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Abstract

The reading difficulties of individuals with autism spectrum disorders have been established in the literature, with
particular attention drawn toward reading comprehension difficulties. Recent papers have highlighted the heterogeneous
nature of reading abilities in this population by utilizing statistical methods that allow for investigations of unique reading
profiles. This article extends this literature by investigating reading profiles longitudinally, to investigate the stability of
reader profiles across time. Latent profile and transition analyses were conducted to establish categorically distinct
reading profiles at two time points, 30 months apart. This study also examined whether age and autism symptom severity
were related to the profiles at each time point. Finally, transitions between profiles at each time point were identified.
Age did not predict profile membership, but there were significant differences in symptom severity that were largely
stable over time. Results indicate that heterogeneous reading profiles exist within the autism population, ranging from
average reading ability to severe difficulties across different reading subskills. The data from this study demonstrate that
reading profiles of children and adolescents with autism spectrum disorders shift when examined across time.
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Autism spectrum disorders (ASD) refer to a group of neu- Reading comprehension development
rodevelopmental disorders characterized by impairments

in social interaction, communication, and repetitive and
restricted behaviors and interests; prevalence rates indicate
that 1 in 59 individuals in the United States are diagnosed - ‘
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According to the Simple View of Reading (Gough and
Tunmer, 1986), reading comprehension is the product of
efficient decoding, or word reading, and oral language
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subgroup of readers, those who are able to decode words
easily but have difficulties comprehending written text,
often called hyperlexic readers (for reviews, see Grigorenko
et al., 2003; Newman et al., 2007; Saldafa et al., 2009).
Specifically, these studies have noted discrepancies
between reading comprehension attainment and decoding
abilities, when sample averages are considered (Frith and
Snowling, 1983; Jones et al., 2009; Nation et al., 2006;
Newman et al., 2007; Ricketts et al., 2013); however, the
magnitude of the discrepancy varies widely, presumably
based on the characteristics of the individuals studied.
While these studies provide an important framework
describing the reading development of this population,
concentration on group means may obfuscate critical dif-
ferences between categorically heterogeneous subgroups.

Ahandful of studies have demonstrated a more nuanced
picture of reading difficulties in the ASD population by
utilizing methodologies that go beyond average perfor-
mance to identify specific profiles of readers within ASD
samples (Davidson and Weismer, 2014; Mclntyre et al.,
2017b; Nation et al., 2006). These studies have demon-
strated that a profile of strong decoding abilities and weak
comprehension skills is not universal in samples of indi-
viduals with ASD. Instead, reading profiles have emerged
suggesting difficulties with decoding (Asberg and
Sandberg, 2012; MclIntyre et al., 2017b; Nation et al.,
2006; White et al., 2006) and reading fluency, the rate and
accuracy with which individuals read connected text
(Solari et al., 2017), coupled with comprehension difficul-
ties. Importantly, while there is converging evidence that
the majority of samples with ASD struggle with some
aspect of reading, studies investigating reading compo-
nent skills have also found that there is a subgroup of
readers that demonstrate reading skills in the average
range (Lucas and Norbury, 2014; Mclntyre et al., 2017b;
Nation et al., 2006); however, the proportion of average
readers is much lower than what is seen in typically devel-
oping populations.

All existing data demonstrate that reading comprehen-
sion difficulties, on average, are more prevalent in indi-
viduals with ASD when compared to their typically
developing peers; previous studies show 38%—73% of
ASD samples with comprehension difficulties (Henderson
et al., 2014; Jones et al., 2009; Mclntyre et al., 2017a;
Nation et al., 2006; Norbury and Nation, 2011) compared
to approximately 30% of the typically developing popula-
tion who develop a reading-related difficulty between sec-
ond and eighth grades (e.g. Catts et al., 2012). As with
their typically developing peers, oral language abilities
play an important role in reading comprehension develop-
ment; investigations into the Simple View have high-
lighted the importance of oral language abilities in the
reading ability of students with ASD (Lindgren et al.,
2009; Lucas and Norbury, 2014; MclIntyre et al., 2017a;
Ricketts et al., 2013).

In addition, one core challenge of individuals diag-
nosed with ASD, social and communication impairments,
could be related to reading comprehension difficulties.
Recent studies have investigated this possibility by exam-
ining the Autism Diagnostic Observation Schedule
(ADOS; Lord et al., 2012) relation to reading comprehen-
sion outcomes and have shown significant correlations
and predictive patterns between ADOS and reading com-
prehension difficulties (Jones et al., 2009; McIntyre et al.,
2017b; Ricketts et al., 2013). There is evidence to support
the idea that the social-cognitive difficulties associated
with ASD may impact the ability of affected children to
comprehend written text (Estes et al., 2011; Mclntyre
et al., 2017b; Nation et al., 2006; O’Connor and Klein,
2004; Randi et al., 2010). Difficulties in mentalizing (as
measured on theory of mind tasks) appear to be a specific
correlate of understanding narrative and reading compre-
hension in children with ASD (Capps et al., 2000;
Mclntyre et al., 2017a, 2018; Ricketts et al., 2013). This
inability to “mentalize” may make it difficult for children
with ASD to infer an author’s intentions, draw conclu-
sions about a text, and detect causal elements of a story
(Mclntyre et al., 2018; Randi et al., 2010; Zevenbergen
and Whitehurst, 2003). Brown et al. (2013) corroborated
these findings when they noted that individuals with ASD
are significantly worse at comprehending highly social
texts in comparison with nonsocial texts. Another key
finding to support this notion is demonstrated through a
handful of studies that show that as ASD symptom sever-
ity increases in affected individuals, more difficulties with
reading comprehension are seen (Asberg and Sandberg,
2012; Mclntyre et al., 2017a; Ricketts et al., 2013).
Typically, greater ASD symptom severity indicates higher
levels of social-cognitive difficulties (Hughes, 2001;
Joseph and Tager-Flusberg, 2004; Travis et al., 2001).
Therefore, it is possible that symptom severity is affecting
reading comprehension through its relation to social cog-
nitive abilities, such as theory of mind (Mclntyre et al.,
2017b; Mason et al., 2008; Randi et al., 2010).

