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Social cognition in adolescent girls with fragile X syndrome

Lyn S. Turkstra®, Leonard Abbeduto™, and Peter Meulenbroek”
*University of Wisconsin-Madison

“MIND Institute and Department of Psychiatry and Behavioral Sciences, University of California,
Davis

Abstract

This study aimed to characterize social cognition, executive functions (EFs), and everyday social
functioning in adolescent girls with fragile X syndrome, and identify relationships among these
variables. Participants were 20 girls with FXS and 20 typically developing peers. Results showed
significant between-groups differences in social cognition, accounted for by differences in IQ and
language. Within the FXS group, 1Q and language were related to social cognition; parent-
reported social functioning was related to language and EFs; and self-reported social functioning
was generally good and not related to cognitive or social cognition variables. Results suggest that
intervention might focus on managing language and cognitive contributions to social functioning,
rather than social cognition, and underscore the importance of considering parent and adolescent
perspectives. (120 words)
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Fragile X syndrome (FXS) is the leading known cause of intellectual disability in females,
with the full mutation occurring in an estimated 1 in 6000-9000 females (Crawford, Acuna,
& Sherman, 2001) and the premutation form occurring in an estimated 1/161females in a
U.S. sample (Seltzer et al., 2012). The associated cognitive deficits range from mild to
severe. Intellectual disability is less common in females with FXS than in males, although as
many as 25% of affected females have 1Qs of 70 or below (Hagerman, et al., 1992).

FXS in females is associated with a variety of behavioral impairments. Chief among these
are social impairments, which range from frankly autistic behavior to atypical social
behaviors, social “oddness”, and social isolation (Hagerman, 1999; Hagerman, et al., 1992;
Keysor & Mazzocco, 2002). Females with FXS, like males with FXS, have been reported to
show gaze avoidance, social anxiety, and shyness (Hagerman, 1999), and may receive a
childhood diagnosis of avoidant disorder (Freund, Reiss, & Abrams, 1993). Social deficits
have been linked to abnormalities of the hypothalamic-pituitary axis and in autonomic
habituation to stimuli (Hessl, et al., 2002; Hessl, Rivera, & Reiss, 2004; Keysor, Mazzocco,
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McLeod, & Hoehn-Saric, 2002), although the relation of these physiological findings to
performance on specific tasks is only beginning to be studied.

Studies that have addressed social cognition as a contributor to social dysfunction in
individuals with FXS have generally focused on impairments in Theory of Mind (ToM),
defined as the ability to understand that others have thoughts and that these thoughts
influence their behavior (Baron-Cohen, Leslie, & Frith, 1985). The results of these studies,
however, have been mixed. Cornish and colleagues (2005) administered two commonly
used tests of ToM, a false belief task and an appearance-reality task, to boys with FXS (n =
28) or Down Syndrome (DS) (n = 26). The false belief task was the classic Sally Anne,
which involves distinguishing between the participant’s accurate beliefs about an object’s
location and a story character’s false belief (Wimmer & Perner, 1983), and the altered
reality task, which requires the participant to state the color of an object that was covered by
a cloth of a different color (e.g., state that an orange was really orange although it was
covered by a white cloth). Although Cornish et al. found that the groups were similar in
average accuracy on ToM items (50%), most of the errors of the FXS group were realist
errors (i.e., failing to see an object in its altered state), whereas boys in the DS group made
mostly phenomenalist errors (i.e., seeing the altered state as the true state, regardless of
reality). Cornish et al. interpreted this finding to suggest that males with FXS might have
difficulty differentiating appearance from reality, supporting a deficit in ToM. By contrast,
Mazzocco and colleagues (1994) found no differences between a group of adult females
with FXS (n = 19) and a comparison group of intellectually typical adult females (n = 56) on
a task requiring the participant to tell a story in way that distinguished her perspective from
that of another person, once 1Q was controlled. The task used by Mazzocco et al. was
developed for children, however, and might have been insufficiently sensitive to deficits in
social-cognitive constructs that might be problematic for adolescents or adults. In summary,
the extent to which social cognition is impaired relative to age expectations, and thus a
source of impairments in social functioning, in females with FXS is unclear. The present
study was designed to address this issue by focusing on a young group — adolescent girls
with FXS — and comparing them to age-matched typically developing girls using a more
developmentally appropriate measure of social cognition.

It also is possible that deficits in social functioning observed in girls with FXS are due to
their well-documented impairments in executive function (EF; Keysor & Mazzocco, 2002;
Kirk, Mazzocco, & Kover, 2005; Sobesky, et al., 1996; Wilding, Cornish, & Munir, 2002)
rather than to impairments in social cognition per se. EFs are the cognitive functions that
allow us to achieve goal-directed behaviors (Mesulam, 2002) and include the ability to
update working memory (WM), shift from one mental set to another, and inhibit thoughts
and actions according to the context or task at hand. Impairments in the WM and inhibitory
control facets of EF are particularly common in females with FXS (Hagerman, 1999; Keysor
& Mazzocco, 2002). It has been suggested that EF impairments influence social functioning
indirectly through their relationship with ToM, as ToM requires EF skills such as the ability
to inhibit one’s own perspective and shift perspectives according to the context. Indeed, the
notion that ToM impairments are related to deficits in EF has been discussed in the context
of a variety of clinical groups that share some social features with FXS, including

Am J Intellect Dev Disabil. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Turkstra et al.

Page 3

individuals with autism (Perner, Stummer, & Lang, 1999), Down Syndrome (Zelazo,
Burack, Benedetto, & Frye, 1996), schizophrenia (Bowie & Harvey, 2005), frontotemporal
dementia (Lough, et al., 2006), and focal frontal lobe lesions (Channon & Watts, 2003; Stuss
& Alexander, 2000; Turkstra, Dixon, & Baker, 2004; Turkstra, McDonald, & DePompei,
2001; Turkstra, McDonald, & Kaufmann, 1996). Note that EF impairments are not fully
accounted for by lower 1Q in FXS (Bennetto, Pennington, Porter, Taylor, & Hagerman,
2001; Keysor & Mazzocco, 2002; Mazzocco, Pennington, & Hagerman, 1993).

The contribution of EFs to social cognition in FXS was suggested by Mazzocco and
colleagues (1993, 1994). In a follow-up analysis in the study of social cognition described
above, the authors compared social cognition test scores to scores on 11 neuropsychological
tests reported in an earlier study (Mazzocco, et al., 1993). Tests included the Wisconsin
Card Sort Test (WCST; Heaton, 1981) and the Contingency Naming Test (CNT; Anderson,
Anderson, Northam, & Taylor, 2000), each of which measures inhibitory control, an aspect
of EF. Details were not provided, but Mazzocco et al. stated that there was “no main effect
[of perspective-taking scores] on any of the dependent variables” (p. 482) and “no consistent
relations” (p 482) between any of the neuropsychological test scores and emotion
recognition. Thus, it appeared that EF test scores were not related to social cognition in that
cohort of women with FXS. There is a need, however, to examine this issue further given
the well-documented relationship between EF and social cognition in typically developing
individuals and in various disorders, as noted in the previous paragraph, as well as the
problems already noted with the measure of social cognition used by Mazzocco and
colleagues.

