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Purpose: This study examined use of a speaker’s
direction of gaze during word learning by boys with
fragile X syndrome (FXS), boys with nonsyndromic
autism spectrum disorder (ASD), and typically developing
(TD) boys.
Method: A fast-mapping task with follow-in and discrepant
labeling conditions was administered. We expected that the
use of speaker gaze would lead to participants selecting
as the referent of the novel label the object to which they
attended in follow-in trials and the object to which the
examiner attended in the discrepant labeling trials.
Participants were school-aged boys with FXS (n = 18) or
ASD (n = 18) matched on age, intelligence quotient, and
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nonverbal cognition and younger TD boys (n = 18) matched
on nonverbal cognition.
Results: All groups performed above chance in both
conditions, although the TD boys performed closest to the
expected pattern. Boys with FXS performed better during
follow-in than in discrepant label trials, whereas TD boys
and boys with ASD did equally well in both trial types. The
type of trial administered first influenced subsequent
responding. Error patterns also distinguished the groups.
Conclusion: The ability to utilize a speaker’s gaze during
word learning is not as well developed in boys with FXS
or nonsyndromic ASD as in TD boys of the same
developmental level.
With development, young children come to un-
derstand and infer meaning from the inten-
tional actions of those around them (Baldwin &

Markman, 1989; Carpenter, Nagell, & Tomasello, 1998).
Among the most important skills gained during this devel-
opmental period is the ability to utilize the referential be-
haviors of communicative partners to support language
acquisition. These social cues decrease ambiguity and guide
the learner’s focus of attention to the speaker’s intended ref-
erent (Baldwin, 1993). A particularly significant social cue
is provided by the speaker’s direction of eye gaze (Brooks &
Meltzoff, 2005). The relationship between gaze following
and word learning is well documented for typically develop-
ing (TD) children as well as for children diagnosed with
autism spectrum disorders (ASD; Carpenter, Pennington, &
Rogers, 2002). For other populations of children with neu-
rodevelopmental disorders, including those with fragile X
syndrome (FXS), the development of gaze following and
subsequent effects on language development are not well
understood. The current study examined how young boys
with FXS use cues available from a speaker’s direction of
eye gaze to guide the acquisition of new words in a social
interactive context.

Investigation of the process of language learning in
FXS can add important information to our theoretical un-
derstanding of the psychological mechanisms that support
or hinder language learning in this neurodevelopmental
disorder as well as guide intervention planning. Given the
well-documented overlap in behavioral symptoms between
FXS and nonsyndromic ASD (i.e., cases of ASD in which
a genetic etiology has been ruled out), the current study uti-
lized a comparison group of children with nonsyndromic
ASD matched on chronological age, intelligence quotient
(IQ), and nonverbal developmental level as well as a compar-
ison group of TD children matched on developmental level.
Such comparisons can provide insight into the nature of
the learning processes that are uniquely associated with or
shared between neurodevelopmental disorders relative to
typical development.
Disclosure: The authors have declared that no competing interests existed at the time
of publication.
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When Social Cues Guide Word Learning
By late toddlerhood, TD children use a variety of so-

cial cues (e.g., gaze shifts, head turns, and pointing gestures)
to guide word learning in word-learning situations in which
there is no overt pairing between label and object (Baldwin,
1991, 1993; Baldwin et al., 1996; Tomasello, Strosberg, &
Akhtar, 1996). The speaker’s direction of gaze toward an
intended referent is a particularly critical cue that decreases
ambiguity and enables an accurate label–object pairing.
The construct of gaze following, also referred to as attention
following (McDuffie, Yoder, & Stone, 2006) or responding
to joint attention (Mundy et al., 2007), signals the emergence
of a child’s ability to be an active contributor to the word-
learning process.
Use of Social Cues by Children
With Nonsyndromic ASD

A number of studies have used fast-mapping para-
digms to examine the ways in which children with nonsyn-
dromic ASD use social cues to learn words when there is
ambiguity about the referent of a novel label (Luyster &
Lord, 2009; McDuffie et al., 2006; McGregor, Rost, Arenas,
Farris-Trimble, & Stiles, 2013; Walton & Ingersoll, 2013).
Fast mapping is the term for an associative learning process,
based on temporal contiguity, in which two units of informa-
tion (e.g., a label and an object) are linked in memory after
one or very few exposures (Carey & Bartlett, 1978). Fast-
mapping studies have provided evidence of difficulty in
learning new words when the speaker’s direction of gaze is
the only available cue to referential intent (Akechi et al., 2011;
Baron-Cohen, Baldwin, & Crowson, 1997). Baron-Cohen
et al. (1997) adapted a paradigm previously used with TD
toddlers (Baldwin, 1991) to determine the extent to which
children with nonsyndromic ASD could use speaker direction
of gaze to learn words in a discrepant labeling context (i.e.,
a context in which two potential object referents are avail-
able to the child at the moment the verbal label is provided
and the object being labeled is not the focus of the child’s
attention). Relative to younger TD children, children with
nonsyndromic ASD are less able to use direction of gaze
and more likely to make mapping errors when objects out-
side of their attentional focus are labeled (Baron-Cohen
et al., 1997). Other studies have shown that word learning
under conditions of discrepant labeling can approach the
level demonstrated by TD participants when the language
abilities of individuals with nonsyndromic ASD are age
appropriate or when additional cues and word repetitions
are present (Bani Hani, Gonzalez-Barrero, & Nadig, 2013;
de Marchena, Eigsti, Worek, Ono, & Snedeker, 2011).

Although individuals with nonsyndromic ASD may
demonstrate learning under particular variations of discrep-
ant labeling, use of a matching strategy in which groups
of participants are comparable on language abilities may
obscure potential relationships between the phenotypic
characteristics of a given neurodevelopmental disorder and
word-learning tasks performance. Thus, the present study
2 Journal of Speech, Language, and Hearing Research • 1–13
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was designed to examine the ways in which children with
FXS or nonsyndromic ASD, matched on nonverbal cogni-
tion and chronological age, learned a novel word during
conditions of follow-in labeling (i.e., a context in which two
potential object referents are available to the child at the
moment the verbal label is provided when the object being
labeled is in the child’s focus of attention) and discrepant
labeling.

FXS
FXS is an X-linked genetic disorder and the most com-

mon inherited cause of intellectual disability (Crawford,
Acuna, & Sherman, 2001). FXS is caused by an expansion
of a CGG trinucleotide repeat on the fragile X mental retar-
dation 1 (FMR1) gene on the X chromosome, which results
in a decrease in or absence of FMR1 protein (FMRP), the
protein typically produced by the FMR1 gene (Loesch,
Huggins, & Hagerman, 2004). FMRP is critical for synaptic
plasticity and experience-dependent learning (Bassell &
Warren, 2008). Although FXS can affect both sexes, it is more
prevalent in males, who are, on average, more severely affected
than females (Hagerman, 2008). For males, the behavioral
phenotype of FXS is characterized by intellectual disability
(Hessl et al., 2009), language delays (Abbeduto, Brady, &
Kover, 2007), repetitive behaviors (Wolff et al., 2012),
hyperarousal and inattention (Cornish & Wilding, 2010),
and social anxiety (Hessl, Glaser, Dyer-Friedman, & Reiss,
2006). In addition, as many as 90% of males with FXS dis-
play behaviors typically associated with nonsyndromic ASD,
such as gaze aversion, stereotyped behaviors, and repetitive
language (Hessl et al., 2006). Last, up to 60% of males with
FXS have symptoms that are frequent and severe enough
to warrant a comorbid diagnosis of ASD (Rogers, Wehner,
& Hagerman, 2001). However, the exact nature of ASD in
FXS continues to generate controversy (Hall, Lightbody, Hirt,
Rezvani, & Reiss, 2010; McDuffie, Thurman, Hagerman, &
Abbeduto, 2014; Rogers et al., 2001; Thurman, McDuffie,
Hagerman, & Abbeduto, 2014; Wolff et al., 2012). Although
there is some indication of neurobiological overlap between
nonsyndromic ASD and FXS (e.g., Fatemi & Folsom, 2011),
there is not yet consensus that this overlap leads to the same
behavioral symptoms (Hall et al., 2010).

