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Cohesive Referencing Errors During
Narrative Production as Clinical Evidence
of Central Nervous System Abnormality

in School-Aged Children With Fetal
Alcohol Spectrum Disorders
John C. Thornea and Truman E. Cogginsa
Purpose: Previous evidence suggests that cohesive
referencing errors made during narratives may be a behavior
that is revealing of underlying central nervous system
abnormality in children with fetal alcohol spectrum disorders
(FASD). The current research extends this evidence.
Method: Retrospective analysis of narrative and clinical
data from 152 children (ages 6 to 14), 72 of whom had
confirmed FASD, was used. Narrative analysis was
conducted blind to diagnostic status, age, or gender.
Group performance was compared. The associations
between measures of cohesive referencing and clinically
gathered indices of the degree of central nervous system
abnormality were examined.
Washington, Seattle

ce to John C. Thorne: jct6@uw.edu

Wilkinson
tor: Amanda Van Horne

ust 26, 2015
ived February 1, 2016
rch 7, 2016
/2016_AJSLP-15-0124

American Journal of Speech-Language Pathology • 1–15 • Copyrig

p://ajslp.pubs.asha.org/ by a University of Washington User  on
bs.asha.org/ss/rights_and_permissions.aspx
Results: Results show clear associations between elevated
rates of cohesive referencing errors and central nervous
system abnormality. Elevated error rates were more common
in children with FASD than those without, and prevalence
increased predictably across groups with more severe central
nervous system abnormality. Risk is particularly elevated
for those with microcephaly or a diagnosis of fetal alcohol
syndrome.
Conclusion: Cohesive referencing errors during narrative
are a viable behavioral marker of the kinds of central
nervous system abnormality associated with prenatal
alcohol exposure, having significant potential to become
a valuable diagnostic and research tool.
I n the field of speech-language pathology, sampling
and analysis of extended discourse has long been
touted as a clinical tool with the potential to provide

“important keys to understanding the communication
needs of older language-disordered children” because
“larger linguistic units have their own structured rules and
guiding principles” (Johnston, 1982, p. 144). Because success-
ful production of extended discourse requires the integration
of a large number of linguistic and other cognitive skills,
it provides the opportunity to explore the nature of and
integrity of these cognitive systems. This gives discourse-level
tasks the potential for revealing not only language impair-
ment (Gillam & Pearson, 2004; Heilman, Miller, Nockerts,
& Dunaway, 2010; Schneider & Hayward, 2010) but also
impairment of the central nervous system (CNS) more
generally.

The ability to leverage language-based tasks to
explore the integrity of neurobehavioral systems makes
speech-language pathologists important members of inter-
disciplinary teams involved in making diagnostic decisions
for a range of neurodevelopmental and neurocognitive
disorders. The development of valid discourse-level tasks
for this purpose has the potential to increase the range
and type of information that speech-language pathologists
can bring to the table in these contexts. The challenge,
of course, is to identify which aspects of an extended dis-
course task are vulnerable to which kinds of CNS impair-
ment from the myriad choices available in an analysis
of discourse behavior. Finding the answer to this question
has important clinical and research implications—making it
worth the effort. For clinicians, knowing which aspects of
discourse are most vulnerable to underlying CNS abnormal-
ity can inform clinical decision making and improve the
efficiency of diagnostic assessment practices; for researchers,
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this same information has important scientific value, poten-
tially facilitating understanding of the complex connections
between various underlying CNS impairments and observ-
able communicative behaviors.

Our recent research has focused on cohesive referen-
cing behaviors in the narrative discourse of school-aged
children with CNS abnormality associated with prenatal
alcohol exposure (i.e., children with fetal alcohol spectrum
disorders [FASD]). It has been estimated that FASD affects
at least 1% and perhaps as many as 4% or more of children
(see e.g., May et al., 2014; Sampson et al., 1997), with
prevalence estimates depending heavily on geography
and quality of diagnosis (Roozen et al., 2016). Even
using the lower prevalence estimates, this makes individ-
uals with FASD a population that will be encountered
by most clinicians.

The impact of prenatal alcohol exposure on any indi-
vidual depends on the timing and dosage of teratogenic
exposure (Astley, 2013). As a result, the CNS impairment
that results from prenatal alcohol exposure is highly variable,
and a wide range of diagnoses are associated with that
exposure including attention-deficit/hyperactivity disorder,
language disorder, intellectual disability, sensory processing
difficulties, memory impairment, and motor impairment
(Astley, 2010b; Popova et al., 2016). Because these associated
diagnoses are not specific to prenatal alcohol exposure,
this population is well suited to serve as a proxy for the
population with CNS abnormality more generally, with the
advantage that these individuals have a confirmed risk
factor that may explain in whole or in part why they have
CNS abnormalities.

By investigating a narrow set of discourse-level
behaviors in this heterogeneous population with verifiable
CNS abnormalities, we have been able to provide pre-
liminary evidence that cohesive referencing errors provide
a useful and reliable clinical signal of underlying CNS
abnormality, a signal that is identifiable even when children
fail to screen positive for language disorder in clinical
assessment (Thorne & Coggins, 2008a, 2008b; see also
Coggins, Timler, & Olswang, 2007). It is important that
this signal is identifiable in this population despite the
wide variety of CNS abnormalities present across FASD.
This suggests that this aspect of narrative discourse may
be particularly sensitive to the types of CNS impairment
caused by prenatal alcohol exposure, increasing the utility
of this particular behavioral signal for use with this impor-
tant clinical population. It is possible, of course, that this
behavioral signal may instead be sensitive to the presence
of CNS abnormalities more broadly, suggesting that it
may have potential utility for use with other clinical popu-
lations with CNS abnormalities in the absence of prenatal
alcohol exposure. If that is the case, confirming its utility
for use with suspected FASD is a logical first step in vali-
dating it for broader use because there is no guarantee that
its utility will transfer to populations without prenatal
alcohol exposure.

The current research extends our previous work
through retrospective analysis of two large existing samples
2 American Journal of Speech-Language Pathology • 1–15
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of children: a sample of children with prenatal alcohol
exposure and previously identified CNS abnormality and
a control sample of children without concerns related
to neurocognitive development. To set the stage for this
study, we will first provide a succinct description of FASD,
followed by a discussion of the methodology used for
quantifying the spectrum of disabilities present among chil-
dren with prenatal alcohol exposure. We conclude with a
summary of the research leading up to the current work.

Fetal Alcohol Spectrum Disorders
Fetal alcohol syndrome (FAS) is the most readily

recognized phenotype of the FASD. FAS is a permanent
birth defect syndrome resulting from prenatal alcohol
exposure that is characterized by growth deficiency, a unique
cluster of three minor facial anomalies (i.e., flat philtrum,
thin upper lip, and small eyes), and evidence of CNS abnor-
malities (see e.g., Astley, 2004; Bertrand, Floyd, & Weber,
2005). Disorders on the fetal alcohol spectrum that lack
the facial features of FAS are more prevalent than FAS
but share a similar range and severity of impairments
(Astley, 2004; Sampson, Streissguth, Bookstein, & Barr,
2000; Streissguth et al., 2004). As already mentioned,
CNS abnormalities that have been associated with FASD
occur across a wide range of functional domains and
brain structures (Astley, 2013; Donald et al., 2015). It is
the presence of any CNS abnormality across this range in
the context of confirmed prenatal alcohol exposure that
defines the fetal alcohol spectrum and determines the spe-
cific FASD diagnosis that applies to an individual.