In summary, deficits in social cognition and EFs have been reported in children and adults
with FXS, but the relationship between these two types of functions is not clear. There is a
gap in knowledge about girls with FXS, a group that includes individuals with social
problems despite 1Qs in the normal range. The hypothesis that impairments in EFs and
social cognition are related in girls with FXS has implications for intervention, as
interventions aimed at improving social cognition per se (e.g., training in emation
recognition, use of scripted social scenarios) are likely to be ineffective if the core problem
is in the flexible implementation of goal-oriented social behavior in real-life contexts.

In addition to studying the relation of EFs to social cognition, the present study aimed to
situate cognitive deficits in the larger context of social functioning in everyday life.
Impairments in both EFs and social cognition are likely to affect the social functioning of
girls with impairments in these domains by affecting the ability to adapt thinking and
behavior to the social context (Crone & Dahl, 2012), but the extent to which social
acceptance is a problem for adolescent girls with FXS is unknown. The literature on
individuals with autism and other developmental disorders suggests that social cognitive
skills are a prerequisite for peer-appropriate social performance (Adolphs, 1999; Siegal &
Varley, 2002) and may permit the acquisition of culture-specific social knowledge
(Marschark, Green, Hindmarsh, & Walker, 2000; Russell, et al., 1998). Thus, individuals
with social-cognitive impairments may experience progressive separation from peers due to
a combination of poor ability to “read” a social situation and a lack of knowledge of
appropriate responses. This may lead to isolation and reduced opportunity for social activity,
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which , in turn, may undermine growth of social competence (Russell, et al., 1998).
Adolescence is a time of increasing socialization with — and enjoyment of — peers, and
separation from family (Csikszentmihalyi, Larson, & Csikszenthi, 1984; Raffaelli &
Duckett, 1989). If an adolescent with FXS is unable to meet typical age expectations for
social behavior, isolation may result, which may produce a variety of negative effects on
subjective well-being and health (Baumeister & Leary, 1995). Thus, the study of adolescent
social acceptance is important not only for theoretical and clinical reasons but also as a
public health issue.

Restated within the World Health Organization International Classification of Functioning,
Disability, and Health (2001), the present study explored relations among impairments at the
level of body structures or functions (i.e., social cognition and EFs) and between these
impairments and limitations in activities and participation in social life. To assess the latter
two factors, participants completed a social self-perception measure, the Self-Perception
Profile for Adolescents (Harter, 1988). Self-perception was included because of evidence
that higher levels of self-perceived competency (that is, seeing oneself as better off than
others do) are associated with enhanced coping (Armor & Taylor, 1998; Hoffman, Cole,
Martin, Tram, & Seroczynski, 2000; Taylor & Brown, 1988). Participants’ parents
completed the Vineland Adaptive Behavior Scales (Sparrow, Cicchetti, & Balla, 2005) to
assess others’ perspectives on participants’ competence.

In summary, there is a need for more data on the social functioning of adolescent females
with FXS, including data on how their social functioning is viewed by others and
themselves, whether they have impaired social cognition, and the relationships among social
functioning, social cognition, and EF impairments. There also is a need for understanding
the social functioning of these girls relative to their typically developing age peers so that we
can determine the extent of impairments and whether the determinants are similar across the
two groups of girls. Thus, the present study was designed to address the following questions:

1. Do adolescent girls with FXS have impairments in social cognition, and do they
and others judged them to have impaired social functioning? It was hypothesized
that adolescent girls with FXS would have significantly lower scores than typically
developing age-matched peers on tests of social cognition and measures of parent-
and self-reported social functioning in everyday life.

2. Is the social-cognitive functioning of adolescent girls with FXS predicted by their
level of EF? It was hypothesized that scores on tests of social cognition would have
a significant positive relationship to EF test scores over and above the contribution
of language and general intelligence. Are the patterns of relationships different
relative to typically developing age-matched peers?

3. Isthe social behavior of adolescent girls predicted by their levels of social-
cognitive functioning? It was hypothesized that social cognition test scores would
have a significant positive relationship to parent and self-ratings of social
functioning in everyday life. Are the patterns of relationships different relative to
typically developing age-matched peers?

Am J Intellect Dev Disabil. Author manuscript; available in PMC 2015 July 01.
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Although hypotheses 2 and 3 related primarily to girls with FXS, in general the literature on
social cognition in adolescent girls is limited. Thus, these two hypotheses were tested both
in girls with FXS alone and also in typically developing peers.

Participants were 20 adolescent females with a confirmed diagnosis of FXS (mean age =
14.91 years) and 20 typically developing (TD) females individually matched for age + 1
year (mean age = 15.43 years). Because the goals of the study included interests in
determining whether adolescent girls with FXS had social-cognitive impairments and in
examining perceptions of their skill in navigating the adolescent social world, the groups
were matched on chronological age. As age matching leads to a mismatch on important
dimensions of competence and behavior, we used ANCOVA and multiple regression to
examine the contributions of 1Q and other variables to between- and within-group
differences in social cognition and social functioning. All participants were Caucasian.
Participants were recruited through local and national organizations, and through a school-
based participant registry for typical adolescents.

Inclusion criteria for all participants were as follows:

1 A pure tone, air-conduction threshold of 30 dB HL or better in each ear
(averaged across 500, 1000, and 2000 Hz); scores at or above the age-equivalent
score for 8 years 6 months (approximately Grade 3) on the Synonyms (raw score
= 18) and Grammaticality Judgment (raw score = 38) tests of the
Comprehensive Assessment of Spoken Language (CASL; Carrow-Woolfolk,
1999). The preceding two criteria ensured participants could hear and
understand experimental stimuli. Based on transcription of a random sample of
stimuli used in the social cognition experimental tasks, the language level was
Grade 1 or below (Flesch, 1994); thus, requiring comprehension at a Grade 3
level controlled for the possibility that language comprehension affected task
performance.

3 English as a first language and primary language spoken at home, by caregiver
report.

Parents of adolescents with FXS were asked to supply a copy of results of molecular genetic
testing (i.e., PCR and Southern blot analysis of a peripheral blood sample) confirming that
each adolescent had the full mutation of the FMR1 gene (i.e., > 200 CGG repeats).
Participants with FXS were recruited if they used speech as their primary means of
communication, regularly used three-word or longer utterances, had no uncorrected physical
or sensory impairments that would limit participation, and did not meet criteria for a primary
diagnosis of Autism Spectrum Disorder (i.e., participants may have had social problems but
were not diagnosed with autism).
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Girls in the TD group were required to have no history of medical or neurological disease
affecting the brain, language or learning disability, receipt of special education services, or
gifted status, by parent report, for minors, or self-report, for participants ages 18-21 years.