Accounts of the social development of young children
with FXS often describe eye-gaze avoidance (Cohen, Vietze,
Sudhalter, Jenkins, & Brown, 1991; Hessl et al., 2006),
suggesting that these children are likely to miss behavioral
indicators of the attentional focus of other people. It has
been argued that the underlying cause of social avoidance
in children with FXS is social anxiety; that is, gaze-aversive
behaviors in FXS may function to minimize the social
anxiety caused by direct gaze sharing (Dalton, Holsen,
Abbeduto, & Davidson, 2008; Hessl et al., 2006). Regard-
less of its developmental etiology, gaze aversion may de-
crease the likelihood that a child will respond appropriately
to the social cues of communicative partners, thereby indi-
rectly affecting word learning. In addition, other aspects
of the behavioral phenotype of boys with FXS are likely to
rea McDuffie on 04/08/2015
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interfere with the ability to effectively respond to the refer-
ential cues of communicative partners during early lan-
guage learning (Cornish, Cole, Longhi, Karmiloff-Smith, &
Scerif, 2012). In the current study, we examined one aspect
of social communication that is of primary importance
during early word learning: the ability to utilize the direc-
tion of gaze of a communicative partner as a cue to referen-
tial intent when disambiguating the meaning of a novel
word.
Approaches to the Study of Language Development
in Boys With FXS

Investigations into the language abilities of boys with
FXS generally have used global measures of expressive or
receptive language or have investigated how language abili-
ties are concurrently or longitudinally related to the devel-
opment of other skills (Abbeduto et al., 2003). This line of
research has provided evidence that boys with FXS have re-
ceptive vocabulary skills that, although delayed relative to
age, are commensurate with nonverbal cognitive level and
that may even be a strength relative to expressive language
ability (Abbeduto et al., 2003; McDuffie, Kover, Abbeduto,
Lewis, & Brown, 2012). Moving beyond an understanding
of language as a product of development and examining
the process by which language is acquired by boys with
FXS can further both clinical and theoretical knowledge of
the FXS phenotype.
Word Learning in FXS
Using a task that included ostensive labeling of novel

objects, McDuffie, Kover, Hagerman, and Abbeduto
(2013) examined fast mapping in 4- to 10-year-olds with
either FXS or nonsyndromic ASD who were matched on
chronological age. In this paradigm, successfully establishing
an associative link between the target object and a novel
label did not require attention to the speaker’s direction of
gaze or understanding of the speaker’s referential intent
because only one object was presented at a time and only
one object in each pair of stimulus objects was labeled.
Given the way this fast-mapping task was structured, the
findings of McDuffie et al. (2013) can be considered to pro-
vide a baseline assessment of associative word-learning abil-
ity. Boys with FXS and those with nonsyndromic ASD
responded to the task at above-chance levels; however, par-
ticipants with FXS significantly outperformed participants
with nonsyndromic ASD despite having lower levels of
nonverbal cognition. The current study was designed to ex-
tend the work of McDuffie et al. (2013) by testing whether
boys with FXS demonstrate a relative advantage or weakness
in the use of a single critical social cue—the direction of a
speaker’s gaze—to learn words in a nonostensive context.
A comparison with performance by individuals with non-
syndromic ASD has the potential to add to our understand-
ing of how symptoms of ASD relate to specific learning
competencies.
ded From: http://jslhr.pubs.asha.org/ by University of California, Davis, And
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Research Questions
Using an experimental fast-mapping paradigm, the

current study was designed to investigate the ability of
young boys with FXS to use a speaker’s direction of gaze
as a guide to word learning. We adapted the paradigm orig-
inally introduced by Baldwin (1991) and later adapted by
Baron-Cohen et al. (1997) to examine the process of word
learning under conditions of follow-in and discrepant label-
ing. A group of same-aged boys with nonsyndromic ASD
matched on IQ and nonverbal developmental level served
as a comparison group, as did a group of young TD boys
matched on nonverbal developmental level. To generate hy-
potheses regarding causal mechanisms involved in word
learning, we also examined relationships with several pheno-
typic characteristics that might affect word-learning perfor-
mance. The following research questions were addressed:

1. Do children with FXS, children with nonsyndromic
ASD, or TD children learn a novel word under con-
ditions of follow-in labeling (i.e., when the examiner
labels the object in the child’s focus of attention)?

2. Do children with FXS, children with nonsyndromic
ASD, or TD children learn a novel word under
conditions of discrepant labeling (i.e., when the
examiner labels the object not in the child’s focus of
attention)?

3. Within each diagnostic group, is there a relative
difference in the ability to learn a novel word across
follow-in and discrepant labeling conditions?

4. Within each diagnostic group, is task performance in-
fluenced by the type of trial (follow-in vs. discrepant
labeling) administered first to each participant?

5. Do patterns of errors vary as a function of labeling
condition, trial type, or diagnostic group?

6. How does word-learning performance relate to child
phenotypic characteristics (i.e., autism symptoms,
vocabulary level, cognitive level) in FXS, nonsyn-
dromic ASD, or typical development?
Method
Participants

Participants in the current study were drawn from a
larger project investigating early word learning in FXS and
nonsyndromic ASD. The larger sample included 57 boys
with FXS, 61 boys with nonsyndromic ASD, and 59 TD
boys. Participants were recruited and tested at two univer-
sity sites, one on the West Coast and one in the Midwest.
TD participants were recruited locally at each site, whereas
participants with nonsyndromic ASD and FXS were re-
cruited nationally. A boy was included if speech was his pri-
mary means of communication, English was the primary
language spoken at home, and he lived with his biological
mother. For all participants, parents indicated that their
sons would be able to respond to simple instructions, such
as “Give me the toy,” and had used at least 10 different
Benjamin et al.: Effect of Speaker Gaze on Word Learning 3
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spoken words over the previous month. According to parent
report, no participant had any uncorrected motor or sen-
sory impairments that would preclude participation in the
experimental tasks. Hearing was screened during the re-
search visit to rule out hearing loss. Families of participants
with FXS provided documentation of a molecular test to
confirm the diagnosis of FXS, and participants with non-
syndromic ASD were enrolled in the study only if they had
a pre-existing community diagnosis of ASD or pervasive
developmental disorder–not otherwise specified as well as a
negative molecular test for FXS. TD participants were not
receiving any special education services at the time of study
enrollment.

Participants with FXS or nonsyndromic ASD from
the larger sample were included in the current study if they
had a nonverbal IQ below 85, as measured by the Brief
IQ subtests of the Leiter International Performance Scale–
Revised (LIPS-R; Roid & Miller, 1997). In addition, par-
ticipants with nonsyndromic ASD were required to receive
(a) a diagnostic classification of autism on the Autism
Diagnostic Interview–Revised (ADI-R; Lord, Rutter, &
Le Couteur, 1994) and (b) an autism severity score of at
least 4 (Gotham, Pickles, & Lord, 2009) on the Autism
Diagnostic Observation Schedule (ADOS; Lord, Rutter,
DiLavore, & Risi, 1999). TD participants were included if
they scored below a cutoff of 12 on the Social Communica-
tion Questionnaire (SCQ; Rutter, Bailey, Berument, Lord,
& Pickles, 2003). These criteria resulted in a subsample of
51 boys with FXS, 37 boys with nonsyndromic ASD, and
58 TD boys.

Remaining participants were considered for inclusion
in the current study only if all six trials of the experimental
word-learning task were valid as determined by task admin-
istration guidelines. A trial could be invalid due to child
noncompliance, examiner error, or other interruption such
as the need for a bathroom break. This criterion resulted
in a subsample of 27 boys with FXS, 21 boys with nonsyn-
dromic ASD, and 34 TD boys. Last, 18 participants with
either nonsyndromic ASD or FXS were matched on chro-
nological age (p = .83, d = 0.07), nonverbal IQ (p = .84,
d = 0.07), and LIPS-R growth scores (p = .61, d = 0.18).
Using LIPS-R growth scores, 18 TD participants were then
matched on nonverbal developmental level to those with
nonsyndromic ASD (p = .62, d = 0.17) and FXS (p = .94,
d = 0.03), yielding a final sample size of 54 (18 boys with
FXS, 18 boys with nonsyndromic ASD, and 18 TD boys).
Growth scores were used in addition to IQ as an absolute
measure of cognitive ability to match participants with FXS
and nonsyndromic ASD to TD participants. Character-
istics of participants are presented in Table 1.
Standardized Assessments
SCQ

The SCQ, a parent-report questionnaire based on the
ADI-R, was developed to serve as a screening tool for autism
symptoms. It was collected only for the TD participants,
as described previously (Corsello et al., 2007).
4 Journal of Speech, Language, and Hearing Research • 1–13
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ADOS
Participants with nonsyndromic ASD and FXS were

administered the ADOS, a play-based, semistructured as-
sessment that is seen as a gold-standard measure of autism
symptomatology. In the present study, the ADOS was used
to verify diagnosis for participants with nonsyndromic
ASD as well as to create a continuous metric of autism
symptom severity based on the algorithms introduced by
Gotham et al. (2009). The ADOS was administered by
research-reliable examiners.