Characterizing the range of impairment associated
with FASD has proved to be a challenging enterprise,
and a number of diagnostic approaches have emerged (e.g.,
Bertrand et al., 2005; Chudley et al., 2005; Cook et al.,
2016; Hoyme et al., 2005). The challenges come primarily
from the heterogeneous nature of the physical and neuro-
logical impairments associated with prenatal alcohol expo-
sure. Whereas the facial features associated with FAS are
highly specific to alcohol exposure (Astley, 2013), most
children with prenatal alcohol exposure will not manifest
the distinct cluster of features needed to receive a diagnosis
of FAS. In addition, as of yet, no clear profile of CNS
impairment has emerged that is both specific to and sen-
sitive to prenatal alcohol exposure, with most research
suggesting that the population presents a range of cogni-
tive and behavioral profiles that overlaps with other
neurodevelopmental disorders (see e.g., Kodituwakku &
Kodituwakku, 2014; also Bakoyiannis et al., 2014; Popova
et al., 2016).

The most widely used diagnostic system for FASD,
the 4-Digit Code (Astley, 2004), is a well-validated (Astley,
2013) case-defined diagnostic approach that uses Likert
rank scales to report outcomes for the full spectrum of
disabilities associated with prenatal alcohol exposure. It
includes scales for the domains of growth deficiency (i.e.,
growth rank), facial features associated with FAS (i.e., face
rank), CNS abnormality (i.e., CNS rank), and prenatal
 11/21/2016
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alcohol exposure (i.e., prenatal alcohol exposure rank). The
scale for each of these domains ranges from a rank of 1,
indicating typical/unremarkable presentation of the feature,
to a rank of 4, indicating a significant presentation consistent
with FAS.

The CNS rank is a nested ranking with a rank of 4
indicating direct structural or neurological evidence of signifi-
cant CNS abnormality (e.g., microcephaly, seizures), whereas
Ranks 1 through 3 indicate increasingly severe functional
impairment. Significant functional impairment is defined in
the system as performance equivalent to 2 SDs from the
mean on a standardized, norm-referenced task. A CNS
rank of 3 requires significant functional impairment in at
least three domains of neurocognitive functioning. A CNS
rank of 3 or 4 is required for an FAS diagnosis and is de-
scribed as “static encephalopathy,” whereas a CNS rank of
2 is described as “neurobehavioral disorder” and indicates
mild to moderate CNS abnormality. In the 4-Digit Code,
the four domain-specific Likert ranks are combined from
left to right in the order of growth, face, CNS, and prenatal
alcohol exposure to assign an individual the appropriate
FASD diagnosis. The 4-Digit Code renders 22 possible
diagnoses, eight of which fall under the umbrella of FASD,
with FAS representing the most severe presentation. Having
a more severe CNS rank or a more severe FASD diagnosis
under the 4-Digit Code are both associated with more severe
underlying CNS abnormality (Astley, 2013), making the
system ideal for quantifying and comparing the degree of
CNS abnormality across this clinical population.

Previous Research on FASD and
Cohesive Referencing

Coggins et al. (2007) found a minority of older
school-aged children with FASD to have markedly defi-
cient performance on traditional standardized language
testing, whereas significant majorities failed to produce
age-appropriate narrative discourse during a common
clinical task: structured narrative generation on the basis
of the wordless picture book, Frog, Where Are You?
(Mayer, 1969). This finding reinforced the notion that
narrative discourse provides a meaningful alternative by
which to examine the communicative processes of school-
age children with FASD and that narrative performance
may indeed be sensitive to the type of CNS abnormalities
commonly reported in these children.

To better understand what narrative components
might be at the root of these findings, Thorne, Coggins,
Carmichael Olson, and Astley (2007) examined the diagnos-
tic utility of a variety of linguistic markers and cohesive
elements in the narratives of a sample of 32 school-age
children, 16 with FASD. Results indicated that errors in
referential cohesion (i.e., failure to use an unambiguous
term to refer to or introduce a concept) provided the most
diagnostically salient signal of CNS abnormality in this
population. In the study, most of the narratives were prop-
erly attributed to storytellers either with or without FASD
on the sole basis of the rate at which they made cohesive
Thorne &
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referencing errors using a global metric of this aspect of
discourse (81.25% overall accuracy; area under the receiver
operating curve [AUC] of .86, 95% CI [0.74, 0.99]). This
motivated further research into referential cohesion in this
population.
Identifying Referencing Errors
Measuring cohesive referencing can be approached

in a variety of ways (see e.g., Heilman et al., 2010; Liles,
1993; Schneider & Hayward, 2010; Strong, 1998). Our
approach (Thorne, 2006), Tallying Reference Errors in
Narratives (TREIN), focuses on a child’s ability to estab-
lish and manage a common ground of story elements using
referential terms.

Building on theoretical work by Halliday and
Hasan (1976), Van Hoek (1997), and Ariel (1994, 2004;
see also Ariel, 2009), our methodological approach catego-
rizes the nominal phrases (i.e., noun phrase or pronoun) in
a narrative into one of nine categories: five categories for
use of appropriate/cohesive reference strategies; and four
categories for “reference errors” (two for pronouns and
two for noun phrases). In the system, a nominal phrase
is considered to lack referential cohesion when it fails to
unambiguously refer to available referents in the narrative
or when it fails to appropriately mark the information
status (“new” or “known”) of referents when concepts are
being introduced into the narrative. See Appendix A for
more information related to the TREIN and Table A1 for
the specific coding scheme used in the TREIN.

Our previous work (Thorne & Coggins, 2008a, 2008b)
found that a specific metric, the rate of nominal reference
errors (rNRE), could accurately predict which storytellers
in small groups of school-age children were children with
FASD and which were not (overall accuracy 88%, AUC of
.90, 95% CI [0.73, 0.97]). It is important to note that half
of the children with an FASD in the sample performed in
the average range on a standardized language test (Wiig
& Secord, 1989) that required a sentence-level response; the
standardized language test would not have revealed CNS
abnormality in these children.
Aims of the Current Study
These promising findings motivated further research

with a larger group of children. The current research
addressed two primary research aims. Our first research
aim was to corroborate findings from previous work with
the TREIN (Thorne & Coggins, 2008a, 2008b) by examining
the cohesive referencing of children with CNS abnormality
associated with prenatal alcohol exposure (i.e., FASD) and
comparing them with children without concerns related to
neurocognitive development. Two specific hypotheses were
tested to further this aim.

Hypothesis 1: Children with CNS abnormality associ-
ated with FASD will exhibit more cohesive reference errors
than children without concerns related to neurocognitive
development.
Coggins: Cohesive Referencing and CNS Abnormality in FASD 3
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Hypothesis 2: The proportion of children in the FASD
group who generate a narrative with a rNRE in the clinically
impaired range will be equivalent to or greater than 50%.

