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Abstract

Social knowledge refers to the ability to analyze and reason about social situations in rela-

tion to social rules which are essential to the development of social skills and social behav-

ior. The present research aimed to assess these abilities with the “Social resolution task” in

a neurotypical population of 351 children (4 to 12 years) and 39 young adults, and in 20 par-

ticipants (10 to 18 years) with Down syndrome. Results showed that young children aged 4

to 6 were well able to distinguish between appropriate and inappropriate social behavior but

they had significantly more difficulties in judging and identifying social cues for the transgres-

sion of conventional rules than for moral ones. Between age 4 and 8, their social reasoning

was mainly based on factual answers, while older children showed significantly more social

awareness, making more reference to emotional and social consequences for the “victims”.

The representation of a more universal applicability of social rules seemed to develop later

in childhood, as of age 8. In contrast, participants with Down syndrome exhibited signifi-

cantly more difficulties in judging, identifying and reasoning about transgression of social

rules without social awareness. In conclusion, the results have shown that social reasoning

abilities develop throughout childhood. Social awareness seems to have a long develop-

mental course, which includes a sensibility about welfare and intersubjectivity, critical for the

development of prosocial behavior. The clinical population with difficulties in social interac-

tion and socio-emotional behavior could benefit from an early assessment and from learning

social reasoning abilities to improve social skills.

Introduction

Development of social skills depends largely on high order socio-cognitive abilities [1] includ-

ing the ability to make inferences about other people’s intentions, emotions and thoughts.

Social knowledge is one of the most important social competences and could be defined as the

ability to analyze and reason about social situations in relation to social rules. This plays a cru-

cial role in the understanding of how the social world is organized and regulated. The correct

understanding and judgment of one’s own and others’ behavior influence the selection of the
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behavioral response to a situation [2,3]. Developmental, clinical and social psychology in par-

ticular have taken a long-standing interest in studying social reasoning abilities and their rela-

tion to behavior [2,4]. For example, social reasoning has been linked to specific aspects of

prosocial-oriented behavior (e.g. sharing, cooperation, empathy) allowing for successful inter-

personal relationships [5,6]. Moreover, difficulties in social reasoning have been associated

with internalizing and externalizing behavior, peer rejection [7–9] and more specifically with

aggression and social anxiety [10]. This research will focus on the development of social rea-

soning in relation to social rule knowledge.

The most widely accepted social domain theory suggests that social reasoning is broadly

organised within moral/conventional rule distinction [11–13]. The transgression of moral

rules is defined by its consequence for the right and welfare of others. Moral rules are context-

free and can be judged on “behavior action” as such [13]. In contrast, the transgression of con-

ventional rules is authority- and context-dependent and is related to a violation of conven-

tional proscriptions, such as consensus, rules and authority [13]. Moral transgressions are

generally judged by neurotypical (NT) children as more serious and less permissible than con-

ventional transgressions [4,14]. A recent neuroimaging study revealed the existence of a core

set of regions that processes social rules in general comprising judgments of conventional and

moral rules and that reflects valence-based decision-making [15]. However, judgments of the

two types of social rules also involved differential responsiveness of cerebral areas, supporting

the theoretical distinction between moral and conventional rules. Moreover, a behavioral

study revealed that a lower capacity to differentiate moral and conventional rules was associ-

ated with proactive aggressive behavior in 4- to 6-year-old NT children [16]. These studies

confirm the importance of this moral/conventional distinction when considering social rea-

soning abilities.

The literature has reported that the ability to reason about moral and conventional rule

transgressions develops from a young age into later childhood and adolescence. It has been

documented that very young children in their first years of life react to the transgression of

moral rules and are sensitive to someone else’s distress [17,18]. Studies have also provided evi-

dence that 4- and 5-year-old children already understand basic moral rules related to equality,

fairness and justice [13]. By age 5, children distinguish between different domains of social

knowledge, which coincide with formal schooling [19]. A linear improvement in moral rea-

soning from 6 to 20 years was observed in NT children and adolescents [20]. The authors

observed a significant group difference between childhood (6 to 8 years) and preadolescence

(9 to 11 years) consistent with the rapid cerebral development during preadolescence in

fronto-temporal circuits [21]. Another important group difference was found between early

adolescence (12 to 14 years) and middle adolescence (15 to 17 years), indicating that moral

reasoning continues to develop during adolescence. Finally, moral reasoning development

slows down after the age of 18. The link between the difficulties in judging the transgression of

social rules and problematic behavior has been reported in children [22], as well as in adults

[3,23], resulting in a growing interest for the study of social knowledge.

Studies were particularly interested in children and adults with developmental disorders

presenting difficulties in social interaction and in socio-emotional behavior especially in the

population with autism spectrum disorders (ASD) [24,25–28]. In order to study these at-risk

populations, some authors have developed or adapted assessment material. Barisnikov, Van

der Linden and Hippolyte [29] developed the Social Resolution Task (SRT) which aimed to

assess abilities to judge, identify and reason about others’ behavior in relation to conventional

and moral rule knowledge. It consisted of fourteen colored pictures of everyday appropriate

(for example, sharing) and inappropriate (for example, destroying) social situations. Each pic-

ture illustrated one nonverbal social scene, showing the context and the protagonist’s behavior.

Social reasoning abilities in a NT population and in children with DS
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Similarly to the Loveland et al. [27] procedure, participants were asked three questions: to

judge if the situation was appropriate or not, to identify which part of the event was right/

wrong and to explain why it was right/wrong (answers were coded into three categories). The

first category corresponded to an irrelevant answer showing a misunderstanding of the situa-

tion. The second category was a factual answer limited to a simple description of the picture.

The third category answer was based on causality relations with social awareness. Finally, the

fourth category of answer was related to a concept of social rules that is not exclusive to the sit-

uation. Several studies using the SRT reported difficulties in children and adults with different

developmental disorders, in comparison with their control peers.