Purpose of this study

To date, only two studies (Davidson and Weismer, 2014;
Mclntyre et al., 2017b) have utilized latent profile analysis
(LPA) to investigate language and literacy skills in chil-
dren with ASD; the Davidson study addressed emergent
literacy, while the MclIntyre study investigated reading
development in school-aged children. An advantage of the
LPA approach is that it does not utilize arbitrary cutoff
points, but instead derives empirically based profiles of
readers. This study secks to increase the field’s under-
standing of the heterogeneous nature of reading profiles of
school-aged children in individuals with ASD, with nor-
mative range 1Q, and the stability of these distinct profiles
over time. This study builds upon the findings of the
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Mclntyre study to investigate the reader profile assign-
ment of 8- to 18-year-old students with ASD without intel-
lectual disability, across two time points, utilizing a latent
transition analysis (LTA) to determine whether the previ-
ously identified reading subgroups were stable over time.
Work with typically developing students in this age range
has shown generally stable reader profiles (Catts et al.,
2012); therefore, it was hypothesized that this would be
similar for individuals diagnosed with ASD. The stability
of reading profiles has important implications for reading
instruction; therefore, this study sought to explore the sta-
bility of reader profiles longitudinally in students diag-
nosed with ASD. Previous research with similar
populations has shown that some reader profiles exhibit
differences in ASD symptom severity (Mclntyre et al.,
2017b); this study investigated whether ASD symptom
severity had longitudinal effects on reading profiles.

Method

Participants

The sample was enrolled in a longitudinal study approved
by the university Institutional Review Board, with a com-
munity diagnosis of ASD. Subjects were recruited through
a university research subject tracking system and from the
community through local school districts and word-of-
mouth; parent consent was obtained from all participants
as well as child assent before testing began. Individuals
were included in the sample if they had a full-scale 1Q
(FIQ) estimate =75 and their community ASD diagnosis
was confirmed by trained researchers using the ADOS-2
(Lord et al., 2012). Exclusion criteria included an identi-
fied syndrome other than ASD (e.g. Fragile X, emotional
and behavioral disorders (EBD), attention deficit hyperac-
tivity disorder (ADHD)), as ASD was the target sample,
significant sensory or motor impairment (e.g. hearing or
visual impairments), psychotic symptoms, a neurological
disorder (e.g. cerebral palsy), or any major medical disor-
der that would lead to extended absences from school;
children who were not English proficient per parent report
were also excluded from the study. Three children in the
sample were reported to be bilingual, but English profi-
cient. Exclusionary criteria and language proficiency were
determined through parent report of health, medication,
developmental and educational history and intervention.
At time point 1, 93 individuals between the ages of 8 and
16years were recruited and met criteria on the ADOS-2,
but 12 were excluded due to FIQ <75, and one outlier was
removed, resulting in a sample of 80. The outlier was
removed because this child had a Rapid Naming score that
was outside the range of possible scores. This was likely
due to either an error during that assessment or when the
data were entered. Scores for all other children and varia-
bles were checked and there were no other errors. At time

point 2, attrition (n=16) resulted in a final sample of 64.
An age range of 8—16years was chosen to compare the
development of elementary age (8—11 years) and second-
ary age students (12—16years). Sixteen was chosen at the
top end to ensure that students could be followed up for 30
months. Eight was chosen to ensure the youngest students
could provide valid responses on all measures including
self-report measures such as anxiety scales. The majority
of the sample (77%) spent much or all of their day in the
general education classroom and 91% had an Individualized
Education Programs (IEP) or 504 plan. Males made up
81.3% of the sample. In terms of race/ethnicity, 10% of the
sample was Latino/a, 5% were Asian, 1.3% were African-
American, 66.3% were Caucasian, 16.3% were Other or
Mixed, and 1.3% declined to state. Descriptive statistics
for the sample, including diagnostic measures, cognition,
and reading and language assessments at both time points
can be found in Table 1.

Measures and procedures

Trained members of a research group collected all data
during assessment sessions in a university-based child
assessment laboratory over two 2.5-h sessions at time
point 1 and 30 months later, over two 2.5-h sessions at time
point 2. Testers were trained through explicit instruction
on cach assessment, followed by a training procedure
comprising observation of experienced testers, then the
requirement that the novice tester administers assessments
with an experienced tester scaffolding and double scoring
until reliable.

Diagnostic measures and sample description. The ADOS-2
(Lord et al., 2012) is a semi-structured diagnostic assess-
ment; scores were utilized to confirm ASD diagnosis at time
point 1. The overall total score was used in all analyses. The
Wechsler Abbreviated Scales of Intelligence-1I (WASI-II;
Wechsler, 2011) was administered at time point 1 to assess
verbal and nonverbal cognitive abilities.

Language and reading skills. The Comprehensive Test of
Phonological Processing (CTOPP; Wagner et al., 1999)
was used to assess rapid automatized naming (RAN), pho-
nological memory (nonword repetition), and phonological
awareness (Elision) and yielded age-normed scaled scores
(M=10; standard deviation (SD)=3). RAN measured the
speed at which participants were able to connect symbols
(letters and numbers) to phonological representations
(naming the symbol). Elision assessed the ability to repeat
a word presented orally, and then say the part of the word
that remained after removing a specified sound. Nonword
repetition measured the extent to which a participant could
repeat increasingly longer and more complex nonwords
(3—15 sounds) presented on a CD player. Internal consist-
ency Cronbach’s alpha coefficients from our study
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Table I. Descriptive statistics at time points | and 2.

Time | Time 2
M SD Min. Max. M SD Min. Max.