All children with FASD, by definition, have CNS
abnormality to one degree or another. If any of these CNS
abnormalities are associated with reduced capacities for
cohesive referencing, one would expect that the FASD
group would make more cohesive referencing errors on
average than their peers without impairment. Our previous
research suggested this, and we found the largest difference
in nominal reference errors (NRE). On the basis of these
previous findings, we predicted a proportion of children
with FASD equivalent to or greater than 50% would have
an rNRE that was 2 SDs above the mean of their peers
without identified CNS impairment.

Our second research aim was to extend our previous
research by examining the association between elevated
rNRE and the severity of CNS abnormality in children
with FASD. Two hypotheses were tested to examine this
association.

Hypothesis 3: As severity of 4-Digit Code CNS rank
increases from Rank 1 (no concern for CNS abnormality)
to Rank 4 (definite CNS abnormality), the proportion of
children having an elevated rNRE will increase for each rank.

Hypothesis 4: As severity of FASD diagnosis increases
from no-FASD to FAS, the proportion of children exhibiting
significantly impaired cohesive referencing on the basis of
rNRE will increase.

The 4-Digit Code is designed to capture increasing
manifestation of impairment associated with prenatal alcohol
exposure. If cohesive referencing provides a salient signal of
underlying CNS abnormality associated with prenatal alco-
hol exposure, we would predict that increasingly severe
impacts from prenatal alcohol exposure would come with
increased risk of significantly impaired cohesive referencing.
We therefore examined the association between significantly
elevated rNRE and two specific proxies for severity of CNS
impairment derived from the 4-Digit Code: (a) CNS rank,
which reflects degree of CNS impairment on the basis of an
interdisciplinary clinical assessment of CNS structure and
function; and (b) severity of FASD diagnosis, which depends
on the CNS rank as well as the degree of impairment of
other body structures (e.g., FAS facial morphology). Although
these two proxies will be highly correlated, as a group, those
with FAS facial morphology have a different pattern of
CNS abnormality than that found in children with FASD
who lack those facial features, including increased prevalence
of frontal lobe hypoplasia, reduced choline levels, and in-
creased overall severity of CNS abnormality (Astley, 2013).
These differences cannot be captured by use of the CNS
rank alone; therefore, both proxies were examined.
Method
Study Participants

Participants included 152 school-aged children who
ranged in age from 6;0 (years;months) to 14;0: a clinical
4 American Journal of Speech-Language Pathology • 1–15
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sample of 72 children with CNS abnormalities previously
diagnosed during assessments for suspected FAS—the
FASD group; and a control group of 80 children with no
indication of frank CNS abnormality suggested by a school-
based screening—the CG participants. The evidence pre-
sented in this study was taken from existing clinical and
research databases gathered from the years 1995 through
2010.
FASD Group
The FASD group (n = 72) is a subset of patients

evaluated for suspected FASD by an interdisciplinary
team using the FASD 4-Digit Code at the University of
Washington Fetal Alcohol Syndrome Diagnostic & Pre-
vention Network (FASDPN). To be included in the FASD
group, children had to have participated in a narrative
assessment during an FASDPN evaluation. There needed
to be an audio recording of the narrative assessment avail-
able, and their legal guardian had to have provided written
consent to use the clinical diagnostic data for research
purposes. Only children with normal hearing between ages
6;0 and 14;0 at time of narrative assessment and who had
English as the primary home language were included. All
children had confirmed alcohol exposure and/or the unique
cluster of minor facial anomalies of FAS. Following Astley
et al. (2009), each had received one of the following (in-
creasingly severe) diagnoses from the FASDPN clinic eval-
uation in accordance with the 4-Digit Code:

1. Neurobehavioral disorder
 11/21/
(a) mild to moderate CNS abnormality (CNS
Rank 2)
2. Static encephalopathy
(a) significant CNS abnormality (CNS Rank 3 or 4)

(b) FAS facial phenotype absent
3. Full or partial FAS
(a) significant CNS abnormality (CNS Rank 3 or 4)

(b) FAS facial phenotype present
Seventy-two children met the inclusion criteria. One
had the full face of FAS without independently confirmed
alcohol exposure (i.e., smooth philtrum, thin upper lip,
and small eyes: 4-Digit Code 3422; see Appendix B). Given
that the face of FAS is considered a reliable and valid
proxy for alcohol exposure (see Astley, 2013), this partici-
pant was included in our analysis. A clinical appraisal of
language performance completed at the time of the initial
assessment by the clinical team (which included a certified
speech-language pathologist) indicated language impairment
in 44 of these 72 children (61%), with 21 rated as having
mild to moderate language impairment (i.e., equivalent
to between 1 and 2 SDs from the mean on a standardized
test) and 23 rated as having significant impairment (i.e.,
equivalent to 2 or more SDs from the mean on a standard-
ized test).
2016
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Control Group
The CG (n = 80) comprised a broad sample of children

recruited from public schools in the greater metropolitan
Seattle area. These schools had median family incomes and
sociodemographic characteristics that were similar across
school districts and representative of the area from which
our clinical FASD sample was taken. No intelligence or
standardized language measures were generated for control
participants, and prenatal alcohol exposure was not di-
rectly assessed. However, experienced school psychologists
familiar with these children and knowledgeable about FASD
screened the respective school records for classroom per-
formance and general behavior. On the basis of these re-
views, each child was (a) considered at low risk of having an
undiagnosed FASD and (b) deemed to be following a de-
velopmental course representative of the general popula-
tion due to unremarkable social behavior and
satisfactory, yet unexceptional, school achievement.

This screening protocol provided converging ecological
evidence of generally appropriate development in relevant
areas including oral language ability. This selection process
mirrored standard practice for identification of language
impairment and neurodevelopmental disability in school-
aged populations, whereby only those children with identified
concerns receive an in-depth assessment of abilities; the
absence of such concerns serving as a proxy for typical and
functionally appropriate skill development.

To be included, each CG participant participated in
a narrative assessment conducted through the University
of Washington and was between 6 and 14 years of age.
The children had English as their primary home language
and no concerns with respect to hearing sensitivity. Eighty
control participants were identified.
Group Matching on Demographic Variables
Although the CG participants had a wider range

of ages and were slightly older on average, a Welch test
revealed no significant difference in the age distribution
across groups: CG mean = 10.2 years, range = 7;2 to 14;5;
FASD mean = 9.7 years, range = 6;4 to 12;8; difference
in means 0.5 years, test statistic t(d ) = −1.601, two-tailed
probability p = .112. Similarly, Fisher’s exact test of pro-
portions indicated no significant difference in the gender
distribution between groups (CG: 46 boys, 34 girls; FASD:
34 boys, 36 girls, two unknown; Fisher’s exact test: p = .326).
The control group used here was gathered from public
schools in the community with median family incomes
and sociodemographic characteristics similar across school
districts and representative of the area (Coggins, 1995).
As is true of any clinically referred group, the clinical
population from which the FASD group was pulled differs
from the general population in terms of income and other
demographic variables (see Astley, 2010b). However, because
specific details of race, income, and other socioeconomic
variables were unavailable for members of the CG group,
no direct between-groups comparison on these variables
was conducted.
Thorne &

ded From: http://ajslp.pubs.asha.org/ by a University of Washington User  on
f Use: http://pubs.asha.org/ss/rights_and_permissions.aspx
Narrative Data
Narratives were collected as part of clinical assessments

at the FASDPN or as part of research at the University of
Washington Child Language Lab between the years 1995
and 2010. Each FASD and CG participant had an audio
recording of a story elicited with the wordless picture book,
Frog, Where Are You (Mayer, 1969). Stories were told to a
naïve listener. Specifically, the children were given the story-
book to review, so they could become familiar with the story.
After the children previewed the storybook, the listener/
examiner asked the participants to tell “the best story pos-
sible” while using the picture book as a visual prompt.
The listeners/examiners were always seated so as to make
it clear that they were unable to see the storybook pictures.
The elicitation protocol is detailed in Appendix C.

