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1. Introduction
Children exhibit enormous variability in their reading comprehension. Such
individual differences are apparent from the outset of reading instruction and
increase in magnitude over time (Stanovich, 1986). According to the simple view
of reading (Gough & Tunmer, 1986; Hoover & Gough, 1990), reading
comprehension is the product of decoding skill and linguistic comprehension (also
called listening comprehension, Hogan et al., 2014). Accurate decoding requires
efficient mapping of orthographic units (e.g., individual letters and letter
sequences) onto units of spoken language (e.g., phonemes, morphemes).
Decoding underlies fluency in word reading, which in turn bolsters verbal
working memory capacity in support of comprehension (Demoulin, & Kolinsky,
2016; Nevo & Breznitz, 2013). Reading comprehension equally depends on oral
language vocabulary and grammatical knowledge to make sense of what is read
(Lervåg et al., 2018; Ricketts et al., 2007). Component process models (Carr &
Levy, 1990; Sinatra & Royer, 1993) distinguish between low-level basic reading
skills (e.g., letter processing, word and nonword reading) and higher-level
linguistic and inferential reasoning skills. Readers construct meaning by filling in
information not explicitly stated to bridge gaps in their understanding (Kintsch &
Mangalath, 2011). Drawing appropriate inferences relies on readers’ semantic,
syntactic, pragmatic, and general (background) knowledge (Graesser et al., 1994).
Dore et al. (2018) proposed that reading comprehension makes use of theory
of mind to infer characters’ perspectives, behavioral intentions, and mental states.
This hypothesis is supported by research indicating an alignment between theory
of mind and narrative skills in development (Nelson et al., 2003). To date, related
work on reading comprehension has focused on its relation to verbal measures of
theory of mind (e.g., false-belief tasks, oral vignettes) (Boerma et al., 2017; Kim,
2017). Isolating unique contributions of theory of mind to reading comprehension
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is difficult because both depend on linguistic comprehension. Using metaanalysis, Milligan et al. (2007) documented moderate-to-large associations
between linguistic measures (vocabulary, syntax, general) and false belief
understanding in preschool-age children. Similar relations are reported in studies
of school-age children (Ebert, 2020; Miller, 2012).
Over and above the influence of linguistic ability, working memory is known
to play an important role in supporting reading comprehension (Follmer, 2018)
and theory of mind (Arslan et al., 2017; Lecce & Bianco, 2018). Further, clinical
research has suggested that nonword repetition, an indicator of phonological
short-term memory capacity (Baird et al., 2011; Melby-Lervåg & Lervåg, 2012),
might serve as a marker of reading impairment. Hence, studies aiming to elucidate
relations between theory of mind and reading comprehension should include one
or more memory assessments as control variables.
The current study explored contributions of theory of mind to reading
comprehension in school-age children using a nonverbal Attribution of Intentions
task (Brunet et al., 2000; Sarfati et al. 1997). This task uses comic strips as stimuli
and pictures as response options to minimize verbal demands, while keeping the
stimuli in full view to minimize demands on working memory. Participants must
engage in mental state reasoning and perspective taking to accurately infer
characters’ intentions and future behaviors. Attributing intentions is closely
related to belief-desire reasoning and other theory of mind skills (Malle & Knobe,
1997; Mull & Evans, 2010). The current study used hierarchical regression
modeling to find out whether theory of mind predicted variance in reading
comprehension above and beyond variables associated with the simple view of
reading (decoding, linguistic comprehension) and memory capacity. Mediation
models tested whether the impact of theory of mind on reading comprehension
was direct, as suggested by Dore et al. (2018), or indirect via linguistic ability.
2. Method
2.1. Participants
Participants were 62 school-aged children (32 girls, 30 boys; M age = 8 years;
2 months, SD = 1;3, range 6;0−10;8) from the New York City metropolitan area.
The data were collected as part of a larger multi-session study. Participants were
recruited through a child subject pool at a large urban university and by posting
flyers at the university and local stores. Informed consent was obtained from
parents. Children provided verbal or written assent. Families were compensated
with $20 gift cards after each session. Parents completed an online demographics
questionnaire. Parent-reported ethnicity was as follows: 64.5% White/Caucasian