Cognitive and diagnostic

FIQ 100.21 14.89 - - - - - -

ADOS-2 10.76 3.48 - - - - - -
Age 11.26 2.15 7.92 15.95 13.78 2.12 10.41 18.34
PP and RAN

RAN 88.97 14.22 58 145 91.48 17.68 55 154

NWR 7.49 2.16 | 13 7.62 1.95 3 12

Elision 10.05 2.93 2 I5 9.70 261 3 13
Word recognition

PDE 94.87 1491 58 127 96.14 12.45 67 122

SWE 93.66 14.47 57 136 94.22 12.94 34 132

GORT accuracy 8.10 2.66 2 16 8.75 3.05 | 14
Linguistic comprehension

CELF RS 7.44 3.08 | 13 8.02 3.71 | 18

WIAT RV 103.30 17.14 58 140 107.95 16.90 65 146

TAPS AR 6.08 2.76 | I 5.44 2.67 | 12

Story memory 8.03 3.23 I 15 9.08 3.14 | 15
Reading comprehension

GORT comprehension 7.45 2.52 I 13 7.81 2.94 | 15

SD: standard deviation; FIQ: full-scale 1Q; ADOS-2: Autism Diagnostic Observation Schedule; PP: phonological processing; RAN: rapid automatized
naming; NWR: nonword repetition; PDE: phonemic decoding efficiency; SWE: sight word efficiency; GORT: Gray Oral Reading Test; CELF RS:
Clinical Evaluation of Language Fundamentals—Recalling Sentences; WIAT RV: Wechsler Individual Achievement Test—Receptive Vocabulary; TAPS

AR: Test of Auditory Processing—Auditory Reasoning.

for Elision (0.93) and for nonword repetition (0.76) were
generally consistent with publisher reported alphas (0.81—
0.91; Wagner et al., 1999). The Test of Word Reading Effi-
ciency, Second Edition (TOWRE-2; Torgesen et al., 2012)
provided an age-normed standard score (M=100; SD=15)
measuring accuracy and fluency of phonemic decoding
(PDE) and sight word reading (SWE). Participants were
asked to read as many decodable nonwords (PDE) or real
words (SWE) as they could from a list in 45 s per subtest.
Internal consistency Cronbach’s alpha coefficients from
our study for SWE (0.97) and for PDE (0.96) were consist-
ent with publisher reported alphas for both subtests
(>0.90; Torgesen et al., 2012).

Passage-level oral reading fluency was only assessed at
time point 2 and was assessed with two passages, consist-
ent with their grade level, from the Dynamic Indicators of
Basic Early Literacy Skills—Next (DIBELS; Good et al.,
2011) or Florida Oral Reading Fluency (FORF; Florida
Department of Education, 2009), and is reported as words
read correctly in 1 min. The correlation between the num-
ber of words correctly read between passages was strong
for the ASD (r=0.78, p <0.005) sample.

Sentence-level semantic and syntactic language skills
were measured with the Recalling Sentences subtest of the
Clinical Evaluation of Language Fundamentals, Fourth
Edition (CELF-4; Semel et al., 2003); age-normed scaled
scores were used (M=10; SD=3). Participants were asked

to repeat increasingly longer and more syntactically com-
plex sentences presented by the experimenter. Internal
consistency Cronbach’s alpha coefficients from our study
for Recalling Sentences (0.94) were generally consistent
with publisher reported alphas (0.97) (Semel et al., 2003).

Vocabulary was measured using the Receptive Vocabu-
lary (RV) subtest from the Wechsler Individual Achieve-
ment Test, Third Edition (WIAT-III; Breaux, 2009), which
yielded age-normed standard scores (M=100; SD=15).
Participants were required to point to one of four pictures
that best depicted increasingly more semantically sophis-
ticated words. The internal consistency Cronbach’s alpha
coefficient from our study was 0.80 in the ASD sample.

The Auditory Reasoning subtest from the Test of
Auditory Processing, Third Edition (TAPS-3; Martin and
Brownwell, 2005) provided an age-normed scaled score
(M=10; SD=3) that measured linguistic comprehension
and inference ability. In this subtest, participants were read
short (one to three sentences) vignettes and then asked to
respond to one question per vignette that required inferen-
tial skills or understanding of implied meanings and idi-
oms to answer correctly. The vignettes were a mixture of
those which were social in nature and those which were
not. The internal consistency Cronbach’s alpha coefficient
from our study for Auditory Reasoning (0.88) was gener-
ally consistent with publisher reported alphas (0.91-0.96;
Martin and Brownwell, 2005).
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Figure 1. Conceptual diagram of the two LPAs. LPA models were similar across time points | and 2, except only time point 2
included fluency (represented by the dashed line). The circle represents the latent profile variable. Boxes above the circle represent
observed variables used to measure the latent profile variable. The observed variables are group by reading subdomain. The box to
the left of the circle indicates that age was treated as an observed covariate/predictor of the latent profile variable. The box to the
right of the circle indicates that ADOS-2 was treated as a distal outcome of the latent profile variable.

RAN: rapid automatized naming; NWR: nonword repetition; PDE: phonemic decoding efficiency; SWE: sight word efficiency; Gacc: Gray Oral
Reading Test-5 Accuracy; CELF RS: Clinical Evaluation of Language Fundamentals—Recalling Sentences; WIAT RV: Wechsler Individual Achievement
Test-lll-Receptive Vocabulary; TAPS AR: Test of Auditory Processing—Auditory Reasoning; Sty Mem: WRAML-2 Story Memory; Gcomp: Gray Oral
Reading Test-5 Comprehension; ADOS-2: Autism Diagnostic Observation Schedule-2.

Narrative retelling skills were measured with the Story
Recall subtest from the Wide Range Assessment of Memory
and Learning, Second Edition (WRAML-2; Sheslow and
Adams, 2003), which yielded an age-normed scaled score
(M=10; SD=3). Experimenters read a total of two short
stories aloud to each participant and after each story, par-
ticipants were asked to retell all the parts of the story they
could remember. The internal consistency Cronbach’s
alpha coefficient from our study for Story Recall (0.95) was
generally consistent with publisher reported alphas (0.91—
0.92; Sheslow and Adams, 2003).

