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Abstract
Unique socio-behavioural phenotypes are reported for individuals with different neurodevelopmental disorders. Here, the
effects of adult familiarity and nature of interaction on social anxiety and social motivation were investigated in individuals
with fragile X (FXS; n = 20), Cornelia de Lange (CdLS; n = 20) and Rubinstein-Taybi (RTS; n = 20) syndromes, compared
to individuals with Down syndrome (DS; n = 20). The Social Anxiety and Motivation Rating Scale was employed whilst
participants completed four social tasks, each administered separately by a familiar adult, and also by an unfamiliar adult.
Compared to participants with DS, those with FXS and RTS exhibited high levels of social anxiety but similar levels of social
motivation. Participants with CdLS showed heightened social anxiety and reduced social motivation only during interactions
with an unfamiliar adult when active participation was voluntary.
Keywords Social anxiety · social motivation · Cornelia de Lange syndrome · Rubinstein-Taybi syndrome · Fragile X
syndrome · Down syndrome

There has been growing interest in the delineation of social
phenotypes with literature highlighting divergent profiles
of sociability in children and adults with different neurodevelopmental disorders. Most commonly reported in the literature are the social impairments displayed by individuals
with autism spectrum disorder (ASD). Often considered
at the opposite end of the sociability continuum (TagerFlusberg et al. 2006), Williams syndrome is associated with
hyper-sociability, a strong drive to interact with others, and
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overfriendliness with strangers (Jones et al. 2000). The
behavioural phenotype of Angelman syndrome also includes
heightened levels of sociability and smiling in social situations (Oliver et al. 2007). Whilst the study of behavioural
phenotypes highlights the link between genetic disorders and
behaviours or characteristics, evidence of within syndrome
variability alludes to the importance of considering the role
of the environment in the presentation of behaviours (Tunnicliffe and Oliver 2011; Langthorne et al. 2013; Oliver et al.
2013). For example, systematic manipulation of aspects of a
social interaction has been shown to govern levels of laughing and smiling behaviour in children with Angelman syndrome (Horsler and Oliver 2006).
Specific profiles of social functioning have been reported
in children and adults with fragile X (FXS), Cornelia de
Lange (CdLS), and Rubinstein-Taybi (RTS) syndromes,
which are characterised by a complex profile of social
behaviours incorporating both social anxiety and social
motivation. To date, there are few studies investigating the
parameters of social interactions that drive these behavioural
characteristics in each of these syndrome groups, and little is
known about the interplay between social anxiety and social
motivation.
FXS is the most common cause of inherited intellectual
disability (Crawford et al. 2001) affecting approximately 1 in
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2500–5000 males and 1 in 4000–6000 females (Coffee et al.
2009; Hirst et al. 1993). FXS is caused by abnormalities
in the FMR1 gene located at Xq27.3 resulting in excessive
cytosine-guanine-guanine (CGG) repeats. Females with FXS
are often less severely affected than males due to having a
second, normally functioning, X chromosome (Hagerman
and Hagerman 2002). Clinically significant features of social
anxiety are present in approximately 60% of participants
(Cordeiro et al. 2011), and the severity of social anxiety
symptomatology in FXS is comparable to individuals in
the general population who have received a clinical diagnosis of anxiety (Crawford et al. 2017). Social avoidance is
also elevated in this population and, interestingly, a “warm
up” effect is evident whereby males with FXS demonstrate
reduced avoidance over the course of an interaction (Roberts
et al. 2007, 2009, 2019). Despite heightened social anxiety
and avoidance, individuals with FXS are also reported to
show behaviours suggestive of their willingness or desire
to interact with others. The ‘fragile X handshake’ describes
how individuals with FXS display a wish to initiate social
interaction by approaching a social partner and offering a
handshake whilst simultaneously avoiding eye contact (Cornish et al. 2008).
CdLS affects approximately 1 in 40,000 live births (Beck
1976) and is primarily caused by a deletion in the NIPBL
gene located on chromosome 5 (Gillis et al. 2004; Krantz
et al. 2004; Miyake et al. 2005). Fewer cases are caused
by mutations on the SMC3 gene on chromosome 10 (Deardorff et al. 2007), the SMC1A gene (Musio et al. 2006),
the RAD21 gene (Minor et al. 2014), and the HDAC8 gene
(Deardorff et al. 2012). The social impairment in CdLS has
been characterised by social communication impairments,
selective mutism, social anxiety, and shyness (Goodban
1993; Moss et al. 2008; Richards et al. 2009; Moss et al.
2016), alongside behavioural indicators of intact social
motivation including appropriate eye contact (Moss et al.
2013b; Nelson et al. 2017). Social anxiety has been reported
to occur particularly during times of high social demand,
and when verbalisation is required (Richards et al. 2009;
Nelson et al. 2017). Interestingly, individuals with CdLS
scored lower on an informant report measure of social anxiety than individuals without CdLS who have a diagnosis of
anxiety (Crawford et al. 2017). This indicates that social
anxiety is not generally heightened in this group but, rather,
is a product of particular social demands.
RTS affects approximately one in 100,000–125,000 live
births (Hennekam et al. 1990) and is caused by mutations
within chromosome 16p13.3 (Lacombe et al. 1992), the
CBP gene and in the E1A Binding Protein, P300, located
at 22q13.2 (Coupry et al. 2002; Hennekam 2006; Kalkhoven et al. 2003; Petrif et al. 1995; Roelfsema et al. 2005).
Research suggests that individuals with RTS are sociable.
For example, a recent parental-report study demonstrated a
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level of sociability in individuals with RTS that was comparable to that of individuals with Angelman and Down
syndromes, two neurodevelopmental disorders noted for
their comparatively heightened sociability (Moss et al.
2016). This corroborates reports of children with RTS displaying higher levels of social interest and social contact
compared to children matched for chronological age, sex
and developmental level (Galéra et al. 2009). Some studies
of adults with RTS do, however, highlight difficulties with
social interactions. For example, difficulty relating to peers
has been reported in 47% of adults with RTS (Stevens et al.
2011). In addition, parental reports of adolescents aged over
14 years with RTS indicated clinically significant levels of
social problems (Yagihashi et al. 2012).
Research studies manipulating social interactions offer
valuable insight into the role of the environment on social
behaviours in individuals with genetic syndromes. Hall and
colleagues reported more social escape behaviours in individuals with FXS during an interview and singing task compared to an oral reading and silent reading task (Hall et al.
2006). During the same social tasks, Hessl et al. reported
higher levels of behaviours indicative of social anxiety in
individuals with FXS compared to their non-affected siblings (Hessl et al. 2006). However, as these studies did not
incorporate well-matched comparison groups, it is difficult
to determine whether these behaviours were FXS-specific
or more broadly associated with intellectual impairment.
In addition, the social tasks in both studies were administered by unfamiliar adults only. Evidence suggests that the
familiarity of a social partner may impact on social anxiety. Specifically, individuals with FXS, CdLS and RTS have
been rated as significantly more sociable during interactions
with a familiar versus unfamiliar person (Moss et al. 2016).
In addition, males with FXS demonstrate reduced social
avoidance over the time course of an interaction as a social
partner becomes more familiar (Roberts et al. 2007, 2009,
2019). This extends to other populations as children selfreport higher symptoms of social anxiety in situations with
unfamiliar versus familiar people (Beidel et al. 1995). The
effect that familiarity of social partner has on social anxiety
and social motivation is crucial to understand, particularly
for educational and clinical services whereby building a rapport with an individual prior to placing demands on them
may be of critical importance.
Tools typically used to assess social anxiety include
psychiatric interviews, clinician rating scales and self and
proxy report measures (Bernstein et al. 1996). Therefore,
the diagnosis of anxiety disorders in individuals with intellectual disability can be particularly challenging due to the
reliance on self-report. In addition, proxy report measures often require informants to access the individual’s
internal states, which is difficult for caregivers of individuals with limited communication. Rating scales have
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provided a useful tool for investigating social behaviours.
For example, the Social Performance Rating Scale (SPRS)
was designed to assess the behaviours and social skills of
people with social phobia and could be applied to conversations between two people (Fydrich et al. 1998). Assessment of the psychometric properties of the SPRS yielded
excellent inter-rater reliability and evidence for convergent, divergent and criterion-related validity. In addition,
the Child Sociability Rating Scale (CSRS; Moss et al.
2013a) demonstrates robust reliability and convergent
validity, and was designed to assess social behaviour with
a particular focus on social enjoyment and social motivation in individuals with intellectual disability.
Here, we report the development of a novel rating scale
based on the SPRS (Fydrich et al. 1998) and CSRS (Moss
et al. 2013a), the Social Anxiety and Motivation Rating
Scale (SAMS), employed to investigate behaviours indicative of social anxiety and social motivation in individuals
with FXS, CdLS and RTS during the administration of
Social Tasks; four naturalistic social interactions, which
vary in the nature of social demand and were administered
separately by an unfamiliar adult and also by a familiar
adult. Data from these syndrome groups will be compared
to data from individuals with Down syndrome (DS) due to
the similar levels of intellectual ability, with most individuals meeting criteria for mild to severe intellectual disability (Chapman and Hesketh 2000), and a well-delineated
social phenotype comprising relative strengths in social
skills (Gibbs and Thorpe 1983; Wishart and Johnston 1990;
Dykens 2007; Fidler et al. 2009). As such, social anxiety is
unlikely to be elevated in individuals with DS who do not
have comorbid ASD, and social motivation appears typical
or a relative strength.
The aims of the current study are to:
1. Develop a novel rating scale designed to assess behaviours indicative of social anxiety and social motivation
in individuals with intellectual disability, and to assess
the psychometric properties. The Social Anxiety and
Motivation Rating Scale was developed to achieve this
aim (see “Measures” section).
2. Investigate the effect of familiarity and type of social
interaction on social anxiety in individuals with FXS,
CdLS and RTS, compared to those with DS. The relationship between participant characteristics (age, autism
symptomatology and ability level) and social anxiety
will also be explored.
3. Investigate the effect of familiarity and type of social
interaction on social motivation in individuals with FXS,
CdLS and RTS, compared to those with DS. The relationship between participant characteristics (age, autism
symptomatology and ability level) and social motivation
will also be explored.
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4. Investigate the relationship between social anxiety and
social motivation in individuals with FXS, CdLS, RTS
and DS.
It was hypothesised that participants with FXS, CdLS and
RTS would demonstrate heightened social anxiety during
interactions with unfamiliar versus familiar partners (based
on Moss et al. 2016). In addition, it was hypothesised that
participants with FXS would display anxiety-related behaviours during all social conditions, whereas participants with
CdLS would display social anxiety that is mediated by the
nature of the Social Tasks presented. Due to the naturalistic
conditions in the Social Tasks, the hypothesis for the FXS
group was based on literature characterising generally elevated social anxiety during typical daily interactions (Cordeiro et al. 2011; Crawford et al. 2017). A hypothesis was
not generated for the RTS group due to the lack of existing
literature exploring social anxiety. It was hypothesised that
participants with FXS, CdLS and RTS would demonstrate
elevated social motivation during conditions administered
by a familiar versus unfamiliar partner. No hypothesis was
generated for (a) how the type of social interaction would
mediate social motivation (Aim 3), and (b) the relationship
between social anxiety and social motivation in each participant group (Aim 4), due to limited literature in these areas.