(n = 40), 11.3% Black/African American (n = 7), 6.5% Middle Eastern (n = 4),
4.8% Hispanic/Latinx (n = 3), 1.6% Asian (n = 1), and 11.3% Mixed Race (n =
7). All participants were native speakers of American English; ten spoke an
additional language at home. All measures except for the Attribution of Intentions
task (a nonverbal assessment of theory of mind) have been reported elsewhere
(DeNigris & Brooks, 2019; Obeid & Brooks, 2018).
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2.2. Measures
2.2.1. Reading Comprehension
Children completed the Reading Comprehension cluster of the Woodcock
Reading Mastery Tests–Third Edition (WRMT–3; Woodcock, 2011), a normreferenced assessment of reading readiness and achievement. The Word
Comprehension section focused on antonyms, synonyms, and analogies. Children
were asked to read a series of target words and provide a word that meant the
opposite (antonym) or approximately the same thing (synonym) as the target. For
analogies, they were presented with pairs of words and asked to identify the
relation by supplying a missing word. In the Passage Comprehension section, they
were asked to read a sentence or short passage and identify a missing word. Early
items contained pictures to facilitate comprehension; as items progressed,
passages were presented without pictures. In each section, items were organized
in ascending order of difficulty and terminated based on the number of incorrect
responses. We computed standardized scores for each participant based on
population norms (μ = 100, σ = 15), but used raw scores in the statistical analyses.
This was done to avoid interpretive issues that arise when entering age and a
mixture of standardized and non-standardized (raw) scores into the same models.
2.2.2. Basic Reading and Decoding
Children completed the Basic Skills cluster of the Woodcock Reading
Mastery Tests, 3rd Edition (WRMT–3; Woodcock, 2011). Children were asked
to read words (Word Identification section) and nonwords (Word Attack section)
of increasing difficulty, from simple consonant-vowel combinations to
multisyllabic items. Each section terminated after a specified number of incorrect
responses. We derived standardized scores for participants based on population
norms (μ = 100, σ = 15), but used raw scores in the analyses.
2.2.3. Receptive Vocabulary
The Peabody Picture Vocabulary Test, 4th Edition (PPVT–4, Dunn & Dunn,
2007) served as a standardized assessment of receptive vocabulary. On each trial,
the participant listened to a word and was asked to point to the picture that
illustrated its meaning. Each word was presented with four colored pictures as
response options. Items were arranged in blocks of increasing difficulty, and
terminated after a specified number of errors. We derived standardized scores
based on population norms (μ = 100, σ = 15), but used raw scores in analyses.
2.2.4. Receptive Grammar
The Test for the Reception of Grammar, 2nd Edition (TROG–2; Bishop,
2003) served as a standardized assessment of grammar. The test targets 20
grammatical constructs (e.g., negation, relative clauses) in ascending order of
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difficulty, with four trials per construct. On each trial, the child was asked to listen
to a sentence and point to the picture illustrating its meaning, with four colored
pictures provided as response options. We derived standardized scores based on
population norms (μ = 100, σ = 15), but used raw scores in analyses.
2.2.5. Visual-Spatial Working Memory
The One-Shape Array Memory task (Cowan et al., 2011) was used to assess
visual-spatial working memory. The task was run on an Acer laptop using EPrime 2.0 software (Schneider et al., 2002). Each trial began with a fixation point
displayed for 1s. Then a 12-box grid with 2, 3, 4, or 6 colored circles was shown
for 500ms; see Figure 1 for an example. The child was told that the boxes were
desks in a classroom and the circles were students sitting at their desks. After a
1.5s retention interval, the grid reappeared with just one circle. The child was told:
“In this game your job is to make sure everyone is in the right seat. If the student
is in their right seat, click on the student. If they are in the wrong seat, click the
right seat so they know where to go. And if they are in the wrong class, click on
the door and send them to the principal.” After the response, the next trial occurred
after a 500ms blank-screen interval. The task comprised 32 trials: 16 no change
trials with the colored circle in the correct location; 8 location change trials with
the circle in a new location; 8 new color trials with a circle that was not part of
original grid. Internal reliability for the 32-trial task was acceptable (Cronbach’s
α = .75). Accuracy was calculated as the proportion of correct responses.
Original Display