Indeed, Lejeune et al. [30] compared social reasoning abilities between very preterm born

children aged 5 to 7 years with their full-term born peers. Results showed that preterm chil-

dren showed difficulties in understanding and reasoning about inappropriate social behavior.

They used more irrelevant information and exhibited less social awareness when reasoning

about the transgression of social rules. Furthermore, a structural brain connectivity study [31]

using the SRT in 6-year-old preterm children reported correlations between weaker connec-

tions of medial and orbitofrontal networks and lower social reasoning abilities, as well as

higher externalizing behaviors (high hyperactivity symptoms) in extremely preterm (GA <28

weeks) children. These networks have been identified as important for social cognition abilities

[32]. The SRT has also been used in adults with Down Syndrome (DS; mean age of 32.2 years)

and the results have shown that their overall performance was like that of young NT children

(mean age of 5.6 years), but the group with DS identified significantly fewer inappropriate situ-

ations than the control group. [33]. Finally, the SRT was also proven to be sensitive and a good

measure for the assessment of the socio-emotional intervention effect. Indeed, after participat-

ing in a socio-emotional re-education program, a significant improvement on the social rea-

soning sub-score was observed in adults with intellectual disabilities of non-specific origin

[34] and with DS [35]. Similarly, after social cognition training, an improvement in social rea-

soning abilities on the SRT was associated with higher social competence [36,37] and social

information processing abilities [38] in preschool children with externalizing behavior disor-

ders. Taken together, these studies show that the SRT is well adapted for assessing children

and adults with developmental difficulties with and without intellectual disabilities. However,

the results on NT children provided limited information on the developmental course of these

abilities as they were presented in comparison with clinical populations including only chil-

dren aged 4 to 7 years.

Therefore, it is of great importance to assess a large age range of a NT population, in order

to identify critical periods of development for these different abilities assessed with the SRT.

Such information could be particularly useful for understanding and interpreting the perfor-

mances of child and adult clinical populations. As seen above, the understanding and the

judgement of one’s and other’s behaviour could be related to social behaviour difficulties in

different developmental disorders [6] and in particular among those with intellectual disabili-

ties (ID) [27,28,33]. Individuals with DS, the most common genetic cause of ID, are character-

ised by prosocially oriented behaviour, offering a unique opportunity to study the social

knowledge in the context of ID. The results of adults with DS were comparable to those of

young NT children (mean age of 5.6 years), indicating the presence of a developmental delay

in social reasoning abilities [33], but no information is available in children with DS. Conse-

quently, studying these abilities in a younger population of children with DS would also help

to further characterize the developmental trajectory of social reasoning abilities in people with

DS.

The present research, composed of two studies, had two main aims: (1) to assess the devel-

opmental trajectory in social reasoning abilities by using the SRT in NT children aged 4 to 12

Social reasoning abilities in a NT population and in children with DS
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years and in young adults (study 1); (2) to assess the usefulness of these results in the clinical

population, by comparing the performance of children with DS with those of the NT popula-

tion (study 2).

General method

Procedure

The children were assessed individually in a quiet room at their school for about 20–30 min-

utes, while the young adults were assessed in our laboratory at the university. The study was

conducted by using the Social Resolution Task (SRT) [29] and the French adaptation of the

Peabody Picture Vocabulary Test-Revised [39].

Social Resolution Task (SRT). The SRT was developed to assess social reasoning skills by

judging, identifying and reasoning about conventional and moral rule knowledge [29]. It was

composed of fourteen colored drawings illustrating everyday social situations: five of them

illustrated appropriate situations (e.g. helping, cooperating, or sharing) and nine of them,

inappropriate situations (e.g. bothering, not sharing, or destroying). Five of the nine inappro-

priate situations were related to a violation of moral rules and the other four, of conventional

rules (Fig 1).

The scoring system was initially adapted from the Loveland et al.’s study [27]. As the main

goal of the SRT is to assess social rule knowledge, the scoring system was adapted to promote

the abilities of judging the appropriateness of the social scene and to distinguish the different

levels of social reasoning. Accordingly, the judgement and social reasoning sub-scores have

more impact on the global SRT score. In contrast, the identification sub-score had less impact

Fig 1. Example of pictures for the Social Resolution Task (SRT).

https://doi.org/10.1371/journal.pone.0200932.g001
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on the global SRT score because it only provided information on the element on which the

participant relied to judge the appropriateness/inappropriateness of the scene. Moreover, the

scoring system was the same as in previous studies that used SRT [30,31,33,34,36–38].

For each situation, 3 questions were asked to the child: (1) “Is this situation correct or incor-

rect?”, (2) “Show me what is correct/incorrect”, (3) “Why is it correct or incorrect?”. For the

first question (Q1) assessing the ability to distinguish between appropriate /inappropriate situ-

ation, 2 points were given for each situation if the participant correctly judged the appropriate-

ness/inappropriateness of the situation, if not, a 0 was given (judgement sub-score). For the

second question (Q2) providing information about the visual cue used for judging the social

situation,1 point was given if the participant identified the relevant element in the picture

(identification sub-score). For the third question (Q3), only the 9 inappropriate situations

were taken into account and classified into 4 response categories with an increase of the score

corresponding to the participant’s level of social reasoning (social reasoning sub-score): (1)

Irrelevant answer, 0 points for an incorrect or inappropriate answer; (2) Factual answer, 2

points for a description of the scene without social awareness; (3) Intersubjective answer, 5

points for an answer based on causality relations with social awareness; (4) Conceptual answer,

7 points for an answer based on conceptual knowledge of conventional or moral rules. The dif-

ferent levels of answers are described in Table 1. A global SRT score and 3 sub-scores, 1 for

each question, were calculated in percentages. Moreover, separate scores were calculated for

the appropriate and inappropriate situations. Participants’ answers were coded separately by

two independent experimenters.