Methods
Participants and Recruitment
Twenty individuals with FXS (0 female, M age = 23.68,
SD = 7.65) and 20 individuals with RTS (10 female,
M age = 25.52, SD = 9.72) were included in the analyses. In addition, 20 individuals with CdLS (10 female,
Mage = 22.62, SD = 9.11) and 20 individuals with DS (7
female, Mage = 23.67, SD = 5.87) whose video footage during the Social Tasks was collected for a different study were
included in the analyses (Nelson et al. 2017). Participants
with FXS and RTS were recruited through the participant
database held at the Cerebra Centre for Neurodevelopmental Disorders, University of Birmingham, and had agreed
to be contacted for future research studies. As reported in a
previous study (Nelson et al. 2017), participants with CdLS
and DS were also recruited from the Cerebra Centre for
Neurodevelopmental Disorders participant database and
Cornelia de Lange Foundation UK and Ireland, the family
support group. This study was reviewed and approved by the
Science, Technology, Engineering and Mathematics Ethical
Review Committee at the University of Birmingham. All
participants aged 16 years and above, and parents of children
under 16 years of age, provided written consent before taking part in the study.
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Participants with FXS and RTS were included in the
study if they met the following criteria: a confirmed diagnosis from a professional (paediatrician or clinical geneticist), a
self-help score on the Wessex Scale (Kushlick et al. 1973) of
6 or above, were mobile (could walk unaided), were verbal
(could speak more than 30 words), were aged 11 years or
above, could provide informed consent if aged 16 or above,
and lived within 3 h of the research base. Participants with
CdLS and DS from the previous study conducted by Nelson et al. (2017) were selected for the current study based
on being comparable on chronological age (CA), receptive language and adaptive behaviour, at a group level, to
participants with FXS and RTS. To achieve this, data from
five participants with CdLS that were originally reported in
Nelson et al. (2017) were excluded from the present study.
Table 1 shows that participants were comparable on
receptive language age equivalence, adaptive behaviour,
and CA. Due to the documented sex differences in FXS, all
participants with FXS are male and therefore do not match
other participant groups on sex.

Social Tasks

Measures

Behaviours indicative of social anxiety and social motivation were examined using the Social Anxiety and Motivation
Rating Scale (described below) to code behaviours exhibited
during the Social Tasks. The conditions of the Social Tasks
were designed by Nelson et al. (2017) to assess behaviours
indicative of social anxiety across four different social conditions in which the nature of social demand is manipulated
systematically. The Social Tasks consist of one control
condition (No Social Interaction) and three experimental
conditions (Voluntary Social Interaction, Required Social
Interaction and Performance). Each condition is administered separately with a researcher that is unfamiliar to the
participant and with an adult that is familiar to the participant (someone who sees the participant at least three times
a week). The term ‘experimenter’ will be used to refer to
the interacting adult, whether they are familiar or unfamiliar to the participant. All conditions were administered on
the same day with the experimenter and participant sat at a
table. The order in which participants completed the conditions of the Social Tasks was counterbalanced. The four
social conditions are outlined below:

A demographic questionnaire was included to provide
information about the participant’s sex, date of birth, and
diagnosis including the specific diagnosis given, who gave
the diagnosis, and when. The British Picture Vocabulary
Scale-II (BPVS; Dunn et al. 1997) was used to assess receptive language abilities, and the Vineland Adaptive Behavior
Scale (VABS; Sparrow et al. 2005) was used to assess adaptive behaviour skills. Parents of participants completed the
Social Communication Questionnaire to provide an indicator
of their child’s autism symptomatology (SCQ; Rutter et al.
2003).