Cognitive Tests

Intelligence—IQ was determined by using the subtests comprising the Brief 1Q composite
of the Leiter International Performance Scales Revised (Roid & Miller, 1997). The Leiter is
a completely nonverbal test for individuals ages 2—20 years. The test was normed on 1719
persons matched to the 1993 U.S. census and has a high correlation with 1Q as measured by
the Wechsler Intelligence Scales for Children — Third Edition (Wechsler, 1991); and
reliability and validity coefficients range from .67 to .90. The Leiter was designed to be
“uninfluenced by educational, social, and family experience” (Roid & Miller, 1997), and
was chosen to minimize potential effects of expected differences in verbal skills between
groups. The subtests comprising the Brief 1Q are Figure Ground, Form Completion,
Sequential Order, and Repeated Patterns. It should be noted that visuospatial deficits have
been reported in some girls with FXS (Cornish, Munir, & Cross, 1998), but these were
primarily on tests of visual construction rather than visual perception. Scaled scores were
entered into data analysis.

Language—~Participants were administered the Comprehensive Assessment of Spoken
Language (CASL; Carrow-Woolfolk, 1999). The CASL provides comprehensive assessment
of oral language in children and adolescents ages 3—-21 years. The battery was standardized
on 1700 individuals from across the United States, and meets nationally accepted criteria for
reliability and validity (American Educational Research Association, 1999). At the time of
the study, the CASL was the only standardized language test that included measures of
social communication skills specific to adolescents, had norms for adolescents ages 13-21
years, and met standard criteria for validity and reliability. The CASL is a collection of tests,
including several that are specifically aimed at language functions developing during
adolescence, such as comprehension of ambiguous and nonliteral language. The CASL also
includes a Pragmatic Judgment (PJ) Test, in which examinees are asked to generate
appropriate responses in hypothetical social contexts. Thus, it was possible to generate
scores for both age-appropriate general language skills as well as social language skills.
Scaled scores for the CASL core composite were used in data analysis. PJ Test scores were
reported for descriptive purposes.

EFs—The Tasks of Executive Control (TEC; Isquith, Roth, & Gioia, 2010) is a
computerized battery of tasks designed to overcome the limitations of previous tests of EFs,
particularly the difficulty disentangling the contributions of WM and inhibitory control to
task performance. The TEC was chosen for the present study because WM and inhibitory
control were two aspects of EFs that were found to be impaired in FXS in previous research
(Bennetto, et al., 2001; Cornish, Munir, & Cross, 2001; Hagerman, 1999; Keysor &
Mazzocco, 2002; Sobesky, et al., 1996; Wilding, et al., 2002). The TEC shares features with
the CNT (Anderson, et al., 2000), which also manipulates demands for WM and inhibitory
control, but has the added advantage of computerized presentation and specific tests for each
parametric manipulation of target constructs. The design of the TEC involves serial
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presentation of visual stimuli in six different tasks, with stepwise increases in WM load and
response-inhibition demands across tasks. Stimuli are simple two-dimensional drawings of
common objects familiar to children, and are presented in pseudorandom order within each
task. There are two parametric manipulations of WM and inhibitory demand across tasks: 1)
tasks progress from simple target detection (i.e., press the X key when you see the target
stimulus and the Y key for all other stimuli) to one-back and two-back target detection (e.g.,
press the X key when the stimulus is the same as the one presented two stimuli previously
and otherwise press the Y key); and 2) every other trial is an inhibit trial in which there is an
exception to the rule (e.g., follow the preceding rule except when the stimulus has a box
around it, then press the Y key). Participants were administered a research version of the
TEC (Gioia, Isquith, & Roth, 2006), provided by test authors. On the recommendation of the
test authors (P. Isquith, personal communication, January 3, 2011), total number correct
across trials was converted to a percent and entered into data analysis.

Social Cognition Tests

Faux Pas Test (Gregory, et al., 2002; Stone, Baron-Cohen, & Knight, 1998). Baron-Cohen
and colleagues (1999) originally developed the Faux Pas Test as an advanced test of ToM
that would be appropriate for older children, and it was subsequently adapted for use with
adults (Gregory, et al., 2002; Stone, et al., 1998). The test is comprised of a series of short,
spoken vignettes, half of which include a faux pas (e.g., a girl insults cafeteria staff when a
boy, out of her hearing, just said his mother worked in the cafeteria). The examinee is asked
whether someone said something they shouldn’t have said (i.e., if a faux pas had occurred; if
so, what it was; and the mental state of the person who made the faux pas (e.g., did the girl
know the boy’s mother worked in the cafeteria). The Faux Pas Test was chosen for the study
for several reasons. First, comprehension of faux pas is thought to be the most
developmentally advanced use of ToM (Baron-Cohen, et al., 1999), maturing by around age
11 years; thus, the Faux Pas Test was expected to be more sensitive to between-groups
differences in adolescents than a simple first-order false belief test. Second, the Faux Pas
Test has revealed between-groups differences in studies of other clinical populations with
social disabilities, such as autism and Asperger Syndrome (Baron-Cohen, et al., 1999),
acquired brain injury (Martin-Rodriguez & Leon-Carrion, 2010; Muller, et al., 2009), and
frontotemporal dementia (Gregory, et al., 2002). Third, there is evidence that faux pas
comprehension is impaired in children with social anxiety (Banerjee & Henderson, 2001),
which is common among girls with FXS. Last, in a longitudinal study of typically
developing children (Banerjee, Watling, & Caputi, 2011), faux pas comprehension was
related to measures of social acceptance; thus, Faux Pas test scores were expected to
correlate with measures of everyday social functioning.

Participants listened to a series of 10 stories, which were recorded on audiotape to eliminate
visual cues to comprehension. Each story was followed by a series of questions requiring
detection of the faux pas and description of what that person did or did not know in the
scenario and his or her intent. There were two follow-up questions requiring recall of main
facts from each story. An additional 10 stories served as controls. The adult version was
used, as an ongoing study by the first author revealed a ceiling effect on the child version
when administered to older adolescents. The test yielded a maximum score of 60 for faux
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pas items and 20 for control items. The total score for faux pas items was converted to a
percent for data analysis.