Passage-level reading accuracy and comprehension
were assessed with the Gray Oral Reading Tests, Fifth
Edition (GORT-5; Wiederholt and Bryant, 2012) which
yielded age-normed scaled scores (M=10; SD=3). This
assessment comprises 16 progressively longer and more
complex reading passages read aloud by the participant
until they reach the ceiling at which they can no longer
read with adequate fluency. Accuracy of oral reading is
recorded as are the responses to five open-ended reading
comprehension questions per passage that were asked by
the examiner with the passage removed from view.
Cronbach’s alpha coefficients from our study for compre-
hension (0.90) and accuracy (0.92) were generally consist-
ent with publisher reported alphas (ASD=0.93-0.97)
(Wiederholt and Bryant, 2012)

Analytic plan

LPA is a multivariate technique used to empirically identify
categorically distinct groups of participants based on pat-
terns of responses across multiple variables; an advantage
is that it does not rely on researcher-defined or relatively
arbitrary cutoff scores to classify participants. Moreover, it
is a probabilistic technique that allows for participants to be
classified into a given profile while also quantifying the
degree to which profile membership is non-perfect. That is,
LPA not only assigns participants to a profile but also pro-
vides probabilities that the given participant is also assigned
to other profiles. Two LPAs were conducted in this study,
cach one from data collected at two time points, with
30months between the initial data collection and the sec-
ond round of data collection. The second LPA included a
measure of reading fluency in addition to all the measures
included in the first LPA. A conceptual diagram of the
LPAs, which includes each LPA, is presented in Figure 1.
LTA is a longitudinal extension of LPA. LTA was used to
examine the proportions of participants who did or did not
transition between profiles over time. This provided infor-
mation regarding the stability, and potential malleability, of
the reader profiles in the sample.

Scaled scores were converted to z-scores, using the
population norms of each test, to facilitate interpretation of
the item-profile plots since they were on different scales.
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The first step was to conduct two separate LPAs, one from
the first data collection time point and the second from the
follow-up data collection 30 months later. Sets of models
consisting of one to five profiles were conducted with each
set using a different variance-covariance specification as
recommended by Masyn (2013). The set of models that
Masyn calls class-invariant, diagonal was chosen as the
final set because convergence problems occurred with sets
of models utilizing more complex variance-covariance
structures. These problems were due to the limited sample
size relative to the increasing number of estimable param-
eters in the more complex models. The class-invariant,
diagonal structure specifies that indicator covariances are
constrained to zero within profile and indicator variances
are constrained to equality across profiles. This is the
default specification in Mplus 8.

All models were conducted using full information max-
imum likelihood estimation. This estimator uses all avail-
able data meaning an individual can be included in the
analyses as long as that individual contains data on at least
one variable. In this study, all 80 participants contributed
data to the first LPA. Individuals who were missing at the
second time point did not contribute to the second LPA nor
to the LTA. That is, all 80 individuals were used to esti-
mate the latent profiles at the first time point, but only 64
individuals were used to estimate the latent transitions
from the first LPA to the second LPA.

Age was treated as a covariate of each latent profile
variable to examine whether older participants were sig-
nificantly more likely to be classified into a given profile
relative to a reference profile. Age was centered in both
LPAs. ASD symptomatology was treated as a distal out-
come—even though it is not truly distal—for estimation
purposes to obtain profile-specific means of ASD symp-
tomatology and compare them for significant differences.
This decision was made to facilitate a clearer understand-
ing of how ASD symptomatology related to the emergent
profiles. That is, interpreting the comparisons of profile-
specific means of ASD symptomatology was preferred
over comparing log odds of membership in a given profile
in relation to a reference profile. These analyses were
accomplished using the BCH approach (Asparouhov and
Muthén, 2014) to incorporate both analyses into one
model. The covariate effects were estimated using a multi-
nomial logistic regression, which presents results on the
logit metric and requires a reference profile to compare to
all other profiles. Logits can be converted into odds ratios,
which may be thought of as an effect size. Odds ratios of
1.0 indicate a 1:1 ratio of being classified into either the
reference or the target profile, while values that deviate
from 1.0 indicate greater chances of being placed into one
of the profiles.

Multiple fit statistics were used for the enumeration
process. When fit statistics were ambiguous, substantive
checks were employed to ensure the theoretical viability of

a particular model, which has been shown to be a key con-
sideration when choosing the preferred model (Muthén,
2003). Information criteria included the Bayesian
Information Criterion (BIC; Schwarz, 1978), which has
been shown to most consistently identify the best model
(Nylund et al.,, 2007), and the Adjusted Bayesian
Information Criterion (ABIC). Minimum values for these
fit statistics indicate the preferred model. Two likelihood-
based ratio tests—the adjusted Lo-Mendell-Rubin (LMR)
and bootstrapped likelihood ratio test (BLRT)—were also
used. These indexes provide p values that compare a model
with k& profiles to a model with k— 1 profiles. When there is
a non-significant p value for the model with & profiles and
a significant p value for the model with k—1 profiles, the
model with & profiles is preferred. Simply put, a non-sig-
nificant p value indicates the addition of another profile
did not significantly improve the model and the more par-
simonious version should be preferred. Finally, this study
also utilized the Bayes Factor (BF) and correct model
probability (cmP), which are information-heuristic statis-
tics derived from the BIC (Masyn, 2013). The BF com-
pares two competing models by providing a ratio of
probabilities that a model with £—1 profiles is correct
compared to a model with & profiles. Values for the k—1
model between 1 and 3 are weak evidence, 3 and 10 mod-
erate evidence, and >10 strong evidence. The cmP is inter-
preted as the probability of a particular model being
preferred out of a set of models under consideration.
Although not a fit statistic, we report the entropy values for
the chosen models as a general measure of strength of
classification.