1. The No Social Interaction condition was adapted from
the break condition in modules 3 and 4 of the Autism
Diagnostic Observation Schedule (ADOS; Lord et al.
1999). This condition requires the participant to independently engage with the materials provided in the
ADOS testing kit (pens, paper, spinning top, magazines,
radio and puzzles) whilst the experimenter makes notes
or reads a newspaper for approximately 4 min. During
this condition, the experimenter is in close proximity to
the participant, to control for experimenter presence, but
does not engage with the participant. If the participant

Table 1 Participant characteristics for each participant group

Chronological age mean in years (SD)
Receptive language age equivalence mean in months (SD)
Adaptive behavior composite score mean (SD)
Social communication questionnaire total score mean (SD)

Fragile X syndrome

RubinsteinTaybi syndrome

Cornelia de
Lange syndrome

Down syndrome

23.68 (7.65)
(n = 20)
100.25 (35.71)
(n = 20)
46.45 (16.32)
(n = 20)
18.15 (6.47)
(n = 20)

25.52 (9.72)
(n = 20)
75.11 (32.38)
(n = 19*)
41.65 (15.70)
(n = 20)
17.53 (7.22)
(n = 16***)

23.67 (9.11)
(n = 20)
87.85 (20.76)
(n = 20)
52.45 (15.93)
(n = 20)
16.36 (6.42)
(n = 16***)

24.76 (5.87)
(n = 20)
82.75 (31.44)
(n = 20)
51.33 (18.68)
(n = 15**)
8.33 (6.70)
(n = 16***)

p

.87
.08
.17
<.001

*Receptive language age equivalence could not be calculated for one participant with RTS due to non-completion of the BPVS-II
**The Adaptive Behavior Composite score could not be calculated for five participants with DS due to these data not being available in Nelson
et al. (2017)
***Parents of four participants with RTS did not complete the SCQ. These data were also not available in Nelson et al. (2017) for four participants with CdLS and four participants with DS
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initiates interaction with the experimenter, they respond
briefly but positively and encourage the participant to
continue engaging with the materials.
2. During the Voluntary Social Interaction condition, the
experimenter shows the participant twenty holiday photographs of objects, buildings, landscapes and animals.
The experimenter makes a predetermined comment on
alternate photographs. Example comments include: “the
weather was terrible and we had to wait in the airport for
ages” [when shown a photo of an airport], and “this is
the hotel we stayed in, it was amazing” [when shown a
photo of a hotel building]. The order in which the photographs are shown, and the comments on the photographs, are the same for each participant. There are two
sets of holiday photographs, one for the familiar experimenter to use and one for the unfamiliar experimenter
to use. This is described as a voluntary social interaction
as there is no requirement for the participant to respond
or initiate an interaction with the experimenter, but the
opportunity to do so, if they wish, is present. The expectation to interact is, therefore, an implicit one. There is
no time limit for this condition.
3. The Required Social Interaction condition requires the
experimenter and participant to have a conversation for
approximately 4 min. This is described as a required
social interaction because the participant is expected to
answer the open and closed ended questions asked by
the experimenter. To ensure that the Required Social
Interaction condition reflected a naturalistic conversation, there were no specific prompts. However, examiners tended to ask participants questions regarding hobbies, siblings, pets, school (if age appropriate), specific
interests and favourite television shows. This condition
also gives participants the opportunity to initiate interactions by asking the experimenter questions if they so
wish.
4. The Performance condition is adapted from the cartoons social press administered in modules 3 and 4 of
the ADOS. This condition requires the experimenter to
tell the participant a story from six cartoon cards provided in the ADOS testing kit. The participant is then
asked to stand up and re-tell the story. For the purpose
of the Social Tasks, this is conducted with two different
cartoon stories. There is no time limit to this condition.

Procedure
Following the consent procedure, a research visit to the participant’s home or school was scheduled. The Social Tasks
were conducted during this research visit in a quiet room.
Parents/primary caregivers completed the VABS either in
person or via telephone following the research visit. Participants completed the BPVS either during the research visit
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or during a separate visit to the research base shortly before
the visit to the participant’s home or school.

The Social Anxiety and Motivation Rating Scale
The Social Anxiety and Motivation Rating Scale (SAMS;
Table 2) was developed to assess behavioural indicators of
social anxiety and social motivation in children and adults
during their involvement in a range of social situations. For
the present study, the SAMS was used to code behaviours
observed from video footage of the Social Tasks. However
the SAMS could be used in any naturalistic social situation. The SAMS includes ten items (six items in the social
anxiety subscale, four items in the social motivation subscale), each rated on a five-point Likert Scale. The items
in the social anxiety subscale were selected based on the
SPRS and previous literature that has investigated behaviours indicative of social anxiety in typical development and
people with genetic syndromes (Lesniak-Karpiak et al. 2003;
Fydrich et al. 1998; Hessl et al. 2006; Hall et al. 2006). All
behaviours were operationally defined in the rating scale.
The behaviours included to assess social motivation were
adapted from the behaviours indicative of social motivation
in the CSRS (Moss et al. 2013a).
Each item yields a score from 0 to 4 with a higher score
indicating higher levels of social anxiety and social motivation. The score for the Social Anxiety and Social Motivation subscales is calculated from the mean score of all items
within each subscale. Therefore, the maximum possible
score for each subscale is four. The following items cannot
be scored for the No Social Interaction conditions with a
familiar and unfamiliar experimenter: gaze, vocal length,
time to first utterance, avoidance of social interaction, spontaneous positive affect, and social responsiveness. This is
because a lack of these behaviours in the No Social Interaction conditions would not be indicative of social anxiety or
motivation. For example, vocal length cannot be scored in
the control condition as a lack of vocalisation would not
indicate social anxiety, rather it would indicate adherence to
the task instructions. Minimal training, beyond experience of
behavioural coding, is required to score the SAMS.
Intraclass correlation coefficients were used to determine subscale and item level inter-rater reliability for 20%
of participants in each participant group across all conditions. Intraclass correlation estimates were based on a
mean rating (k = 2), absolute-agreement, two-way random
effects model. For the present study, one item (negative
emotional affect) was excluded from reliability analyses
due to low frequency of occurrence. Subscale coefficients
were .82 and .93 for social anxiety and social motivation,
respectively, indicating excellent reliability (Fleiss 1981).
The item level coefficients ranged from .64 to .90, indicating good to excellent reliability (Fleiss 1981). Table 3
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Avoidance of social interaction
Avoidance includes aversion
to gaze or touch, refusing
to talk, turning back on
interacting adult, covering
face with hands or object, or
removing self from proximity of interacting adult.