Reading the Mind in the Eyes Test-Child Version (Baron-Cohen, Wheelwright, Scahill,
Lawson, & Spong, 2001). The Reading the Mind in the Eyes Test (“Eyes Test”) was
developed as a measure of “mentalizing”, the ability to read an individual’s thoughts by
looking only at his or her eyes. The Eyes test was used for the present study because, like
Faux Pas, the Eyes Test is considered an advanced test of social cognition (Muller, et al.,
2009) and thus, is appropriate for adolescents. The Eyes Test has been widely used to study
social cognition in children, adolescents, and adults with a variety of developmental and
acquired disorders, including autism spectrum disorders (Baron-Cohen, Wheelwright,
Scahill, et al., 2001), acquired brain injury (Turkstra, 2008), and psychiatric disorders such
as schizophrenia (Bora, Eryavuz, Kayahan, Sungu, & Veznedaroglu, 2006) and depression
(Wang, Wang, Chen, Zhu, & Wang, 2008). Scores on the Eyes Test differentiate
premutation carriers from typical peers, even after controlling for 1Q and age (Cornish,
Kogan, et al., 2005), and a test of emotion recognition (an element of the Eyes Test) has
revealed social cognition impairments specifically in women and girls with FXS (Mazzocco,
et al., 1994). Of interest given estimates of social anxiety ranging from 23% to 50% in girls
with FXS (Keysor & Mazzocco, 2002), Eyes Test scores in typically developing young
women with high social anxiety were higher than in women with low social anxiety
(Sutterby, Bedwell, Passler, Deptula, & Mesa, 2012)

The Eyes Test has a child version (Baron-Cohen, Wheelwright, Scahill, et al., 2001) and an
adult version (Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001). The child version
was used in the present study as it is not subject to a ceiling effect in adolescents, and the
vocabulary of the adult version includes low-frequency words (e.g., incredulous,
despondent, pensive) that might have been beyond the vocabulary level of younger TD
adolescent participants and those in the FXS group. The test consists of 28 black and white
photographs of the eye region of the face of individual men and women. Each photograph
has two words printed above it and two below. Participants are asked to choose one of the
four words that best describes what the pictured person is thinking or feeling. The test yields
a maximum score of 28, which was converted to a percent correct for data analysis.

Measures of Everyday Social Functioning

Self-Perception—Social self-perception was measured using the Harter Self-Perception
Profile for Adolescents (SPPA; Harter, 1988), a 45-item questionnaire. The SPPA and its
pediatric equivalent, the Self-Perception Profile for Children (Harter, 1985), are the most
widely used and studied measures of their kind (John, 2001). The SPPA has been studied
extensively in typical adolescents (e.g., Shapka & Keating, 2005; Todd & Kent, 2003;
Wichstrom, 1995), and has shown discriminant validity and reliability in a wide variety of
clinical groups, including adolescents with physical, social, and intellectual disabilities. The
SPPA has nine subscales: academic, physical, physical appearance, job competence,
romantic appeal, behavioral conduct, social, close friendships, and general self-worth. Raw
scores from the last five subscales (in italics) were averaged for use in data analysis.
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Todd and Kent (2003) used a version of the SPPA developed previously by Wichstram
(1995), who modified the format be more easily comprehensible to respondents. In its
original version, the SPPA had two contrasting descriptions of adolescents on opposite sides
of the page (e.g., “some teenagers have a lot of friends” on the left; “other teenagers do not
have very many friends” on the right) and thus, the participant was asked to choose which of
the two statements best described him or her, and how closely (is it “really” vs. “sort of”
true). Wichstrem (1995) modified the item presentation so that only a single description
appeared, the original item on the left, which was rephrased in the first person (e.g., “I have
a lot of friends”), and the respondent then chose one of four responses: (1) describes me very
well, (2) describes me fairly well, (3) describes me a little, and (4) does not describe me at
all. Wichstrgm (1995) reported that the modified version had higher internal consistency
than the original (mean alpha of .77 vs. 67), and had acceptable convergent validity and
reliability (data were not provided). The use of the modified test ensured that even
participants with lower 1Qs were able to understand the questionnaire format.

Parent perception—~Parent perception of social life was measured using the Socialization
domain of the Parent/Caregiver Report Form of the VABS-II (Sparrow, et al., 2005). The
VABS-II was designed to measure personal and social skills for the purpose of diagnosis,
determining eligibility for services, intervention planning, and research (Sparrow, et al.,
2005). The VABS-II was normed on 3695 persons from early childhood to age 90 years,
with demographic characteristics matching the 2001 U.S. census. Reliability and validity
coefficients range from .58-.91, and VABS-II scores have a high correlation with scores on
the Adaptive Behavior Assessment System — Second Edition (Harrison & Oakland, 2003).
The VABS-II is widely used for the evaluation of individuals with clinical disorders such as
intellectual disability and autism spectrum disorders. Unlike other commonly used parent
measures of social behavior (e.g., the Child Behavior Checklist; Achenbach & Edelbrock,
1980), the Parent/Caregiver Report Form of the VABS-I11 includes norms for individuals up
to age 21 years 11 months and thus, was well-suited for the present study. Scaled scores for
the Socialization domain were used in data analysis.

Procedures

Once informed assent and consent was obtained from participants and their caregiver each
participant completed standardized language and cognitive assessments and experimental
tasks. Caregivers completed the VABS. Tasks and tests were administered in random order.
Participants were tested at the XXX. One participant was unable to complete two of the
CASL tests on site due to travel constraints, and the missing tests were administered by a
speech-language pathologist in the participant’s home community. Hearing screenings were
completed by a trained research assistant or certified audiologist, and the results of school-
or hospital-based hearing testing within the previous two years were used when available.

Participants were seen in one session of approximately 3 hours, with breaks as needed, and
were paid $50 for their participation. Travel costs were reimbursed for participants driving
from outside of the local area.
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Data Analysis

Results

Hypothesis 1 was tested using one-way analyses of variance (ANOVAs), with Bonferroni
correction for multiple comparisons (criterion alpha =.017). Follow-up analyses of
covariance (ANCOVAs) were conducted to explore the relative contribution of 1Q,
language, and EF test scores to any group differences on social measures. Hypothesis 2 was
tested by conducting a multivariate regression analyses with 1Q, language, and EFs as
predictors of the scores on the two social cognition tests. Hypothesis 3 was tested using
separate regression analyses for each of the two measures of everyday social functioning,
with the two social cognition test scores as predictors and age as a covariate for the SPPA
analysis. The criterion alpha level for Hypotheses 2 and 3 was 05/2 = .025.

Standard scores created from age-stratified normative samples were used where available
(e.g., for the CASL, Leiter, VABS-II, and 1Q tests). Previous studies by the authors (e.g.,
Turkstra, Dixon, & Baker, 2004) and others have not shown age effects on social cognition
tests from ages 13-21 years; thus, social cognition test scores were not corrected for age.
Age was significantly correlated with SPPA scores, r = .39, p = .01, and the correlation of
age and TEC scores approached significance, r = .32, p = .06. Thus, age was entered as a
covariate in regression and correlation analyses involving SPPA and TEC scores.

Hypothesis 1: Between-Groups Differences

Average scores for the FXS and TD groups on all measures are listed in Table 1. TD group
scores were significantly higher than FXS group scores on the CASL, t(37) = 6.77, p < .001;
and Leiter, t(38) = 7.32, p <.001. The CASL and Leiter scaled scores of all TD participants
were above 85 (i.e., 1 SD below the mean of the standardization sample). CASL core
composite scores were more than 1 SD below 85 for 11 of 19 girls in the FXS group (data
from one participant were missing), and CASL Pragmatic Judgment Test scores were below
average for 11 of 20 girls in the FXS group. Leiter scores were more than 1 SD below
average for 14 girls in the FXS group.