Finally, this study connected the chosen LPAs at both
time points using LTA. It was necessary to conduct the
measurement models for each individual separately
before linking them because it has been shown that esti-
mating structural parameters simultancously with meas-
urement parameters can cause undesirable shifts in the
latent profiles (Nylund, 2007; Nylund-Gibson et al.,
2014; Nylund-Gibson and Masyn, 2016; Vermunt, 2010).
When estimating the LTA, the primary concern was not
with fit statistics, but ensuring the individual LPAs did
not influence each other. That is, when two or more LPAs
are connected using LTA, there is the potential for profile
membership at time 2 to affect profile membership at
time 1. This was considered chronologically unviable. To
ensure this did not occur, this study employed the three-
step method (Nylund-Gibson et al., 2014; Vermunt,
2010). This approach ensured participants were assigned
to their latent profiles from the individual LPAs. This
method also accounted for classification error resulting
from non-perfect assignment to latent profiles. Thus,
this study accounted for participants’ assignment to pro-
files at time points 1 and 2, classification error, and the
potential for each time point to influence each other
unrealistically.
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Table 2. Fit statistics for LPAs at time points | and 2.
No. of profiles LL BIC ABIC LMR BLRT BF cmP
p value b value
Time |
| —-1184.89 2466.19 2396.81 N/A N/A <0.001 <0.001
2 —1089.51 2328.01 2220.79 0.003 <0.001 <0.001 0.261
3 —-1064.36 2330.30 2185.24 0.695 <0.001 0.135 0.083
4 —-1036.17 2326.29 2143.40 0311 <0.001 15.959 0617
5 —-1012.55 2331.83 2111.10 0.635 <0.001 N/A 0.039
Time 2
I -1060.09 2219.99 2144.46 N/A N/A <0.001 <0.001
2 -973.90 2101.68 1985.23 0.211 <0.001 0.020 0018
3 —942.97 2093.89 1936.52 0.228 <0.001 11.302 0.902
4 -918.37 2098.74 1900.46 0619 <0.001 N/A 0.080
5 Convergence problems

LL: log-likelihood; BIC: Bayesian Information Criterion; ABIC: Adjusted Bayesian Information Criterion; LMR: Lo—Mendell-Rubin likelihood ratio

test; BLRT: bootstrapped likelihood ratio test; BF: Bayes Factor; cmP: correct model probability.

Results

Latent profile analyses

Fit statistics for the first LPA are presented in the top panel
of Table 2. The minimum BIC value occurred with the
four-profile model, though values for models consisting of
two to five profiles were all similar, with a range of only
five points. This relative ambiguity necessitated examina-
tion of not only additional fit statistics but also all item-
profile plots for theoretical consideration. The ABIC never
reached a minimum value. The LMR supported the two-
profile model, while the BLRT never became non-signifi-
cant, so it was considered uninformative. Both the BF and
cmP supported the four-profile model. The entropy for this
model was 0.90.

Thus, the four-profile model had the most statistical
support, but item-profile plots with two to five profiles
were examined to be comprehensive in choosing the pre-
ferred model. The two-profile model showed rank-ordered
profiles across all variables, which was not consistent with
the literature citing specific reading difficulties. The five-
profile model yielded profiles that overlapped on multiple
variables, which suggested overfitting the data. Thus, the
two- and five-profile models were removed from further
consideration. The three-profile model also yielded
ordered profiles, while the four-profile model included a
profile that was consistent with prior research, namely,
participants with average word reading skills, but below-
average reading comprehension skills. In addition, all pro-
files consisted of sizable proportions of the sample
suggesting the emergent profiles were substantively mean-
ingful; this solution was consistent with McIntyre et al.
(2017b). The item-profile plot is depicted in the top panel
of Figure 2. The profile demarcated by a solid line with
circular markers scored near average, and higher than the
other profiles, on most variables. This profile was labeled

Average and consisted of 18.0% of the sample. The profile
depicted by a dotted line with square markers exhibited
some lower scores in language variables, but was charac-
terized by a particular difficulty in reading comprehension.
This profile was labeled Comprehension Disturbance and
made up 24.2% of the sample. The profile with a dashed
line and X markers scored below average on all but one
variable and was labeled Below Average/Intact RV. This
profile contained 23.6% of the sample. The profile at the
bottom with a solid line and triangular markers scored the
lowest on all variables. It was labeled Global Disturbance
and consisted of 34.3% of the sample.

Fit statistics for the second LPA are presented in the
bottom panel of Table 2. The five-profile model estimated
more parameters than the sample size, which led to con-
vergence problems, so it was excluded. The BIC values for
the two-, three-, and four-profile models again had similar
values, though the minimum value occurred with the three-
profile model. The ABIC never reached a minimum value,
the LMR never became significant, and the BLRT never
became non-significant. These three fit statistics were
uninformative. The BF supported the three-profile model,
but could not be computed for the four-profile model, due
to the exclusion of the five-profile model. Thus, it was dif-
ficult to draw a conclusion from the BF. The cmP sup-
ported the three-profile model, but this was not surprising
as it is derived from the BIC. Therefore, given ambiguity
in the fit statistics (particularly the similarity among BIC
values for the models with two, three, and four profiles),
substantive interpretation of the item-profile plots with
two to four profiles was critical. As with the LPA at the
first time point, the two- and three-profile plots consisted
of rank-ordered profiles inconsistent with previous
research. The four-profile plot showed more nuanced pro-
files that aligned with extant literature and was chosen as
the preferred model. The entropy for this model is 0.91.
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Figure 2. Item-profile plots for each LPA. The first LPA is on top.

The item-profile plot is depicted in the bottom panel of
Figure 2. The profiles were fairly similar to the profiles
from time point 1. The Average profile consisted of 31.2%
of the sample. The Comprehension Disturbance profile
exhibited particular difficulties in CELF Recalling
Sentences, TAPS Auditory Reasoning, and GORT Reading
Comprehension and consisted of 18.3% of the sample. The
third emergent profile is demarcated by dashed lines with
an X marker in the bottom panel of Figure 2. This profile
was characterized by below average performance across
most variables except the WIAT RV subtest. Similar to
time point 1, this profile was labeled Below Average/Intact
RV and consisted of 29.9% of the sample. The final profile
represented by a solid line with triangle markers scored
one or more standard deviations below average on all but
three variables. This profile was termed Global Disturbance
and consisted of 20.6% of the sample.

