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Theory of mind (ToM) comprises diverse mindreading skills, 
including the ability to ascribe mental states to self and other 
(Wellman, 2020). Explicit ToM skills (as assessed with perhaps 
the most prominent measure of ToM, the false belief [FB] task) 
typically emerge around 4 years (Wellman & Liu, 2004). A large 
body of evidence suggests that there is a stable sequence in 
which children attain the conceptual insights that are involved in 
ToM: Initially, children develop the proficiency to reason about 
diverse desires (DDs); once they attain this skill, they come to 
understand that people may hold diverse beliefs (DBs), that 
knowledge access (KA) influences ignorance, that people 
sometimes hold FBs, and that we can hide our true emotions, 
that is, hidden emotions (HEs). This developmental pattern 
(DD > DB > KA > FB > HE) is reflected by the classic ToM 
scale (Wellman & Liu, 2004), for which Guttman and Rasch 
scaling have indicated a stable sequence across populations, 
including children from different cultures (e.g., Kristen et  al., 
2006; Shahaeian et al., 2011) and children with hearing impair-
ment (Peterson et al., 2012).

Advanced ToM refers to more-complex mindreading skills 
that develop in middle childhood (e.g., Hughes & Devine, 2015). 
While some define it as the ability to put into use own ToM 
knowledge in fast, flexible, and accurate ways (e.g., Apperly, 
2012), for many authors, advanced ToM implies changes at the 
conceptual level (e.g., Lagattuta et  al., 2016). Similar to first-
order ToM, there have been attempts to model these changes at 
the conceptual level, testing for the conceptual continuity, inter-
nal consistency, and scalability in advanced ToM (Hayward & 

Homer, 2017; Osterhaus et  al., 2016; Peterson et  al., 2012; 
Warnell & Redcay, 2019). These studies have, however, not been 
conducted over a broad age range (from first-order to advanced 
ToM) and only with a limited set of tasks. Peterson et al. (2012) 
have extended the classic ToM scale and introduced an additional 
step. This additional step involves children’s understanding of 
sarcasm, that is, whether they understand that people can mean 
the opposite of what they say. This task is modeled after the 
strange stories (Happé, 1994), which assess children’s under-
standing of nonliteral speech across a broader range of situations, 
such as in jokes, figures of speech, or lies. As expected, the sar-
casm task proved to be more difficult than the other ToM tasks, 
and 41% of typically developing children aged 7.5–11.5 years 
solved it correctly. The number of steps taken by the children 
was significantly correlated with their age (Peterson & Wellman, 
2019).

Other researchers have reported correlational evidence that 
can be interpreted as indicative of a low degree of conceptual 
coherence in first-order and advanced ToM: Warnell and Redcay 
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(2019) report no significant associations in 4- and 6-year-olds 
between an FB index (based on assessments of contents, explicit, 
and second-order FB) and children’s understanding of HEs, as 
well as prominent measures of advanced ToM, including the eyes 
and faux-pas tests. These results are contrasted by findings by 
Osterhaus and Koerber (2021), who modeled advanced ToM 
competencies using factor analysis and who report, for children 
aged 5–8 years, significant and independent correlations between 
first-order and three different advanced ToM factors.

Correlational analyses alone, however, may not suffice to 
make the case for a conceptual continuity between first-order 
and advanced ToM—after all, the scale analyses of ToM tasks 
show that children’s ToM development is sequential, that is, 
minimal coherence is to be expected when composite scores for 
tasks of diverse difficulties are correlated within narrow age or 
competence groups. To establish that there is conceptual conti-
nuity between ToM and advanced ToM, researchers need to ask 
(1) whether the classic ToM scale can be extended by adding 
age-appropriate, developmentally sequenced (i.e., more diverse 
and more difficult) tasks, (2) whether the ability indexes that 
are obtained from these developmentally sequenced scales pro-
duce estimates of individual differences that are longitudinally 
stable, and (3) whether there are systematic changes from fail-
ure to success (i.e., do children get better over time?) (Wellman 
& Liu, 2004).

