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Abstract Theory of Mind (ToM), the process by which
an individual imputes mental states to himself and others,
is presently considered as a multidimensional cognitive
domain, with two main facets (i.e., cognitive and affective
ToM) accounting, respectively, for the ability to understand others’ intention (intention attribution-IA) and
emotions (emotion attribution-EA). Despite the large
amount of literature investigating the behavioural and
neural bases of mentalizing abilities in neurological conditions, there is still a lack of validated neuropsychological tools specifically designed to assess such skills. Here,
we report the normative data of the Story-Based Empathy
Task (SET), a non-verbal test developed for the assessment of intention and emotion attribution in the neurodegenerative
conditions
characterized
by
the
impairment of social–emotional abilities. It is an easy-toadminister task including 18 stimuli, sub-grouped into two
experimental conditions assessing, respectively, the ability

to infer others’ intentions (SET-IA) and emotions (SETEA), compared to a control condition of causal inference
(SET-CI). Normative data were collected in 136 Italian
subjects pooled across subgroups homogenous for age
(range 20–79 years), sex, and education (at least 5 years).
The results show a detrimental effect of age and a beneficial effect of education on both the global score and
each subscale, for which we provide correction grids. This
new task could be a useful tool to investigate both
affective and cognitive aspects of ToM in the course of
disorders of socio-emotional behaviour, such as the
fronto-temporal dementia spectrum.
Keywords Mentalizing  Empathy  Italian
standardization  Affective ToM  Cognitive ToM 
Social cognition
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Theory of mind (ToM) is defined as the process by which
‘‘an individual imputes mental states to himself and others’’
[1], and is currently recognized as a multidimensional
process [2] requiring the integration of several components,
such as the ability to attribute intention (cognitive ToM—
IA) and emotion (affective ToM—EA) to others [3, 4].
Many studies focusing on the neural correlates of mental
states attribution [3–10] suggested the existence of both
specific [5, 7] and shared neural networks [3, 6] for
affective and cognitive mental state attribution. In agreement with these findings, studies in clinical population
have shown both selective and generalized impairments of
ToM abilities [3, 5, 7, 8]. An increased vulnerability of EA
skills have been shown, for example, in amyotrophic lateral
sclerosis (ALS) [10], reflecting a selective involvement of
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the inferior frontal gyrus and anterior cingulate cortex. In
contrast, other conditions, such as Parkinson’s disease [9]
major depression [11], schizophrenia [12, 13] and the
behavioural variant of fronto-temporal dementia (bvFTD)
[14] showed impairments in both aspects of this cognitive
ability. The two sub-components have, however, in general
been investigated using different tasks, making a direct
comparison of results difficult. In addition, many of the
tasks, because of length or complexity, are difficult to
apply in clinical settings. Cognitive ToM is conventionally
measured through verbal or non-verbal first- and secondorder false belief tasks, in which an individual must infer a
person’s beliefs about the reality (i.e., first-order) or about
another individual’s thoughts (i.e., second-order) [15]. On
the other side, the affective facet of ToM ability has been
classically investigated with tasks requiring subjects to
mentalize about others’ feelings. A prototypical example is
the Reading the Mind in the Eyes (RME) task, based on the
definition of a mental state according to the eye gaze [16].
Despite the large number of experimental paradigms
evaluating IA or EA abilities, only a few of them have been
developed to assess both affective and cognitive facets of
ToM in the same task. Among these, the Yoni task [7] and
the Social Faux Pas Recognition Task [17] represent the
most popular ones. However, both are presented verbally,
limiting the use in pathological populations with possible
language deficits, such as neurodegenerative dementias or
schizophrenia [18, 19]. A single, easy-to-administer, nonverbal task assessing both cognitive and affective ToM
facets (i.e., IA and EA) is still lacking. Moreover, normative data for the Italian population are available only for
one of the above-mentioned test (i.e., RME task) [20], and
the existing social cognition battery [21] uses different
tasks to assess affective and cognitive ToM.
Thus, based on previous studies [13, 22, 23], we constructed a novel cartoon task of intention and emotion attribution (i.e., the Story-based Empathy Task—SET) and
tested it on different populations of neurological patients
with known disorders of social cognitions [10, 14], as well as
temporal lobe epilepsy [24]. Here, we report the normative
data and the correction grid for an Italian population.
Table 1 Demographic data of
the 136 healthy controls