TEC data are shown in Figure 1 (percent accuracy) and Figure 2 (commission errors). For
percent accuracy, there also was a significant effect of group, F(1,99) = 35.24, p <.001; and
condition, F(2, 99) = 16.98, p < .001; and no significant interaction of group by condition,
F(2, 99) = .07, p = .93. For inhibition, there was a significant effect of group, F(1,99) =
63.65, p <.001; and condition, F(2, 99) = 4.34, p < .05; and no significant interaction of
group by condition, F(2, 99) = 2.38, p = .10. Figure 2 shows that participants in both groups
made commission errors primarily on inhibition trials; that is, errors were not false positive
responses on the basic n-back trials, but rather were errors inhibiting responses on the target-
in-box trials. The between-groups difference was no longer significant if Leiter scores were
entered as a covariate, F (1, 31) = 1.87, p=.18.

There were significant between-groups differences on the SPPA, t(37)= 2.03, p > .05; and
VABS-II, t(35) = 6.52, p < .001. VABS-II questionnaires were returned by parents of 18
participants in the FXS group (all mothers) and 19 participants in the TD group (14 mothers,
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4 fathers, and 1 for which the identity of the parent could not be determined). Scores for 13
of 18 participants in the FXS group were in the clinical range, vs. 2 of 19 in the TD group.

An ANOVA revealed a significant between-groups difference on the Eyes Test, F(1,38) =
12.30, p = .001. This difference was no longer significant when Leiter, CASL, and TEC
scores were added as covariates, F(1,27) = .33, p = .57, with only 1Q contributing
significantly, F(1,27) = 5.06, p < .05. Similarly, an ANOVA revealed a significant between-
groups difference on the Faux Pas Test, F(1,38) = 29.61, p <.001, but this difference was no
longer significant when Leiter, CASL, and TEC scores were added as covariates, F(1,27) =.
57, p = .46, with a significant contribution of CASL scores only, F(1,27) = 9.59, p < .005.

Hypothesis 2: Language, Executive Functions, and 1Q vs. Social Cognition

Regression results are shown in Table 2. For the FXS group, the combination of Leiter,
CASL, and TEC scores and age accounted for 69% of variance in Faux Pas scores, p <.005,
with significant contributions of TEC scores, t =-3.14, p < .01, and CASL scores, t =5.13, p
<.001; and no significant contribution of Leiter scores, t = .35, p=.73; orage, t=1.47,p=.
17. A univariate regression revealed no significant correlation between TEC scores and Faux
Pas test scores, adjusted R-squared = 1.04, p = .59; but when language test scores were taken
into account lower TEC scores are associated with higher scores on the Faux Pas test. The
combination of Leiter, CASL, and TEC scores and age accounted for 54% of variance in
Eyes Test scores, p < .05, with only Leiter scores contributing significantly, t =2.52, p <.
05; and no significant contribution of TEC scores, t =.17, p = .87; CASL scores, t = .57, p
=.58; or age, t = 1.48, p = .16. Thus, language and executive functions predicted scores on
the verbal test of social cognition, and nonverbal 1Q predicted scores on the visuospatial test
of social cognition.

For the TD group, the combination of Leiter, CASL, and TEC scores and age accounted for
24% of variance in Faux Pas scores, which was not significant, p = .47. Likewise, the
combination of Leiter, CASL, and TEC scores and age accounted for 31% of variance in
Eyes Test scores, p = .31, with no significant contribution of any test variable.

Hypothesis 3: Social Cognition vs. Everyday Social Functioning

Regression results are shown in Table 3. For the FXS group, the regression of Eyes and
Faux Pas scores on SPPA scores approached significance, adjusted R-squared = .32, p =.
026, with only Eyes Test scores contributing significantly, t(3, 16) = 2.20, p = .04. The
regression of Eyes and Faux Pas scores on VABS scores was not significant, adjusted R-
squared = .17, p = .14.

For the TD group, the regression of Eyes and Faux Pas scores on SPPA scores was not
significant, adjusted R-squared = -.10, p = .73. Likewise, the regression of Eyes and Faux
Pas scores on VABS scores was not significant, adjusted R-squared = -.06, p = .59.

Discussion

Adolescent girls with FXS are at high risk for social problems, but the mechanisms
underlying these problems are unknown. The aims of the present study were to describe
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social cognition in this at-risk group and test hypotheses about factors contributing to
performance, specifically language, EFs, and 1Q. A main motivation for the study was that
intervention for a core impairment in social cognition would be quite different from
intervention for social performance problems related to underlying deficits in domain-
general cognitive functions. A second motivation was to link social cognition to everyday
social functioning, not only as rated by parents but also as rated by girls with FXS
themselves.

Results of the study provided partial support for the study hypotheses, and also revealed
unexpected findings that could have important clinical implications. In the following
sections, we discuss each study hypothesis, then consider ways in which the results can
inform clinical assessment and intervention for adolescent girls with FXS.

Hypothesis 1: Between-groups differences in social cognition and everyday social

functioning

Differences in social cognition—There were statistically significant differences
between the FXS and typical groups on two measures of social cognition: “reading”
thoughts and feelings from a photograph of the eye region of a face, and understanding faux
pas in spoken stories. These findings supported the first study hypothesis. These differences,
however, were accounted for by between-groups differences in 1Q and language, and thus
did not suggest a core deficit in social cognition in girls with FXS. Findings were similar to
those of previous research in women with FXS, which showed no difference in social
cognition between women with FXS and typical peers once 1Q was controlled (Mazzocco, et
al., 1994).

Differences in everyday social functioning—There were statistically significant
differences between the FXS and typical groups in self- and parent-reported social
functioning in everyday life. Although there was a between-groups difference in self-
reported acceptance, adolescents in both groups rated their social acceptance as generally
good, and overall mean scores for both groups were similar to those for typical Norwegian
adolescents who completed the modified version of the SPPA (Wichstrom, 1995) that was
used in the present study (Norwegian N = 11,315, M = 3.09, SD = .49; vs. FXS M = 2.82,
SD =.31; and TD M = 3.06, SD = .30). By contrast, 13 of 18 parent ratings of social
functioning in the FXS group (76%) were below the average range for the standardization
sample, compared to 2 of 19 ( 11%) in the typical group. The effect size for group
differences in parent-reported social functioning (ES = 1.46) also was substantially larger
than for self-reports (ES = .63); that is, parents perceived a greater difference in social
functioning than their daughters did themselves, and the majority of parents in the FXS
groups reported clinically significant social problems in their daughters.