Peabody Picture Vocabulary Test-Revised. Receptive vocabulary knowledge was

assessed using the standardized EVIP vocabulary scale, a French adaptation of the Peabody

Picture Vocabulary Test [39]. In this test, participants hear a word spoken by the experimenter,

and they have to select out of four pictures the one that matches the spoken word. Test admin-

istration is stopped after six erroneous responses over eight consecutive trials. As a dependent

variable, the raw vocabulary score (number of the item at which the test was stopped minus

errors) was retained for analysis. This task has a high test-retest reliability [r = .80; 39].

Study 1: Developmental trajectory in social reasoning abilities in

NT children age 4 to 12 and in young adults

Participants

The participants were children aged between 4 to 12 years and young adults. There were 390

in total and they were divided into 10 age groups of 39 each: Children with developmental and

learning difficulties were excluded from the study. They were recruited through local public

schools in Geneva after the parents received an information letter and a consent form about

the study. An overall description of the population is presented in Table 2. The Ethical Com-

mittee of the University of Geneva approved the study and the Cantonal Authorities for Pri-

mary Education as well as the school administration authorities delivered the authorization.

All participants were volunteers and could leave the study at any time.

Table 1. Brief description of the different levels of answers for the third question (social reasoning score).

Category (points) Brief description Example: a boy falls in the mud in front of a girl and she laughs

Irrelevant (0) Incorrect or inappropriate answer “She pushed him in the mud, it’s mean”

Factual (2) Description of the scene without social awareness “the boy falls in the mud and the girl laughs”

Intersubjective (5) Answer based on causality relations with social awareness “The boy will be embarrassed because she laughs”

Conceptual (7) Answer based on conceptual knowledge of conventional or moral rules “We do not make fun of someone in a difficult situation”

https://doi.org/10.1371/journal.pone.0200932.t001
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Statistical analysis

All statistical analyses were conducted using SPSS 22.0 (IBM SPSS Statistics, IBM Corporation).

For the global SRT score and the appropriate situations (judgement and identification sub-

scores), analyses of variance (ANOVA) were performed with the age group as a between-sub-

jects factor (4 years to adults). For the inappropriate situations (judgement, identification and

social reasoning sub-scores), ANOVAs were performed with the age group (4 years to adults) as

a between-subjects factor and the type of social rules (moral vs. conventional) as a within-sub-

ject factor. In order to identify critical periods of development between ages, contrasts were

then used to compare two consecutive age groups. The significant threshold was 0.05.

Results

Global SRT score. Results are presented in Table 3. The results of the ANOVA revealed a

significant effect of the age group, F(9,380) = 66.72, p< .001, η2
p = .612. Children had signifi-

cantly better global SRT scores as they grew up. Regarding the important number of compari-

sons (n = 9), a Bonferroni alpha-level correction was adopted (α = 0.05/9 = 0.0056) for the

contrasts. Results revealed three critical periods of improvement: between 4 and 5 years (p =

.003), between 10 and 11 years (p = .004) and between 12 years and the adult group (p< .001).

Analyses were then performed on the 3 SRT sub-scores.

Table 2. Participants’ characteristics.

Age group N Age; M(SD) Gender ; % girls EVIP-R; M(SD)

4 years 39 4.58 (0.2) 46.2 55.9 (17)

5 years 39 5.44 (0.35) 56.4 66.8 (15.6)

6 years 39 6.51 (0.3) 41 85.7 (18.4)

7 years 39 7.44 (0.26) 46.2 95.5 (18.7)

8 years 39 8.36 (0.32) 48.7 103.6 (15.9)

9 years 39 9.48 (0.3) 53.8 115.5 (12.1)

10 years 39 10.47 (0.34) 43.6 115.4 (15.5)

11 years 39 11.5 (0.33) 56.4 127.5 (16.3)

12 years 39 12.41 (0.24) 43.6 135.3 (12.2)

Adults 39 24.29 (3.21) 76.9 166.7 (5.8)

https://doi.org/10.1371/journal.pone.0200932.t002

Table 3. Mean scores (percentage) and standard deviations for the SRT scores according to age group and social rule.

Age group Global SRT Q1 : Judgement Q2 : Identification Q3 : Social Reasoning

Appropriate Inappropriate Appropriate Inappropriate

Moral Conventional Moral Conventional

4 years 50.9 (6.3) 84.6 (22.7) 86.2 (17.9) 73.7 (22.9) 74.4 (25.5) 76.9 (19.8) 67.3 (23.8) 27.5 (8.8)

5 years 56.2 (8.4) 89.2 (23.3) 93.3 (12.4) 87.2 (16.1) 88.2 (22.3) 88.2 (17.6) 83.3 (19.3) 32 (11.4)

6 years 60.8 (9.3) 97.4 (6.8) 93.8 (11.4) 96.2 (9.1) 91.3 (18.2) 89.7 (13.7) 93.6 (11.1) 38 (16.2)

7 years 62.5 (8.3) 97.4 (6.8) 96.9 (8.6) 95.5 (9.7) 97.4 (6.8) 95.4 (8.5) 92.9 (12.8) 39.4 (13.1)

8 years 65.2 (6.7) 98.5 (7.1) 95.9 (10.4) 96.8 (8.5) 97.9 (7.7) 95.4 (10.7) 96.8 (8.5) 43.3 (11.5)

9 years 68.7 (7.8) 100 (0) 98.5 (5.4) 96.8 (8.5) 99.5 (3.2) 97.4 (6.8) 92.9 (11.4) 48.6 (12.9)