Education in years

Materials and methods
Participants
A sample of 136 healthy Italian adults were recruited (67
women: mean age = 49.67 ± 18.09 years; mean education = 13.67 ± 4.017 years; mean Mini Mental State
Examination (MMSE) raw score = 29.39 ± 0.71; 69 men:
mean
age = 48.57 ± 17.65 years;
mean
education = 13.20 ± 3.93 years;
MMSE
raw
score = 29.14 ± 0.81) (Table 1). Exclusion criteria
included a history of neuropsychiatric disorders, presence
of signs on the neurologic examination, a Clinical
Dementia Rating scale (CDR) global score [0, and an
MMSE raw score B28 if education was C8 years, and B27
if education was B8 years.
Story-based Empathy Task construction
The SET is a non-verbal task developed by our group and
based on original cartoons. It lasts 15/20 min and consists of
two main experimental conditions, i.e., identifying intentions (SET-IA) and emotional states (SET-EA), plus a control condition entailing the inference of causality reaction
based on the knowledge of the physical properties of objects
and human bodies (SET-CI) (see Fig. 1). Each condition
includes six trials requiring to select the correct ending of a
comic strip. An upper (story) and a lower row of three
vignettes (possible endings) compose each comic strip. The
possible endings are presented only later. A score of 1 is
assigned only in case of selection of the correct ending, and
the global score is computed based on the number of correct
answers given by the subjects for each cartoon. A global
score (GS) of 18 indicates the best possible task performance. Each condition has a maximum score of 6 points. To
ensure subjects’ intact comprehension of the instructions,
subjects were required to describe the story and to formulate
a possible story ending, by presenting them only the upper
vignettes without the possible endings.
A ‘‘trial’’ run preceded the task, consisting of an
example of causal attribution that would not appear in the

Age in years
20–29

30–39

40–49

50–59

60–69

70–79

Total (F/M)

Total

3–8

NA

NA

2/2

3/3

5/5

3/3

13/13

26

9–13

1/7

2/2

3/2

7/7

5/5

3/3

21/26

47

[13

14/8

4/6

2/3

5/5

5/5

3/3

33/30

63

Total (F/M)

15/15

6/8

7/7

15/15

15/15

9/9

67/69

136

Total

30

14

14

30

30

18

136

–

In each cell, the number of female/male participants is reported
F female, M male, NA not available
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Fig. 1 Vignettes from the Story-based Empathy Task. 1 Intention
attribution (SET-IA), 2 Emotion attribution (SET-EA) based on fear, 3
causal inference (control condition—SET-CI). A, B and C represent

Table 2 Raw descriptive
values of the Story-based
Empathy Task global score
(GS) and single conditions subscores in 136 healthy subjects

Mean

the possible endings of the story among which subjects must choose
the correct one

Standard deviation

Median

Minimum

Maximum

95 % confidence interval

SET-GS

15.73

2.30

16

7

18

15.34–16.12

SET-EA

5.22

1.02

6

1

6

5.05–5.39

SET-IA

5.36

0.94

6

1

6

5.20–5.52

SET-CI

5.14

1.03

5

1

6

4.97–5.32

EA emotion attribution, IA intention attribution, CI causal inference

testing phase. Within the whole sample of 136 subjects,
85 % answered correctly to the trial run, while the other
15 % interpreted correctly the story and the possible endings, even when selecting a wrong one.
The Story-based Empathy task material can be obtained
directly from the first author.
Statistical analyses
Based on the performance of 136 subjects, we computed
descriptive statistics for SET global (SET-GS) and subtasks scores, i.e., SET-IA, SET-EA and SET-CI (see
Table 2). Seven different linear regression analyses were
performed for each performance score, to establish which
demographic variables had to be included in the final
model, as the most effective in reducing the residual
variance. Adjusted values were calculated by adding (or
subtracting) the contribution of each variable for each
subject [25]. We derived correction grid to adjust the
performance of each newly tested individual for the effect
of the demographic variables. Finally, we classified the
adjusted SET-GS into five categories, i.e., equivalent
scores (ES) ranging from 0 to 4 [25]. The ‘‘0’’ corresponds
to scores located below the outer unidirectional non-parametric tolerance limit, with a confidence of the 95 % (the
third observation for 136 subjects [26] ). The ‘‘4’’ score
corresponds to the median and above median values; ‘‘1’’,
‘‘2’’, and ‘‘3’’ are intermediate values on a quasi-interval
scale calculated with reference to the left half of the