Profile separation for each LPA

One method of validating the interpretation of the latent
profiles is measuring the amount of profile separation
between each profile on each indicator. Profile separation
is measured not only by the distance between the profile-
specific means of each indicator but also by the variances.
This can be quantified by adapting the formula for Cohen’s
d (Masyn, 2013), which yields standardized interclass dif-
ferences. Coefficients with an absolute value less than 0.85
correspond to a low degree of separation and absolute val-
ues greater than 2.0 correspond to a high degree of separa-
tion (Masyn, 2013).

Results for all pairwise profile comparisons for each
indicator are presented in Table 3. For the first LPA, the
greatest separation occurred between the Average and
Global Disturbance profiles as all coefficients were greater
than 0.85. There were two comparisons in which the
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Table 3. Standardized differences between all pairwise comparisons of profiles for all indicators for each LPA.

Variable Comprehension ~ Comprehension Comprehension Average Average versus  Global Disturbance
Disturbance Disturbance versus  Disturbance versus versus Global  Below Average/  versus Below
versus Average  Global Disturbance ~ Below Average/Intact RV Disturbance Intact RV Average/Intact RV

Time |

RAN 0.21 2.16 1.29 1.96 1.08 -0.87
NWR -0.39 0.69 -0.24 1.08 0.15 -0.93
Elision 0.00 1.79 0.95 1.79 0.95 -0.84
PDE -0.31 2.97 1.98 3.28 2.29 -0.99
SWE -0.46 245 0.76 291 1.23 -1.69
Gacc -1.52 1.23 0.85 2.75 2.37 -0.38
CELF -1.90 1.16 -0.85 3.06 1.05 -2.01
WIAT RV -1.06 0.34 -0.55 1.40 0.51 -0.89
TAPS AR -1.34 -0.20 -1.14 I.14 0.20 -0.95
Sty Mem -1.16 0.43 -0.85 1.58 0.31 -1.28
Gcomp -3.16 0.02 -1.85 3.19 1.31 -1.87
Time 2
RAN -0.05 -1.57 -1.26 -1.62 -1.31 0.31
NWR -1.26 0.84 0.77 -0.42 -0.49 -0.07
Elision -0.65 -0.14 -0.28 -0.79 -0.93 -0.14
PDE -0.21 -2.07 -1.62 -2.27 -1.83 0.45
SWE -0.50 -2.01 -1.09 -2.51 -1.59 0.92
Gacc -0.89 -1.63 -1.02 -2.53 -1.91 0.62
CELF -2.39 -0.07 1.6l -2.47 -0.79 1.68
WIATRV  -2.12 0.12 |.44 -2.00 -0.68 1.32
TAPS AR -0.94 -0.61 0.66 -1.54 -0.28 1.27
Sty Mem -0.70 -1.14 0.40 -1.83 -0.29 1.54
Fluency -1l -2.54 -0.91 -3.64 -2.01 1.63
Gcomp -2.11 -2.17 0.89 -4.29 -1.23 3.06

RAN: rapid automatized naming; NWR: nonword repetition; PDE: phonemic decoding efficiency; SWE: sight word efficiency; Gacc: Gray Oral
Reading Test accuracy; WIAT RV: Wechsler Individual Achievement Test—Receptive Vocabulary; TAPS AR: Test of Auditory Processing—Auditory
Reasoning; Sty Mem: story memory; Gcomp: Gray Oral Reading Test Comprehension; CELF: Clinical Evaluation of Language Fundamentals; LPA:

latent profile analysis.

Profile names in parentheses refer to the names of the profiles at time point 2 that differed from time point 2.

absolute values of the coefficients for 6 of the 11 indicators
were greater than 0.85 and the remaining were less than
0.85. First, Comprehension Disturbance and Average were
not well separated by the phonological and word reading
variables, but were well separated in the linguistic and
reading comprehension variables. Second, Comprehension
Disturbance and Global Disturbance were generally well
separated by the phonological and reading variables, but
not the linguistic and reading comprehension variables.
For the second LPA, the greatest amount of separation
was between the Average and Global Disturbance pro-
files; absolute values of the coefficients for 10 of the 12
indicators were greater than 0.85. The rest of the pairwise
comparisons yielded either seven or eight coefficients
whose absolute values were greater than 0.85. These dif-
ferences largely supported the labels assigned to each
latent profile. For example, Comprehension Disturbance
and Global Disturbance were well separated by a mix of
word reading and linguistic and reading comprehension
variables (as Global Disturbance scored lowest across all

types of variables). Furthermore, Comprehension
Disturbance and Average were primarily separated by lin-
guistic and reading comprehension variables, but not word
reading variables.

Relating age and ASD symptomatology to the
LPAs

Results for the age covariate at both time points are pre-
sented in Table 4. The reference profile at both time points
was Average. For both time points, age did not signifi-
cantly predict profile membership. Participants at time
point 1 between ages 8 and 16 years had statistically equal
probabilities (logits ranged from —0.09 to 0.01, ps ranged
from 0.60 to 0.94) of being classified into any profile. For
time point 2, logits ranged from —0.17 to 0.01, ps ranged
from 0.34 to 0.74. This was also supported substantively
by the odds ratios, which showed nearly 1:1 chances
(0.91:1-1.01:1 at time point 1; .84:1-1.06:1 at time point
2) of being classified into any profile.
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Table 4. Age effects for each LPA model.

Profile Logit SE Logit/SE p value OR
Time |
Comprehension Disturbance —-0.09 0.17 —-0.53 0.60 091
Below Average/intact RV —-0.03 0.16 -0.16 0.88 0.97
Global Disturbance 0.01 0.17 0.08 0.94 1.01
Time 2
Comprehension Disturbance 0.06 0.18 0.34 0.74 1.06
Below Average/intact RV -0.17 0.18 -0.96 0.34 0.84
Global Disturbance 0.0l 0.18 0.34 0.74 1.01
LPA: latent profile analysis; SE: standard error; RV: Receptive Vocabulary; OR: odds ratio.
Reference profile is Average.
Time 1
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Figure 3. Profile-specific means of ADOS at each time point.