The finding of higher self- than parent ratings of social functioning in adolescents with FXS
is consistent with results of other studies of adolescents with disabilities (e.g., Burgess &
Turkstra, 2010; Hughes, Turkstra, & Wulfeck, 2007), in which adolescents rated their own
social lives as being better than their parents perceived. The underlying cause of the
discrepancy in self- vs. parent-rated outcomes is unknown. It might be due to failure of girls
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with FXS to accurately report problems, or possibly a lack of metacognitive skills in girls
with FXS, resulting in failure to appreciate their social problems or understand their social
standing in relation to peers. It also might be due to a need to depict one’s social life in a
positive light, which is not uncommon in typical adolescents (Ames & Kammrath, 2004;
Pakaslahti & Keltikangas-Jarvinen, 2000). Discussing a similar pattern in self- vs. parent-
reported social anxiety in girls with FXS, Keysor and Mazzocco (2002) stated:

“This discrepancy may reflect that parents either attribute or perceive more anxiety
in their daughter than she actually experiences, a failure of girls with FraX to report
their symptoms accurately, or a combination of these. An alternative explanation...
is that girls with FraX may acknowledge their symptoms without recognizing the
magnitude of their impairment.” (p. 183)

One possible explanation for the discrepancy between parent and self-reports does not
invoke lack of insight or disclosure on the part of adolescent participants: parents might be
over-reporting problems. Adolescents in general have hyper-acute perception of social life
and their place within it (Sumter, Bokhorst, Steinberg, & Westenberg, 2009), suggesting
they are quite able to identify their own social strengths and limitations. In a qualitative
study by Jones (2012), adolescents with intellectual disabilities shared comments such as, “I
hate being MR because people make fun of me” (p. 35), showing awareness of peer social
judgments even in adolescents with impaired cognition. It should be noted that reports from
girls in the FXS group, albeit within the average range, were statistically lower than those of
typical peers (i.e., indicating a perception of less social acceptance). Thus, as observed in
other adolescent clinic groups (Daley & Weisner, 2003; Hughes, Turkstra, & Wulfeck,
2009), the present cohort might have shown the typical developmental tendency to
overestimate their social competence, but nevertheless seemed to be aware of social
differences between themselves and their peers.

Burgess and Turkstra (2010) found similar discrepancies in self- vs. mothers’ reports of
social functioning in adolescent boys with high-functioning autism/Asperger syndrome, and
suggested that the two parties might have different but equally accurate perceptions. The
authors suggested that mothers’ ratings were based on an “adult perspective” of what
adolescent experience was like for their child, possibly in comparison to recollections of
parents’ own childhoods or their hopes for their children, and noted the importance of
recognizing that perceptions can be different but still accurate. Thus, everyday social
experiences of girls in the present study could be positive at the same time as their parents
saw challenges. It is worth noting that typical adolescents’ behaviors with parents often
differ substantially from their behaviors with peers, in part because time with peers typically
is more desirable than time with parents (Larson, 1983). An addition, adults’ recollection of
adolescent social life tends to have a negative bias that is inconsistent with actual experience
(Hendry & Reid, 2000); as a result, parents’ ratings might be confounded by their own
recollection biases. Parent ratings also might be influenced by concerns for the future. Thus,
a discrepancy in scores does not necessarily imply that girls with FXS lacked awareness of
their problems.

Regardless of the cause of self- vs. parent-report discrepancies, on a self-perception measure
of social acceptance the person completing the ratings is the “gold standard.” If participants
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have insufficient metacognitive skills to evaluate their own social lives by adult criteria, they
also might have insufficient metacognitive skills to fully appreciate their social problems,
and thus might feel satisfied with their current status. This raises questions about the wisdom
of intervention that aims to “improve” social skills and social acceptance, if the adolescent
herself does not perceive a problem.

Hypothesis 2: Correlates of social cognition

Cognitive test scores accounted for a statistically significant proportion of scores on social
cognition measures in girls with FXS. Contrary to predictions, however, EF scores were not
among the positive predictors. Instead, the contribution of language test scores to scores on
the most language-demanding social cognition test was statistically significant, and
nonverbal 1Q contributed at a statistically significant level to scores on the most
visuospatially demanding social cognition test. An unexpected result was that in the FXS
group, there was a statistically significant negative correlation between EF scores and scores
on the Faux Pas test (i.e., higher EF scores were associated with lower Faux Pas scores). The
lack of a positive correlation between Faux Pas comprehension and EFs was surprising.
Faux pas comprehension is a prototypical test of WM and inhibitory control. Stimuli are
spoken stories that are 53 to 96 words in length and each includes several units of meaning,
including proper names of two or more characters. All of this information must be kept in
mind while answering a series of follow-up questions. In addition, faux pas comprehension
requires the examinee to maintain two competing interpretations in WM (literal vs.
nonliteral) and inhibit the literal meaning in favor of the nonliteral meaning. In theory, the
EF demands of the Faux Pas test were well matched by the TEC, which required participants
to hold information in mind and inhibit a prepotent tendency to respond in favor of an
alternative choice.

Before concluding that EFs truly have a negative relationship with faux pas comprehension
in girls with FXS, it is important to consider alternative explanations for the results. First,
examination of the raw data suggested that the negative correlation could be due to the
influence of two participants in the FXS group who had very low nonverbal 1Q but language
test scores in the average range. In a sample of this size, two participants with extreme
scores could have exerted a disproportionate effect. Second, non-construct factors might
have influenced performance. The most likely confound was language ability, suggested by
the strong positive correlation between CASL and Faux Pas test scores. It is possible that in
a clinical group with known language impairments, such as the girls with FXS tested here,
the effect of language could outweigh the influence of EFs. Using the Flesch-Kincaid
formula (Flesch, 1994), the Faux Pas stimulus paragraphs vary from Grade 1 to Grade 5,
which should have been within the comprehension ability of all participants. The Flesch-
Kincaid formula, however, has been shown to underestimate reading level by as much as
two grades (Mailloux, Johnson, Fisher, & Pettibone, 1995), however, so the reading level of
some stimuli might have been challenging for participants in the FXS group. Flesch-Kincaid
also measures only the number of syllables, words, and sentences, which does not account
for syntax such as embedded sentence complement structures, which are inherent in ToM-
type questions (e.g., what does [ think about X]). Thus, the effects of language might have
outweighed any contribution of EFs, so that EF scores acted as a suppressor variable in the

Am J Intellect Dev Disabil. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Turkstra et al.

Page 15

regression. Future research could use written or pictured stimuli to decrease language
demands, but this could limit ecological validity, as pictures and writing are not available in
participants’ everyday social lives.

A final possibility is that another EF measure might have revealed different results.
Although the TEC was chosen specifically because it measures the types of EFs thought to
be involved in faux pas comprehension, several studies of EFs in women with FXS have
used the WCST and CNT (Bennetto, et al., 2001; Kirk, et al., 2005; Simon, Keenan,
Pennington, Taylor, & Hagerman, 2001; Sobesky, et al., 1996), and these might have had a
stronger relationship with social cognition. It should be noted, however, that the WCST and
CNT appear to test cognitive processes similar to those tested on the TEC.