No Change

Location Change

New Color

Fig. 1. Example trial of One-Shape Array Memory task showing the 12-box
grid (top) and no change, location change, and new color conditions (bottom).
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2.2.6. Phonological Short-Term Memory
We used a nonword repetition task (Edwards et al., 2004; Munson et al.,
2005), run on E-prime 2.0 software, to assess phonological short-term memory.
Stimuli were thirty 3-to 4-syllable nonwords (e.g., gufegɛd, kesənən), recorded by
an English native speaker and presented in randomized order in two blocks of 15
trials. On each trial, the participant heard a nonword through the computer
speakers and was instructed to repeat it as soon as they saw a blue fixation cross
on the screen (100ms after the nonword ended). Responses were audio-recorded,
then transcribed and scored for accuracy. To establish reliability, 20% of the data
was independently coded by two trained assistants; inter-rater agreement was
94%. Accuracy was calculated as the proportion of correct responses.
2.2.7. Theory of Mind
We used the Attribution of Intentions task (Brunet et al., 2000; Sarfati et al.,
1997) to assess theory of mind. The task comprised 16 comic strips, each
depicting a character with a specific intention (e.g., hanging a painting, catching
a butterfly), see Figure 2. The child was told “These pictures tell the beginning
of a story.” They were then shown three response cards depicting possible
conclusions and instructed to select the answer card that “shows the ending of the
story.” Internal reliability of the 16-item task was acceptable (Cronbach’s α = .73).
Accuracy was calculated as the proportion of correct responses.
Comic Strip

Answer Cards

Distracter

Distracter

Correct Answer

Fig. 2. Example trial of the Attribution of Intentions task (printed with
permission from Brunet et al., 2003).
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2.3. Procedure
Children were tested individually in a language development laboratory.
Testing extended over two sessions of approximately 90 minutes duration. The
first two authors and trained research assistants administered all assessments.
Task order was randomized across participants to minimize order effects.
3. Results
3.1. Descriptive Statistics
Table 1 presents descriptive statistics for all variables, indicating a wide range
of scores. Standardized scores indicate average performance above population
norms (μ = 100), suggesting that the sample included high-achieving children.
Table 1. Mean scores for reading, theory of mind, memory, and language
assessments. All standard deviations in parentheses (N = 62).
Raw Scores

Standardized Scores

Task
WRMT–3
Reading
Comprehension

Construct
M (SD)
Word and
46.2 (20.0)
passage
comprehension

Range
0–80

M (SD)
112 (17)

Range
77–144

WRMT–3
Basic Reading

Decoding

40.0 (15.2)

0–67

110 (17)

78–145

PPVT–4

Receptive
vocabulary

147.3 (21.1)

93–183

113 (15)

78–146

TROG–2

Receptive
grammar

15.0 (3.4)

5–20

103 (15)