The present study addresses these three questions. In particu-
lar, our 2-year longitudinal study involving 155 children tests for 
the scalability of a broader range of first-order ToM tasks than 
were included in the classic ToM scales. Following Wellman and 
Liu (2004), we use Rasch modeling to establish that the items in 
our extended ToM scale are of increasing difficulty. The unidi-
mensional Rasch or one-parameter logistic (1-PL) model (Rasch, 
1960) is a probabilistic model that assumes that all items in a test 
measure a single dimension of ability, and that the probability 
that test takers correctly solve a given item can be described by 
their ability and the difficulty of that item: If the former exceeds 
the latter, test takes will answer that item correctly (Kubinger, 
2005). The Rasch model can therefore be regarded as a probabil-
istic analogue to Guttman scale analysis, which shares the notion 
that a person with a given ability level will likely (Rasch) or defi-
nitely (Guttman) only give correct responses to those items 
whose difficulty estimates are lower than that person’s ability 
level (Wellman & Liu, 2004). Unlike the two-parameter logistic 
(2-PL) model (Birnbaum, 1968), the Rasch model assumes equal 
discriminations across items, rendering item difficulty the only 
item parameter postulated by the model. If the Rasch model 
holds, researchers can therefore conclude that there are no pos-
sibly unknown dimensions that affect item discrimination, and 
there is comparability of scores across tests. Also, under the fit of 
the Rasch model, relative performance differentials can be inter-
preted in a straightforward way, where equal trait-level distances 
are reflective of equal relative differences in performance, 
regardless of the item difficulty level (Embretson, 1996).

In addition to Rasch analysis, we attempt to model the devel-
opmental transition from first-order to advanced ToM in the age 
range from 4 to 6 years. To this end, we include additional first-
order ToM tasks in the analysis, which allows to more reliably 
model individual differences in first-order ToM understanding, 
accounting for possible task-specific influences of performance, 
which may vary as a function of the specific context and target of 

the mental state ascription required by the task. Based on a defi-
nition of ToM as a conceptual framework encompassing mental 
state ascriptions to both self and others, we included measures of 
children’s understanding of morally relevant FB (Killen et  al., 
2011) and of mental verbs of certainty (Moore et al., 1989; i.e., 
different contexts), as well as a measure of metacognition of own 
ignorance (i.e., Rohwer et al., 2012; different targets). Advanced 
ToM was assessed with measures of second-order FB under-
standing (Coull et  al., 2006; Sullivan et  al., 1994) and under-
standing of nonliteral speech (Happé, 1994). To test whether the 
stability in individual differences over time is independent of 
general information-processing skills (Carlson & Moses, 2001; 
Milligan et al., 2007), we also conducted assessments of verbal 
IQ and inhibition.

Methods

Participants
The participants were N = 155 (68 girls, 87 boys) healthy children 
who had participated in a longitudinal study of social-cognitive 
development from the age of 7 months. The children were 
recruited from public birth records, and they were from low to 
high middle-class families in a large city in southern Germany. 
Children’s ages across the waves were as follows: During Wave 1, 
the children were 4 years old (M = 50.1 months, SD = 0.86); during 
Wave 2, they were 5 years old (M = 60.1 months, SD = 0.65); and 
during Wave 3, they were 6 years old (M = 70.4 months, SD = 0.52). 
Data collection was carried out between 2015 and 2017.

One quarter (25.4%) of the mothers had attended secondary 
school up to Grade 10 (not college-bound degree), 22.8% had 
attended secondary school up to Grade 12 (college-bound 
degree), and 51.8% had obtained a bachelor’s degree or higher. 
Parents’ informed consent was obtained from all participants. 
The present study was approved by the ethics committee of the 
Faculty of Psychology and Education, Ludwig Maximilian 
University, Munich, Germany (2013-11-11).

Procedure
Caretakers accompanied children to the assessments (conducted 
in German language) in a university laboratory.

Materials
An overview of the tasks that were used in Waves 1–3 is given in 
Table S-1 (in the online supplementary material).