Time to first utterance

Poor
Participant makes mostly
short statements with very
long pauses; or speaks in
long phrases that monopolize the conversation

Fair
Participant frequently avoids
eye contact (or stares)

Good
Participant occasionally
avoids eye contact or tends
to look too much (stares)
while adult is speaking or
during shifts of conversation
Good
Participant mostly speaks in
statements of one or two
sentences without any major
pauses, but there are other
occasions where speech
is short or excessive or
tangential

Fair
Participant mostly speaks
one sentence at a time with
occasional long pauses
between sentences; or s/
he tends to talk excessively
(or tangentially) most of
the time but allows some
responses from adult
Good
Fair
Poor
Very poor
Participant is responsive to
Participant occasionally pro- Participant often responds
Participant does not produce
adult following mostly brief
duces an utterance following to adult following moderan utterance when it is
but comfortable pauses
ate pauses from when it is
long and awkward pauses
socially appropriate to do so
from when it is socially
socially appropriate to do so
from when it is socially
appropriate to do so
appropriate to do so
Low
Moderate
High
Very high
Participant cooperates for the Participant demonstrates
Participant demonstrates con- Participant frequently
occasional, brief instances
most part. S/he only shows
attempts to avoid social
tinuous avoidance of social
of avoiding social interacmild attempts to avoid about
interaction. S/he does not
interaction. S/he leaves the
tion
half of the attempts made to
make serious attempts at
room or fervently attempts
socially interact
fleeing the situation
to flee the situation

Very poor
Does not speak; or monosyllabic (‘hmmm’, ‘yeah’,
‘OK’) speech turns; or
responses so long that adult
must interrupt or cannot
utter reply

Poor
Participant avoids eye contact
(or stares) for majority of
time

Vocal length

1

Very poor
Participant completely avoids
looking at adult or stares
continuously

2

Gaze

3

4

Social anxiety subscale

Table 2 The social anxiety and motivation rating scale

Very low
Participant does not avoid
social interaction and cooperates fully

Very good
Participant is responsive to
adult each time it is socially
appropriate to do so

Very good
At most times, participant’s
utterances are two or more
sentences long. Participant
acknowledges partner’s
remarks without taking over
and monopolizing the conversation

Very good
Participant keeps eye contact
during the conversation, does
not stare; shifts focus during
pauses and conversation

0
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Low
Very low
Some examples of spontaneNo spontaneous positive
ous positive affect when
affect at any stage when
appropriate but only tentaappropriate. Or spontaneous
tive or occasional
positive affect only when
inappropriate

Social motivation subscale

Spontaneous positive emotional affect
Example: positive facial
expressions, vocalisations
and/or manner (such as
smiling, laughing and/or
clapping hands)
Focus of attention
Object focus versus people
focus

Very poor
Focus of the participant’s
attention either unclear or
entirely object focussed.
Participant does not attend
to or show any interest in
other people

0

Negative emotional affect
Example: negative facial
expressions, vocalisations
and/or manner (such as crying and frowning). Participant may appear distressed
or angry

2

1

0

Poor
Focus of participant’s attention mostly objects. Some
attention paid to other
people even if only for
monitoring purposes

1

Moderate
Spontaneous positive affect
about half of the time when
appropriate. May consist of
brief expressions of positive
affect in response to particular activities for example
Moderate
Focus of participant’s attention shared between people
and objects

2

High
Spontaneous positive affect
most of the time when
appropriate. May consist of
brief expressions of positive
affect in response to particular activities for example
High
Focus of participant’s attention mostly on people.
Attention appears to be
socially motivated at least
some of the time and not
simply for purpose of
monitoring.

3

Low
Moderate
High
Some examples of negative
Affect negative about half
Affect negative most of the
affect but only tentative or
of the time. May cry in
time. May cry in response
occasional
response to particular activito particular activities for
example, but also sometimes ties for example, but affect
not sustained between these
sustained between these
instances
instances

Very high
Focus of participant’s attention
almost entirely on people
perhaps to an excessive
degree. Attention appears to
be socially motivated.

Very high
Spontaneous positive affect
each time it is appropriate

4

Very low
No examples of negative affect
at any stage

Very low
Low
Moderate
High
Relaxed body posture and
No rigidity. Slight movement No rigidity, nervous throat
Rigidity or fidgeting for
natural body movement. Parclearing, or swallowing.
of legs, fidgeting, throat
majority of time. Difficulty
Minimal fidgeting that is not ticipant laughs and smiles at
clearing, or swallowing.
sitting still is somewhat disappropriate times. S/he shows
disruptive to performance.
Participant shows only
ruptive to conversation. Stiff
effective gesturing (to be
No notable signs of discombrief periods of discomfort.
face or frequent facial tics.
distinguished from fidgeting).
fort. Remains focussed on
Focuses on the social tasks
Some nervous throat clearParticipant focuses on the
the social tasks throughout
most of the time. There are
ing or swallowing. Some
social tasks all the time, does
no interruptions in the social the interaction. At times
inappropriate giggling or
not appear at all uncomfortmay appear relaxed and at
tasks
laughing. Participant shows
able, but at ease in situation
ease (smiling or gesturing)
signs of discomfort by
frequently looking around.
There is no more than 1
break in the social tasks

Very high
Complete rigidity of arms,
legs or whole body. Constant leg movements or
fidgeting with hands, hair
or clothing. Extremely stiff
face or constant facial tics.
Frequent nervous throat
clearing, swallowing, or
stuttering. Frequent inappropriate giggling or laughing.
Look of extreme discomfort
and desire to flee situation
shown by 2 or more breaks
in social tasks. Participant
does not pay attention to the
social tasks most of the time
Very high
Affect generally negative
throughout and often
sustained between expressions of negative affect
in response to particular
activities

Discomfort
Rigidity: part or all of the
body is held unusually stiff
or motionless for more than
10 s (examples: clenched
jaw, arms clasped tightly
around body, clenched fists,
interlocked fingers)
Fidgeting: non-stereotyped
movement of body or part
of body

3

4

Social anxiety subscale

Table 2 (continued)
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0
Poor
Unresponsive but some
interest. May not respond
but attends to what adult is
doing (this must be more
than a fleeting glance)

1
Fair
Interested and occasionally
responsive. Responds at
least once but interactions
are adult led and not reciprocal. Participant mostly
attentive to adult.

2

3

Good
Interested and highly responsive. Responds more often
than not. Interactions are
reciprocal. At least one or
two examples of a back and
forth exchange of several
steps but participant does
not elaborate beyond initial
adult suggestions (interaction not necessarily verbal)
High
Moderate
Low
Very low
Socially motivated initiation
Three examples of spontaneTwo examples of spontaneOne example of spontaneNo clear spontaneous iniof social interaction
ous initiation of interacous initiation of interaction
ous initiation of interaction
tiation of interaction with
Initiation of interaction may
tion with the adult, which
with adult, which appears to
with adult, which appears to
adult, which appears to be
be verbal or non-verbal (e.g.
appears to be socially
be socially motivated (e.g.
be socially motivated (e.g.
socially motivated (e.g.
turning to the adult, speakmotivated (e.g. for the
for the purpose of being
for the purpose of being
for the purpose of being
ing or signing to the adult
purpose of being friendly)
friendly) and not merely for
friendly) and not merely for
friendly) rather than for per(not in response), touching
and not merely for personal
personal demands (e.g. givpersonal demands (e.g. givsonal demands (e.g. giving
the adult to attempt to gain
demands (e.g. giving or
ing or showing an object)
ing or showing an object)
or showing an object)
their attention. Behaviour
showing an object)
must appear socially motivated e.g. for the purpose of
being friendly

Very poor
Social responsiveness
Unresponsive and disinterResponds: responds to speested. Does not respond.
cific behavioural requests,
Largely ignores what the
suggestions, questions or
adult is doing
their name (if used)
Elaboration: when the participant spontaneously builds
on what is expected of them