LIPS-R
Brief IQ subtests of the LIPS-R, a nonverbally ad-

ministered measure of nonverbal cognition, were adminis-
tered. The Brief IQ subtests include Figure Ground, Form
Completion, Sequential Order, and Repeated Patterns.
Standard scores, which indicate a child’s ability relative to
same-aged peers, and growth scores, which indicate abso-
lute ability levels, were used to provide measures of IQ and
nonverbal developmental level, respectively.

Peabody Picture Vocabulary Test–Fourth Edition
The Peabody Picture Vocabulary Test–Fourth Edition

(PPVT-4; Dunn & Dunn, 2007) is a measure of receptive vo-
cabulary. Both standard scores and growth scores were re-
corded for this measure. Growth scores were used for analyses.

Expressive Vocabulary Test–Second Edition
The Expressive Vocabulary Test–Second Edition

(Williams, 2007), which is conormed with the PPVT-4, is a
measure of expressive vocabulary. Both standard scores
and growth scores were recorded for this measure. Growth
scores were used for analyses.

Word-Learning Task
Overview

The protocol for the larger study included four fast-
mapping tasks, which were administered to the majority
of participants over a 2-day visit. The word-learning task
used in the current study was the second word-learning task
administered to participants. As with the original version
(Baldwin, 1991; Baron-Cohen et al., 1997), the current task
was designed to determine if the participant was able to use
direction of eye gaze as a nonverbal referential cue when
mapping a novel label to a novel object. The task was intro-
duced as the Mine and Yours game, with participants being
told that it was a game in which both the child and exam-
iner would be playing with objects. The task included three
trials in each of two labeling conditions: follow-in labeling
and discrepant labeling. Regardless of condition, each of
the trials consisted of a teaching phase, during which the
novel label was presented, and a test phase, during which
comprehension and generalization were assessed. A different
novel label was used for each of the six trials, and the novel
objects and labels were randomly assigned to participants.
In addition, the order of trials was counterbalanced and
randomly assigned to participants such that half of the
rea McDuffie on 04/08/2015



Table 1. Demographic characteristics and word-learning task performance in boys with fragile X syndrome (FXS; n = 18),
boys with nonsyndromic autism spectrum disorders (ASD; n = 18), and typically developing (TD; n = 18) boys.

Variable

FXS Nonsyndromic ASD TD

M SD M SD M SD

Chronological agea 7.09 2.41 7.24 1.81 3.66 1.08
Nonverbal cognition (LIPS-R)
IQb 66.56 12.73 65.72 12.43 110.44 14.60
Growth score 454.78 12.47 456.89 12.16 455.06 9.89

Receptive vocabulary (PPVT-4)
Standard scoreb 75.06 14.22 63.17 19.99 122.87 8.00
Growth scorec 121.00 26.62 106.67 28.57 129.29 18.28

Expressive vocabulary (EVT-2)
Standard scoreb 75.16 15.09 62.44 25.56 119.00 10.37
Growth score 129.11 21.24 116.83 30.07 132.94 13.80

Autism symptomatology (ADOS)
Calibrated severity scored 5.17 2.09 8.28 1.41

Word-learning task
Follow-in labeling conditione 4.44 1.58 3.33 1.85 4.28 1.49
Discrepant labeling conditionf 2.50 1.76 2.44 1.65 2.83 2.23

Note. Unless otherwise noted, no between-groups scores significantly differ. LIPS-R = Leiter International Performance
Scale–Revised (Roid & Miller, 1997); IQ = intelligence quotient; PPVT-4 = Peabody Picture Vocabulary Test–Fourth Edition
(Dunn & Dunn, 2007); EVT-2 = Expressive Vocabulary Test–Second Edition (Williams, 2007); ADOS = Autism Diagnostic
Observation Schedule (Lord et al., 1999).
aTD participants significantly younger than participants with FXS and nonsyndromic ASD. bScores for TD participants
significantly greater than those for participants with FXS and nonsyndromic ASD. cScores for TD participants significantly
greater than those for participants with nonsyndromic ASD. dScores for participants with nonsyndromic ASD significantly
greater than those for participants with FXS. eCorrect response = child’s object. fCorrect response = examiner’s object.
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participants in each group received a follow-in labeling trial
first and half received a discrepant labeling trial first. Within
the current task, no more than two trials of the same condi-
tion were presented sequentially to any participant.

Teaching the Novel Word
Each trial began with the examiner presenting two

novel objects to the child. In both conditions, the examiner
placed the examiner’s object on the table first while saying,
“I’ll play with this one!” and then placed the child’s object
in front of the child while saying, “You can play with this
one!” The rationale for providing the child’s object second
in both experimental conditions was twofold: to increase
the likelihood that the child would notice the novel object
that was placed in front of the examiner and to increase the
likelihood that the child would be focused on his own ob-
ject when the novel label was provided.

In the follow-in labeling condition, the examiner
picked up his/her own object (i.e., the distractor object for
this experimental condition) but directed his/her gaze to the
child’s object (i.e., the target object for this experimental
condition) and provided the labeling phrase (e.g., “It’s a
modi! A modi! It’s a modi!”). The examiner did not present
the novel label until the child was visually focused on his
own object. If the child was not focused on his own object,
the examiner would start that trial from the beginning by
presenting the two novel objects again.

The discrepant labeling condition followed the same
procedure except that the examiner directed his/her gaze
to the examiner’s object (i.e., the target object for this
ded From: http://jslhr.pubs.asha.org/ by University of California, Davis, And
f Use: http://pubs.asha.org/ss/Rights_and_Permissions.aspx
experimental condition) when providing the novel label. As
in the follow-in labeling condition, the novel label was not
presented until the examiner had confirmed that the child’s
gaze was directed toward the child’s own object (i.e., the
distractor object for this experimental condition). For each
trial and for each condition, the examiner removed both
objects from the table after completion of the labeling pro-
cess and began the test phase.

Testing Comprehension and Generalization
Teaching of the novel label was followed immediately

by a test phase that assessed learning of the novel label
using a forced-choice paradigm. The test phase consisted of
two types of learning probes: a comprehension probe and
a generalization probe. Both probes consisted of the presen-
tation of four stimulus objects, each placed in an individual
clear plastic compartment arranged in a line and fixed in
place on a 1-in. by 6-in. board. This fixed-compartment re-
sponse array allowed the examiner to make a clear deter-
mination of the child’s response to each comprehension or
generalization probe. In the comprehension probe, the stim-
ulus items in the response array were the two novel objects
from the immediately preceding teaching phase and two
familiar objects that had been identified by the parent as
objects for which the child knew a label (e.g., a toy boat, a
miniature shirt, a toy chair). In the generalization probe,
two of the stimulus items were new exemplars of the novel
objects used for that trial’s comprehension probe (differing in
color, size, or embellishment) and two were additional famil-
iar items. Familiar objects were included in comprehension
Benjamin et al.: Effect of Speaker Gaze on Word Learning 5
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and generalization probes to provide a metric for behavioral
compliance during the task and to make certain that the
child understood the task demands.

During both the comprehension and generalization
probes, the examiner asked the participant for both the la-
beled target object and one of the familiar objects by extend-
ing his/her upturned palm and asking the child, “Where’s the
[novel/familiar label]? Give me the [novel/familiar label]!”
The left-to-right order of the objects in the tray as well as the
order in which the examiner asked for the target or familiar
object was counterbalanced across conditions. For all trials,
the examiner and child were seated at a small table diago-
nally across from one another. After each individual probe,
the examiner placed the selected object back into the tray
such that the child was always picking from four objects.

Materials
Novel objects for this task were primarily store-bought

items that were unlikely to be familiar to children. The ob-
jects were bright in color and roughly 5 to 7 in. in size. Each
novel object used in a comprehension probe also had a
matched object that was altered in some way (e.g., color, size,
embellishment), which was used in the generalization probe.