10 years 67.9 (8.3) 100 (0) 99.5 (3.2) 98.7 (5.6) 99.5 (3.2) 99.5 (3.2) 98.1 (6.7) 47.1 (13.6)

11 years 73.1 (7.7) 99.5 (3.2) 99.5 (3.2) 97.4 (7.7) 99.5 (3.2) 97.4 (6.8) 95.5 (9.7) 56 (12.4)

12 years 75.5 (8.5) 98.5 (5.4) 100 (0) 96.8 (8.5) 98.5 (5.4) 98.5 (5.4) 96.8 (8.5) 60.2 (14)

Adults 87.5 (7.7) 98.5 (5.4) 99 (4.5) 96.2 (9.1) 97.9 (6.1) 98.5 (5.4) 94.9 (11.7) 80.6 (12)

https://doi.org/10.1371/journal.pone.0200932.t003
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Q1: Judgement. For appropriate situations, results showed a significant age group effect,

F(9,380) = 8.21, p< .001, η2
p = .163 (see Table 3). A Bonferroni alpha-level correction was

adopted for the contrasts (α = 0.05/9 = 0.0056). Results revealed one critical period of develop-

ment between 5 and 6 years (p = .001), indicating an improvement of performance until reach-

ing a ceiling effect at age 6.

For inappropriate situations, results revealed significant effects of age group, F(9,380) =

20.81, p< .001, η2
p = .330, of type of social rules, F(1,380) = 15.63, p< .001, η2

p = .040, and a

significant age group × type of social rules interaction, F(9,380) = 3.54, p< .001, η2
p = .077. A

Bonferroni alpha-level correction was adopted for the contrasts (α = 0.05/28 = 0.0018). For

moral rules, results revealed one critical period of development between 4 and 5 years (p<
.001). For conventional rules, two critical period of development were observed: between 4

and 5 years (p< .001) and between 5 and 6 years (p< .001). Moreover, children had signifi-

cantly more difficulties in judging the inappropriateness of a situation for conventional rules

than for moral ones at 4 years (p< .001). A ceiling effect was observed at 7 years.

Q2: Identification. A significant age group effect was observed, F(9,380) = 14.86, p< .001,

η2
p = .260 for appropriate situations (see Table 3). A Bonferroni alpha-level correction was

adopted for the contrasts (α = 0.05/9 = 0.0056). Results indicated a significant increase between 4

and 5 years (p< .001), followed by a ceiling effect by age 7.

For inappropriate situations, significant effects of age group, F(9,380) = 26.88, p< .001,

η2
p = .389, of type of social rule, F(1,380) = 10.59, p = .001, η2

p = .027, and a significant age

group × type of social rule interaction, F(9,380) = 2.29, p = .016, η2
p = .051, were found. A Bon-

ferroni alpha-level correction was adopted for the contrasts (α = 0.05/28 = 0.0018). For moral

rules, one critical period of development between 4 and 5 years was observed (p< .001). For

conventional rules, results indicated two critical period of development: between 4 and 5 years

(p< .001) and between 5 and 6 years (p< .001). Moreover, 4-year-old children had signifi-

cantly more difficulties in judging the inappropriateness of a situation for conventional rules

than for moral ones (p< .001). A ceiling effect was observed at 8 years.

Q3: Social reasoning. Results revealed a significant age group effect, F(9,380) = 58.01,

p< .001, η2
p = .579 (see Table 3). Children had significantly better social reasoning scores as

they grew up. A Bonferroni alpha-level correction was adopted for the contrasts (α = 0.05/

9 = 0.0056). Results showed two critical periods of improvement: between 10 and 11 years

(p = .003) and between 12 years and the adult group (p< .001). No other significant effect was

observed.

To further investigate the results of social reasoning, the percentage of answers in each cate-

gory was analyzed. ANOVAs were thus performed with age group as a between-subjects factor

for each category. The results are presented in Fig 2. A significant age group effect was

observed for each category. A Bonferroni alpha-level correction was adopted for the contrasts

(α = 0.05/9 = 0.0056). (1) The youngest children gave irrelevant answers more often than the

older ones and the adults, F(9,380) = 25.32, p< .001, η2
p = .375. Contrasts showed one critical

period of decrease between 10 and 11 years (p = .001). (2) The children often gave factual

answers between 4 and 8 years, then from the age of 9 they gave them less and less often, F
(9,380) = 10.10, p< .001, η2

p = .193. Contrasts revealed one critical period of decrease between

12 years and the adult group (p = .002). (3) They gave significantly more intersubjective

answers as they grew up, then there was a decline at age 12 and in the adult group, F(9,380) =

11.40, p< .001, η2
p = .213. (4) Moreover, there was a slight increase of conceptual answers dur-

ing childhood, F(9,380) = 44.42, p< .001, η2
p = .513, followed by a significant improvement

between age 12 and adulthood (p< .001).

Social reasoning abilities in a NT population and in children with DS
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Study 2: Comparison of social reasoning abilities between children

with DS and NT children

Participants

Twenty participants with DS (10 girls and 10 boys) between 10 and 18 years of age (M = 13.7

years, SD = 2.14) were included in the study. Two participants failed to complete the SRT and

were excluded from the study. They were recruited through special education schools after the

parents received an information letter and a consent form about the study. They were matched

individually for gender and raw score on the vocabulary task (EVIP-R) with a control group of

20 NT children (10 girls and 10 boys) selected from Experiment 1. The mean age of the control

group was 5.5 years (SD = 1.26, range from 4.1 to 8.7 years). The mean raw scores on the

vocabulary task were 51.9 (SD = 21) for the children with DS and 52.6 (SD = 21) for the NT

children.

The Ethical Committee of the University of Geneva approved the study and the Cantonal

Authorities for Primary Education as well as the school administration authorities delivered

the authorization. All participants were volunteers and could leave the study at any time.