EF test scores likewise did not make a statistically significant contribution to scores on the
Eyes Test. This null finding might have resulted from the fact that the Eyes Test had a
minimal WM load, as the stimuli were individual pictures, shown for an unlimited time, and
word choices were visible throughout. The demands on inhibitory control likewise were
low, as participants had no constraints on responding other than to choose only one of four
words to describe the feelings or thoughts of the person pictured. In a previous study of
typical adults (Ahmed & Stephen Miller, 2011), Eyes Test scores did not correlate with
scores on tests of EFs, although EF tests in that study focused on cognitive flexibility rather
than inhibitory control and WM. A lack of correlation between EF tests and Eyes Test
scores has been reported in other populations as well, however, including adults with
traumatic brain injury (Muller, et al., 2009) and Huntington Disease (Eddy, Sira
Mahalingappa, & Rickards, 2012), suggesting that the Eyes Test indeed has low EF
demands. For this reason, the Eyes Test is unlikely to capture social cognition challenges of
everyday life, in which stimuli must be processed rapidly in complex environments. Perhaps
a more dynamic test of emotion recognition, such as the Emotions subtest of the video-based
Awareness of Social Inference Test (TASIT; McDonald, Flanagan, & Rollins, 2002) would
be more linked to EFs, although TASIT includes only basic emotions presented at relatively
long durations, and thus might miss subtle and fleeting social emotions that are typical in
adolescent life (e.g., disdain, impatience, desire).

The trend toward a positive correlation between Eyes Test scores and 1Q was consistent with
results of previous studies in typical young adults (Ahmed & Miller, 2011; Peterson &
Miller, 2012), and suggests that the Eyes Test performance is influenced by domain-general
cognitive functions. The most likely non-social contributor to Eyes Test performance is
vocabulary. Consistent with this, Peterson and Miller (2012) found a correlation of .49
between Eyes Test scores and scores on the Vocabulary subtest of the Wechsler Abbreviated
Scale of Intelligence (Wechsler, 1999), in a study of 42 college students (23 females). As in
the present study, participants were provided with the vocabulary definitions included in the
Eyes Test, and were encouraged to consult the definitions if they did not know the meaning
of a word. Results suggest, however, that this did not counter effects of variable vocabulary
knowledge. It is noteworthy that researchers have used a variety of measures in attempts to
understand the relationship between social cognition and EFs in clinical and nonclinical
samples, and results have been mixed (see review in Ahmed & Miller, 2011). Standardized
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assessment of both social cognition and EFs is relatively new; thus, it may be that as tests
improve the relationship between these two constructs will be clarified.

In typically developing girls, there were no statistically significant relationships among
cognition and social cognition test scores. This was not surprising for several reasons. First,
scores on both types of measures were higher and less variable in the TD group than the
FXS group, so there was not much variance for which cognitive test scores could account.
High scores on the Faux Pas test were expected, as the construct of faux pas typically is
mastered by about age 11 years (Baron-Cohen, et al., 1999). Eyes Test scores also were
high, although well below ceiling levels, and like Faux Pas scores had a relatively limited
range. A second possible reason for the lack of a statistically significant correlation is that
language, EFs, and 1Q play a more important role in development of ToM vs. using ToM on
everyday tasks. Language in particular has been hypothesized to play a critical role in the
development of ToM (de Villiers & Pyers, 1997; Miller, 2004), as the main way for young
children to learn about others’ thoughts is by hearing others talk about them. For example,
mothers’ use of mental-state terms was correlated with performance of 4- and 5-year-old
children on a false belief task (Adrian, Clemente, Villanueva, & Rieffe, 2005). By contrast,
children with developmental language impairments perform like their typical peers on ToM
tasks, once language demands are controlled (Miller, 2004), suggesting that language
impairments per se might not be critical to successful ToM performance once core ToM
constructs have developed. Perhaps EFs, language, and 1Q are most influential either early
in typical development or when one or more of these cognitive functions is impaired. Other
potential reasons for the lack of a statistically significant correlation between cognitive and
social cognitive tests were that the social cognition measures used were insensitive to the
aspects of ToM that develop during adolescence, or that the sample size was too small and
homogeneous to detect any effects. Potential limitations related the social cognition tasks
and sample characteristics are discussed further below.

Hypothesis 3: Relation of social cognition to everyday social functioning

Social cognition test scores correlated at statistically significant levels with parent and self-
ratings of social functioning in the FXS group, with moderate-sized effects. The one
correlation that was not statistically significant — between the Faux Pas test and VABS — was
in the expected direction, so the lack of statistically significant findings may have been due
to inadequate statistical power.

The findings suggest that problems in social cognition can play a role in social outcome,
regardless of the cognitive mechanisms underlying performance (i.e., if language
impairments contribute to errors on tasks requiring social cognition). Girls and women with
FXS are known to be at risk for social problems (Hagerman, 1999; Hagerman, et al., 1992;
Keysor & Mazzocco, 2002), which would be expected given the high prevalence of autism
spectrum disorders among the broader FXS population (Moss & Howlin, 2009). Less is
known, however, about females with FXS who do not have an autism diagnosis but still
experience social challenges. It appears that even in this group, social cognition is an
important consideration in overall social outcome.
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It was interesting that different social cognition tests contributed to different social outcomes
in girls with FXS, with Eyes Test scores relating to self-reports and Faux Pas test scores
relating to parent reports. This was consistent with the finding of overall differences
between adolescents’ self-perceptions and perceptions of their parents (Burgess & Turkstra,
2010; Daley & Weisner, 2003; Hughes, et al., 2009), and supports the inclusion of both
types of data when considering social outcomes in this age group.

For the TD group, social cognition variables did not predict self- or parent-reported social
functioning in typical adolescent girls. While the lack of a correlation between social
cognition and social functioning might have been due to limited variance in the former, as
was suggested in regard to cognitive tests, similar findings have been reported previously in
the literature on typical adolescent development (Cavell, 1990). Also as noted in regard to
cognitive predictors, it might be the case that social cognition only plays a role in social
functioning if it is impaired. This type of nonlinear relationship has been observed in other
domains of adolescent functioning, such as parenting style vs. adolescent psychosocial
outcomes, which are related only if parental control is high (Kurdek & Fine, 1994). If social
cognition is adequate for everyday interactions, social functioning might be more strongly
influenced by non-cognitive factors known to play an important role in adolescence, such as
appearance, income, race, sex, and personal factors such as motivation (Cavell, 1990).