Novel Words
The novel words used in this task were consonant–

vowel–consonant–vowel nonsense syllables that were
screened to make sure they did not resemble any English
words that would be familiar to participants. The words for
each task in the testing protocol were rotated and assigned
sequentially from a list of 68 novel words with the con-
straints that (a) the child would not be exposed to the same
word more than once across all tasks from the larger study
and (b) that no two words within a task began with the
same phoneme or differed by only one phoneme.

Familiar Objects
Each child’s parents chose familiar objects from a

group of more than 200 common household items, toys,
play foods, or animal figures on the basis of the child’s fa-
miliarity with the objects. For this task, parents were asked
to select 24 familiar objects that the parent was confident
the child could select if the examiner asked the child to find
that object. The selection of 24 familiar objects allowed for
two familiar objects to be used in the comprehension and
generalization probes for each of six trials without repeated
use of a familiar object for a given participant.

Recording Responses
The examiner recorded all responses on a protocol

sheet that was designed to allow rapid notation of the object
selected. After the testing session was completed, all videos of
the experimental task were watched by the examiner who ad-
ministered the task as well as by a different trained examiner
to ensure that scoring decisions were accurate and that trial
administrations were valid. In order for a trial to be valid,
the child had to be looking at his own object during the onset
of the labeling statement, regardless of the condition.
6 Journal of Speech, Language, and Hearing Research • 1–13
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Analysis Plan
The distribution of word-learning task scores violated

the parametric assumptions of normality for all three partici-
pant groups; thus, nonparametric statistics were used in all
analyses. Comparisons of performance between comprehen-
sion and generalization probes revealed no significant differ-
ences for any group; therefore, performance was collapsed
across these test probe types for all analyses. In addressing
the first and second research questions, we first compared
the number correct for each participant group in each experi-
mental condition with chance using Wilcoxon signed-ranks
tests, thereby evaluating the extent to which object–label
pairings were learned. Next, we compared the frequencies
with which the child’s own object and the examiner’s object
were chosen by each participant group in each condition
using Wilcoxon signed-ranks tests. This analysis provided in-
sight into whether the participants were able to disengage
from their own object to map the examiner’s object to the
novel label. We then sought to identify diagnostic group
differences in learning the object–label pairings in the two ex-
perimental conditions. We did this by comparing the number
of correct object choices for each participant group in each
of the two experimental conditions using Mann–Whitney U
tests and the Serlin–Harwell aligned-rank procedure (Serlin
& Harwell, 2004), with the latter controlling for group dif-
ferences in autism symptom severity. In addressing the third
research question, we used Wilcoxon signed-ranks tests to
compare the two experimental conditions, separately for each
participant group, regarding the number of correct object
choices, the number of child object choices, and the number
of examiner object choices. These analyses provided insight
into the extent to which the accuracy of performance and
the tendency to choose the child’s own (or the examiner’s)
object were influenced by condition. In addressing the fourth
research question, we used Mann–Whitney U tests to exam-
ine the extent to which the difference in the number of cor-
rect object choices in the two experimental conditions varied
according to which condition was experienced first, thereby
addressing the issue of context, or priming, effects. In ad-
dressing the fifth research question, chi-square analyses were
used to evaluate whether the distribution of participant er-
rors differed as a function of group (FXS, nonsyndromic
ASD, or TD), labeling condition (follow-in vs. discrepant),
or test probe type (comprehension vs. generalization). Last,
the sixth research question was addressed by computing
Spearman’s rho correlations between word-learning task
performance and nonverbal cognitive ability, receptive vo-
cabulary, and autism symptoms for each participant group.
Results
Preliminary Analyses

The number of correct responses to familiar object
probes was compared with chance using Wilcoxon signed-
ranks tests. Participants in all groups selected the familiar
objects at levels significantly greater than chance: FXS,
T = 171.00, z = 4.06, p < .001, r = .98; nonsyndromic ASD,
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T = 171.00, z = 3.78, p < .001, r = .89; TD, T = 171.00,
z = 3.87, p < .001, r = .91; all large effect sizes. These results
provide assurance that participants understood and success-
fully complied with the demands of the experimental task.
Experimental Task Performance
Follow-In Labeling Condition

The first research question addressed whether partici-
pants with FXS, participants with nonsyndromic ASD, or
TD participants were able to learn new words during the
follow-in labeling condition. In this condition, participants
had six opportunities to choose the target object (i.e., the
child’s object) from the response array during test probes.
Descriptive statistics for follow-in labeling trials are pre-
sented in Table 1, and task performance is summarized in
Figure 1.

Comparisons relative to chance. Each group of par-
ticipants performed at a level that significantly exceeded
chance regarding the number of correct object choices: FXS,
T = 168.50, z = 3.65, p < .001, r = .86; nonsyndromic ASD,
T = 157.50, z = 3.17, p = .002, r = .75; TD, T = 171.00,
z = 3.74, p < .001, r = .88; all large effect sizes.

Within-group comparisons. Participants in all three
groups chose their own (target) object significantly more of-
ten than the examiner’s (distractor) object: FXS, T = 12.00,
z = 2.77, p = .006, r = .65; nonsyndromic ASD, T = 22.00,
Figure 1. Word-learning task performance by labeling condition and
participant group. The child’s object was the target object in the
follow-in labeling condition, whereas the examiner’s object was the
target object in the discrepant labeling condition. There were no
significant between-groups differences in performance within either
condition. However, participants with fragile X syndrome (FXS) and
typically developing (TD) participants chose the child’s object more
frequently during follow-in trials relative to discrepant labeling trials,
whereas participants with nonsyndromic autism spectrum disorders
(ASD) and TD participants selected the examiner’s object more
frequently during discrepant labeling trials relative to follow-in trials.
The odds of selecting a familiar object when asked for a target
object were significantly greater for participants with ASD relative to
both other groups.
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z = 2.40, p = .02, r = .57; TD, T = 4.00, z = 3.07, p = .002,
r = .72.

Between-groups comparisons. In examining the num-
ber of correct object choices, we found that participants
with FXS had marginally higher scores than participants
with nonsyndromic ASD (U = 221.00, z = 1.90, p = .06,
r = .45). However, this between-groups difference was not
significant after controlling for severity of ASD symptom-
atology, F(1, 35) = 0.89, p = .35. TD participants did not
significantly differ from participants with either nonsyndromic
ASD (U = 112.00, z = 1.61, p = .11, r = .38) or FXS
(U = 177.00, z = 0.49, p = .63, r = .12).
Discrepant Labeling Condition
The second research question addressed whether par-

ticipants with FXS, participants with nonsyndromic ASD,
or TD participants were able to learn new words during the
discrepant labeling condition. As was the case for follow-in
labeling, participants had six opportunities to choose the
target object (i.e., the examiner’s object) from the response
array during test probes. Descriptive statistics for discrep-
ant labeling trials are presented in Table 1, and task perfor-
mance is summarized in Figure 1.

Comparisons relative to chance. Each group of par-
ticipants performed at a level that significantly exceeded
chance regarding the number of correct object choices:
FXS, T = 132.00, z = 2.06, p = .04, r = .49; nonsyndromic
ASD, T = 134.00, z = 2.14, p = .03, r = .50; TD, T = 133.00,
z = 2.08, p = .04, r = .49; all large effect sizes.

Within-group comparisons. The frequency with which
the examiner’s (target) object was chosen did not differ from
the frequency with which the child’s own (distractor) object
was chosen for any participant group: FXS, T = 74.00,
z = 0.81, p = .42, r = .19; nonsyndromic ASD, T = 59.00,
z = 0.06, p = .95, r = .01; TD, T = 72.00, z = 0.21, p = .83,
r = .05.