ToM Scale.  Children’s first-order ToM was assessed with (a 
selection of tasks from) the ToM scale (Wellman & Liu, 2004). 
All six tasks were used at Wave 1; at Waves 2 and 3, the three 
most difficult ones were used (Tasks 4–6):

In the DD task (1), the children learn about a protagonist who 
has a preference contrary to their own. The children have to cor-
rectly predict what the protagonist would choose based on his 
preference (1 point). In the DB task (2), the children have to cor-
rectly predict the belief of another person that is contrary to their 
own (1 point), and the KA task (3) assesses their understanding 
that someone with full access to all relevant information will hold 
a different belief from someone without such KA (1 point).
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In the contents FB task (4), the children are presented with a 
familiar Smarties box, which does not contain the popular sweets 
but a little toy pig. The children have to predict the FB of some-
one who has never looked inside the box (1 point). In the location 
FB task (5), the children are told that the mittens of a protagonist 
are in her backpack, but she believes they are in the closet. The 
children have to predict where she will look for her mittens, in 
the backpack or closet (1 point)? Finally, in the HE task (6), the 
children have to show that they understand that people may dis-
play emotions that differ from what they feel (1 point).

Test and control questions had to be answered correctly. 
Cohen’s κ for interrater agreement ranged from .94 to perfect 
agreement across all ages.

Morally Relevant FB.  In the authorized German version of the 
gender-matched accidental transgressor vignette (Killen et  al., 
2011), the children learn that a girl or boy leaves a cupcake in a 
brown paper bag inside the classroom. While the boy or girl is 
outside, another child helps the teacher tidy up and throws the 
paper bag in the trash. Responses to two FB questions were 
coded: the morally relevant contents FB of the accidental trans-
gressor (what did they think was in the paper bag—trash [1 
point] or a cupcake?) and the morally relevant location FB of the 
victim (where will the owner of the cupcake look for it—on the 
table [1 point] or in the trash)? Cohen’s κ indicated high agree-
ment between the two raters, κ = 1.00.

Mental Verbs of Certainty.  In the mental verbs of certainty task 
(adapted from Moore et al., 1989), the children played a hiding 
game with stickers. The children were told that a sticker was hid-
den in one of two boxes (red and blue) and that they could ask 
two puppets (a lion and a bunny) to help them find the sticker. 
The puppets made claims regarding one of the boxes. During the 
practice trials, the lion would, for instance, say, “The sticker is in 
the red box,” while the bunny would say, “It’s not in the blue 
box.” The child was asked to find the sticker. Practice trials were 
repeated until children answered correctly.

Across nine trials, the lion and the bunny used different men-
tal verbs of certainty: know, think, and guess. For example, the 
lion would say that he knows the sticker is in the blue box and 
the bunny would say that he guesses that the sticker is in the red 
box. When the children picked the box suggested by the puppet 
using the stronger mental verb of certainty, 1 point was given on 
comparison trials (i.e., know vs. think; know vs. guess; guess vs. 
think). There was high agreement between two raters, Cohen’s 
κ = 1.00. The comparison between guess and think proved to be 
difficult, and so we computed a competency score based on only 
the comparisons between know versus think and know versus 
guess.

Metacognition (Partial Ignorance).  Children’s metacognition 
of their own (partial) ignorance was assessed with a task by Kloo 
et al. (2017). The experimenter hides one of two toys in a box 
(children cannot see which one). She then asks whether the chil-
dren know which toy is hidden (two trials). One point was given 
when children spontaneously stated that they do not know or 
admitted that they were guessing on a subsequent “know-guess” 
question. There was high agreement between two raters (30% 
double-coded), with Cohen’s κ ranging from κ = .89 to κ = .93 
for the two tasks.

Second-Order FB.  Two tasks assessed children’s understanding 
of second-order FB.

In the “birthday puppy” story (Waves 2 and 3; Sullivan et al., 
1994), the children learn that Peter’s mom wants to give Peter a 
small dog for his birthday. When Peter asks mom what he will 
get for his birthday, she tells him that he will not get a dog 
because she wants to surprise him. When Peter plays in the base-
ment, he finds the dog. The children are asked two control ques-
tions: Does Peter know that he will get a dog for his birthday? 
And, does his mother know that he found the dog in the base-
ment? The story then continues. Grandma calls and asks mom 
whether Peter knows what he will get for his birthday (Test 
Question 1) and what mom thinks Peter thinks that he will get 
(i.e., the second-order FB; Test Question 2). High agreement 
emerged between the two raters (30% double-coded), with 
Cohen’s κ ranging from κ = .92 to perfect agreement for both test 
and control questions. One point was given when both test ques-
tions were correct.