Social motivation subscale

Table 2 (continued)
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Very high
Four or more examples of
spontaneous initiation of
interaction with the adult
which appear to be socially
motivated (e.g. for the
purpose of being friendly)
and not merely for personal
demands (e.g. giving or
showing an object)

Very good
Interested and elaborately
responsive. Responds more
often than not. More than
two examples of back and
forth exchanges of several
steps. Participant elaborates
on initial adult suggestions
(interaction not necessarily
verbal)
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Table 3 The single measures intraclass correlation coefficients of
inter-rater reliability for the social anxiety and motivation rating scale

Data Analysis

Social anxiety and motivation rating scale item

Correlation
coefficient

Gaze
Vocal length
Time to first utterance
Avoidance of social interaction
Discomfort
Spontaneous positive affect
Focus of attention
Social responsiveness
Socially motivated initiation of interaction
Social anxiety subscale
Social motivation subscale

.68
.81
.66
.85
.73
.90
.69
.64
.84
.82
.93

Data were analysed at subscale level. All data were subjected
to the Shapiro–Wilk test for normality. Where data were not
normally distributed, and could not be transformed to achieve a
normal distribution, analyses were conducted with parametric
tests and significant effects were confirmed with the equivalent
non-parametric tests. Where there were no meaningful differences between the outcomes of the two types of tests, results
from parametric tests are reported. For correlational analyses,
Pearson’s correlations were used for normally distributed data
and Spearman’s rank correlations were used for not normally
distributed data.
Preliminary analyses were conducted to ensure that scores
on the SAMS were evoked by the social demands presented
in the experimental conditions of the Social Tasks. To achieve
this, paired samples t-tests were conducted separately for each
group to compare social anxiety and social motivation ratings between the control condition (No Social Interaction)
and each of the experimental conditions (Voluntary Social
Interaction, Required Social Interaction, Performance). All
comparisons were significant (all p ≤ .003) demonstrating that
social anxiety and social motivation scores were evoked by the
social demands of the experimental conditions. Therefore, all
remaining analyses include only the experimental conditions
of the Social Tasks.
Analyses of variance (ANOVA), and associated follow-up
tests, were conducted to assess the effects of condition, familiarity of experimenter, and syndrome group, on social anxiety
and social motivation scores. The alpha level for statistical
tests conducted to assess differences between groups or conditions was .05. The alpha level for correlational analyses was
.025 to account for multiple comparisons.
Due to a technical issue reported by Nelson et al. (2017),
data from one participant with DS were missing for all conditions carried out with a familiar experimenter and data from
another participant with DS were missing for the unfamiliar
experimenter Performance condition. In addition, data from
one participant with RTS were missing for the familiar experimenter Voluntary Social Interaction condition. In order to
avoid these participants being excluded from the ANOVAs
reported below, missing data were replaced with group means
for all analyses except correlational analyses.

Table 4 The Spearman coefficients for the social anxiety and motivation rating scale and frequency of observable behaviours
Social anxiety and motivation rating scale item

Spearman
coefficient

Gaze (familiar conditions)
Gaze (unfamiliar conditions)
Vocal length (familiar conditions)
Vocal length (unfamiliar conditions)
Spontaneous positive affect (familiar conditions)
Spontaneous positive affect (unfamiliar conditions)

.85
.70
.74
.81
.59
.60

shows the Intraclass correlation coefficients for each item
of the SAMS included in the reliability analyses.
The Cronbach’s alpha coefficients, used to calculate the
internal consistency of the SAMS subscales, were α = .74
for the social anxiety subscale and α = .62 for the social
motivation subscale.
Validity was assessed using Spearman correlations to
investigate the relationship between the mean score on
items on the SAMS and the frequency of corresponding
behaviours that had previously been coded using observational coding for participants with CdLS and DS (Nelson et al. 2017). These items were: gaze, vocal length and
spontaneous positive affect. Table 4 shows the correlation
coefficients for the items included in this validity analysis
and indicate moderate to strong correlations. Convergent
validity of the social motivation subscale was assessed
using a Spearman correlation between mean social motivation scores during the experimental conditions and scores
on the Reciprocal Social Interaction subscale of the SCQ,
used to measure autism symptomatology, for all four
participant groups combined. This revealed a significant
negative correlation between social motivation and autism
symptomatology (rs (64) = − .278, p = .024).

Results
Social Anxiety
Aim 2 was to investigate the effect of familiarity and type
of social interaction on social anxiety in individuals with
FXS, CdLS and RTS, compared to those with DS. Figure 1
depicts the mean social anxiety scores during interactions
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with familiar and unfamiliar experimenters during the control condition and each of the three experimental conditions
of the Social Tasks for participants with DS (a), CdLS (b),
FXS (c) and RTS (d).
A 3 (condition) × 2 (familiarity of experimenter) × 4 (syndrome group) mixed ANOVA was conducted using the mean
social anxiety subscale scores. The ANOVA revealed a main
effect of condition (F (2, 152) = 13.086, p < .001, η2 = .147),
a main effect of syndrome group (F (3, 76) = 7.088, p < .001,
η2 = .219), a condition × syndrome group interaction (F (6,
152) = 3.802, p = .001, η2 = .130), and a three-way interaction between condition, familiarity and syndrome group (F
(5, 129) = 2.494, p = .033, η2 = .090). The three-way interaction indicates that the relationship between familiarity of
experimenter and nature of social demand in their effect on
social anxiety differed according to syndrome group and
consequently is explored using a one-way ANOVA to investigate between-group differences in mean social anxiety levels collapsed across all conditions of the Social Tasks, and
four 2 × 3 ANOVAs to investigate the effect of familiarity
of experimenter and nature of social interaction on social
anxiety for each syndrome group separately. Between-group
comparisons were not made for each condition separately in
order to reduce the number of analyses conducted.

DS (a)

4

Between‑Groups Comparison
Table 5 presents mean scores of social anxiety. The one-way
ANOVA revealed a significant between-groups difference in
mean levels of social anxiety (F (3, 79) = 7.088, p < .001).
Bonferroni post hoc comparisons indicated that this difference was driven by participants with FXS and RTS scoring
higher on social anxiety than participants with DS (FXS vs.
DS: p < .001; RTS vs. DS: p = .006).
Down syndrome
The two-way ANOVA revealed a main effect of condition
(F (2, 38) = 5.868, p = .006, η2 = .236). Bonferroni-corrected
post hoc comparisons revealed that social anxiety scores
were higher in the Voluntary Social Interaction condition
compared to the Required Social Interaction condition
(p = .007). There were no differences in social anxiety across
other conditions, or between conditions administered by a
familiar and unfamiliar experimenter.
Cornelia de Lange Syndrome
The two-way ANOVA revealed a main effect of condition (F
(2, 33) = 22.726, p < .001, η2 = .545). Bonferroni-corrected
post hoc comparisons revealed that social anxiety scores
were highest in the Voluntary Social Interaction condition

CdLS (b)

4

*

3

3

Social Anxiety Subscale Score

*

*

2

2

1

1

0

0
Control

Control

Voluntary Social Required Social Performance
Interacon
Interacon

FXS (c)

Voluntary Social Required Social
Interacon
Interacon

Performance

RTS (d)