Between-groups comparisons. In examining the num-
ber of correct object choices, we found no significant differ-
ences in performance between any of the participant groups:
FXS versus TD, U = 151.00, z = 0.35, p = .72, r = .17;
FXS versus nonsyndromic ASD, U = 158.50, z = 0.11,
p = .91, r = .03; nonsyndromic ASD versus TD, U = 146.50,
z = 0.50, p = .62, r = .12. In addition, the difference between
participants with FXS and those with nonsyndromic ASD
remained nonsignificant after controlling for severity of
ASD symptomatology, F(1, 35) = 1.75, p = .19.
Follow-In Versus Discrepant Labeling Performance
The third research question examined whether perfor-

mance within each group differed as a function of labeling
condition. The number of correct object choices by partici-
pants with FXS was significantly greater during follow-in
labeling than during discrepant labeling (T = 14.00, z = 2.98,
p = .003, r = .70). In contrast, participants with nonsyn-
dromic ASD (T = 43.50, z = 1.28, p = .20, r = .30) and
TD participants (T = 35.50, z = 1.69, p = .09, r = .40) per-
formed similarly in both conditions (see Figure 1).
Benjamin et al.: Effect of Speaker Gaze on Word Learning 7
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Figure 2. Word-learning performance as a function of initial trial
type. Due to the counterbalancing of trial presentation order,
participants received either a follow-in (FI) trial or a discrepant (DL)
trial as their initial trial during task administration. A difference
score was used to compare task performance between FI and DL
trials within each group according to the type of trial that was
administered first to each participant. Unlike the participants with
fragile X syndrome (FXS) or typically developing participants,
participants with nonsyndromic autism spectrum disorders (ASD)
who received a DL trial as their initial trial type showed a significant
decrement in performance for FI trials, as evidenced by the negative
difference score obtained when subtracting the number of correct
DL trials from the number of correct FI trials. *p < .05.
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Selection of the child’s object. Participants with FXS
(T = 30.00, z = 2.00, p = .046, r = .47) and TD participants
(T = 6.00, z = 2.79, p = .005, r = .66) chose their own object
more often during follow-in labeling than during discrepant
labeling. This difference was not significant for participants
with nonsyndromic ASD (T = 16.50, z = 1.81, p = .07,
r = .43).

Selection of the examiner’s object. TD participants
(T = 6.00, z = 2.79, p = .005, r = .66) and participants with
nonsyndromic ASD (T = 8.00, z = 2.29, p = .02, r = .54)
selected the examiner’s object significantly more often
during discrepant labeling than during follow-in labeling.
This difference was not significant for participants with
FXS (T = 49.00, z = 1.61, p = .11, r = .38).

Effect of Initial Trial Type on Performance
To address the fourth research question, participants

within each group were categorized according to the trial
type (follow-in, discrepant) that they received first during
administration of the experimental task. A difference score
was computed using the following formula: number of cor-
rect follow-in labeling trials minus number of correct dis-
crepant labeling trials. The effect of initial trial type was
not significant for participants with FXS (U = 23.50,
z = −1.38, p = .17, r = .33) or TD participants (U = 31.00,
z = −0.69, p = .49, r = .16). However, a significant differ-
ence did emerge for participants with nonsyndromic ASD
(U = 14.50, z = −2.33, p = .02, r = .55), for whom the advan-
tage of follow-in relative to discrepant labeling was attenu-
ated when a discrepant labeling trial was the initial trial
administered during the experimental task (see Figure 2).

Error Analyses
The fifth research question addressed error patterns.

An error could be made during test probes in one of two
ways. A novel object error would occur if the child chose
the examiner’s object during follow-in labeling or the child’s
object during discrepant labeling. A familiar object error
would occur if the child chose a familiar object instead of
the novel target object.

Error type as a function of participant group. A sig-
nificant difference was observed between participants with
FXS and those with nonsyndromic ASD, c2[1] = 28.91,
p < .001, 8 = .38, odds ratio = 10.3, indicating that the odds
of choosing a familiar object when asked for a target object
were 10.3 times greater for participants with nonsyndromic
ASD. A similar pattern of findings was observed when
comparing participants with nonsyndromic ASD and TD
participants, c2[1] = 23.26, p < .001, 8 = .34, odds ratio =
6.94. Error patterns did not differ when participants with
FXS were compared with TD participants, c2[1] = 0.43,
p = .51, 8 = .05.

Error type as a function of labeling condition. Within
each group, patterns of errors did not differ based on
whether the participant was responding to a follow-in or a
discrepant labeling trial: FXS, c2[1] = 0.29, p = .59, 8 = .06;
nonsyndromic ASD, c2[1] = 2.49, p = .12, 8 = .15; TD,
c2[1] = 0.69, p = .41, 8 = .09.
8 Journal of Speech, Language, and Hearing Research • 1–13
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Error type as a function of test probe type. Within each
group, patterns of errors did not differ based on whether
the participant was responding to a comprehension or
a generalization probe: FXS, c2[1] = 0.19, p = .66, 8 = .05;
nonsyndromic ASD, c2[1] = 0.54, p = .46, 8 = .07; TD,
c2[1] = 3.19, p = .07, 8 = .19.

Correlates of Task Performance
The last research question examined whether word-

learning performance was concurrently correlated to any of
the child characteristics measured.

Follow-in labeling condition. For participants with
FXS, the number of correct object choices in follow-in la-
beling was significantly correlated with both PPVT-4 growth
scores (rs = .56, p = .02) and LIPS-R growth scores (rs = .57,
p = .01). Significant correlations between the number of
correct object choices and PPVT-4 growth scores (rs = .57,
p = .01) and LIPS-R growth scores (rs = .57, p = .01) were
also observed for participants with nonsyndromic ASD.
These correlations did not reach significance for TD partici-
pants (see Table 2).

Discrepant labeling condition. The number of correct
object choices in the discrepant labeling condition was
not significantly correlated with any child characteristic
for any participant group (see Table 2).
Discussion
The ability to respond to the attentional focus of a

conversational partner by following his or her line of regard
is critical for establishing joint reference within ambiguous
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Table 2. Correlations between word-learning task performance and
child characteristics in boys with fragile X syndrome (FXS), boys
with nonsyndromic autism spectrum disorder (ASD), and typically
developing (TD) boys.

Variable 1 2 3

FXS
Follow-in labeling .56* .57* −.13
Discrepant labeling −.13 −.23 −.34
1. Receptive vocabulary — .86** .05
2. Cognitive level — .09
3. ADOS severity —

Nonsyndromic ASD
Follow-in labeling .57* .57* −.14
Discrepant labeling .12 −.18 −.31
1. Receptive vocabulary — .54* −.18
2. Cognitive level — −.08
3. ADOS severity —

TD
Follow-in labeling .14 .06 −.37
Discrepant labeling −.27 .03 .18
1. Receptive vocabulary — .55* .31
2. Cognitive level — −.03
3. SCQ total —

Note. ADOS = Autism Diagnostic Observation Schedule (Lord
et al., 1999); SCQ = Social Communication Questionnaire (Rutter
et al., 2003).

*p < .05. **p < .01.
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word-learning situations. In naturalistic settings, for example,
adults frequently label objects and events that do not repre-
sent the child’s current focus of attention (Harris, Jones, &
Grant, 1983). In such a situation, the child must attend to
the speaker’s face, recognize the speaker’s direction of gaze
as relevant, follow the speaker’s line of regard, and associ-
ate a spoken label with the novel object that is the speaker’s
intended referent (Baldwin, 1993). Although many varia-
tions of fast-mapping paradigms have been used to assess
novel word learning in children with nonsyndromic ASD,
only two published studies have examined the process of
fast mapping in young boys affected by FXS (McDuffie
et al., 2013; Thurman et al., 2014). McDuffie et al. (2013)
demonstrated that boys with FXS outperformed boys with
nonsyndromic ASD in a fast-mapping task requiring only
associative learning despite having lower levels of nonverbal
cognitive ability. Thurman et al. (2014) used a fast-mapping
task in which the emotional reaction of the examiner (excite-
ment vs. disappointment) indicated whether the search for
a novel object—and therefore the accuracy of the label–
object pairing—was successful or unsuccessful. Performance
for all groups exceeded chance in both search conditions. In
the successful search condition, participants with nonsyn-
dromic ASD performed similarly to participants with FXS
after controlling for severity of ASD. In the unsuccessful
search condition, participants with FXS performed signifi-
cantly worse than participants with nonsyndromic ASD
after controlling for severity of ASD. The current study
sought to extend the literature by (a) examining the ability
of young boys with FXS to use a speaker’s direction of gaze
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as a cue for learning new words and (b) comparing patterns
of word-learning performance between boys with FXS and
boys with nonsyndromic ASD.

In the current study, above-chance levels of perfor-
mance were observed for all groups in both conditions of
the experimental fast-mapping task. A direct comparison of
performance between participants with FXS and those
with nonsyndromic ASD failed to reveal any significant
between-groups differences after controlling for severity of
ASD symptomatology. In addition, TD participants per-
formed similarly to both participants with FXS and those
with nonsyndromic ASD in both experimental conditions.
Last, although participants in all groups chose the child’s
object significantly more often than the examiner’s objects
during follow-in trials, there was no difference in the cate-
gory of object chosen for discrepant labeling trials (i.e., the
examiner’s object was not chosen significantly more often
than the child’s object). Despite these similarities across
groups, the results of the current study also revealed subtle
differences in word-learning performance within each group
as a function of labeling condition.