The simplified second-order FB task (Wave 1; Coull et  al., 
2006) presents the story of Anna who is hiding Paula’s teddy 
bear. What Anna does not know: While hiding the teddy bear 
under the blanket, Paula observes her. The children are asked 
three control questions: Does Paula know where the teddy bear 
is? Does Anna know that Paula knows? And where will Paula 
look for the teddy? The test question asks where Anna thinks 
Paula will look for the teddy (and why?). One point is given 
when control and test questions are correct. Cohen’s κ for inter-
rater agreement was 1.00 for all control and test questions.

Understanding Nonliteral Speech (Strange Stories).  We tested 
children’s understanding of intentional, nonliteral speech with a 
selection of the strange stories (Happé, 1994). These story prob-
lems tested children’s understanding of a lie (a girl lies about the 
dog breaking a vase when it really was her), a figure of speech 
(metaphor; someone says that someone else has a frog in their 
throat), and a joke (calling a big dog an elephant). The children 
were asked why the story characters made the particular utter-
ances and answers coded using a coding scheme inspired by 
White et  al. (2009). Correct answers explicitly referred to the 
intention or desire motivating the utterance (e.g., “because she 
did not want to get punished by her mother”; lie story); partially 
correct answers were purely motivational (e.g., “so that she 
would not get punished”). For the Rasch analysis, responses 
were dichotomized and full credit (1 point) was given for correct 
and partially correct answers. Cohen’s κ ranged from .80 to .84.

Control Measures
Verbal IQ (Wave 0, 48 Months).  An estimate of children’s ver-
bal IQ was obtained at a prior measurement point (Wave 0; 
48 months). The verbal comprehension index was computed 
based on two subtests of the German edition of the Wechsler 
Intelligence Scale for Children: the “general knowledge” subtest 
(word knowledge and retrieval) and the “similarities” subtest 
(verbal concepts and reasoning). Interrater agreement was 
r(25) = .97 for general knowledge and r(25) = .96 for similarities.

Inhibition (Wave 2, 5 Years).  We used a Simon (Peter) Says 
task based on the work of Strommen (1973) to assess inhibitory 
control. The experimenter instructed the children to execute the 
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actions that she performed if and only if she said “Peter  
says . . . .” There were two practice trials with corrective feed-
back and 20 test trials. The inhibitory (i.e., non-Peter) trials 
were used for analysis (score range: 0–10).

Missing Data
At Waves 1–3, 130, 124, and 120 children participated in the 
assessments; 114 participated during all three. Complete data for 
all ToM measures were obtained from 84, 92, and 106 children, 
respectively. In the Rasch scale analysis (conducted in Acer 
ConQuest), missing data are omitted per task. The Martin-Löf 
(ML) test was conducted using the R package ltm (Rizopoulos, 
2006). This analysis requires case-wise complete data, and so 
only children with full data were included. Estimates of verbal 
IQ and inhibition were obtained from 121 and 107 children, 
respectively.

Results

Correct Solutions
Tables 1 and S-2 report the correct solutions for all ToM meas-
ures. Across waves, there was considerable variation: At Wave 
1, correct solutions varied between 4.0% (second-order FB) and 
85.9% (DD and KA); at Wave 2, performance varied between 
8.6% (joke story) and 80.7% (contents FB; lie story); and at 
Wave 3, between 47.1% (second-order FB) and 94.3% (lie 
story). The lie story was the easiest task at Waves 2 and 3; the 
joke story was the most difficult one at Wave 2. At Waves 1 and 
3, where the joke story was not included, the two versions of the 
second-order FB task were most difficult. Spearman’s correla-
tions between all items are reported in the online supplementary 
material (Table S-3).