Fig 2. Mean social reasoning scores (percentage) and standard errors, according to age group (age 4 to adults) and to the category of responses

(irrelevant, factual, intersubjective, conceptual).

https://doi.org/10.1371/journal.pone.0200932.g002
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Statistical analysis

All statistical analyses were conducted using SPSS 22.0 (IBM SPSS Statistics, IBM Corpora-

tion). For the global SRT score, an ANOVA was performed with the group as a between-sub-

jects factor (NT vs. DS). For the appropriate situations, an ANOVA was conducted with the

group (NT vs. DS) as a between-subjects factor, and the type of questions (Q1: judgement vs.

Q2: identification) as a within-subject factor. For the inappropriate situations, an ANOVA was

performed with the group (NT vs. DS) as a between-subjects factor, and the type of social rules

(moral vs. conventional) and the type of questions (Q1: judgement vs. Q2: identification) as

within-subject factors. Finally, for the social reasoning score, an ANOVA was conducted with

the group (NT vs. DS) as a between-subjects factor, and the type of social rules (moral vs. con-

ventional) as a within-subject factor. The significant threshold was 0.05.

Results

Global SRT score. Results are presented in Table 4. The ANOVA revealed a significant

effect of the group factor, F(1,39) = 17.7, p< .001, η2
p = .317. NT children had significantly

better global SRT scores than children with DS.

Q1: Judgement and Q2: Identification. For appropriate situations, results revealed sig-

nificant effects of group, F(1,38) = 7.8, p = .008, η2p = .170, of type of questions, F(1,38) = 14.9,

p< .001, η2p = .282, and a significant group × type of questions interaction, F(1,38) = 7.2,

p = .011, η2p = .159 (see Table 4). The judgement and identification scores were higher for the

NT group than for the group with DS. Moreover, the group with DS had significantly better

judgement scores than identification ones (p> .001), while no significant effect was observed

in the NT group.

For inappropriate situations, results revealed significant effects of group, F(1,38) = 8.9,

p = .005, η2p = .190, of type of questions, F(1,38) = 21.01, p< .001, η2p = .356, and a significant

group × type of questions interaction, F(1,38) = 9.8, p = .003, η2p = .204 (see Table 4).The NT

group had a significantly higher judgement and identification scores than the group with DS.

Contrary to the NT group, the group with DS had lower identification scores than judgement

scores (p< .001). No other significant effect was observed.

Q3: Social reasoning. Results revealed a significant group effect, F(1,38) = 8.9, p = .005,

η2
p = .191 (see Table 3). NT children had significantly better social reasoning scores than chil-

dren with DS. In order to further investigate the results of social reasoning, the percentage of

answers in each category was analyzed. The results are presented in Fig 3. Results showed that

the NT children gave intersubjective answers significantly more often than the children with

DS, F(1,38) = 11.4, p = .002, η2
p = .231. No other significant effect was observed.

Discussion

The present study aimed first to assess the developmental trajectory in social reasoning abilities

by using the SRT in NT children aged 4 to 12 years and in young adults (study 1). The second

aim was to assess the usefulness of the developmental results in the clinical population, by

comparing the performance of children with DS with those of the NT population (study 2).

Table 4. Mean scores (percentage) and standard deviations for the SRT scores according to the population.

Group Global SRT Q1: Judgement Q2: Identification Q3: Social Reasoning

Appropriate Inappropriate Appropriate Inappropriate

NT group 54.3 (7.4) 88 (15.1) 86.1 (13.4) 86 (16) 83.9 (13.7) 30.3 (14)

DS group 41.8 (11) 70 (35.2) 73.3 (25.3) 59 (31.4) 60.6 (24) 17.8 (11.1)

https://doi.org/10.1371/journal.pone.0200932.t004
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The results on the NT population will be presented first, following by the results of the children

with DS.

Results of study 1 revealed the existence of different critical periods for the development of

the abilities to judge, identify and reason about social behavior in the NT population. Regard-

ing the global SRT score, the results showed three critical periods of improvement: between 4

and 5 years, between 10 and 11 years and between age 12 and the adult group.

As they grow up, children improve their ability to correctly judge the appropriateness/inap-

propriateness of social situations (e.g. sharing; helping) and identify the pertinent cues on the

picture illustrating social situations, especially between 4 and 6 years. However, 4-year-old

children exhibit significantly more difficulties in judging the inappropriateness of a situation

for conventional rules than for moral ones. Results also revealed one critical period of develop-

ment between 4 and 5 years for moral rules, while two consecutive critical period of develop-

ment were observed from 4 to 6 years for conventional rules. This difference between the two

types of social rules disappears at age 6. This last result is in line with previous findings show-

ing that the judgement of moral rule violation develops early and elicits a more natural reac-

tion [13,14]. Whereas the judgement of the transgression of conventional rules demands a

more complex and flexible comprehension of social situations [4,40], as they are context and

authority dependent [11–13]. The difference in time course between these two social rules

may be related to the development of higher-order cognitive processes such as attention and

executive functions, which are probably more instrumental in analyzing situations involving

the transgression of conventional rules. Indeed, the most impressive change in executive func-

tion abilities occurs between 3 and 5 years [41]. This hypothesis is consistent with a recent

study which revealed a developmental delay in the acquisition of conventional rules in 5- to

7-year-old preterm children [30], who display generally more executive difficulties [42,43]

compared to their full-term peers.