TD participants demonstrated comparable levels of
accuracy across the follow-in and discrepant labeling condi-
tions. Furthermore, they were the only participant group
to demonstrate the ability to adapt or shift their response
pattern depending on the examiner’s direction of gaze, as
evidenced by selecting the child’s object significantly more
often during the follow-in condition and selecting the exam-
iner’s object significantly more often during the discrepant
labeling condition. Thus, as expected, TD participants were
highly competent in this task, confirming that the task oper-
ated as intended for typical language learners.

In contrast, the response accuracy of participants with
FXS was significantly better in follow-in labeling trials than
in discrepant labeling trials. Participants with FXS also
chose the child’s object significantly more often during fol-
low-in trials than they did during discrepant trials. How-
ever, unlike TD participants, participants with FXS did not
choose the examiner’s object significantly more often dur-
ing discrepant trials than during follow-in trials. Thus, the
findings of the present study support the findings of McDuffie
et al. (2013) that word learning in FXS is more successful
when the participant is able to make a direct link, facilitated
by temporal contiguity, between the label and the object.
The findings of Thurman et al. (2014) additionally suggest
that, compared with performance by individuals with non-
syndromic ASD, performance by individuals with FXS
is negatively affected by the need to use more sophisticated
inferencing skills to support word learning. More advanced
reasoning skills are likely to be required by the unsuccess-
ful search condition presented by Thurman et al. and the
discrepant labeling condition used in the current study. The
findings of the current study suggest that associative learn-
ing may be a relative strength for children with FXS of this
cognitive and language level, whereas their ability to use,
monitor, and interpret direction of eye gaze as a referential
cue may not yet be fully developed. It also seems possible
that challenges in the effective use of the speaker’s eye gaze
Benjamin et al.: Effect of Speaker Gaze on Word Learning 9
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for word learning by children with FXS may not be related
to social indifference but rather to other behavioral diffi-
culties observed in FXS, such as poor sequential processing
and executive control (e.g., Kemper, Hagerman, & Altshul-
Stark, 1988; Wilding, Cornish, & Munir, 2002). Future
studies should continue to examine the association between
phenotypic characteristics such as these and word learning
in FXS.

Like the younger TD participants, participants with
nonsyndromic ASD demonstrated comparable levels of
accuracy across the two experimental conditions; that
is, they did not demonstrate the relative advantage for
follow-in trials observed in participants with FXS. In
addition, although participants with nonsyndromic ASD
were significantly more likely to select the examiner’s object
during discrepant labeling trials, they unexpectedly did not
favor selection of their own object during follow-in labeling
trials. Further insights into the word-learning performance
of children with nonsyndromic ASD were provided by exam-
ination of error response patterns across both experimental
conditions as well as by examination of the effect of the initial
type of trial presented during the experimental task.

Participants with nonsyndromic ASD showed very
high levels of correct performance on familiar-item probes,
suggesting that they understood and complied with the
performance demands of the experimental task. However,
when they responded in error during comprehension or
generalization probes requesting a novel target object, par-
ticipants with nonsyndromic ASD demonstrated a signifi-
cantly greater likelihood of choosing a familiar object
relative to the other participant groups. That is, when the
examiner used a novel label to request the target object dur-
ing test probes, the expected error would be to select the
novel distractor object, not a familiar object. One possibil-
ity is that children with nonsyndromic ASD in the current
study were not as strongly constrained by mutual exclu-
sivity (Markman & Wachtel, 1988; Mather & Plunkett,
2011) as were the children in the other two groups. This line
of reasoning may be unlikely given the strong bias shown
by children with nonsyndromic ASD to avoid mapping
a novel label to an object that has already been labeled
(de Marchena et al., 2011). However, it should be noted that
participants with nonsyndromic ASD in the de Marchena
et al. study had language skills in the average to above-
average range, whereas the children with nonsyndromic
ASD in the current study all had moderate to severe language
and cognitive delays. Given the evidence that young children
with nonsyndromic ASD have a stronger interest in familiar
relative to novel objects (Adamson, Deckner, & Bakeman,
2010; Brucker & Yoder, 2007), one additional possibility
is that children with nonsyndromic ASD in the present
study may have had difficulty inhibiting their interest in ob-
jects with which they were already familiar.

The analysis examining the effect of initial trial type
additionally suggests that participants with nonsyndromic
ASD in the current study may have had difficulties with set
shifting. In this analysis, participants with nonsyndromic
ASD who received a follow-in labeling trial as the initial
10 Journal of Speech, Language, and Hearing Research • 1–13
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trial type showed a significant difference in overall task per-
formance relative to participants with nonsyndromic ASD
who received a discrepant labeling trial first. That is, the
difference score (i.e., number of correct follow-in labeling
trials minus number of correct discrepant labeling trials) for
participants who received a follow-in trial first was positive,
on average, whereas the same difference score for partici-
pants with nonsyndromic ASD who received a discrepant
trial first was negative (see Figure 2). It is therefore possible
that participants with nonsyndromic ASD adopted the style of
the first trial of the experimental task to guide their functional
interpretation of how to play the game rather than actively
utilizing the examiner’s changing gaze during each trial as a
source of information. This pattern of responding was not
observed in either of the other two participant groups.

Associations between word-learning performance
and cognitive ability and receptive language ability suggest
some fruitful directions for investigating causal mechanisms.
Word-learning performance for the follow-in labeling trials
was significantly correlated with general cognitive and lan-
guage ability for participants with FXS and nonsyndromic
ASD. These significant correlations, in addition to the pat-
tern of performance demonstrated by TD participants, sup-
port the utility of the fast-mapping task as a construct valid
measure of word-learning ability for these groups of chil-
dren (Cronbach & Meehl, 1955). Discrepant labeling perfor-
mance tended to be lower relative to follow-in labeling
performance for all groups of participants. This restricted
variability may have contributed to the lack of significant
associations observed for the discrepant labeling condition.

Due to the behavioral features shared between the
FXS and nonsyndromic ASD phenotypes, researchers have
been interested in determining whether similar neurocog-
nitive mechanisms underlie these phenotypes. In the present
study, comparable levels of accuracy were observed be-
tween boys with FXS and those with nonsyndromic ASD
during both follow-in and discrepant labeling conditions.
In addition, similar patterns were observed between the two
groups in terms of the correlates of word-learning perfor-
mance in either condition. There is, however, some evidence
that for individuals with nonverbal IQs less than 85, boys
with FXS earn significantly higher receptive vocabulary
standard scores than do boys with nonsyndromic ASD.
The results from the present study add to this emerging pic-
ture by suggesting that the ability to utilize eye gaze as a
referential cue is not a primary mechanism by which boys
with FXS are acquiring larger receptive vocabularies. It
is interesting that a number of subtle differences between
the participants with FXS and those with nonsyndromic
ASD were noted on the word-learning task (i.e., effect of
initial trial type on performance and selection of familiar
objects as error responses), highlighting the importance
of further understanding the complex interplay of genetic,
developmental, and experiential factors that are manifested
through observable behaviors.

A major difference between the current study and
previous studies of children with nonsyndromic ASD
(Baron-Cohen et al., 1997; Luyster & Lord, 2009) is the
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number of experimental trials administered. The current
study included three trials in each condition, with each trial
consisting of both a comprehension probe and a generaliza-
tion probe. This yielded a total of six opportunities for each
participant to respond in each condition. Most previous
studies using this paradigm administered only one trial of
each condition across many participants. We reasoned that
additional trials, as well as the inclusion of generalization
probes, would provide a more stringent test of word learn-
ing than would a single trial. In addition, TD toddlers who
participated in the original Baldwin (1991) study did not
see the examiner’s object during presentation of the novel
word in either condition because that object was kept in a
container throughout the trial. Failure to see the examiner’s
object may have differentially influenced response patterns.
Furthermore, there are differences across studies in the
number of times the novel object was labeled as well as the
number of distractors that were presented during compre-
hension probes. Last, in the current study the objects were
arranged systematically in a divided tray during test probes,
whereas in other studies all of the objects were placed in
a bag or other container and participants were asked to re-
trieve the target object from the container. We reasoned
that such a response format would have interfered with cor-
rect responding for children with FXS, who benefit from
environmental structure to display what they know. Thus,
our test probes varied from previous studies in a number of
ways.