Extending the ToM Scale
A unidimensional, one-parameter Rasch model was fitted to the 
data of each of the three waves, using ConQuest (Wu et  al., 
2007). For all three waves, all ToM measures fit the Rasch model: 
All but one of the infit and outfit mean square (MNSQ) item fit 
statistics were within the margin of 1 ± .20 (i.e., 0.80 ⩾ infit 
MNSQ ⩽ 1.20; the misfitting item was the metaphor story 
applied at Wave 3). Applying a stricter criterion than this most 
commonly used one (i.e., 0.85 ⩾ infit MNSQ ⩽ 1.15) resulted in 
finding two tasks with poor item fit: These were the mental verbs 
task at Wave 1 and the metaphor story at Wave 3. Given both 
tasks did not exceed the standard cut-off values for the infit, they 
were not excluded from further analyses. The item difficulties 
and reliabilities for the three scales are given in Table 1, and item 
difficulties and person abilities are also plotted in the three 
Wright Maps in Figure 1, which also displays the three test infor-
mation functions. These show that information for high ability 
levels decreases across waves, suggesting that additional more 
difficult tasks need to be included in (advanced) ToM scales after 
the age of 6 years.

The 1-PL (Rasch) model did not fit the data from Wave 2 sig-
nificantly worse than the 2-PL model, with χ2(8) = 15.37, p = .052. 
Although the likelihood ratio test was significant for Waves 1  

and 3, with χ2(8) = 25.31, p = .003 and χ2(8) = 20.08, p = .017, 
respectively, the Bayes information criterion was—across all 
waves—lower for the 1-PL than for the less parsimonious 2-PL 
model: 1,318.82 vs. 1,337.32 (Wave 1); 1,168.07 vs. 1,191.39 
(Wave 2); and 1,147.82 vs. 1,170.90 (Wave 3). Additional support 
for the Rasch model comes from the ML likelihood ratio test 
(Glas & Verhelst, 1995). The ML test splits the item set into two 
(or more) subsets, and the null hypothesis states that the Rasch 
model is valid for all items jointly. Using two subsets (median 
split), the null hypothesis was not rejected across waves—
ML(24) = 22.287, p = .562; ML(19) = 15.03, p = .721; and 
ML(24) = 26.12, p = .347, for Waves 1–3, respectively.

Table 1 shows that the estimated difficulties for the six core 
tasks that were included across all three waves. With increasing 
age, the relative difficulties of these tasks decreased, and they 
discriminated at a lower ability level. Overall, our findings sug-
gest that the extended ToM scale shows good properties, and that 
diverse ToM tasks (incl. measures of metacognition and of mor-
ally relevant FB) load on a single dimension. Figure 1 shows 
increasing task difficulties that are in line with the developmental 
sequence and indicates a good match between difficulties and 
person abilities, suggesting that the tasks included in the analysis 
are age-appropriate and developmentally sensitive.

Stability of Individual Differences Over Time
Individual differences were moderately stable, as suggested by 
the significant autocorrelations. The correlation between perfor-
mance at Waves 1 and 2 was r = .54 (p < .001); it was r = .48 
(p < .001) between Waves 2 and 3, and r = .40 (p < .001) between 
Waves 1 and 3. ToM scores were significantly associated with 
verbal IQ (rs between .37 and .45, all ps < .001) and inhibition 
(rs between .21 and .44, all ps < .01) (see Table S-4 in the online 
supplementary material for the full correlation table, as well as 
for the partial correlations).

A repeated-measures analysis of covariance revealed sig-
nificant effects of time—both for the full scales and the subsets 
of core items (Tables S-5 and S-6). Planned contrasts revealed a 
significant difference in children’s ToM performance between 5 
and 6 years, F(1, 97) = 5.66, p = .019, partial η2 = .055—but not 
between 4 and 5 years, F(1, 97) = .04. The same was true for 
children’s performance on the core ToM tasks, F(1, 97) = 5.32, 
p = .023, partial η2 = .052 (comparison, 5 vs. 6 years), and F(1, 
97) = 0.13 (comparison, 4 vs. 5 years). No significant interac-
tions between time and children’s general cognitive abilities 
emerged.