Each narrative was audio-recorded. Although approxi-
mately a third of the narratives included in our sample had
been previously examined (Grittner, Coggins, Thorne, &
Olswang, 2009), new transcripts for all narratives were pre-
pared for the current study from the source audio using a
systematic transcription process designed to ensure the fidelity
and uniformity of the transcripts. Two groups of trained
transcribers independently transcribed all narratives from
audio sources. The research team, including these transcribers,
two additional trained research assistants, and the second
author, identified differences between the two sets of inde-
pendent transcripts and came to agreement as to how these
differences should be resolved on the basis of additional
review of the audiotapes. All subsequent analyses were
conducted on these consensus transcripts.

The consensus transcriptions were segmented, coded,
and formatted according to conventions from Systematic
Analysis of Language Transcripts (Miller, 2004). In addi-
tion, 20% of transcripts were randomly selected, segmented,
coded, and formatted independently by another trained
coder. Interrater reliability between these coders was 90%
or greater for all segmentation, formatting, and coding
decisions. A licensed speech-language pathologist (the first
author) who was blind to age, gender, and diagnostic status
of each storyteller analyzed narrative transcripts utilizing
the TREIN protocol.

The primary outcome measures generated by a TREIN
analysis are

1. Nominal reference errors (NRE) = ambiguous
introductions + ambiguous nominal ties (i.e.,
“[ambigintro] + [ambignties]”);

2. Pronominal reference errors (PRE) = pronoun
introductions + ambiguous pronoun ties (i.e.,“[pnintro]
+ [ambigpntie]”);

3. Total reference errors (ALL) = [ambigintro] +
[ambigntie] + [ambigpntie] + [pnintro]; and

4. Reference opportunities (opp) = NRE + PRE + all
other coded introductions and ties.

These counts allow for the calculation of six cohesive
referencing error rates that control for narrative length:
Coggins: Cohesive Referencing and CNS Abnormality in FASD 5
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1. Rate of nominal reference errors (rNRE) = NRE/
NTW;

2. Rate of nominal reference errors by opportunity
(rNREopp) = NRE/opp;

3. Rate of pronominal reference errors rPRE = PRE/
NTW; and

4. Rate of pronominal reference errors by opportunity
(rPREopp) = PRE/opp;

5. Rate of all reference errors (rALL) = (NRE + PRE)/
NTW; and

6. Rate of all reference errors by opportunity (rALLopp) =
(NRE + PRE)/opp.

Each of the rates defined above is converted to a
percentage for reporting.

TREIN coding reliability was established through
independent coding of 20% of the corpus by a trained
research assistant also blind to age, gender, and diagnostic
status of each storyteller. Point-by-point interrater compar-
ison across 8,085 words and 2,409 assigned TREIN codes
found agreement on 2,276 coding decisions (95% overall
point-by-point agreement; range across 30 transcripts =
100% to 88%; median = 96%; mode = 98%). For the one
transcript with agreement falling below 90% agreement
(eight disagreements across 69 coding decisions), seven of
eight disagreements involved coding of the pronouns he/him
when the boy and the dog in the story were involved in
joint actions. Across the 30 transcripts, pronoun coding
accounted for nearly two thirds of 133 disagreements, with
only 45 involving noun phrases.

Analysis
Hypothesis 1: Children with CNS abnormality asso-

ciated with FASD will exhibit more reference errors than
children without these impairments.

Design. All 152 children were included in this analysis.
Primary analysis. For each of the six TREIN error

rates detailed above, a t test for independent groups (CG
vs. FASD) was completed (Welch test for unequal variance;
two-tailed p < .05). A Bonferroni correction for multiple
comparisons was used, and alpha was set at .007. AUC was
used as an effect-size metric; it scales the ability of a mea-
sure to predict group membership, with a value greater
than .70 considered important. Although an AUC at this
level would not necessarily be sufficient to guarantee clinical
utility for a tool that was used in isolation to diagnosis the
presence of an FASD, any single measure with an AUC of
this magnitude would be predicted to contribute meaning-
fully to overall diagnostic utility when combined with other
measures, as would always be the case in the diagnosis of
a complex spectrum of disorders such as that found with
FASD.

Supplementary analyses. Performance was compared
by gender using a Welch test for unequal variance, with
two-tailed p < .05. Correlation of each measure to age was
examined using Pearson’s r (p < .05).
6 American Journal of Speech-Language Pathology • 1–15
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Hypothesis 2: The proportion of children in the FASD
group who generate a narrative with a rNRE in the clinically
impaired range will be equivalent to or greater than 50%.

Design. All 152 children were included in this analysis.
The clinically impaired range was defined as performance
greater than 2 SDs above the mean of the control group for
the rate of NRE.

Primary analysis. A simple comparison of proportion
was made to determine whether the number of children
in the FASD group exceeded 50%, with a one-sample test
of proportions (two-tailed α = .05) to determine equiva-
lency between the observed proportion of children in the
defined impairment range for rNRE and a prediction of
50% for any value falling below 50%. This was done for
both rNRE (which controls for length using number of
total words) and rNREopp (which controls for length
using number of referential opportunities).

Supplementary analysis. Language impairment status
of those falling within and outside of the clinically impaired
range supplied additional descriptive information related
to the clinical utility of both rNRE and rNREopp.

Hypothesis 3: As severity of the 4-Digit Code CNS
rank increases from Rank 1 (no concern for CNS abnormal-
ity) to Rank 4 (definite CNS abnormality), the proportion
of children who generate a narrative with a rNRE in the
clinically impaired range will increase for each rank.

Design. All 152 children were included in this analysis.
Children from the control group were given a default CNS
Rank 1 indicating no concern for CNS impairment, whereas
FASD cases ranged from CNS Rank 2 to 4. All children
with a CNS Rank 4 received that rank due to microcephaly
(i.e., an occipital frontal circumference more than 2 SDs
below the mean for age). The clinically impaired range was
defined as performance greater than 2 SDs above the mean
of the control group for rNRE.