Limitations
The word-learning task used in the current study re-

quired compliance and cooperation on the part of the par-
ticipants. Our stringent requirement that only data from
participants who completed six valid trials be included in
the analyses left us with a reduced sample size and may
have resulted in a less representative sample of children
with FXS, children with nonsyndromic ASD, or even TD
children. Those children who contributed six valid trials
may have been more compliant and willing or able to en-
gage with an examiner, follow instructions, and respond to
task parameters.

Although the current results suggest that participants
did, in fact, utilize the examiner’s direction of gaze to guide
word learning in the discrepant labeling condition, the use
of this strategy would be further supported by an observa-
tional analysis of whether participants shifted their gaze
away from their own object and checked in with the exam-
iner during discrepant labeling trials. Last, the matching
process utilized in the current study resulted in the elimina-
tion of participants with nonsyndromic ASD whose non-
verbal cognitive ability exceeded 85, as few boys with FXS
achieve this level of cognitive functioning. Thus, partici-
pants with nonsyndromic ASD in the current study do not
constitute a representative sample of individuals with non-
syndromic ASD. Because of this, conclusions from our
between-syndromes comparisons may be applicable only to
lower functioning individuals with nonsyndromic ASD.
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Conclusions and Future Directions
Findings from the present study contribute to our

understanding of the ways in which children with FXS are
able to learn new words in an interactive context. These
findings also add to the growing body of evidence suggest-
ing that important social processes may differ between FXS
and nonsyndromic ASD (McDuffie et al., 2014; Thurman
et al., 2014; Wolff et al., 2012). Given that social anxiety,
challenging behaviors, and inattention are frequent pheno-
typic characteristics of boys with FXS, it is interesting that
participants with FXS showed subtle advantages over par-
ticipants with nonsyndromic ASD during follow-in labeling
trials. This advantage was noted despite closely matched
levels of nonverbal cognition and chronological age. These
findings add to the evidence that the behavioral phenotype
of boys with FXS may differ in important ways from the
behavioral phenotype of boys with nonsyndromic ASD
and that these differences may result in distinctions in the
ways in which these individuals engage in social learning.
Future research should examine a wider range of pheno-
typic characteristics.

One extension of the current study that would pro-
vide additional insight into the process of word learning in
nonostensive contexts for children with either FXS or non-
syndromic ASD would involve the behavioral coding of
looks to the examiner during both follow-in and discrepant
trials. These data would allow us to determine whether the
frequency with which a child “checks on” the examiner’s
direction of gaze is related to levels of task performance.
Furthermore, such behavioral coding would enable the de-
termination of whether above-chance levels of word learn-
ing in the discrepant labeling conditions is in fact a result of
the participant shifting gaze to the speaker and using the
speaker’s direction of gaze to guide learning. Future studies
should additionally examine how children with FXS and
nonsyndromic ASD use other types of social cues to sup-
port word learning.

Understanding differential patterns and correlates of
word-learning performance can help more clearly eluci-
date the unique behavioral phenotypes of FXS and nonsyn-
dromic ASD and can lead to a better understanding of
whether overt behaviors that are shared between neuro-
developmental disorders truly represent shared cognitive
mechanisms. The scientific community is currently devel-
oping targeted interventions that will treat the core symptoms
of nonsyndromic ASD and FXS. Understanding the differ-
ent behavioral and learning manifestations of underlying
mechanisms and how they may differ between disorders is
essential for informing the efficient application of targeted
interventions, both behavioral and pharmacological.
Acknowledgments
This work was supported by National Institute of Child

Health and Human Development Grants R01 HD054764 and
U54 HD079125, awarded to Leonard Abbeduto. We thank the
families for their participation in this study. We also thank Susan
Benjamin et al.: Effect of Speaker Gaze on Word Learning 11

rea McDuffie on 04/08/2015



Downloa
Terms o
Harris, Beth Goodlin-Jones, Claire Hauser, Sara Armson, Eileen
Haebig, Ashley Oakes, and Cecilia Compton for assisting with
data collection and Susen Schroeder for coordinating study visits.
Leonard Abbeduto has received financial support from F. Hoffman-
LaRoche Ltd., Roche TCRC Inc., and Neuren Pharmaceuticals
Ltd. to develop and implement outcome measures for FXS clinical
trials. Randi J. Hagerman has received funding from Novartis,
Roche Pharmaceuticals, and Alcobra to carry out treatment studies
in FXS, ASD, and Down syndrome. She also has consulted with
Roche/Genentech, Novartis, and Alcobra regarding treatment studies
in FXS. No other authors have financial disclosures to make.
References
Abbeduto, L., Brady, N., & Kover, S. T. (2007). Language devel-

opment and fragile X syndrome: Profiles, syndrome-specificity,
and within-syndrome differences. Mental Retardation and
Developmental Disabilities Research Reviews, 13, 36–46.

Abbeduto, L., Murphy, M., Cawthon, S., Richmond, E., Weissman,
M., Karadottir, S., . . . O'Brien, A. (2003). Receptive language
skills of adolescents and young adults with Down or fragile
X syndrome. American Journal on Mental Retardation, 108,
149–160.

Adamson, L., Deckner, D., & Bakeman, R. (2010). Early interests
and joint engagement in typical development, autism, and
Down syndrome. Journal of Autism and Developmental Disor-
ders, 40, 665–676.

Akechi, H., Senju, A., Kikuchi, Y., Tojo, Y., Osanai, H., &
Hasegawa, T. (2011). Do children with ASD use referential
gaze to learn the name of an object? An eye-tracking study.
Research in Autism Spectrum Disorders, 5, 1239–1242.

Baldwin, D. (1993). Infants’ ability to consult the speaker for clues
to word reference. Journal of Child Language, 20, 395–418.

Baldwin, D., & Markman, E. (1989). Establishing word-object re-
lations: A first step. Child Development, 60, 381–398.

Baldwin, D., Markman, E., Bill, B., Desjardins, R., Irwin, J., &
Tidball, G. (1996). Infants’ reliance on a social criterion for
establishing word-object relations. Child Development, 67,
3135–3153.

Baldwin, D. A. (1991). Infants’ contribution to the achievement of
joint reference. Child Development, 62, 875–890.

Bani Hani, H., Gonzalez-Barrero, A. M., & Nadig, A. S. (2013).
Children’s referential understanding of novel words and parent
labeling behaviors: Similarities across children with and with-
out autism spectrum disorders. Journal of Child Language, 40,
971–1002.

Baron-Cohen, S., Baldwin, D., & Crowson, M. (1997). Do children
with autism use the speaker’s direction of gaze strategy to
crack the code of language? Child Development, 68, 48–57.

Bassell, G. J., & Warren, S. T. (2008). Fragile X syndrome: Loss
of local mRNA regulation alters synaptic development and
function. Neuron, 60, 201–214.

Brooks, R., & Meltzoff, A. N. (2005). The development of gaze
following and its relation to language. Developmental Science,
8, 535–543.

Brucker, C. T., & Yoder, P. (2007). Restricted object use in young
children with autism: Definition and construct validity. Au-
tism, 11, 161–171.

Carey, S., & Bartlett, E. (1978). Acquiring a single new word. Pa-
pers and Reports on Child Language Development, 15, 17–29.

Carpenter, M., Nagell, K., & Tomasello, M. (1998). Social cogni-
tion, joint attention, and communicative competence from 9 to
15 months of age. Monographs of the Society for Research in
Child Development, 63, 1–143.
12 Journal of Speech, Language, and Hearing Research • 1–13

ded From: http://jslhr.pubs.asha.org/ by University of California, Davis, And
f Use: http://pubs.asha.org/ss/Rights_and_Permissions.aspx
Carpenter, M., Pennington, B., & Rogers, S. (2002). Interrelations
among social-cognitive skills in young children with autism.
Journal of Autism and Developmental Disorders, 32, 91–106.

Cohen, I., Vietze, P., Sudhalter, V., Jenkins, E., & Brown, W.
(1991). Effects of age and communication level on eye contact
in fragile X males and non-fragile X autistic males. American
Journal of Medical Genetics, 38, 498–502.

Cornish, K., Cole, V., Longhi, E., Karmiloff-Smith, A., & Scerif, G.
(2012). Does attention constrain developmental trajectories in
fragile X syndrome? A 3-year prospective longitudinal study.
American Journal on Intellectual and Developmental Disabil-
ities, 117, 103–120.