Performance on the second-order FB task—a classic measure 
of advanced ToM—was significantly predicted by earlier first-
order ToM skills: A binomial logistic regression with the second-
order FB task (Wave 3) as the dependent variable, and verbal IQ, 
inhibition, and first-order ToM performance (as measured by the 
core ToM tasks at Waves 2 and 3) as the independent variables, 
revealed a significant effect, χ2(4) = 11.75, p = .02 (adjusted 
R2 = .16). Of all predictors, children’s performance on the core 
ToM tasks at Wave 1 was, however, the only significant predictor 
(Table S-7).

Taken together, these findings show that individual differ-
ences in ToM are moderately stable, suggesting conceptual con-
tinuity between first-order and advanced ToM.



Osterhaus et al.	 255

T
ab

le
 1

. 
Pe

rf
or

m
an

ce
 (

Pe
rc

en
t 

C
or

re
ct

), 
D

iff
ic

ul
ty

, a
nd

 F
it 

St
at

is
tic

s 
fo

r 
Fi

rs
t-

O
rd

er
 a

nd
 A

dv
an

ce
d 

T
oM

 T
as

ks
 A

cr
os

s 
W

av
es

.

W
av

e 
1 

(4
 ye

ar
s)

W
av

e 
2 

(5
 ye

ar
s)

W
av

e 
3 

(6
 ye

ar
s)

 
n

%
D

iff
.

O
ut

fit
In

fit
n

%
D

iff
.

O
ut

fit
In

fit
n

%
D

iff
.

O
ut

fit
In

fit

Fi
rs

t-
or

de
r 

T
oM

 
N

ot
 o

w
n 

de
si

re
12

8
85

.9
−

2.
45

0.
96

0.
99

 
K

no
w

le
dg

e 
ac

ce
ss

12
8

85
.9

−
2.

44
0.

91
0.

97
 

N
ot

 o
w

n 
be

lie
f

12
9

66
.7

−
1.

22
0.

97
0.

99
 

C
on

te
nt

s 
FB

12
8

36
.7

0.
20

0.
97

0.
99

12
4

80
.7

−
1.

69
0.

97
0.

97
12

1
85

.1
−

0.
62

0.
95

0.
97

Ex
pl

ic
it 

FB
12

4
43

.6
−

0.
12

0.
97

0.
98

12
5

76
.8

−
1.

43
0.

87
0.

92
12

1
86

.8
−

0.
77

0.
74

0.
91

R
ea

l-a
pp

ar
en

t 
em

ot
io

n
10

0
24

.0
0.

92
1.

13
1.

05
11

7
40

.2
0.

42
1.

09
1.

05
12

1
76

.9
0.

00
0.

89
0.

98
M

en
ta

l v
er

bs
12

8
36

.7
0.

20
1.

22
1.

17
12

6
44

.4
0.

21
1.

10
1.

08
11

7
52

.1
1.

31
1.

16
1.

09
M

or
al

ly
 r

el
ev

an
t 

FB
 (

lo
ca

tio
n)

12
1

37
.2

0.
18

0.
95

0.
96

10
8

66
.7

−
0.

83
0.

97
0.

98
11

3
90

.3
−

0.
60

0.
97

0.
91

M
or

al
ly

 r
el

ev
an

t 
FB

 (
co

nt
en

ts
)

12
2

12
.3

1.
76

0.
95

0.
98

10
8

58
.3

−
0.

43
0.

92
0.

93
11

3
85

.0
−

1.
14

0.
83

0.
92

M
et

ac
og

ni
tio

n
11

7
75

.2
0.

12
1.

08
1.

03
A

dv
an

ce
d 

T
oM

 
Se

co
nd

-o
rd

er
 F

B 
(C

ou
ll 

et
 a

l.,
 2

00
6)

11
9

4.
2

3.
00

1.
12

1.
00

 
Se

co
nd

-o
rd

er
 F

B 
(S

ul
liv

an
 e

t 
al

., 
19

94
)

12
5

20
.0

1.
52

1.
05

1.
03

12
1

47
.1

1.
56

0.
97

0.
98

St
ra

ng
e 

st
or

ie
s

 
Li

e
11

4
80

.7
−

0.
96

1.
02

0.
97

12
1

94
.3

−
1.

06
0.

64
0.

97
Jo

ke
 7

0
8.