Fig 3. Mean social reasoning scores (percentage) and standard errors, according to the group and to the category of

responses.

https://doi.org/10.1371/journal.pone.0200932.g003

Social reasoning abilities in a NT population and in children with DS

PLOS ONE | https://doi.org/10.1371/journal.pone.0200932 July 20, 2018 10 / 17

https://doi.org/10.1371/journal.pone.0200932.g003
https://doi.org/10.1371/journal.pone.0200932


For the appropriate situations, ceiling effects are observed at 6 years for the judgment score

and at 7 years for the identification score. Six-year-old NT children correctly judge the appro-

priate situations as well as the adults, but it is only at age 7 that they are able to identify the rele-

vant cues as accurately as adults. For the inappropriate situations, the same developmental

improvement is observed for the judgement and the identification, except that the ceiling effect

is reached later, at the age of 8 years. This result indicates that it is more demanding for young

children to correctly judge an inappropriate situation than an appropriate one. The age of 6

years corresponds to entry into primary school where social interaction and learning dramati-

cally increase, allowing children to experience various social situations and to attain a certain

degree of expertise in the judgement and identification of social cues. Moreover, the ceiling

effect observed at 8 years for the identification score could be linked to the development of the

theory of mind (ToM), which is defined as the ability to make inferences about other people’s

intentions, thoughts and emotions [44]. Indeed, for some first order ToM tasks (e.g. false-

belief) children also reached a ceiling effect at age 8 [45,46]. At this age, children seem to

become more expert in identifying social cues and in particular, in processing emotional

expression and the context of various social situations.

The social reasoning supporting their answers regarding transgression of social rules con-

tinues to develop well beyond age 8. Indeed, a continuous increase of the social reasoning

score is observed from years 4 to adulthood. The analysis of each category of answers allows

for a better understanding of this improvement as children grow. Firstly, results reveal that

irrelevant answers are very common between 4 and 6 years of age and then gradually decrease

until adulthood, with one critical period of decrease between 10 and 11 years. It seems that

younger children have more difficulties in identifying relevant cues, which could mislead their

judgement and understanding of social situations. Secondly, between 4 and 8 years, children

often give factual answers describing the situation without social awareness. Then from the age

of 9 years, factual answers decrease continuously with an increase of answers based on social

awareness between 4 and 12 years. One critical period between age 12 and the adult group was

observed, and was characterized by an increase of conceptual answers. As they grow up, chil-

dren use more and more reference to emotional and social consequences for the “victims”

when explaining why they judged a particular behavior as inappropriate. This category of

answers is based on reasoning which includes causality between protagonists’ actions and pos-

sible emotion and/or social damage, as well as ability to take others’ perspectives, reflecting

sensibility for welfare and intersubjectivity [28].

The evolution of intersubjective reasoning observed from 9 years and reflecting social

awareness, could be linked to the development of the ToM. Indeed, for some first order ToM

tasks (e.g. false-belief) children reached a ceiling effect at 8 years [45,46], while the ability to

resolve more complex (higher order) ToM tasks (e.g. the director task) continues to develop

through adolescence and adulthood [47]. It is thus possible that the development of the ToM

supports the expertise that children showed between 6 and 8 years in their ability to correctly

judge the transgression of social rules and development of intersubjective reasoning. A recent

neuroimaging study has compared cognitive and affective ToM abilities between adolescents

and adults [48] and revealed that differential neural response between the adult and the adoles-

cent groups indicates developmental changes in affective ToM processing. Adolescents acti-

vated a cerebral area involved in affective information processing (understanding emotions)

moreso than did adults. It is thus likely that adolescents have more intersubjective answers

because they are related to a more emotional analysis of the social situation than a conceptual

one.

In line with these findings, an important decline of intersubjective answers in favour of con-

ceptual ones is observed between children age 12 years and adults. This last category of
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answers is almost non-existent in children under age 8, then a slight increase is observed until

12 years. Thus, the representation (understanding) of a more universal applicability of social

rules, beyond the social scenes illustrated in the SRT, seems to develop later in childhood.

Considering all of the above results together, the SRT seems to be a good instrument for

assessing social reasoning during childhood, accessible to children as young as age 4. The abil-

ity to distinguish between appropriate and inappropriate social behavior (judgement score)

and identify social cues (identification score) provides information about understanding social

situations. As for the social reasoning score, it allows one to analyse social rule knowledge

throughout four distinct categories of children’s answers regarding transgression of moral/

conventional rules. However, the SRT requires complex cognitive abilities. Consequently, to

better understand age-related changes in social reasoning abilities, future studies are needed to

examine their relations to the development of EF (e.g. inhibition) and other socio-cognitive

abilities (e.g. ToM, emotion recognition). As seen above, although significant improvement of

conceptual reasoning is observed at 12 years, it would be interesting to assess children between

age 13 and 18 in order to stress the full developmental trajectory of social reasoning abilities.

To the best of our knowledge, this is the first study to give a detailed schedule of social reason-

ing development by studying it year by year making it possible to identify key periods that

could be relevant for learning social skills. Considering the importance of social rule knowl-

edge for adapted social functioning, the clinical population with behaviour problems could

benefit from these results.

Indeed, the comparison between the performances of children with DS and the NT popula-

tion provided several important findings. Results revealed that NT children had significantly

better global SRT scores, as well as judgement, identification and social reasoning sub-scores

than children with DS who were matched individually for gender and raw score on the recep-

tive vocabulary task. A previous study using the SRT did not show any difference for the global

SRT scores or for the judgment and identification sub-scores for appropriate situations

between adults with DS and a similar NT control group [33]. However, similarly to our chil-

dren with DS’s results, the judgment and identification sub-scores for inappropriate situations

were significantly lower in adults with DS than in the NT control group. These results reveal

that judging both types of situations is particularly challenging for children with DS. More-

over, while the ability to judge the transgression of conventional rules develops later than for

moral ones in NT children, no effect of category of rules (moral and conventional) on DS per-

formances is observed, suggesting that they follow a different developmental pattern.