Figure 3 shows significant differences in ADOS scores
for all pairwise comparisons between profiles at time
point 1 (top panel) and time point 2 (bottom panel). At
the first time point, Global Disturbance had a signifi-
cantly higher mean ADOS score than Average (p=0.019).
The ADOS score difference between Comprehension
Disturbance and Average was marginally significant
(p=0.054). At the second time point, the only significant dif-
ference in ADOS scores was between Global Disturbance

and Average with the former scoring higher than the latter
(p=0.047).

Transitions between profiles over time

Transitions between profiles are presented in Table 5.
Values on the diagonal represent proportions of partici-
pants who remained in the same profile. Values on the
off-diagonals represent proportions of participants who
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Table 5. Probabilities of transitioning between profiles.

Time point | Time point 2

Average Comprehension Disturbance Below Average/Intact RV Global Disturbance
Average 0.89 0.06 0.05 0.00
Comprehension Disturbance 0.28 0.57 0.06 0.09
Below Average/Intact RV 0.21 0.09 0.69 0.0l
Global Disturbance 0.00 0.14 0.10 0.76

RV: Receptive Vocabulary.

transitioned to different profiles between time points 1 and
2. The Comprehension Disturbance profile had the small-
est proportion of participants who remained in the profile
at time point 2, indicating it was the least stable, and pos-
sibly the most malleable. Of those that were originally in
the Comprehension Disturbance profile, 28% transitioned
to the Average profile. Much smaller proportions transi-
tioned to the Below Average/Intact RV (6%) and Global
Disturbance (9%) profiles, which is an optimistic finding.

Of those that were in the Below Average/Intact RV pro-
file at time point 1, 21% transitioned into the Average pro-
file. The majority were stable (69%), while 9% transitioned
to Comprehension Disturbance and 1% transitioned to
Global Disturbance. The Global Disturbance profile was
largely stable, with 76% remaining in the profile, 10%
transitioning to Below Average/Intact RV, 14% transition-
ing to Comprehension Disturbance, but no participants
transitioning to Average.

Discussion

The main goal of this study was to examine heterogeneous
profiles of readers with ASD and determine whether these
subgroups of readers are stable longitudinally. Latent pro-
file analyses suggested similar reading profiles at time
points 1 and 2 in a sample of students with ASD. It is nota-
ble that across both time points, all four subgroups had
relative difficulty with CTOPP nonword repetition and
TAPS Auditory Reasoning. These findings are consistent
with prior research. Extant data have demonstrated that
nonword repetition tasks are promising markers of lan-
guage impairment, showing high rates of sensitivity and
specificity (Conti-Ramsden et al., 2001). Many children
with ASD exhibit developmental language impairments
and previous studies have found that many children and
adolescents with ASD have difficulty with nonword repe-
tition tasks, but potentially less severely and for different
underlying reasons than those with Specific language
Impairment (SLI; Riches et al., 2011; Whitehouse et al.,
2008; Williams et al., 2013). The Auditory Reasoning sub-
test required one to apply inferential skills to answer ques-
tions about short vignettes. Findings from this study align
with previous research into the nature and high prevalence
of inference impairments in individuals with ASD (e.g.

Ricketts et al., 2013; Saldana and Frith, 2007; Tirado and
Saldafia, 2016).

This study built upon the findings of Mclntyre et al.
(2017b) and there are differences that merit attention. This
study found profiles that were similar to McIntyre et al.
(2017b) in terms of shape, but differed in level. For exam-
ple, the Global Disturbance profile in this study was simi-
lar in shape to MclIntyre et al.’s Severe Global Disturbance
profile, but Global Disturbance in this study scored at a
higher level across variables. The Average and
Comprehension Disturbance profiles—at both time points
in this study—resembled the analogous profiles found in
Mclntyre et al.

There was a notable difference between the observed
variables Mclntyre et al. (2017b) used to measure the
latent profiles and those used in this study. Mclntyre et al.
utilized a measure of expressive vocabulary, while this
study used a measure of RV. This did not appear to be a
particularly meaningful measure as students’ scores within
each profile did not seem to align with other measures
thought to tap similar skills. This can easily be seen in
Figure 2 by the peaks caused by this measure relative to
the scores on adjacent measures, for all profiles. With
respect to practitioners, RV measures may not provide
usable information to guide targeted interventions.

While analyses suggested similar reading profiles at
both time points in this study, profile membership was not
as stable longitudinally as has been seen in previous litera-
ture with students who were not diagnosed with ASD in
the same age range (Catts et al., 2012). Subsamples of stu-
dents in the Comprehension Disturbance and Below
Average/Intact RV profiles improved their reading skills
between time points 1 and 2; however, the prevalence of
reading difficulties in the overall sample remained much
higher than typically developing samples, with 68.8% of
the sample experiencing difficulties with comprehension
and 50.5% with below-average word reading abilities at
time point 2. While Comprehension Disturbance has been
well documented in the literature, the prevalence of indi-
viduals with ASD that also have word level reading diffi-
culties have been investigated to a lesser extent.

The Comprehension Disturbance subgroup represents
the subgroup of ASD readers that have been most reported
in the extant literature, those with intact decoding abilities
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and comprehension difficulties. While this profile existed
across the two time points, it was also the profile with the
greatest proportion of participants who transitioned
between the two time points. Specifically, between time
points 1 and 2, only 57% of the sample remained in the
Comprehension Disturbance subgroup. Of the remaining
43%, most students transitioned to the Average profile
(28% of the total students in Comprehension Disturbance
at time point 1); additionally, the Comprehension
Disturbance profiles represented the smallest proportion
of the sample by time point 2. This finding was somewhat
surprising given the extent to which this profile of reader
has been reported in the previous studies of reading in
ASD samples. Since a sizable proportion of the
Comprehension Disturbance profile transitioned to the
Average profile, it would be worthwhile to explore what
contributed to these students’ transition, though an empiri-
cal examination was beyond the scope of this study. One
possible explanation may be that social cognition plays a
role as it has been suggested that social cognition is related
to reading comprehension in students with ASD (Ricketts
et al., 2013). As these students mature, they receive more
opportunities to develop social cognition or may receive
direct intervention in these skills. Thus, students who are
successful may have increased chances of improved read-
ing comprehension skills and transition into the Average
profile. An alternative explanation may be related to the
reading instruction the students received. If teachers iden-
tified these students’ specific comprehension difficulties,
they may have provided the students with strategies target-
ing comprehension. Interestingly, the second largest tran-
sition probability was 0.21 (among students who switched
profiles), which was the proportion of students in the
Below Average/Intact RV profile who transitioned into the
Average profile. Thus, the Comprehension Disturbance
and Below Average/Intact RV profiles contained students
who appeared to improve over time in their overall reading
development, though this study could not pinpoint the
motivating factors for these transitions, whether social
cognition, instruction, or other shared characteristics or
factors. The field would benefit from future studies that
examine the characteristics of children who demonstrate
improvement over time in reading skills; the sample size in
this study is not large enough to look at within-profile spe-
cific characteristics.