6
3.

19
1.

09
1.

05
 

M
et

ap
ho

r
10

3
68

.9
1.

19
1.

32
1.

20
R

el
ia

bi
lit

y
 �

M
ax

im
um

 li
ke

lih
oo

d 
es

tim
at

e 
pe

rs
on

 s
ep

ar
at

io
n 

re
lia

bi
lit

y
.5

2
.4

8
.3

2
 

 �
W

ei
gh

te
d 

lik
el

ih
oo

d 
es

tim
at

e 
pe

rs
on

 s
ep

ar
at

io
n 

re
lia

bi
lit

y
.4

6
.4

1
.2

7
 

 �
Ex

pe
ct

ed
 a

 p
os

te
ri

or
i e

st
im

at
e 

ba
se

d 
on

 p
la

us
ib

le
 v

al
ue

s 
re

lia
bi

lit
y

.4
0

.4
1

.2
6

 

N
ot

es
. T

oM
: t

he
or

y 
of

 m
in

d;
 F

B:
 fa

ls
e 

be
lie

f. 
in

fit
 =

 in
fit

 M
N

SQ
 (

=
 m

ea
n 

sq
ua

re
) 

st
at

is
tic

.



256	 International Journal of Behavioral Development 46(3)

Systematic Changes From Failure to Success
Systematic changes from failure to success with increasing age 
are considered one of the criteria that need to be met to conclude 
that a conceptual development is involved in a developmental 
progress (Wellman & Liu, 2004). To investigate whether there 
are subgroups of children who reveal systematic increases in 
performance over time, we used a k-means cluster analysis as a 
person-centered analysis of the six core (advanced) ToM tasks 
(i.e., the one assessed across all three waves). We started with a 
two-cluster solution and increased the number of clusters until 
no additional clusters with a case frequency >5 emerged. This 
analysis revealed eight clusters (Figure 2). All clusters revealed 
progressions over time that were either monotonic (Clusters C1, 
C3, or C6) or more pronounced between two of the three waves 
(Clusters C2, C4, C5, C7, and C8). Based on average cluster 
performance, we classified children as high performers (high 
performance across all waves; Cluster C1; n = 12), low perform-
ers (low performance across all waves; Clusters C7 and C8; 
n = 17), early bloomers (high performance at Wave 2, but not 
Wave 3; Clusters C4 and C5; n = 20), or late bloomers (low per-
formance at Waves 1 or 2, high performance at Wave 3; Clusters 
C2, C3, and C6; n = 68).

A multinomial logistic regression analysis with the depend-
ent variable “developmental pattern” (high vs. low performers; 
early vs. late bloomers) revealed significant effects of verbal 
IQ—χ2(3) = 15.04, p = .001—and inhibition—χ2(3) = 9.52, 
p = .001: Relative to the high performers, low performers 
revealed a significantly lower verbal IQ—odds ratio [OR] = 0.87, 

t(1) = 9.05, p = .003—and a significantly lower inhibitory con-
trol—OR = 0.76, t(1) = 6.56, p = .010. Whereas verbal IQ did not 
differ between high performers and early and late bloomers, 
both latter groups revealed a significantly lower inhibitory con-
trol—OR = .83, t(1) = 3.86, p = .049 and OR = .81, t(1) = 5.22, 
p = .022 for early and late bloomers, respectively. Taken 
together, these findings reveal systematic changes from failure 
to success in first-order and advanced ToM, which are related to 
verbal IQ and inhibition.

Measurement Invariance
Measurement invariance over time was investigated by assessing 
differential item functioning (DIF) for the six core ToM items 
and using the Mantel–Haenszel method, which is implemented in 
R package difR (Magis et al., 2010). Comparing Wave 1 to Waves 
2 and 3, large DIF effects emerged for all items. Comparing 
Wave 2 to the other two remaining waves revealed significant 
and large DIF for contents and explicit FB, and morally relevant 
contents FB. Finally, comparing Wave 3 to the other two waves, 
significant DIF emerged for the real-apparent emotion and men-
tal verbs tasks (see Table S-8 in the online supplementary mate-
rial for the full results).