Analysis. Along with visual inspection of the distribu-
tion of children with impairment versus those without
across categories, a chi-square test for trend (with a two-
tailed p value of .05) was used to compare the proportion
of children having an elevated rNRE (+2 SDs above con-
trol group mean) for each categorical rank. Given the high
correlation between rNRE and rNREopp (.99, p < .0001),
this analysis was not carried out with rNREopp.

Hypothesis 4. As severity of diagnosis increases from
no-FASD to neurobehavioral disorder to static encephalopathy
to FAS, the proportion of children who generate a narrative
with a rNRE in the clinically impaired range will increase.

Design. This analysis examined the association between
the rNRE and severity of diagnosis, taking advantage of the
gradation in severity of diagnosis available across our sample,
including both the CG and the FASD groups. Four catego-
ries were defined: No concern for alcohol-related CNS ab-
normality, neurobehavioral disorder, static encephalopathy,
and FAS (following Astley et al., 2009). The clinically
impaired range was defined as performance greater than
2 SDs above the mean of the control group for rNRE.

Analysis. Along with visual inspection of the distri-
bution of children with impairment versus those without
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across categories, a chi-square test for trend (with a two-
tailed p value of .05) was used to compare the proportion
of children performing in the impaired range for each cate-
gorical rank. Given the high correlation between rNRE
and rNREopp (.99, p < .0001), this analysis was not carried
out with rNREopp.

Results
Hypothesis 1: Children with CNS abnormality asso-

ciated with FASD will exhibit more reference errors than
children without these impairments.

The mean performance for each TREIN error rate
was significantly different between the CG and FASD
groups for all measures that included NRE (rNRE, rNREopp,
rALL, rALLopp), with FASD group means almost twice
that of the control group for NRE. As can be seen in Table 1,
those measures that were based on pronominal errors
were not significantly different despite being approximately
50% higher in the FASD group.

Consistent with previous studies (Thorne & Coggins,
2008a, 2008b), AUC greater than .70 was found for
both measures on the basis of the rNRE (rNRE% and
Table 1. Group performance on each tallying reference errors in narratives

Parameter CG FASD

Based on number of total
words (NTW)

rNRE = NRE/NTW

N 80 72
M (%) 1.52 2.88
Variance 0.748 2.611
SD 0.865 1.616
Minimum (%) 0.0 0.29
Maximum (%) 3.89 8.89
Correlation to age ( r ) −0.446 −0.0334
p < .0001 .780

Welch test
Difference 1.361
Test statistic t(d ) 6.374
p < .0001*

Effect size, AUC [95% CI] .78** [0.703, 0.841]

Based on number of reference
opportunities (opp)

rNREopp = NRE/opp

N 80 72
M (%) 5.57 10.43
Variance 10.325 33.648
SD 3.213 5.801
Minimum (%) 0.0 1.19
Maximum (%) 14.58 30.77
Correlation with age ( r ) −0.431 −0.0626
p .0001 .601

Welch test
Difference 4.857
Test statistic t(d ) 6.290
p < .0001*

Effect size, AUC [95% CI] .78** [0.700, 0.838]

Note. No significant difference for gender was found for any TREIN metric (
rNRE = rate of nominal reference errors; rPRE = rate of pronominal referenc

*Significant difference at p < .007; NS = nonsignificant at p < .007 after Bo
0.70 are considered important.
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rNREopp%). The AUC for both measures that were
based on the rPRE (rPRE% and rPREopp%) were below
.70, indicating that PRE has less promise as a behavioral
marker of underlying CNS abnormality in this age range.
This is consistent with previous research on the TREIN.
As can be seen in Table 1, when performance was compared
by gender, no significant differences were found for any
TREIN measure. Age, however, was significantly correlated
with performance for all TREIN measures in the control
group but not in the FASD group. On the basis of visual
inspection of the distribution of performance across the
control group, this correlation appears to be driven largely
by a decrease in the variation of scores as age increases,
with younger children in the control group, particularly
those 9 years and under having a wider range of variation
than older children in the control group. Because of the
correlation between age and performance in the control
group, post hoc analyses of this impact are included later
in this article as appropriate.

Hypothesis 2: The proportion of children in the
FASD group who generate a narrative with an rNRE in the
clinically impaired range will be equivalent to or greater
than 50%.
(TREIN) outcome measure.

CG FASD CG FASD

rPRE = PRE/NTW rAll = All/NTW

80 72 80 72.
1.22 1.83 2.74 4.71
1.720 3.882 3.111 9.520
1.312 1.970 1.764 3.086
0.0 0.0 0.0 1.36
7.14 11.46 8.04 17.71

−0.237 −0.170 −0.395 −0.126
.034 .154 .0003 .292

0.607 1.969
2.211 4.759

.0289: NS < .0001*
.60 [0.522, 0.683] .73 [0.647, 0.794]

rPREopp = PRE/opp rAllopp = All/opp

80 72 80 72.
4.41 6.51 9.98 16.94

21.731 46.295 40.386 115.737
4.662 6.804 6.355 10.758
0.0 0.0 0.0 5.00

23.88 37.93 26.87 58.62
−0.230 −0.173 −0.386 −0.143

.0406 .146 .0004 .230

2.102 6.960
2.198 4.789

.0298: NS < .0001*
AUC = .60 [0.521, 0.681] AUC = .73 [0.648, 0.795]

p < .05). CG = control group; FASD = fetal alcohol spectrum disorders;
e errors; AUC = area under the curve; CI = confidence interval.

nferroni correction. **AUC with the lower bound of the 95% CI ≥
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For the metric rNRE, the +2 SDs cut-point for im-
pairment was rNRE > 3.25%. For the metric rNREopp, the
+2 SDs cut-point for impairment was rNREopp >12.00%.
For both metrics, the percentage of cases within the FASD
group falling in the clinically impaired range was compared
with a prediction of 50%. Of the 72 cases, 24 (33.33%)
fell in the clinically impaired range for rNRE. A total of
18 cases (29.17%) fell in the clinically impaired range for
rNREopp. Although a substantial fraction of children with
FASD had elevated rates of both rNRE and rNREopp,
these results were contrary to our hypothesis with propor-
tions both below and significantly different from 50% (see
Table 2).

Language impairment status. Of the 24 children with
elevated rNRE, 14 had clinically identified language impair-
ment, eight in the significant range. Of the 18 children with
elevated rNREopp, 12 had clinically identified language im-
pairment, seven in the significant range. Ten children who
were not identified as having language impairment during
their initial clinical visit had an elevated rNRE. Six children
who were not identified as having language impairment
during their initial clinical visit had an elevated rNREopp.

Post hoc analysis of Hypothesis 2, adjusting for age.
The prediction that a proportion equivalent to 50% or
more of children in our sample would be in the clinically
impaired range was based on previous research that exam-
ined performance in a group of children approximately
9 to 12 years old (Thorne & Coggins, 2008a). Given that
all TREIN error measures correlated significantly with age
in the control group (with younger children making more
errors), and given that our sample included many children
significantly younger than 9 years old, it is possible that
results for the older children in our sample would be
different from those for the whole group. For this reason,
Hypothesis 2 was examined for a subset of the older
Table 2. Percentage of FASD cases falling in the impaired range
for nominal reference errors compared with prediction of 50%
(test for one proportion).

