’s spontaneous ToM
mastery. Indeed, Meristo et al. (2007) found that deaf native signers attending oral-only
primary schools lagged substantially behind deaf native signers at bilingual (sign-plus-
speech) schools in ToM performance, suggesting that conversations at school are helpful
even when opportunities for dialogue with natively-signing deaf family members at home
are unimpaired. In short, further research is needed to replicate and better understand the
intervention effects demonstrated by our results.

Nonetheless, our findings demonstrate that deaf children’s ToM delays can be ameliorated
via thought bubble-supported conversation. In contrast, more limited success emerged from
two previous studies that applied a very similar thought-bubble training program to children
with autism (Paynter & Peterson, 2012; Wellman, et al., 2002) including little evidence for
generalization to false belief concepts beyond the one focal to training. Our results with deaf
children are very different. The gains these children made were not only durable but also
widely generalizable to tasks and ToM-scale concepts beyond the training examples.

Pragmatically, one next question is whether it is possible to go beyond boosting social
cognition to applied intervention on behalf of deaf children’s everyday social skills and
social behavior. Can thought-bubble training of the type we implemented ultimately assist
deaf children not only to understand others’ minds but also to apply this understanding in
their everyday interaction? The need here is a real one. As compared with their hearing
peers, deaf pupils often have problems with numerous aspects of everyday pragmatic social
communication and conversational exchange (e.g., Most, Shina-August & Meilijson, 2010)
and are often found to have serious social difficulties both inside and outside the classroom
(e.g., loneliness, social exclusion, victimization, and social immaturity) as well as more peer
relationship problems than matched hearing children (e.g., lack of mutual friends, low
sociometric popularity, social reticence: see Kluwin, Stinson & Colarossi, 2002, for a
review). To the extent that these difficulties reflect social-cognitive deficits in understanding
their interactional partners’ mental perspectives and communicative intentions, ToM-
training via thought bubbles might prove a valuable addition to the repertoires of teachers,
parents and therapists working to boost deaf children’s pragmatic conversational skills and
social participation. Of course, the link may well be bi-directional. Until they enter a
compatible conversational environment (e.g., a signing school) deaf children of hearing
parents are likely to have little practice with the kinds of everyday discourse and interactive
use of language to share ideas that can supply mental-state insights (Harris, 2006). As these
informal conversational experiences accrue, children may gain increasing readiness to profit
from focused ToM training like our thought-bubble program. This, in its turn, may
reciprocally open up new opportunities for everyday conversational exchange.

Could thought-bubble training be used with deaf children younger than the school-age
children tested here? Typically-developing preschoolers easily understand thought-bubbles
by age 3 and 4 years (Wellman, et al. 1996). Moreover, Stages 1 and 2 of our training (see
on-line Appendix A) essentially introduced thought bubbles to children and assessed their
understanding of them given this minimal introduction. No deaf child in our sample needed
repeated training or demonstrations on these initial thought-bubble concepts to be correct
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(and advance on to the further stages). In contrast, 74% of children in the training group did
need repeat training and demonstrations to master the ToM concepts introduced in Stages 3,
4, 5 and 6 (e.g., thoughts about unseen changes). However, even at these more advanced
stages, none of these necessary additional training trials were prompted by any error by any
child in interpreting pictorial thought-bubbles more basically as depictions of protagonists’
thoughts. Future research should examine training with younger deaf children.

In sum, the particular kind of ToM training via thought bubbles that we investigated with
deaf children, along with the quasi-microgenetic and developmental-scaling methods we
used, provide needed theoretical and practical information about ToM development in deaf
children of hearing parents. The data additionally offer a number of useful insights about the
nature and mechanisms of conceptual change more generally, worthy of further
investigation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Individual children’s progress on the ToM Scale. In each panel, different colored lines
represent different individual children. Solid lines are those children (N=11 in the ToM
training group, N = 12 in the baseline control group, N = 13 in the non-ToM training group)
in the reduced sample. The dotted lines are the additional children in the full sample (i.e.,
those who passed false belief at pretest).
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