Discussion
The present study shows that the classic ToM scale (Wellman & 
Liu, 2004) can be extended by including a broad range 

Figure 1.  Wright Maps Across Waves (Top). The Difficulties of the Tasks Are Plotted on the Right; the Person Abilities on the Left. Test 
Information Function (Bottom). Ns for Waves 1–3: 130, 124, and 120, Respectively.
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of first-order and advanced ToM tasks. Our modeling of the 
developmental transition from first-order to advanced ToM sug-
gests the presence of conceptual continuity between first-order 
and advanced ToM.

Our extended ToM scale included—in addition to (a selection 
of) tasks from the classic ToM scale—assessments of children’s 
understanding of mental verbs of certainty, of morally relevant FB, 
and of second-order FB. These measures made up the core item set 
during all three waves. At Waves 2 (5 years) and 3 (6 years), we 
additionally included two strange stories that assessed children’s 
understanding of nonliteral speech (lie and joke at Wave 2; lie and 
metaphor at Wave 3). The scale analysis revealed that the Rasch 
model fitted the data well, and individual differences were moder-
ately stable over time, supporting the hypothesis that there is con-
ceptual coherence in first-order and advanced ToM.

There was significant development in children’s ToM, with 
performance differences being particularly pronounced between 
5 and 6 years. This finding is in line with the literature, showing 
that many of the ToM concepts included in our extended scale 
(e.g., second-order FB understanding; metacognition regarding 
one’s own ignorance) emerge during that period (Rohwer et al., 
2012). The developmental progression between 5 and 6 years 

was, however, not independent of children’s verbal IQ and their 
inhibition. This finding is in line with prior results that show that 
advanced ToM is rather loosely tied to children’s age (Osterhaus 
et al., 2016), but closely associated with their executive functions 
(Devine et al., 2016).

Systematic differences between failure and success emerged 
between Waves 1 and 3: Our cluster analysis revealed that there 
was no group of children whose average ToM performance did 
not increase over the 2-year course of the study. Based on this 
person-centered analysis, we classified children as high versus 
low performers, or as early versus late bloomers (i.e., children 
with ToM development mainly between 4 and 5 years or 5 and 
6 years). High verbal IQ and inhibitory control were associated 
with children being more likely classified as high performers, 
whereas low inhibitory control (but not low verbal IQ) predicted 
being classified as early or late bloomers. These findings are in 
line with theoretical accounts and empirical evidence regarding 
the involvement of language and inhibition in the emergence of 
ToM (Carlson & Moses, 2001; Milligan et al., 2007), and they 
suggest that low inhibitory control may mask an already existing 
mastery of ToM concepts (expression hypothesis, see e.g., 
Russell et al., 1991).

Figure 2.  Results of a Cluster Analysis, Showing the Final Cluster Centers for an Eight-Cluster Solution. Children with Missing Data During One of 
the Waves Were Removed from the Analysis (N = 127).
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Several measures, including the metaphor and joke stories, 
and the lie story (at 6 years), did not discriminate well between 
children with and without advanced mindreading skills. Being a 
widely used measures of advanced ToM, this finding needs to be 
followed up and researchers should investigate the longitudinal 
associations between first-order ToM and the strange stories to 
establish that both require similar mindreading skills. Also, 
measurement invariance did not hold across all waves, with 
especially large DIF effects during Wave 1 (4 years). This is an 
important finding because it shows that researchers seeking to 
track developmental change over time must carefully select (and 
construct) appropriate tasks for which measurement invariance 
holds.

This study adds to the growing literature showing that chil-
dren’s development of mindreading skills is not confined to 
preschool years. Our extended ToM scale can be used to meas-
ure children’s progress on broad ToM concepts, and to capture 
individual differences in a developmentally sensitive way.

Conclusion
Our extended ToM scale allows for the psychometrically sound 
and developmentally sequenced measurement of a broad range of 
first-order and advanced ToM concepts. The longitudinal stabil-
ity of individual differences and the systematic changes from 
failure to success support the hypothesis that there is conceptual 
coherence not only between early implicit and later explicit ToM 
(Sodian et  al., 2020), but also between preschool and more 
advanced ToM in middle childhood.
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