Parameter Value

Observed proportion of 72 children
with FASD in the clinically
impaired range
(i.e., +2 SD of CG mean)

rNRE (%) > 3.25 = 33.33 (24 children)
rNREopp (%) > 12 = 29.17 (18 children)

95% CI of observed proportion
rNRE 22.86, 45.16
rNREopp 19.05, 41.07

z statistic
rNRE 2.887
rNREopp 3.535

Significance level (p)
rNRE .0039
rNREopp .0004

Note. FASD = fetal alcohol spectrum disorders; CG = control
group; rNRE = rate of nominal reference errors; opp = opportunity;
CI = confidence interval.
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children in our sample: those 9 to 12 years old. All chil-
dren older than 12 or below the age of 9 were removed
from the sample. The means and standard deviations for
rNRE and rNREopp were recalculated with the remaining
34 children in the control group.

The resulting mean rNRE of 1.37%, with a standard
deviation of 0.767, provided a new +2 SD cutoff score for
rNRE of 2.90. The rNRE for the 45 children between
the ages of 9 and 12 years from the FASD group were
then compared with this cutoff. With 19 of these 45 chil-
dren exceeding this cutoff, 42% would be considered in
the clinically impaired range, a proportion below but not
statistically different from the prediction of 50% in a sam-
ple this size (see Table 3). Results were similar when
using the metric rNREopp, with 18 cases (40%) exceed-
ing a +2 SD cutoff of 10.5% on the basis of a mean of
5.00% and standard deviation of 2.744. This is again below
but not statistically different than 50% (see Table 3). These
results suggest that the rNRE has more clinical potential
for identifying significant CNS abnormality associated with
prenatal alcohol exposure in older children.

Language impairment status. Only six of the older
children with significantly elevated NRE (about one third
using either metric) had language impairment identified
at their initial clinical visit, whereas approximately two thirds
did not.

Hypothesis 3: As severity of 4-Digit Code CNS rank
increases in severity from Rank 1 (no concern for CNS
abnormality) to Rank 4 (definite CNS abnormality), the
proportion of children who generate a narrative with an rNRE
in the clinically impaired range will increase for each rank.

On the basis of a chi-square test for trend, the pro-
portion of children meeting criteria for impairment based
on their rNRE (+2 SD rNRE) was significantly different
Table 3. Percentage of FASD cases ages 9 through 12 years falling
in the impaired range for nominal reference errors compared with
prediction of 50% (test for one proportion).

Parameter Value

Observed proportion of 45 children
with FASD in the clinically
impaired range
(i.e., +2 SD of CG group)

rNRE (%) > 2.90 = 42.22 (19 children)
rNREopp (%) > 10.50 = 40.00 (18 children)

95% CI of observed proportion
rNRE 27.65, 57.85
rNREopp 25.7, 55.67

z statistic
rNRE 1.044
rNREopp 1.342

Significance level (p)
rNRE .297
rNREopp .180

Note. Cutoff scores are based on control group (CG) participants
aged 9 through 12 years (n = 34). FASD = fetal alcohol spectrum
disorders; rNRE = rate of nominal reference errors; CI = confidence
interval.
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between categories defined by 4-Digit Code CNS rank
(χ2 trend: 24.057; p < .0001). There was a linear trend (see
Figure 1) indicating increasing proportions of impairment
in groups moving from CNS Rank 1 (5%) to CNS Rank 2
(27%) to CNS Rank 3 (31%) to CNS Rank 4 (53%). We
found it interesting that the group with CNS Rank 4 (i.e.,
those with microcephaly) was nearly twice as likely to exhibit
significant impairment on the basis of rNRE as the children
with CNS Ranks 2 and 3. Two thirds of the 9- to 12-year-old
children with a CNS Rank 4 had rNRE above the cut-point.

Hypothesis 4. As severity of diagnosis increases from
typical development to neurobehavioral disorder to static
encephalopathy to FAS, the proportion of children who
generate a narrative with an rNRE in the clinically impaired
range will increase.

On the basis of a chi-square test for trend, the propor-
tion of children meeting criteria for impairment on the basis
of elevated rNRE was significantly different between diag-
nostic categories (χ2 trend: 22.939; p < .0001) with a linear
trend (see Figure 2) indicating larger proportions in groups
with more severe diagnoses moving from no concern for
CNS abnormality (5%) to neurobehavioral disorder (28%)
to static encephalopathy (36%) to FAS (57%). All children over
the age of 9 years with FAS had rNRE above the cut-point.

Discussion
This research examined the potential for cohesive

referencing errors made during narrative discourse to
Figure 1. Proportion of children above and below cutoff of +2
SI = severe impairment; rNRE = nominal reference errors; CNS
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provide a behavioral marker of underlying risk of CNS
abnormality in school-age children. A retrospective com-
parison was conducted between two groups: a clinical pop-
ulation consisting of children who had a previously diagnosed
CNS abnormality found during an interdisciplinary diag-
nostic evaluation for suspected FASD (the FASD group,
who served as a proxy for the larger population with CNS
abnormality) and a group of children with no concerns
related to their neurocognitive development, general behav-
ior, or academic achievement (the CG children). It was
predicted that the presence of a CNS abnormality would
increase the likelihood that children would have difficulty
maintaining cohesive referencing. It was certainly not
expected that all children in the clinical group would dem-
onstrate difficulty with cohesive referencing given the re-
markable variability in their language performance, type
and degree of CNS abnormality, and the severity of FASD
diagnosis; however, given that more severely involved
children are, by definition, affected across a wider range
of functional domains, it was predicted that groups of chil-
dren with more severe presentations would include higher
proportions of children who had difficulty maintaining
cohesive reference.

The accumulated evidence presented a clear asso-
ciation between a clinically significant elevation in the
rNRE, a metric of cohesive referencing, and previously di-
agnosed CNS abnormality related to prenatal alcohol expo-
sure. As predicted, the existence of a significantly elevated
rNRE is more common in children in our FASD group
SD rNRE for each 4-Digit Code CNS rank (N = 152).
= central nervous system.

Coggins: Cohesive Referencing and CNS Abnormality in FASD 9
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Figure 2. Proportion of children above and below impairment cutoff of +2 SD in 4 diagnostic categories (N = 152).
SI = severe impairment; rNRE = nominal reference errors; CNS = central nervous system; FAS = fetal alcohol syndrome.
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than in their peers without FASD and that incidence in-
creases predictably in association with more severe mani-
festation of the underlying FASD, whether that severity
is based on CNS rank (Hypothesis 3) or diagnostic category
(Hypothesis 4). Risk was particularly elevated for those with
microcephaly (53% in the impaired range) or a diagnosis
of FAS (57% in the impaired range). This relationship was
most clearly apparent in older children, with almost half
of the older children with FASD, two thirds of the older
children with microcephaly, and all of the older children
with FAS in our sample exhibiting significantly impaired
cohesive referencing when compared with peers without
concerns for CNS abnormality. The fact that a signifi-
cant correlation between error rates and age was found in
the control group but was not found in the FASD group
suggests that the CNS abnormalities found in the latter
may be preventing many of these children from following
the expected developmental course related to these errors.
It is important to note there was nearly twice the incidence
of significantly elevated NRE rates in the group of chil-
dren with microcephaly (i.e., those with direct evidence
of underlying CNS abnormality) when compared with
those who had significant functional impairments but no
microcephaly.