distribution [25]. Statistical analyses were performed with
STATISTICA 8 software (http://www.statsoft.com).

Results
Descriptive SET raw scores are reported in Table 2. The
final model of multiple regression showed age (converted
into a logarithm of 100-age) and square root of education in
years as the best predictors of both the SET-GS performance [F(2133) = 28.25, p \ 0.001, f2 = 0.43] and single
sub-task scores [SET-IA = F(2133) = 8.29, p \ 0.001,
f2 = 0.12;
SET-EA = F(2133) = 14.29,
p \ 0.001,
f2 = 0.22;
SET-CI = F(2133) = 22.87
p \ 0.001,
f2 = 0.34], with higher scores for younger and more educated subjects. The correction grids and normative data for
each SET sub-task are reported in Tables 3 and 4.

Discussion
In this study, we provide the Italian normative data of the
Story-Based Empathy Task (i.e., SET), a novel test for the
assessment of intention and emotion attribution. In addition,
the task comprises a control condition of physical causality,
allowing the evaluation of mentalizing deficits and controlling for the impairment in basic cognitive functions.
The standardization in the Italian population identified
age and years of education as predictive variables of all
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Table 3 Age and education adjustment grid for the Story-based Empathy Task global score and sub-conditions
Education

Age
20

25

30

35

40

45

50

55

60

65

70

75

80

SET-GS
5

0.29

0.31

0.32

0.33

0.35

0.36

0.38

0.39

0.41

0.43

0.46

0.49

0.52

8

0.14

0.15

0.16

0.17

0.18

0.20

0.21

0.23

0.25

0.27

0.29

0.32

0.36

13

-0.08

-0.07

-0.06

-0.05

-0.03

-0.02

0

0.01

0.03

0.05

0.08

0.11

0.14

17

-0.22

-0.21

-0.20

-0.19

-0.18

-0.16

-0.15

-0.13

-0.11

-0.09

-0.06

-0.04

0.22
0.11

0.23
0.11

0.23
0.12

0.24
0.13

0.25
0.13

0.26
0.14

0.26
0.15

0.27
0.16

0.28
0.17

0.30
0.18

0.31
0.19

0.33
0.21

13

-0.04

-0.04

-0.03

-0.02

-0.01

0

0

0.01

0.02

0.03

0.05

0.06

0.08

17

-0.14

-0.14

-0.13

-0.12

-0.12

-0.11

-0.10

-0.09

-0.08

-0.07

-0.06

-0.04

-0.02

5

0.17

0.18

0.19

0.20

0.21

0.22

0.24

0.25

0.27

0.29

0.31

0.33

0.36

8

0.07

0.08

0.09

0.10

0.11

0.12

0.13

0.15

0.16

0.18

0.20

0.23

0.26

0

SET-IA
5
8

0.35
0.23

SET-EA

13

-0.07

-0.06

-0.05

-0.04

-0.03

-0.02

0

0.01

0.03

0.05

0.07

17

-0.16

-0.15

-0.14

-0.13

-0.12

-0.10

-0.09

-0.08

-0.06

-0.05

-0.02

0.09

0.12

0

0.03

5

0.30

0.31

0.32

0.33

0.34

0.35

0.37

0.38

0.40

0.42

8

0.14

0.15

0.16

0.17

0.18

0.19

0.21

0.22

0.24

0.26

0.44

0.47

0.50

0.28

0.31

13

-0.07

-0.06

-0.05

-0.04

-0.03

-0.02

0

0.01

0.03

0.05

0.34

0.07

0.1

0.13

17

-0.21

-0.20

-0.19

-0.18

-0.17

-0.16

-0.14

-0.13

-0.11

SET-CI

-0.1

-0.07

-0.04

-0.01

Corrected SET-GS = raw score - 0.371 9 (log(100 - age) - 1.679) - 0.277 9 (Heducation - 3.619);
Corrected SET-IA = raw score - 0.203 9 (log(100 - age) - 1.679) - 0.194 9 (Heducation - 3.619);
Corrected SET-EA = raw score - 0.317 9 (log(100 - age) - 1.679) - 0.176 9 (Heducation - 3.619);
Corrected SET-CI = raw score - 0.332 9 (log(100 - age) - 1.679) - 0.27*(Heducation - 3.619)
SET Story-based Empathy Task, SET-GS SET global score, SET-IA SET intention attribution score, SET-EA SET emotion attribution score, SETCI SET causal inference score

SET scores, with a better performance for younger and
more educated subjects. This result is consistent with