4

4

3

3

2

2

1

1

0

0
Control

Voluntary Social Required Social Performance
Interacon
Interacon

Control

Social Tasks Condion
Unfamiliar
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Fig. 1 Mean social anxiety subscale scores for each participant group
during each condition of the Social Tasks. Scores for the control condition are included in this figure to highlight the difference in scores
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*

Voluntary Social Required Social
Interacon
Interacon

Performance

between the control and experimental conditions. The control condition was not included in analyses and so indicators of significant differences are not present for this condition
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Table 5 Mean social anxiety scores and between-group differences for each experimental condition of the social tasks
Condition

Experimenter Down syndrome Cornelia de
Lange syndrome

Voluntary social interaction mean Familiar
(SD)
Unfamiliar
Required social interaction mean Familiar
(SD)
Unfamiliar
Performance mean (SD)
Familiar
Unfamiliar
Total social anxiety mean score
NA
(SD)

1.16 (0.51)
1.11 (0.52)
0.82 (0.50)
0.88 (0.48)
0.97 (0.41)
1.04 (0.40)
1.00 (.40)

1.32 (0.58)
1.68 (0.67)
0.86 (0.56)
1.21 (0.74)
1.13 (0.54)
1.27 (0.67)
1.24 (.56)

compared to all others (p < .001). The ANOVA also revealed
a main effect of familiarity (F (1, 19) = 13.767, p = .001,
η2 = .420), which was driven by higher social anxiety scores
during interactions with an unfamiliar experimenter compared to a familiar experimenter.
Fragile X Syndrome
The two-way ANOVA revealed no main effect of condition
or familiarity, nor a condition × familiarity interaction (all
p > .05).
Rubinstein‑Taybi Syndrome
The two-way ANOVA revealed no main effect of condition
or familiarity, nor a condition × familiarity interaction (all
p > .05).
To summarise, participants with FXS and RTS demonstrated higher levels of social anxiety than those with DS
and, for these two groups, social anxiety was not mediated
by the nature of the interaction or the familiarity of the social
partner. In contrast, these factors did influence social anxiety
in participants with CdLS as social anxiety was heightened
during interactions with an unfamiliar versus familiar adult
and during the Voluntary Social Interaction condition compared to other conditions.

Relationship Between Participant Characteristics
and Social Anxiety
Included in Aim 2 was to explore the relationship between
social anxiety and participant characteristics. Correlations
between the mean social anxiety score across the three
experimental conditions and participant characteristics
(age, adaptive behaviour standard score, autism symptomatology, and receptive language age equivalence in months)
were conducted for each participant group separately. The
correlational analyses revealed a moderate negative association between social anxiety and adaptive behaviour in the

Fragile X syndrome RubinsteinTaybi
syndrome

Group differences

1.59 (0.63)
1.60 (0.62)
1.65 (0.66)
1.51 (0.59)
1.89 (0.81)
1.53 (0.44)
1.63 (.47)

NA
NA
NA
NA
NA
NA
FXS > DS; RTS > DS

1.40 (0.31)
1.57 (0.72)
1.28 (0.35)
1.53 (0.70)
1.53 (0.62)
1.75 (0.74)
1.51 (.45)

DS group (rp (11) = − .632, p = .020). Analyses also revealed
a moderate negative association between social anxiety
and CA in the FXS group (r p (18) = − .606, p = .005), and
between social anxiety and receptive language age equivalence in the FXS group only (r p (18) = − .620, p = .004).
Due to the likely relationship between age and receptive
language, a partial correlation was conducted that revealed
no association between social anxiety and CA when receptive language age equivalence was controlled for or between
social anxiety and receptive language age equivalence when
CA was controlled for (p ’s > .05). The correlation between
SCQ total score and social anxiety subscale score was not
significant. Therefore, differences in autism symptomatology are unrelated to the social anxiety-related behaviours
observed in the current study.

Social Motivation
Aim 3 was to investigate the effect of familiarity and type
of social interaction on social motivation in individuals with
FXS, CdLS and RTS, compared to those with DS. Figure 2
depicts the mean social motivation subscale scores during
interactions with familiar and unfamiliar experimenters during the control condition and each of the three experimental
conditions of the Social Tasks for participants with DS (a),
CdLS (b), FXS (c) and RTS (d).
A 3 (condition) × 2 (familiarity of experimenter) × 4
(syndrome group) mixed ANOVA was conducted using
the mean scores from the social motivation subscale. This
revealed a main effect of condition (F (2, 137) = 128.990,
p < .001, η2 = .629), a condition × syndrome interaction
(F (5, 137) = 3.820, p = .002, η 2 = .131), a familiarity × syndrome interaction (F (3, 76) = 3.664, p = .016,
η2 = .126), and a three-way condition × familiarity × syndrome interaction (F (5, 144) = 3.949, p = .001, η2 = .135).
The three-way interaction indicated that the familiarity
of the experimenter modulates the between-groups difference across conditions on the social motivation subscale. To investigate this interaction, a one-way ANOVA
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Fig. 2 Mean social motivation subscale scores for each participant
group during the Social Tasks. Scores for the control condition are
included in this figure to highlight the difference in scores between

the control and experimental conditions. The control condition was
not included in analyses and so indicators of significant differences
are not present for this condition

using mean social motivation scores was used to assess
between-group differences across all experimental conditions of the Social Tasks collapsed, and four 3 (condition) × 2 (familiarity of experimenter) ANOVAs were conducted, to assess the effect of condition and familiarity
on social motivation for each syndrome group separately.

Down Syndrome

Between‑Groups Comparison
Mean social motivation scores are presented in Table 6. The
one-way ANOVA revealed no significant difference between
groups for mean social motivation scores (F (3, 79) = 1.160,
p = .331).

The two-way ANOVA revealed a main effect of condition (F
(2, 38) = 67.558, p < .001, η2 = .780). A condition x familiarity interaction (F (2, 38) = 4.266, p = .021, η2 = .183) was
also revealed. Social motivation scores were lowest in the
Performance condition compared to the other two conditions
for both familiar and unfamiliar interactions (p’s < .001). In
the Required Social Interaction condition, social motivation scores were significantly higher when participants were
interacting with an unfamiliar versus a familiar social partner (t (19) = 2.105, p = .049).

Table 6 Mean social motivation scores and between-group comparisons for each experimental condition of the social tasks
Condition

Experimenter

Down syndrome

Cornelia de
Lange syndrome

Fragile X syndrome

RubinsteinTaybi syndrome

Group
differences

Voluntary social interaction mean (SD)

Familiar
Unfamiliar
Familiar
Unfamiliar
Familiar
Unfamiliar
NA

2.76 (.50)
2.88 (.55)
2.71 (0.48)
2.95 (.53)
1.76 (.36)
1.63 (.41)
2.45 (.31)

2.55 (.93)
1.98 (1.07)
2.84 (.62)
2.56 (.80)
1.81 (.49)
1.85 (.80)
2.26 (.58)

2.36 (.79)
2.60 (.93)
2.43 (.65)
2.63 (.86)
1.63 (.61)
1.84 (.52)
2.25 (.62)

2.14 (.62)
2.42 (.86)
2.49 (.52)
2.46 (.51)
1.77 (.50)
1.68 (.54)
2.16 (46)