During their original clinical visit, 28 children in
the FASD group left their clinical appointment without a
language impairment being identified, with another 21 iden-
tified as having only mild to moderate language impair-
ment. The remaining 23 children in the FASD group (32%)
were identified as having significant language impairment
10 American Journal of Speech-Language Pathology • 1–15
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that could contribute to a diagnosis of static encephalopa-
thy under the 4-Digit Code. Of the 28 children in the
FASD group who left their clinical appointment without
language impairment being identified, 10 (36%) exhibited
elevated NRE rates that would indicate language impair-
ment severe enough to potentially contribute to a diag-
nosis of static encephalopathy under the 4-Digit Code. In
addition, of the 21 children in the FASD group who left
their clinical appointment with a diagnosis of mild to mod-
erate language impairment, six (29%) exhibited elevated
NRE rates that would be considered severe enough to po-
tentially contribute to a diagnosis of static encephalopathy
under the 4-Digit Code. Our results indicate, therefore,
that the addition of TREIN analysis to the clinical process
with this group of children would have identified an addi-
tional 16 children with this more severe level of impairment,
potentially improving capture of “significant impairment”
from 32% to 54%. This is consistent with the substantial
effect size seen for both NRE measures (AUC = .78), indi-
cating important diagnostic potential.

In the children aged 9 to 12 years, 14 of 45 children
in the FASD group (31%) were identified as having sig-
nificant language impairment in their clinical visit. Inclu-
sion of the TREIN would have captured an additional
15 children, improving capture of “significant impairment”
from 31% to 64%. In this age group, including a tally of
NRE as part of standard clinical practice would have more
than doubled sensitivity to underlying CNS abnormality
when compared with a standard assessment of language
capacity.
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Conclusions
Clinical Utility

Speech-language pathologists have long recognized the
need for information about the discourse-level integrative
language abilities of children with language disorders. As
members of interdisciplinary diagnostic teams, however,
speech-language pathologists also play an important role
in the diagnosis of a wide variety of other neurodevelop-
mental disorders, including FASD. The evidence presented
here indicates that one discourse-level task has diagnostic
utility for this purpose in that it may provide a behavioral
marker of underlying CNS abnormality in many children
with FASD whether or not they have a language disorder.
Measuring the rNRE as defined by the TREIN during
a simple story generation task has the potential to substan-
tially increase sensitivity to underlying CNS abnormality
in children with prenatal alcohol exposure. This was true
whether NRE were quantified in terms of total words or
referential opportunities. Both methods are easy to cal-
culate, and although the rNRE (calculated on the basis of
total words) slightly outperformed rNREopp (calculated
based on referential opportunities), clinicians may find
rNREopp easier to interpret for clinical purposes. Given
the high correlation between these metrics (.99, p < .0001),
the ease of interpretation may make rNREopp a more
practical choice for future development and validation. As
the narrative generation task used in this research allows
for examination of other expressive language abilities in
addition to cohesive referencing, it may be a highly efficient
means for gathering evidence about the development of
individuals seeking neurodevelopmental diagnoses more
broadly.
Further Research
The current research is an early step in a program

of research designed to understand the neurocognitive un-
derpinnings of discourse-level integrative language capaci-
ties in school-aged children. Because this research was
conducted using a retrospective sampling of existing data,
we were not able to target specific hypotheses related to
the connection between specific brain networks and cohe-
sive referencing abilities in school-age children. Informa-
tion related to the structural integrity of specific neural
systems in the children with impaired cohesive referencing
was unavailable. However, the strong relationship between
increased risk for impaired cohesive referencing skills and
increased risk of underlying CNS abnormality in children
with FASD provides motivation to do prospective research
of these skills that incorporates direct imaging of the rele-
vant structures and their interconnectivity. Candidate
structures would include the caudate nucleus of the basal
ganglia and the frontal lobes, which appear to be par-
ticularly vulnerable to prenatal alcohol exposure (see e.g.,
Astley et al., 2009) and may have an important role to
play in language functioning (see e.g., Alexander, 2006;
Lee & Tomblin, 2012). These structures are part of the di-
verse network of brain structures that support the cognitive
Thorne & C
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control needed to respond to dynamic contexts such as
narrative discourse (see e.g., Alexander, 2006; Casey,
Tottenham, & Fossella, 2002; Cools, Ivry, & D’Esposito,
2006; Hikosaka & Isoda, 2010; Kerstin, Kraft, Kehrer,
& Brandt, 2014; Monchi, Petrides, Strafella, Worsley, &
Doyon, 2006; Teichmann, Dupoux, Kouider, & Bachoud-
Levi, 2006). If a more direct link between the structural
impairment to this cognitive control network and impaired
cohesive referencing can be made, this would provide an
important step toward understanding the neurodevelop-
mental underpinning of integrative language capacities that
support discourse functioning.

Along this line, it seems unlikely that impairments of
cohesive referencing identified in this research are specific
to children with FASD because the CNS abnormalities
found in FASD are unlikely to be unique to those with
prenatal alcohol exposure. The findings from this research,
therefore, would also provide motivation to examine the
clinical utility of the TREIN analysis for use with other
populations, particularly those that share overlapping and
contrasting symptom profiles to those found in FASD.
Candidate populations would include individuals without
prenatal alcohol exposure diagnosed with attention-deficit/
hyperactivity disorder, language disorders, auditory pro-
cessing disorder, autism spectrum disorder, and intellectual
disability.

A particular question that emerges from the results
of this study is whether impairment of referential cohesion
as captured by the TREIN reflects reduced “language
capacity,” making this a behavioral marker of a clinically
important functional language impairment; or, alterna-
tively, whether this impairment in cohesive referencing is
instead a reflection of reduced capacity for social cogni-
tion (Bakopoulou & Dockrell, 2016; Coggins et al., 2007;
Stevens, Dudek, Nash, Koren, & Rovet, 2015) and/or
reduced cognitive control/executive functioning that mani-
fests as reduced language performance during more complex,
linguistically loaded tasks (Burden et al., 2011; Kingdon,
Cardoso, & McGrath, 2015; Kodituwakku & Kodituwakku,
2014; Ye & Zhou, 2009). Prospective research examining
the relationship between referential cohesion as captured
by the TREIN and language, social cognition, and execu-
tive control capacities in those with and without prenatal
alcohol exposure could be used to help clarify these impor-
tant issues.

Limitations
The CG used here was gathered from public schools

in the community with median family incomes and socio-
demographic characteristics similar across school districts
and representative of the area (Coggins, 1995). However,
because details of race, income, and other socioeconomic
variables were unavailable for the CG participants, no
direct between-groups comparisons on these variables is pos-
sible. As is true of any clinically referred group, the clini-
cal population from which the FASD group was pulled
differs from the general population in the area in terms of
oggins: Cohesive Referencing and CNS Abnormality in FASD 11
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income and other demographic variables (see Astley, 2010b).
This increases the chances of Type I errors in our results,
with socioeconomic differences being an important alterna-
tive explanation for any contrast between the FASD group
and CG participants. In addition, the lack of objective
language and cognitive measures for the CG children in-
creases the chances of Type I errors in the unlikely event
that as a group their ability was significantly above average
along the parameters of interest.