The present study was limited by the small sample size. Although effect sizes were medium
or large, further interrelationships among cognitive, social cognition, and social functioning
variables might have emerged in a larger sample. Despite the small sample size, participants
with FXS were representative of the general FXS psychological phenotype in females
(Bennetto, et al., 2001; Keysor & Mazzocco, 2002), including 1Qs lower than those of
typical peers, with about two thirds in the average or borderline range; impairments in EFs,
language, and social cognition; social withdrawal, shyness, and social anxiety; and parent-
reported everyday social problems that, although statistically significant, did not meet
criteria for a primary diagnosis of autism. Thus, overall the study results might be applicable
to the broader population of adolescent girls with FXS. Nevertheless, it is important to
recognize the variability in psychological presentation among girls with FXS (Keysor &
Mazzocco, 2002), which must be kept in mind when interpreting group data such as those
reported here.

Our interest in determining whether FXS is associated with social-cognitive impairments
and altered perception of skill in navigating the social world of the adolescent led us to
compare age-matched groups. It would be helpful, however, to also compare females with
FXS to a comparison group matched for age and 1Q. Although 1Q was considered in the
analyses, as Bennetto and colleagues (Bennetto, et al., 2001) noted that there might be
“something more general about having a lower IQ that leads to an uneven [cognitive]
profile” (p. 295). Likewise, it might have been helpful to compare the FXS group to females
matched for language ability. At the age studied here, girls who were even a few years
younger would be likely to have had very different social experiences and perceptions,
which would confound interpretation of self- and parent-report data. Moreover, we were
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able to evaluate the contributions of 1Q and language ability statistically. And finally,
Bennetto and colleagues (2001) found no difference in results between covarying on 1Q and
equating for 1Q through matching, so at least for 1Q it is not clear that a matched comparison
would have altered the results.

The study was limited by the tools used to measure social cognition and EFs. Both of these
constructs are performance-based and highly context-dependent, which is a challenge for
standardized assessment. EF tests have been criticized for their lack of ecological and
predictive validity (Burgess, Alderman, Evans, Emslie, & Wilson, 1998; Turkstra, et al.,
2005), and a large body of literature attests to the continued debate about how EFs should be
parsed and measured. Similarly, as discussed earlier in this section, there continues to be
debate about the constructs included in social cognition and the best approach for
evaluation. The Eyes Test has the advantage of widespread use in studies of clinical
populations with social disorders, which permits comparison of results across studies and
populations, but it is an experimental task rather than a standardized test and its construct
validity has not been established. The Eyes test has been referred to as a test of automatic
detecting or decoding mental states (Sabbagh, 2004), but item response choices mix emotion
recognition and detection of more complex mental states, not only between items but also
within items (e.g., choices for item 8 include “remembering” and “happy”). It is possible
that these two aspects of social cognition might be differentially impaired or differentially
related to other cognitive functions, but it is not possible to disambiguate these two with the
test as constructed.

A fourth potential limitation was that mothers completing the VABS might have had FXS or
been premutation carriers, and thus might have either underestimated their daughters’
problems because of their own social cognition impairments, or overestimated problems
because of knowledge about social consequences of living with FXS. Future studies might
include tests of parents’ social cognition or perhaps ratings by family members known to be
without the FXS mutation.

Considerations for Intervention

We undertook the present study to better understand social functioning in adolescent girls
with FXS, many of whom have 1Qs in the typical range and interact in mainstream
classrooms with typically developing peers. An understanding of social functioning is
important at this stage, as social interactions are the cornerstone of adolescent life and social
developments are the foundation for successful work, school, and community outcomes in
adulthood. Adolescence also is a critical stage for development of EFs and high-level
language skills (Ciccia, Meulenbroek, & Turkstra, 2009), and presents a window of
opportunity for intervention. Thus, results can inform identification of appropriate
assessment and treatment strategies.

Although preliminary, results of the present study suggest that the social cognition
performance gap in girls with FXS is not due to impaired social cognition per se, but rather
can be attributed to general cognitive functions such as language and 1Q. This raises
questions about the type of intervention that would be most appropriate for this group. Any
intervention must consider the views of adolescents with FXS themselves, a principle that
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was underlined by the finding that girls with FXS reported generally positive views of their
everyday social lives. As Keysor and Mazzocco (2002) noted, competing hypotheses about
the discrepancy between parent and self-reports of social functioning have important
implications for assessment and treatment. If self-reports of adolescent girls are valid, what
does it mean to attempt intervention for problems they do not perceive? Perhaps intervention
could focus on making the transition to independent social life in the future, rather than
“remediating” current problems perceived by parents.

Conclusion

Mazzocco and colleagues (1994) first described social cognition deficits in women with
FXS almost two decades ago. Since that time, there have been important advances in our
understanding of the FXS phenotype, but relatively few studies have provided information
about females as a unique group. When compared to males, females with FXS have higher
levels of independence and employment and participate in more leisure activities, but also
have higher levels of anxiety and social phobia (Hartley, et al., 2011). Thus, they are more
likely to interact socially with typically developing peers but might experience challenges in
those situations. Knowledge about social functioning in this group can help identify supports
and intervention strategies to maximize social participation.

The present study revealed deficits in social cognition among adolescent girls with FXS,
which could be accounted for by language problems and nonverbal 1Q. Despite their
impairments in social cognition and their parents’ concerns about everyday social
functioning, however, girls with FXS reported levels of social acceptance that were
generally high. Discrepancies among social skills, social beliefs, and parent perceptions of
social functioning have important implications not only for our understanding of the
underlying mechanisms of the FXS psychological phenotype, but also for assessment and
intervention.
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Figure 1.

Total correct responses on the TEC. TD = typical peers, FXS = fragile X group. WM =
working memory trials (n-back only), INHIB = inhibition trials (n-back + inhibit response to

target picture if picture is in a box).
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Commission errors on the TEC. TD = typical peers, FXS = fragile X group. WM = working
memory trials (n-back only), INHIB = inhibition trials (n-back + inhibit response to target
picture if picture is in a box).
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Test scores for TD and FXS groups. Standard deviations are in parentheses. All between-groups differences
are significant (p’s < .01). CASL = Comprehensive Assessment of Spoken Language; TEC = Tasks of
Executive Control; SPPA = Self-Perception Profile for Adolescents; VABS-II = Vineland Adaptive Behavior

Scales, Second Edition.

TD (n = 20) FXS (n = 20)

Mean (SD) Range Mean (SD) Range
Leiter 1Q 111.30 (12.11) 87-137 73.15 (19.91) 42-111
CASL Core Composite 114.75 (7.61) 98-123 85.63 (17.59) 40-119
TEC Total Correct 515.35 (18.52) 473-540 402.67 (84.98) 248-491
Faux Pas Percent Correct 91.75 (7.17) 75-100 73.69 (13.00) 47.5-95
Eyes Test Percent Correct 75.60 (7.56) 60.71-90.48  61.97 (15.64)  39.29-89.29
SPPA Score 3.40 (.42) 2.6-4 2.94 (.62) 1.6-4
VABS-II Scaled Score for Socialization ~ 108.63 (15.45) 77-135 77.44 (13.53) 59-100
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