67–130

One-Shape
Array Memory

Visual-spatial
working
memory

64.5% (14.2) 28.1–87.5

–

–

Nonword
Repetition

Phonological

71.3% (13.8) 36.7–96.7

–

–

Nonverbal
73.9% (19.2) 12.5–100
theory of mind

–

–

Attribution of
Intentions

short-term
memory

Note. WRMT–3 = Woodcock Reading Mastery Test, 3rd Edition; PPVT–4 = Peabody
Picture Vocabulary Test, 4th Edition; TROG–2 = Test for the Reception of Grammar, 2nd
Edition
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3.2. Correlational Analyses
Table 2 shows the zero-order bivariate correlations (top right diagonal) and
partial correlations controlling for age in months (bottom left diagonal) across all
measures. As was expected, given the age range of the sample, all of the measures
showed significant positive correlations with age, r’s = .31 to .61, all p’s < .02.
After controlling for age, all of the measures showed significant positive
correlations with reading comprehension (raw scores on the WRMT–3 Reading
Comprehension cluster), rp’s = .31 to .86, all p’s < .02. Notably, after controlling
for age, theory of mind (Attribution of Intentions task) correlated significantly
with reading comprehension (WRMT–3 Reading Comprehension cluster), but not
with decoding skill (WRMT–3 Basic Skills cluster).
Table 2. Zero-order and partial (controlling for age in months) correlations.
Read
Comp

Basic
Read

PPVT

TROG

1-Shape
Array

NW
Rep

Attrib
Intent

.61***

.49***

.53***

.31*

.41***

.31*

.32*

Read
Comp

—

.89***

.76***

.76***

.48***

.60***

.48***

Basic
Read

.86***

—

.64***

.67***

.41***

.59***

.33**

PPVT

.65***

.51***

—

.67***

.43***

.52***

.45***

TROG

.77***

.63***

.63***

—

.39**

.46***

.38**

1-Shape
Array

.31*

.26*

.28*

.31*

—

.24

.36**

NW Rep

.55***

.52***

.44***

.40**

.13

—

.14

Attrib
Intent

.38**

.21

.35**

.32*

.26*

.05

—

Age

Note. Values above the diagonal are zero-order correlations, values below the diagonal are
partial correlations controlling for age (months); Read Comp = Woodcock Reading
Mastery Test, 3rd Edition, Reading Comprehension cluster; Basic Read = Woodcock
Reading Mastery Test, 3rd Edition, Basic Skills cluster; PPVT = Peabody Picture
Vocabulary Test, 4th Edition; TROG = Test for the Reception of Grammar, 2nd Edition;
1-Shape Array = One-Shape Array Memory task; NW Rep = Nonword Repetition task;
Attrib Intent = Attribution of Intentions task; ***p < .001; **p < .01; *p < .05.
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3.3. Principal Component Analysis of Language Measures
Due to strong correlations between receptive language measures (PPVT–4
and TROG–2 raw scores), we ran a principal component analysis to obtain a
composite measure encompassing receptive knowledge of vocabulary and
grammar. The principal component analysis met assumptions of linearity (the two
variables were strongly correlated, r(60) = .67, p < .001) and sphericity (Bartlett's
test of sphericity was statistically significant, p < .001). However, due to the small
sample size, sampling adequacy was low (Kaiser-Meyer-Olkin test value = .50).
The principal component analysis yielded a single component with an eigenvalue
of 1.67 that explained 83.4% of variance in scores. Item loadings were the same
for both variables (PPVT = 0.91; TROG = 0.91). We refer to the extracted
component as “receptive language” in the regression analyses below.
3.4. Regression Analyses
To examine whether theory of mind contributes to reading comprehension
above and beyond factors associated with the simple view of reading (decoding
and linguistic abilities), we ran a stepwise regression analysis with WRMT–3
Reading Comprehension (raw scores) as the outcome variable; see Table 3.
Table 3. Standardized coefficients for hierarchical regression models
predicting reading comprehension raw scores (N = 62).
Predictor Variables