NA
NA
NA
NA
NA
NA
NS

Required social interaction mean (SD)
Performance mean (SD)
Total social motivation mean score (SD)
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Cornelia de Lange Syndrome
The two-way ANOVA revealed a main effect of condition
(F (2, 38) = 18.795, p < .001, η2 = .497) and a condition x
familiarity interaction (F (2, 38) = 4.740, p = .015, η2 = .200).
During unfamiliar interactions, social motivation scores
were highest in the Required Social Interaction condition
compared to the other two conditions (p’s ≥ .003). During
familiar interactions, scores were lowest in the Performance
condition compared to the other conditions (p’s ≥ .001).
Social motivation scores were also significantly higher in the
Voluntary Social Interaction and Required Social Interaction
conditions when participants were interacting with a familiar
versus an unfamiliar social partner (Voluntary Social Interaction: t (19) = × 2.475, p = .023; Required Social Interaction: t (19) = × 2.238, p = .037).
Fragile X Syndrome
The two-way ANOVA revealed a main effect of condition (F
(2, 38) = 47.406, p < .001, η2 = .704). Bonferroni-corrected
post hoc comparisons revealed that social motivation scores
were lowest in the Performance condition compared to the
other two conditions (p’s > .001).
Rubinstein‑Taybi Syndrome
The two-way ANOVA revealed a main effect of condition (F
(1, 38) = 22.050, p < .001, η2 = .537). Bonferroni-corrected
post hoc comparisons revealed that social motivation scores
were lowest in the Performance condition compared to the
other two conditions (p’s < .001).
To summarise, participants with DS, FXS and RTS demonstrated less social motivation in the Performance conditions compared to other conditions. Participants with CdLS
only demonstrated this pattern of results during conditions
with a familiar experimenter. When interacting with an unfamiliar experimenter, participants with CdLS demonstrated
higher social motivation during the Required Social Interaction compared to the other conditions. In addition, participants with CdLS demonstrated less social motivation with
unfamiliar versus familiar social partners. Although there
were no between-group differences in mean social motivation levels, the nature of social situation and familiarity of
social partner modulated social motivation for participants
with CdLS more than other participant groups.

The Relationship between Participant
Characteristics and Social Motivation
Included in Aim 3 was to explore the relationship
between social motivation and participant characteristics.
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Correlations between the mean social motivation subscale
scores across the three experimental conditions and participant characteristics (age, adaptive behaviour standard
score, autism symptomatology, and receptive language age
equivalence in months) were conducted for each participant
group separately. A strong positive relationship was revealed
between social motivation and adaptive behaviour (r p
(11) = .747, p = .003) for the DS group. For the FXS group,
moderate positive relationships were revealed between social
motivation and CA (r p (17) = .555, p = .014), and between
social motivation and receptive language age equivalence (rp
(17) = .603, p = .006). Due to the likely relationship between
age and receptive language ability, partial correlations were
conducted for the FXS. These revealed that age was not significantly correlated with social motivation when receptive
language was controlled for, and receptive language was not
significantly correlated with social motivation when age was
controlled for. In summary, social motivation was related
to adaptive behaviour ability in participants with DS, and
with age and/or receptive language ability in participants
with FXS.

The Relationship Between Social Anxiety and Social
Motivation
The final aim of this study was to delineate the relationship between social anxiety and social motivation in FXS,
CdLS, RTS and DS. To achieve this, correlational analyses
were conducted to investigate the relationship between social
anxiety and social motivation mean subscale scores, which
revealed negative correlations between social anxiety and
social motivation for participants with DS, CdLS and FXS
(all p = ≤ .016), but no association between these two constructs for participants with RTS (p > .025).

Discussion
In this study, Social Tasks, in which the nature of social
interaction and familiarity of the experimenter varied systematically, were presented to children and adults with
FXS, CdLS, RTS and DS. Behaviours indicative of social
anxiety and social motivation during the Social Tasks were
investigated using the SAMS, a rating scale developed for
the current study. The internal consistency of the social
anxiety and social motivation subscales, and the inter-rater
reliability at subscale and item level, were good. In addition, the validity of ratings on a number of items had a
moderate to strong correlation with data obtained from
behavioural observation coding. This is the first study to:
(a) directly compare behavioural indicators of social anxiety and social motivation across FXS, CdLS and RTS, (b)
assess the effect of the nature of social interaction and the
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familiarity of interacting adult on social anxiety and social
motivation in these groups, and (c) contrast the findings
with those reported for a chronological and mental age
matched group of individuals with DS. Results are consistent with the notion that the nature of social demand,
participants’ syndrome group, and the familiarity of the
experimenter are interacting factors that mediate social
anxiety. The results indicated that social anxiety was generally heightened in individuals with FXS and RTS compared to those with DS. In addition, social anxiety was
largely unaffected by the type of social interaction and
familiarity of experimenter in individuals with DS, FXS
and RTS. In contrast, social anxiety in participants with
CdLS was mediated by the nature of the interaction and
by the familiarity of the experimenter. Specifically, participants with CdLS demonstrated more anxiety-related
behaviours during the Voluntary Social Interaction condition compared to all other conditions and during interactions with an unfamiliar experimenter compared to a
familiar experimenter. The results also indicated that,
although there were no overall between-group differences in mean social motivation levels, the nature of the
social interaction and the familiarity of the experimenter
influenced social motivation differentially across groups.
Taken together, these results suggest that the familiarity
of a social partner and the type of social interaction have
differential effects on social anxiety and social motivation
between syndrome groups.
Interestingly, levels of anxiety-related behaviours in
social situations were not related to severity of autism symptomatology. Some of the behaviours indicative of social
anxiety, such as reduced eye gaze, may also reflect social
communicative impairments. However, the results suggest
that the combination of behaviours rated in the SAMS does
indeed reflect social anxiety as opposed to autism symptomatology, and that these two constructs are unlikely to
be related to one another in FXS, CdLS and RTS. In addition, although the first three items of the SAMS (eye gaze,
vocal length, time to first utterance) on their own may be
indicative of a lack of social interest, as reported in ASD,
they may also capture a ‘shut down’ response to anxiety.
This is compared to the final three items (social avoidance,
discomfort, negative emotional affect), which describe an
overt distress response to anxiety. Symptoms of anxiety that
include overt distress responses (e.g. crying, oppositional
defiant disorder) are more likely to be observed in younger
children, whereas a ‘shut-down’ response (e.g. withdrawal,
shyness) may be seen in older children (Beesdo-Baum and
Knappe 2012). Both expressions of anxiety are important
to capture, particularly when studying groups with a wide
range of ages and ability levels.
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Fragile X Syndrome
The results of the current study support the hypothesis that
individuals with FXS would display generally heightened
social anxiety that is not necessarily governed by the nature
of social interaction. Interestingly, a positive correlation
between social anxiety and IQ has previously been reported
(Hessl et al. 2006). Although groups in the present study
were matched for receptive language and adaptive behaviour
ability, a positive correlation between receptive language
ability and social anxiety was present in the FXS group
only when CA was not accounted for. Therefore, it remains
unclear whether social anxiety is related to ability levels in
FXS. The current study indicates that individuals with FXS
demonstrate social anxiety with familiar as well as unfamiliar people. This is not supported by parental reports of
sociability across familiar and unfamiliar interactions (Moss
et al. 2016) or behavioural observations of reduced avoidance with familiar partners (Roberts et al. 2007; Cohen et al.
1989, 1991). The results reported here might, therefore, be
indicative of heightened social anxiety during interactions
with a familiar person when unfamiliar adults are also present within the participants’ home environment, compared
to everyday social situations. In addition, although the Social
Tasks are designed to be naturalistic interactions, they are
structured, and this type of structured interaction between
participants and parents may be unusual, resulting in heightened social anxiety with a familiar partner.
Previous literature indicates that individuals with FXS
display a willingness to interact with others, alongside the
heightened social anxiety (Cornish et al. 2008). This study
highlights that behavioural indicators of social motivation
did not differ in people with FXS from people with DS,
supporting the notion that individuals with FXS show a willingness to interact with others. Between-group comparisons
revealed that whilst social anxiety was heightened compared
to those with DS, social motivation was similar. Therefore,
the relationship between social anxiety and social motivation for individuals with FXS is more likely to represent
the divergent facets of the socio-behavioural phenotypes of
FXS, which encompass both social anxiety and social motivation simultaneously.