Another interesting finding is that, contrary to the NT population, children with DS

showed significantly lower identification scores than judgements scores regardless of the type

of rules (moral and conventional). It is possible that difficulties in attention and executive

functioning in children with DS have a negative influence on detection of social cues with a

lack of flexibility for processing these different social situations [49]. The selective attention

competences were significant predictors for judgement and identification scores in adults with

DS [33]. However, the identification ability requires higher selective attention skills as partici-

pants have to focus their attention on the relevant cues of the social scenes. Interestingly,

Lejeune et al. [30] reported that preterm children aged between 5 and 7 years had significantly

lower identification scores for inappropriate situations on the SRT compared to their full-term

peers. Although, these results were not related to their lower selective attention scores, the

authors suggested that such difficulties were specific to the detection of social cues, rather than

to the general attention deficit reported in preterm children.

Children with DS also had significantly lower social reasoning scores than NT children,

mainly providing irrelevant (47%) and factual (47%) answers. Concerning factual answers,

children with DS’s justifications are mainly based on general principles forbidding the
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depicted behavior (e.g. item “aggression”: “she is pulling her hair, you don’t do that, it is not

good/not allowed”). The analysis of each category of answers showed that NT children gave

intersubjective answers significantly more often (25%) than did the children with DS (6%),

reflecting their better awareness of others’ rights, feelings and welfare [50]. As children with

DS were matched on vocabulary measure, their lower performances could not be explained by

such abilities. Thus the difficulties of children with DS could be related to their low socio-cog-

nitive abilities (e.g. ToM, face emotion recognition). The SRT presents social scenes showing

protagonists’ behavior with congruent facial emotion expressions. However, it did not help

children with DS to provide intersubjective answers in contrast to NT children. Few studies

have assessed these abilities in children with DS and they reported early and persisting difficul-

ties in using emotional cues for social referencing [51,52], emotion recognition [53], and ToM

tasks [54] which could explain their difficulties in social understanding [54]. Furthermore, at a

neuronal level (both structural and functional), people with DS present anomalies in cerebral

regions underpinning development of executive, socio-cognitive and emotion abilities [55,56].

Nevertheless, the significant difference of intersubjective answers between NT children and

children with DS that we observed in Study 2, was not observed between adults with DS and

NT children [33], revealing that children with DS have more difficulties in social reasoning

abilities than adults with DS. This divergence of results between DS adults and DS children

suggests the presence of a developmental delay that could be eliminated as they get older.

The difficulties of children with DS in giving answers reflecting social awareness is quite

surprising as they are described as sociable and empathic [57]. However, their prosocial

approach seems not to be supported by adapted social behavior; they experience difficulties in

peer interaction, as well as establishing and maintaining stable relationships [58]. According to

teachers’ reports [59], children with DS were rated as being less prosocial and more asocial

than their NT peers, needing considerable assistance in getting play started, remaining

involved, understanding social rules and knowing how to play with others. It seems that chil-

dren with DS need specific support and explicit learning of social skills. They also present a

higher level of behavior problems that are disruptive to peer interaction. Socio-emotional dis-

orders and social functioning difficulties were largely reported in children with DS [60]. The

above-mentioned difficulties in children with DS could explain their problems in learning

social skills.

The literature has also reported difficulties in social reasoning abilities in other neurodeve-

lopmental problems [61], premature birth [30], problematic behavior [22], ASD [27,28] or

intellectual disability [53]. The difficulties these children have identifying relevant social cues

could explain their difficulties in learning social skills. Consequently, the ability to consider the

emotional and social consequences of transgression of social rules could be crucial to the

development of social relations and adapted functioning. In this context, early intervention

should be proposed. In regards to our results, some specific intervention strategies can be rec-

ommended, such as giving relevant cues to support detection of social information, explaining

social rules that guide social interaction, and/or providing a coherent explanation of social sit-

uations that involve taking into account others’ perspectives and feelings.

In conclusion, the SRT is a well-adapted tool for assessing very young children and those

with Down syndrome. The results provided a detailed developmental schedule of social under-

standing and social reasoning abilities allowing one to identify key periods that could be rele-

vant for learning social skills. Children at risk for difficulties in social interaction and socio-

emotional behavior, such as those with Down syndrome, could benefit from these results for

early detection and intervention.
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43. Réveillon M, Hüppi PS, Barisnikov K. Inhibition difficulties in preterm children: Developmental delay or

persistent deficit? Child Neuropsychol. 2017: 1–29.

44. Wellman HM. The child’s theory of mind. Cambridge MA: MIT Press; 1990.

45. Peterson CC, Wellman HM, Slaughter V. The mind behind the message: Advancing theory-of-mind

scales for typically developing children, and those with deafness, autism, or Asperger syndrome. Child

Dev. 2012; 83(2): 469–85. https://doi.org/10.1111/j.1467-8624.2011.01728.x PMID: 22304467

46. Wellman HM, Cross D, Watson J. Meta-analysis of theory-of-mind development: the truth about false

belief. Child Dev. 2001; 72(3): 655–84. PMID: 11405571

47. Dumontheil I, Apperly IA, Blakemore SJ. Online usage of theory of mind continues to develop in late

adolescence. Dev Sci. 2010; 13(2): 331–8. https://doi.org/10.1111/j.1467-7687.2009.00888.x PMID:

20136929

48. Sebastian CL, Fontaine NMG, Bird G, Blakemore SJ, De Brito SA, McCrory EJP, et al. Neural process-

ing associated with cognitive and affective Theory of Mind in adolescents and adults. Soc Cogn Affect

Neurosci. 2012; 7(1): 53–63. https://doi.org/10.1093/scan/nsr023 PMID: 21467048

49. Lanfranchi S, Jerman O, Dal Pont E, Alberti A, Vianello R. Executive function in adolescents with Down

syndrome. J Intellect Disabil Res. 2010; 54(4): 308–19. https://doi.org/10.1111/j.1365-2788.2010.