Block 1:
Age +
Memory
Block 2:
Simple
View of
Reading
Block 3:
Theory of
Mind

Age

1-Shape Nonword Basic
Array
Repetition Reading

Receptive
Language

.39***

.22*

.43***

.17**

.03

.06

.52***

.34***

.16**

.01

.08

.51***

.30***

Attribution
of
Intentions

.11*

Note. *p < .05, **p < .01, ***p < .001

In Block 1, we entered the control variables: age (in months), visual-spatial
working memory (accuracy on the One-Shape Array Memory task) and
phonological short-term memory (accuracy on the Nonword Repetition task). The
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model was significant with each variable contributing significantly to explain
variance in reading comprehension, F(3, 58) = 29.31, p < .001, R2 = .60. In Block
2, we added measures of decoding (raw scores on the Basic Reading cluster of the
WRMT–3) and receptive language (extracted component from the PCA reported
above) to the model in order to account for variance associated with the simple
view of reading. Both decoding and receptive language were significant, F(5, 56)
= 97.37, p < .001, R2 = .90, ΔF(2, 56) = 79.87, p < .001, ΔR2 = .29. Age remained
significant at Step 2, but both of the memory measures were no longer significant.
In Block 3, we added theory of mind (accuracy on the Attribution of Intentions
task) to the model. This model was significant with theory of mind explaining
additional variance in reading comprehension, F(6, 55) = 88.79, p < .001, R2 =
.91, ΔF(1, 55) = 5.63, p = .021, ΔR2 = .01. Decoding skill, receptive language
knowledge, and age remained significant at Step 3.
We then ran a follow up analysis with the order of variables entered in Blocks
2 and 3 reversed. In Block 2, theory of mind (Attribution of Intentions task) was
significant in explaining variance in reading comprehension, F(4, 57) = 27.66, p
< .001, R2 = .66, ΔF(1, 57) = 9.63, p = .003, ΔR2 = .06, after controlling for age,
visual-spatial working memory, and phonological short-term memory. Adding
measures of decoding skill and receptive language in Block 3 contributed
considerably more variance over the effects of the other variables, F(6, 55) =
88.79, p < .001, R2 = .91, ΔF(2, 55) = 72.41, p < .001, ΔR2 = .25.
Given that scores on the Attribution of Intentions task correlated with PPVT
and TROG scores and with basic reading scores (see Table 2), we ran a mediation
analysis to find out whether the impact of theory of mind on reading
comprehension was partially mediated by receptive language and/or decoding
ability. In this model, theory of mind (Attribution of Intentions task) was the
predictor variable, receptive language and basic reading were mediating variables,
reading comprehension was the outcome variable, and all other variables (age,
visual-spatial working memory, phonological short-term memory) were covariates. See Figure 3 for a depiction of model; lines indicate significant effects.
Visual-spatial working
memory