Cornelia de Lange Syndrome
The results regarding social anxiety in CdLS support our
hypothesis and previous literature indicating the presence
of social anxiety related behaviours, which are mediated by particular social demands, including verbalisation (Richards et al. 2009; Nelson et al. 2017). Here, it is
reported that individuals with CdLS did not display higher
levels of social anxiety compared to individuals with DS,
overall. Rather, individuals with CdLS were significantly
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more likely to display social anxiety related behaviours
when there was no explicit expectation to verbalise (Voluntary Social Interaction) compared to when the expectation
was explicit (Required Social Interaction, Performance).
Therefore, it may be the uncertainty, and lack of ability to
generate planned responses, that led to heightened social
anxiety in this condition. Interestingly, previous literature
investigating the executive function profile in individuals
with CdLS has reported specific impairments on tasks that
require ‘generativity’, or verbal fluency (Reid et al. 2017),
and reduced verbalisation has also been noted in this group
(Nelson et al. 2017). Generating verbal responses may be
most challenging during a social situation in which the
nature of the interaction is unpredictable and expectations
to interact are not explicit. Therefore, executive function
deficits may be related to anxiety in such situations, particularly with unfamiliar people.
Although mean levels of social motivation between participants with CdLS did not differ to other groups when
scores were collapsed across conditions, social motivation
was modulated by the nature of the social interaction more
so for this group than others. In addition, Fig. 2 indicates
that participants with CdLS demonstrated lower levels
of social motivation than did participants with DS in the
Voluntary Social Interaction condition with an unfamiliar
social partner. Item-level scores indicate that this result is
primarily driven by the item assessing socially motivated
initiation of interaction as opposed to positive affect, focus
of attention and social responsiveness. Participants with
CdLS also showed particularly high social anxiety in this
condition compared to other conditions and thus withdrawing from the interaction through reduced initiation
of interaction may reflect the selective mutism that is commonly reported in CdLS (Moss et al. 2016). Existing literature on this topic has suggested that mutism may be an
avoidance strategy, which serves as a coping mechanism to
reduce anxiety in typically developing children (Yeganeh
et al. 2006). An alternative yet complementary interpretation of these results is that the specific impairments in
tasks requiring generation, as reported above, may also
contribute to lower levels of initiation during situations
where the social expectations are unclear. Participants
also showed higher social motivation with familiar versus
unfamiliar adults in two of the three experimental conditions, indicating that the familiarity of a social partner is
an important factor in both anxiety and social motivation
for this population. A negative association between social
anxiety and social motivation was reported for participants
with CdLS, suggesting that these two constructs are contingent on one another in in this group, such that as social
anxiety increases, social motivation decreases.
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Rubinstein‑Taybi Syndrome
The results for participants with RTS are the first to indicate heightened levels of observable behaviours indicative
of anxiety in this participant group across a range of social
situations with familiar and unfamiliar interacting adults.
Previous studies have primarily used parental report measures, which have mostly reported intact social skills and
heightened sociability in this group. Although social anxiety
has not been investigated in RTS until now, previous studies
do describe the presence of behaviours that may be linked
to social anxiety, such as a preference to spend time alone
(Hennekam et al. 1992), and clinging to adults, alongside
an increase of anxiety with age (Yagihashi et al. 2012). The
results of the current study support some previous findings
indicating the presence of social anxiety-related behaviours
in individuals with RTS. However, due to the mixed literature, further research is warranted to better define the social
phenotype in this group.
Behavioural indicators of social motivation did not differ
between those with RTS and those with DS. Higher social
interest has been reported in individuals with RTS compared
to others matched for age and developmental ability (Galéra
et al. 2009). However, the results from the present study
suggest that social interest in RTS does not differ to a comparison group matched for receptive language and adaptive
behaviour abilities. For participants with RTS, social anxiety
and social motivation also appear to present simultaneously.
The strengths of the present study include the development of a robust tool to assess social anxiety and social
motivation in individuals with intellectual disability through
behavioural observation, and detailed examination of syndrome specific profiles of social anxiety and social motivation in individuals with FXS, CdLS, RTS and DS across a
range of naturalistic social situations. However, this study
did not include female participants in the FXS sample, which
is a significant limitation that should be addressed in future
research to further understanding of the behavioural phenotype of females with FXS. The groups in this study were
statistically similar on important characteristics such as
age, receptive language, and adaptive behaviour, indicating
that differences in the genetic landscapes result in different
downstream pathways from genetics through to behaviour.

Conclusions
In summary, the present study highlighted that the familiarity of a social partner and the type of social interaction influences social anxiety and social motivation in different ways
for different syndrome groups. Heightened social anxiety but
similar social motivation was reported in FXS and RTS compared to a contrast group of individuals with DS matched on
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chronological and mental age. Furthermore, individuals with
CdLS displayed heightened social anxiety but this was mediated by the nature of the interaction, rather than occurring
across all social situations. Overall, the results from the present study support the summary of the social impairments
in FXS that describe a combination of motivation to interact
with others, alongside anxiety. The results from the present
study refine the CdLS phenotype further by proposing that
social anxiety in CdLS is specific to unpredictable social
situations with unfamiliar people, and that social motivation is reduced during these times. For RTS, this is the first
study to demonstrate through behavioural observation that
whilst social motivation may be developmentally typical,
social anxiety is heightened, which should be confirmed
with future research to promote awareness of co-morbid
anxieties in this group. To our knowledge, this is the first
study to investigate the interplay of social anxiety and social
motivation, two seemingly contrasting social constructs that
interact differentially in individuals with genetic syndromes
associated with unique socio-behavioural profiles. The association between social anxiety and social motivation differed
by group thus extending the notion that individuals with
neurodevelopmental disorders display different behavioural
expressions of anxiety to typically developing individuals by
indicating that individuals with different neurodevelopmental disorders express anxiety in different ways.
Awareness of the conditions under which social anxiety is induced in people with an intellectual disability has
implications for intervention planning. This study indicates
that unpredictable social situations with unfamiliar social
partners are likely to induce heightened social anxiety and
reduced motivation to interact in individuals with CdLS,
which is important for clinical practice. The results from
this study go some way towards delineating the interaction
between genetic influences and the role of the environment
in the mediation of behavioural indicators of social anxiety
and social motivation. This enhances understanding of the
social phenotype of FXS, CdLS and RTS, which is important both for the research community and for families with
children and adults with genetic syndromes.
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