01262.x PMID: 20202074

50. Turiel E. Thought about actions in social domains: Morality, social conventions, and social interactions.

Cog Dev. 2008; 23(1): 136–54.

51. Kasari C, Freeman SFN, Bass W. Empathy and response to distress in children with Down syndrome. J

Child Psychol Psychiatry. 2003; 44(3): 424–31. PMID: 12635971

52. Kasari C, Freeman SFN, Mundy P, Sigman MD. Attention regulation by children with Down syndrome:

Coordinated joint attention and social referencing looks. Am J Intellect Dev Disabil. 1995; 100(2): 128–

36.

53. Wishart JG. Socio-cognitive understanding: a strength or weakness in Down’s syndrome? J Intellect

Disabil Res. 2007; 51(12): 996–1005.

54. Cebula KR, Moore DG, Wishart JG. Social cognition in children with Down’s syndrome: challenges to

research and theory building. J Intellect Disabil Res. 2010; 54(2): 113–34. https://doi.org/10.1111/j.

1365-2788.2009.01215.x PMID: 19874447

55. Gunbey HP, Bilgici MC, Aslan K, Has AC, Ogur MG, Alhan A, et al. Structural brain alterations of

Down’s syndrome in early childhood evaluation by DTI and volumetric analyses. Eur Radiol. 2017; 27

(7): 3013–21. https://doi.org/10.1007/s00330-016-4626-6 PMID: 27798752

56. Pujol J, del Hoyo L, Blanco-Hinojo L, de Sola S, MaciàD, Martı́nez-Vilavella G, et al. Anomalous brain

functional connectivity contributing to poor adaptive behavior in Down syndrome. Cortex. 2015; 64:

148–56. https://doi.org/10.1016/j.cortex.2014.10.012 PMID: 25461715

57. Freeman SFN, Kasari C. Characteristics and qualities of the play dates of children with Down syn-

drome: Emerging or true friendships? Am J Intellect Dev Disabil. 2002; 107(1): 16–31.

58. Guralnick MJ, Connor RT, Johnson LC. The peer social networks of young children with Down syn-

drome in classroom programmes. J Appl Res Intellect Disabil. 2011; 24(4): 310–21. https://doi.org/10.

1111/j.1468-3148.2010.00619.x PMID: 21765644

Social reasoning abilities in a NT population and in children with DS

PLOS ONE | https://doi.org/10.1371/journal.pone.0200932 July 20, 2018 16 / 17

https://doi.org/10.1037/0033-2909.134.1.31
http://www.ncbi.nlm.nih.gov/pubmed/18193994
https://doi.org/10.1080/87565640902964524
https://doi.org/10.1080/87565640902964524
http://www.ncbi.nlm.nih.gov/pubmed/20183707
https://doi.org/10.1111/j.1467-8624.2011.01728.x
http://www.ncbi.nlm.nih.gov/pubmed/22304467
http://www.ncbi.nlm.nih.gov/pubmed/11405571
https://doi.org/10.1111/j.1467-7687.2009.00888.x
http://www.ncbi.nlm.nih.gov/pubmed/20136929
https://doi.org/10.1093/scan/nsr023
http://www.ncbi.nlm.nih.gov/pubmed/21467048
https://doi.org/10.1111/j.1365-2788.2010.01262.x
https://doi.org/10.1111/j.1365-2788.2010.01262.x
http://www.ncbi.nlm.nih.gov/pubmed/20202074
http://www.ncbi.nlm.nih.gov/pubmed/12635971
https://doi.org/10.1111/j.1365-2788.2009.01215.x
https://doi.org/10.1111/j.1365-2788.2009.01215.x
http://www.ncbi.nlm.nih.gov/pubmed/19874447
https://doi.org/10.1007/s00330-016-4626-6
http://www.ncbi.nlm.nih.gov/pubmed/27798752
https://doi.org/10.1016/j.cortex.2014.10.012
http://www.ncbi.nlm.nih.gov/pubmed/25461715
https://doi.org/10.1111/j.1468-3148.2010.00619.x
https://doi.org/10.1111/j.1468-3148.2010.00619.x
http://www.ncbi.nlm.nih.gov/pubmed/21765644
https://doi.org/10.1371/journal.pone.0200932


59. Guralnick MJ, Connor RT, Johnson LC. Home-based peer social networks of young children with Down

syndrome: a developmental perspective. Am J Intellect Dev Disabil. 2009; 114(5): 340–55. PMID:

19928016

60. van Gameren-Oosterom HBM, Fekkes M, Van Wouwe JP, Detmar SB, Oudesluys-Murphy AM, Ver-

kerk PH. Problem behavior of individuals with Down syndrome in a nationwide cohort assessed in late

adolescence. J Pediatr. 2013; 163(5): 1396–401. https://doi.org/10.1016/j.jpeds.2013.06.054 PMID:

23916224

61. Yeates KO, Bigler ED, Dennis M, Gerhardt CA, Rubin KH, Stancin T, et al. Social outcomes in childhood

brain disorder: A heuristic integration of social neuroscience and developmental psychology. Psychol

Bull. 2007; 133(3): 535–56. https://doi.org/10.1037/0033-2909.133.3.535 PMID: 17469991

Social reasoning abilities in a NT population and in children with DS

PLOS ONE | https://doi.org/10.1371/journal.pone.0200932 July 20, 2018 17 / 17

http://www.ncbi.nlm.nih.gov/pubmed/19928016
https://doi.org/10.1016/j.jpeds.2013.06.054
http://www.ncbi.nlm.nih.gov/pubmed/23916224
https://doi.org/10.1037/0033-2909.133.3.535
http://www.ncbi.nlm.nih.gov/pubmed/17469991
https://doi.org/10.1371/journal.pone.0200932