Age
.25

Phonological shortterm memory

.45
.40

Decoding
Receptive
Language
.28

.16
.51

Reading
Comprehension

.29
.11

Theory of
Mind
Fig 3. Mediation model predicting reading comprehension; standardized
coefficients are shown for significant effects.
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The mediation analysis indicated that theory of mind was associated with
receptive language ability, t(57) = 2.71, p = .009, but not with basic reading, t(57)
= 1.26, p = .211. Theory of mind had a direct effect on reading comprehension,
t(55) = 2.37, p = .021, as well as a significant indirect effect, mediated by receptive
language, β = .08, CI .02 ; .17. With regard to the memory measures, nonword
repetition was predictive of scores on basic reading, t(57) = 4.55, p < .001, and
receptive language, t(57) = 4.02, p < .001. In contrast, scores on the one-shape
array memory task were not associated with outcome variables.
4. Discussion
The current study used hierarchical regression modeling to determine
whether performance on a theory of mind task would explain variation in
children’s reading comprehension over and above variables associated with the
simple view of reading (decoding, linguistic comprehension) and memory
capacity (visual-spatial working memory, phonological short-term memory). In
an effort to minimize verbal demands on theory of mind task performance, we
used a nonverbal Attribution of Intentions task, which assessed children’s ability
to draw inferences and attribute intentions to characters in comic strips (Brunet et
al., 2000; Sarfati et al., 1997). Attributing intentions to others has been shown to
be related to other theory of mind or “mentalizing” abilities, such as making
attributions of beliefs or emotions (Frith & Frith, 2003; Malle, 2011).
Our results found some support for Dore et al.’s (2018) hypothesis that theory
of mind contributes to the development of reading comprehension, as accuracy in
inferring characters’ intentions accounted for a small, but significant percentage
of variance in children’s scores on the WRMT–3 Reading Comprehension cluster
after controlling for the other variables. Overall, the model explained most (91%)
of the variance in reading comprehension scores. Notably, the set of variables
associated with the simple view of reading (i.e., raw scores on the WRMT–3 Basic
Skills cluster and a composite measure of receptive language) accounted for
considerably more variance in reading comprehension than theory of mind. The
same pattern of results held irrespective of the order in which the variables were
entered into the hierarchical regression model.
Given the strong associations between theory of mind and verbal abilities
(e.g., Ebert, 2020; Miller, 2012; Milligan et al., 2007), we conducted a mediation
analysis to find out whether the influence of theory of mind on reading
comprehension was largely indirect, i.e., mediated by receptive language and/or
decoding skill. The results indicated partial mediation with a significant direct
effect of theory of mind on reading comprehension (β = .11) alongside a
significant indirect effect (β = .08) mediated by receptive language. Even though
we had selected a nonverbal measure of theory of mind to reduce verbal demands,
task performance correlated with both receptive language measures, though not
with basic reading or phonological short-term memory after controlling for age.
Had we selected a traditional verbal measure of theory of mind with stories and
questions, as often used to investigate theory of mind in school-age children (e.g.,
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Liddle & Nettle, 2006), it may have been even more difficult to disentangle
mentalizing abilities from linguistic abilities in relation to reading comprehension.
Indeed, even “nonverbal” measures of theory of mind, such as the Silent Film task
(Devine & Hughes, 2013), use verbal instructions and require a verbal response,
making it difficult to separate underlying abilities. As the current study was the
first to adapt a fully nonverbal comic-strip task for use with children, replication
is warranted, ideally with other verbal and nonverbal measures of theory of mind
included for purposes of task validation.
In the hierarchical regression models, neither of the two memory tasks
remained significant predictors of reading comprehension after measures of
decoding skill and linguistic abilities were included in the model. Mediation
analyses linked phonological short-term memory, but not visual-spatial working
memory, with both basic reading and receptive language measures. The lack of
an association between visual-spatial working memory and reading
comprehension, after controlling for other factors, is in keeping with other work
indicating that verbal working memory, but not visual-spatial working memory,
predicts reading achievement (Stevenson et al., 2014), and with evidence that
working memory capacities for storing verbal and visual-spatial information are
largely separable (Shah & Miyake, 1996). The findings also align with
developmental research linking children’s ability to repeat nonwords with their
receptive vocabulary knowledge and reading skills (e.g., Baird et al., 2011;
Bowey, 2001; Gathercole, 1995).
The current study was limited by the relatively small sample size, the
measures administered, and the use of cross-sectional data. Although Dore et al.
(2018) suggest that theory of mind facilitates reading comprehension, others (e.g.,
Mar et al., 2010) have suggested that fictional narratives (e.g., storybooks)
promote advancements in theory of mind abilities. It is not possible to ascertain
causal relations when theory of mind and reading are measured concurrently. As
such, longitudinal and training studies are needed to determine the directionality
of relations between theory of mind and reading comprehension. One hypothesis
is that theory of mind abilities will have stronger associations with fictional and
(auto)biographical narratives than with expository texts (Nelson et al., 2003).
Comprehending narratives requires the reader to engage in perspective taking to
place themselves into the minds of the characters. This likely draws on advanced
theory of mind abilities and may even contribute to their refinement during
middle-late childhood when reading skills advance. Longitudinal research can
shed light on whether such relations are bidirectional.
In conclusion, the current findings add to research indicating commonalities
in how people draw inferences and build mental models regardless of whether
information is conveyed in pictorial or textual formats (e.g., Gernsbacher et al.,
1990). The findings also build on previous work linking development of social
cognition and theory of mind with advancements in language abilities by
extending the link to reading comprehension in middle childhood. Future studies
should use a broader range of reading tasks and theory of mind measures and trace
development of skills longitudinally to establish causal relations.
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