In contrast to the FASD group, the CG participants
were not assessed by an interdisciplinary diagnostic team.
However, in standard clinical practice, a socioeconomic,
academic, and behavioral profile like that presented by the
CG participants would not typically trigger a compre-
hensive team assessment. Thus, even though the CG par-
ticipants did not undergo the same battery of cognitive,
linguistic, and behavioral/social measures that the FASD
participants completed, we believe that they nevertheless
provide a reasonable basis for contrasting group performance
in the context of this study—with the CG participants
having a profile similar to most typically developing chil-
dren attending public schools. It must be kept in mind that
the lack of objective measures confirming that the CG
children were indeed typically developing—and not subject
to a prenatal alcohol exposure or unidentified language
impairment—also increases the risk of Type II errors. The
risk of both Type I and Type II errors resulting from our
use of retrospective data enhance the need for the results of
this initial research to be confirmed with prospective valida-
tion research.
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Appendix A

Details of Tallying Reference Errors in Narrative (TREIN; Thorne, 2006)
The TREIN tracks how a participant introduces and maintains reference to concepts throughout the narrative. It quan-
tifies errors of cohesive referencing in noun and pronoun phrases. For example, neither “the frog” nor “it” would unambiguously
refer to a specific frog following the sentence “They saw two frogs sitting on a log” because the forms do not unambiguously
indicate to the naïve listener which frog is intended in context. They fail to make an appropriate “referential tie” (see Halliday
& Hasan, 1976). Similarly, upon first mention, the use of a definite form, such as “The frog” or “it” (rather than the indefinite “a
frog” or a possessive form such as “the boy’s/his pet frog”), would be considered a cohesive error because those forms imply
that the naïve listener has prior knowledge of that frog as part of the common ground of knowledge shared by the listener
and storyteller. This makes them inappropriate forms to introduce a new concept into the discourse. Table A1 provides a
description of each of the specific codes used in a TREIN analysis.
Table A1. Summary of TREIN codes.

Code Definition

Codes for introduction
+ indefintro Indefinite introduction of concepts (e.g., “A boy was looking in a jar.”).
+ defintro Definite introduction of common concepts/concepts with supporting context (e.g., “The moon was

out.” – MOON is a common concept; or “He knocked down a beehive and the bees swarmed.”
– BEEHIVES have BEES).

+ possintro Possessive introduction of concepts (e.g., “The boy had his dog with him”)
− ambigintro Ambiguous introduction of concepts using a definite form not supported by context (e.g., “The frog

escaped” on first mention). Also inappropriate 2nd use of an indefinite form (e.g., “A boy had a
frog. A boy had a dog.”).

− pnintro Pronominal introduction of concept (e.g., “It was in there,” on first mention).
Codes for referential maintenance
+ ntie Clear referential tie using nominal form (e.g., “A boy captured a frog. Then the boy put it in a jar.”).
− ambigntie Ambiguous referential tie using nominal form (e.g., “He saw two frogs. The frog was…”); also

mislabeling available concepts (e.g., “dog” for “frog”).
+ pntie Clear referential tie using pronominal form (e.g., “A boy found a frog. He put it in a jar.”).
− ambigpntie Ambiguous referential tie using pronominal form (e.g., “The boy and the dog were looking for the

frog. He looked under the bed.”).

Note. + indicates an appropriately cohesive strategy; − indicates an inappropriate strategy.
By tallying pronouns and other noun phrases separately, the TREIN acknowledges the subtle differences in behavior
between these two syntactic classes when it comes to cohesion. Definite noun phrases are used in English (primarily) to refer
to specific and known concepts that are part of the common ground, whereas pronouns are used to refer to specific, known
concepts that are the current focus of the discourse (see e.g., Ariel, 2009). Tallying each error type separately allows for
examination of the impact that these differences may have on error rates during narrative production. The TREIN training
manual and details of the system as implemented in this research are available online: http://johncthorne.wordpress.com/
tallying-reference-errors-in-narrative-trein/
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4-Digit Codes for *FASD group (n = 72) organized by degree of CNS impairment.
Static encephalopathy Neurobehavioral disorder

2444 -FAS 4234 1124 1224 1123
2443 -FAS 4234 1223 1124 1224
3442 -FAS 4234 3223 1124 1224
1443 -FAS 3233 3123 1124 1224
4343 -FAS 1234 1424 1124 1223
4344 -FAS 1234 1424 1124 1223
1343 -FAS 1234 1423 1124 1223
3244 2234 1423 1124 1223
3243 1233 1423 1123 1223
1244 1234 1324 2123 1223
1343 1234 1324 1424 1223
1243 1233 1323 1224 3422a

4244 1233 2223 1224
3244 2134 2124 1224
2244 1134 1224 1123

Note. FAS = full or partial fetal alcohol syndrome according to Astley (2004), following Astley et al., 2009.

Sources: Unpublished raw data from Astley (2010a), Carmichael-Olson and Astley (2005), and Coggins (1995).
aNeurobehavioral disorder, alcohol unknown with full face of FAS.
Appendix C

Story Elicitation Protocol
Frog, Where Are You? (Mayer, 1969)
Administration Guidelines

1. Assess each child individually. Provide a simple barrier for the child to block your view of the book.

2. Examiner presents child with two envelopes containing copies of Frog, Where Are You?
ded From
f Use: htt
• “I have a big box in my office with a bunch of these special books. They are neat because they don’t have any
words. I want you to pick one AND DON’T LET ME SEE IT (child picks; put the other book away, out of reach).
3. Examiner says:

• “I want you to look at the pictures in the book. You’ll want to look at each picture carefully, because when you

are done, I want you to tell me the best story that you can.

• Take as much time as you need to look at all the pictures in the book. When you are done looking at all the
pictures, turn back to Page 1 and use the pictures to help you tell me the best story that you can.”
4. After the child looks through the book, confirm that they are ready and have them turn back to the first page of the
book.

5. Examiner says, “Now remember, I want to hear your very best story.”

6. Examiner should be positioned so that it is clear that she or he can’t directly see the Frog book.

7. If necessary, the examiner can help the child begin by saying:

• “I will help you get started. Once upon a time there was…”
8. The child should go through each page and tell the story. The child should be turning the pages as she or he tells the
story. No specific prompts should be given by the examiner.

9. General encouragement statements are permitted (e.g., “What happened next?”). It is okay if the child does not have
something to say about each page.

10. After the child finishes telling the story, stop the tape and praise the child for his or her storytelling skills.
Thorne & Coggins: Cohesive Referencing and CNS Abnormality in FASD 15

: http://ajslp.pubs.asha.org/ by a University of Washington User  on 11/21/2016
p://pubs.asha.org/ss/rights_and_permissions.aspx