Cornish, K., & Wilding, J. (2010). Attention, genes, and develop-
mental disorders. New York, NY: Oxford University.

Corsello, C., Hus, V., Pickles, A., Risi, S., Cook, E. H., Jr.,
Leventhal, B. L., & Lord, C. (2007). Between a ROC and a
hard place: Decision making and making decisions about
using the SCQ. Journal of Child Psychology and Psychiatry
and Allied Disciplines, 48, 932–940.

Crawford, D. C., Acuna, J. M., & Sherman, S. L. (2001). FMR1
and the fragile X syndrome: Human genome epidemiology
review. Genetics in Medicine, 3, 359–371.

Cronbach, L. J., & Meehl, P. E. (1955). Construct validity in psy-
chological tests. Psychological Bulletin, 52, 281–302.

Dalton, K., Holsen, L., Abbeduto, L., & Davidson, R. (2008).
Brain function and gaze fixation during facial-emotion pro-
cessing in fragile X and autism. Autism Research, 1, 231–239.

de Marchena, A., Eigsti, I., Worek, A., Ono, K., & Snedeker, J.
(2011). Mutual exclusivity in autism spectrum disorders: Test-
ing the pragmatic hypothesis. Cognition, 119, 96–113.

Dunn, L., & Dunn, D. (2007). Peabody Picture Vocabulary Test–
Fourth Edition. Circle Pines, MN: AGS.

Fatemi, S. H., & Folsom, T. D. (2011). Dysregulation of fragile X
mental retardation protein and metabotropic glutamate recep-
tor 5 in superior frontal cortex of individuals with autism: A
postmortem brain study. Molecular Autism. doi:10.1186/2040-
2392-2-6

Gotham, K., Pickles, A., & Lord, C. (2009). Standardizing ADOS
scores for a measure of severity in autism spectrum disorders.
Journal of Autism and Developmental Disorders, 39, 693–705.

Hagerman, R. (2008). Etiology, diagnosis, and development in
fragile X syndrome. In J. E. Roberts, R. S. Chapman, & S. F.
Warren (Eds.), Speech and language development and inter-
vention in Down syndrome and fragile X syndrome. Baltimore,
MD: Brookes.

Hall, S. S., Lightbody, A. A., Hirt, M., Rezvani, A., & Reiss, A. L.
(2010). Autism in fragile X syndrome: A category mistake?
Journal of the American Academy of Child and Adolescent
Psychiatry, 49, 921–933.

Harris, M., Jones, D., & Grant, J. (1983). The nonverbal context
of mothers’ speech to infants. First Language, 4, 21–30.

Hessl, D., Glaser, B., Dyer-Friedman, J., & Reiss, A. (2006). Social
behavior and cortisol reactivity in children with fragile X syndrome.
Journal of Child Psychology and Psychiatry, 47, 602–610.

Hessl, D., Nguyen, D. V., Green, C., Chavez, A., Tassone, F.,
Hagerman, R. J., & Hall, S. (2009). A solution to limitations of
cognitive testing in children with intellectual disabilities: The
case of fragile X syndrome. Journal of Neurodevelopmental
Disorders, 1, 33–45.

Kemper, M. B., Hagerman, R. J., & Altshul‐Stark, D. (1988).
Cognitive profiles of boys with the fragile X syndrome. Ameri-
can Journal of Medical Genetics, 30(1–2), 191–200.

Loesch, D. Z., Huggins, R. M., & Hagerman, R. J. (2004).
Phenotypic variation and FMRP levels in fragile X. Mental
rea McDuffie on 04/08/2015



Downloa
Terms o
Retardation and Developmental Disabilities Research Reviews,
10, 31–41.

Lord, C., Rutter, M., DiLavore, P. C., & Risi, S. (1999). Autism
Diagnostic Observation Schedule. Los Angeles, CA: Western
Psychological Services.

Lord, C., Rutter, M., & Le Couteur, A. (1994). Autism Diagnostic
Interview–Revised: A revised version of a diagnostic interview
for caregivers of individuals with possible pervasive develop-
mental disorders. Journal of Autism and Developmental Dis-
orders, 24, 659–685.

Luyster, R., & Lord, C. (2009). Word learning in children with
autism spectrum disorders. Developmental Psychology, 45,
1774–1786.

Markman, E., & Wachtel, G. F. (1988). Children’s use of mutual
exclusivity to constrain the meanings of words. Cognitive
Psychology, 20, 121–157.

Mather, E., & Plunkett, K. (2011). Mutual exclusivity and phono-
logical novelty constrain word learning at 16 months. Journal
of Child Language, 38, 933–950.

McDuffie, A. S., Kover, S., Abbeduto, L., Lewis, P., & Brown, T.
(2012). Profiles of receptive and expressive language abilities
in boys with comorbid fragile X syndrome and autism. Ameri-
can Journal on Intellectual and Developmental Disabilities, 117,
18–32.

McDuffie, A. S., Kover, S. T., Hagerman, R., & Abbeduto, L.
(2013). Investigating word learning in fragile X syndrome:
A fast-mapping study. Journal of Autism and Developmental
Disorders, 43, 1676–1691.

McDuffie, A., Thurman, A. J., Hagerman, R. J., & Abbeduto, L.
(2014). Symptoms of autism in males with fragile X syndrome:
A comparison to nonsyndromic ASD using current ADI-R
scores. Journal of Autism and Developmental Disorders.
doi:10.1007/s10803-013-2013-6

McDuffie, A. S., Yoder, P. J., & Stone, W. L. (2006). Labels in-
crease attention to novel objects in children with autism and
comprehension-matched children with typical development.
Autism, 10, 288–301.

McGregor, K. K., Rost, G., Arenas, R., Farris-Trimble, A., &
Stiles, D. (2013). Children with ASD can use gaze in support
ded From: http://jslhr.pubs.asha.org/ by University of California, Davis, And
f Use: http://pubs.asha.org/ss/Rights_and_Permissions.aspx
of word recognition and learning. Journal of Child Psychology
and Psychiatry and Allied Disciplines, 54, 745–753.

Mundy, P., Block, J., Delgado, C., Pomares, Y., Van Hecke, A., &
Parlade, M. (2007). Individual differences and the development
of joint attention in infancy. Child Development, 78, 938–954.

Rogers, S. J., Wehner, D. E., & Hagerman, R. (2001). The behav-
ioral phenotype in FXS: Symptoms of autism in very young
children with FXS, idiopathic autism, and other developmental
disorders. Journal of Developmental and Behavioral Pediatrics,
22, 409–417.

Roid, G. H., & Miller, L. J. (1997). Leiter International Perfor-
mance Scale–Revised. Wood Dale, IL: Stoelting.

Rutter, M., Bailey, A., Berument, S. K., Lord, C., & Pickles, A.
(2003). Social Communication Questionnaire. Los Angeles, CA:
Western Psychological Services.

Serlin, R. C., & Harwell, M. R. (2004). More powerful tests of
predictor subsets in regression analysis under nonnormality.
Psychological Methods, 9, 492–509.

Thurman, A. J., McDuffie, A., Hagerman, R., & Abbeduto, L.
(2014). Psychiatric symptoms in boys with fragile X syndrome:
A comparison with nonsyndromic autism spectrum disorder.
Research in Developmental Disabilities, 35, 1072–1086.

Tomasello, M., Strosberg, R., & Akhtar, N. (1996). Eighteen-
month-old children learn words in non-ostensive contexts.
Journal of Child Language, 23, 157–176.

Walton, K. M., & Ingersoll, B. R. (2013). Expressive and receptive
fast-mapping in children with autism spectrum disorders and
typical development: The influence of orienting cues. Research
in Autism Spectrum Disorders, 7, 687–698.

Wilding, J., Cornish, K., & Munir, F. (2002). Further delineation
of the executive deficit in males with fragile-X syndrome.
Neuropsychologia, 40(8), 1343–1349.

Williams, K. T. (2007). Expressive Vocabulary Test–Second Edition.
Circle Pines, MN: AGS.

Wolff, J., Bodfish, J., Hazlett, H., Lightbody, A., Reiss, A., &
Piven, J. (2012). Evidence of a distinct behavioral phenotype
in young boys with fragile X syndrome and autism. Journal
of the American Academy of Child and Adolescent Psychiatry,
51, 1324–1332.
Benjamin et al.: Effect of Speaker Gaze on Word Learning 13

rea McDuffie on 04/08/2015