previous studies showing that cognitive ageing is accompanied by a decline in mentalizing abilities [27], which in
turn are related to educational level [28]. In contrast,
gender has no effect on SET performance, a result in
agreement with previous reports of a female advantage in
empathic abilities limited to emotional empathy [29].
While behavioural and personality modifications
accompanied by social behaviour alterations are frequently
reported symptoms in neurological patients, standard
clinical assessment cannot quantify them. Thus, the use of
easy-to-administer and validated neuropsychological tools
focused on different facets of social cognition has a large
potential value to identify specific impairments in this
domain. To date, only a few tasks of social cognition have
been standardized and validated for the Italian population
[20, 21, 30, 31]. These tests are focused on specific social
cognition facets, such as emotion recognition [30], affective ToM [20] or moral reasoning [31]. Only one is an
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extensive social cognition battery [21], assessing ToM and
the ability to detect moral and behavioural violations. To
the best of our knowledge, the majority of these studies
[20, 21, 31] do not report equivalent scores [25], allowing
comparison among different tasks, and some may be difficult to apply in clinical settings because of length or
complexity [21, 31]. The SET is a shorter and easier to
administer task (administration time: 20 min), assessing
both affective and cognitive facets of ToM with non-verbal
stimuli, and may be a useful tool to add to the existing
neuropsychological instruments [21].
Additionally, the SET may help in quantifying the subtle
deficits of social cognition that characterize the early stages
of many pathological conditions, such as the fronto-temporal dementia spectrum, thus representing a useful aid for
the early diagnosis and possibly also for the assessment of
disease progression. Our recent findings of emotion attribution deficits, mainly related to grey matter reduction in
fronto-temporal and limbic regions in the early stages of
bvFTD [14] and in ALS [10] confirm this hypothesis. The

Neurol Sci
Table 4 Equivalent scores (ES), intervals for Story-based Empathy
Task global score and single sub-conditions
Equivalent Score

SET-GS

SET-IA

SET-EA

SET-CI

0

0–8.29

0–2.34

0–2.20

0–2.41

1

8.30–10.93

2.35–3.56

2.21–3.43

2.42–3.35

2

10.94–13.57

3.57–4.78

3.44–4.66

3.36–4.28

3

13.58–16.20

4.79–5.99

4.67–5.88

4.29–5.22

4

16.21–18

6

5.89–6

5.22–6

SET Story-based Empathy Task, SET-GS SET global score, SET-IA
SET intention attribution score, SET-EA SET emotion attribution
score, SET-CI SET causal inference score

availability of standardized socio-emotional tasks, such as
the SET, may prove useful to assess ToM deficits in clinical populations in which social cognition is still poorly
explored (e.g., Parkinson and Huntington disease, for a
review see [32]), or in conditions characterized by a focal
involvement of fronto-temporal regions, as brain tumours
[33] or traumatic brain injury [34].
Several studies [32, 35] underlined the importance of
introducing ToM tasks in the standard neuropsychological
assessment, as social deficits can be present in the absence
of other cognitive impairments. It is thus advisable that the
standard neuropsychological battery routinely includes an
accurate investigation of the social cognition domain.
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