The addition of reading fluency at time point 2 allowed
for a more nuanced examination of the reading profiles.
Previous literature has concentrated on single word decod-
ing abilities as a strength in the ASD population, but has
largely ignored the ability to read connected text, or
reading fluency; recent literature has shown that reading
fluency may play an important role in the reading compre-
hension abilities of individuals with ASD (Solari et al.,
2017). Reading fluency exhibited wider variation than the
other variables, which suggests it can be wvaluable

in differentiating readers with ASD. Moreover, the
achievement patterns for fluency and the word reading
variables were identical across profiles. With this age
range, fluency may be a more efficient measure of reading
skills since findings were identical to multiple measures of
single word reading, which is important for educational
practitioners. Notably, fluency and reading comprehension
seemed to efficiently summarize the overall profiles.
Average scored highest on both measures and Global
Disturbance scored lowest on both measures.
Comprehension Disturbance scored higher than Below
Average/Intact RV on fluency, but lower on reading com-
prehension. The reading fluency measure was not availa-
ble at time point 1, so this study cannot assess whether
these results would have been stable longitudinally. These
findings, however, provide initial evidence that fluency
may be important for readers with ASD and should be
examined in future studies.

Efficient measures to differentiate profiles

Profile separation across indicators provided additional sup-
port for the conceptual validity of the profiles and these
results may aid practitioners in tailoring reading interven-
tions for students with ASD as well as allocating resources
efficiently. Results for profile separation were generally
consistent across time. With respect to differentiating the
Comprehension Disturbance and Average profiles, there
were generally only small effects in the phonological pro-
cessing and word reading variables. As would be expected,
there were moderate to large effects among the linguistic
and reading comprehension variables. However, fluency
also had a moderate effect. Therefore, students who demon-
strate a specific comprehension difficulty may also require
instruction in strategies designed to improve passage-level
fluency. The Comprehension Disturbance and Below
Average/Intact RV profiles tended to be separated mostly by
word reading variables, which makes intuitive sense given
that both profiles would show depressed skills in compre-
hension, but Comprehension Disturbance would be
expected to demonstrate adequate word reading. This was
also true when comparing the Comprehension Disturbance
and Global Disturbance profiles, but they were further dif-
ferentiated by fluency and reading comprehension. The
Below Average/Intact RV and Global Disturbance profiles
were mostly separated by linguistic comprehension, flu-
ency, and reading comprehension variables.

In terms of informing intervention, it is clear that the
majority of students require intervention in linguistic com-
prehension skills (i.e. Comprehension Disturbance, Below
Average/Intact RV, and Global Disturbance profiles). This
may include vocabulary, narrative recall, and inferencing
skills. A recent study by Grimm et al. (2018) found that the
linguistic comprehension skills of students diagnosed with
ASD developed at a similar rate, but at a lower level,
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compared to same-aged typically developing peers. This
study builds upon these findings by providing a more
nuanced picture such that linguistic comprehension skills
can vary by latent profile. The Average profile scored aver-
age or above—compared to national norms—on three of
the four linguistic comprehension measures (i.e. CELF-4,
WIAT-III, and WRAML-2), while the other profiles scored
below average on all linguistic comprehension measures,
except Below Average/Intact RV scored average on the
WIAT-IIT RV. This was true at both time points. Thus,
while the majority of students diagnosed with ASD appear
to require intervention in linguistic comprehension, it is
possible the development of linguistic comprehension
skills of students in the Average profile may follow a tra-
jectory similar to typically developing students. Screening
for this would allow educational practitioners to allocate
resources more efficiently.

This study also suggests that word reading and passage
fluency may be critical skills for longer periods of time
than is typical of other student populations. Both skills dif-
ferentiated the Comprehension Disturbance, Below
Average/Intact RV, and Global Disturbance profiles.
Studies of typically developing students have shown word
reading skills are important primarily in the early grades
(e.g. Adlof et al., 2006; Hoover and Gough, 1990). This
study, however, included a large age range of students
diagnosed with ASD, but age did not predict profile mem-
bership. This suggests word reading skills remain an
important predictor of reading comprehension if students
belong to one of the three lower performing profiles
regardless of age.

The data demonstrate that both the Below Average/
Intact RV and Global Disturbance profiles require inter-
vention in word reading and linguistic comprehension
skills. In typically developing populations, word reading
is often viewed as a lower order skill compared to lin-
guistic comprehension. However, this may not be the
case for students diagnosed with ASD. Based on this
study, students in the Below Average/Intact RV and
Global Disturbance profiles were differentiated by lin-
guistic comprehension, so intervention might best be
focused on linguistic comprehension if a practitioner is
serving a student in the Global Disturbance profile and
the goal is to raise the student to the Below Average/
Intact RV profile. Yet, it should be emphasized that both
skill areas would be in need of remediation, but practi-
tioners should be aware of the need to differentiate
resource allocation dependent on individual students’
strengths and weaknesses.

Relation between reading profiles and ASD
symptom severity

Similar to previous findings (Mclntyre et al., 2017b;
Ricketts et al., 2013), reading impairment was related to

ASD symptom severity; in this study, we show that these
relations change over time. When measured concurrently
at the first time point, ASD symptom severity was signifi-
cantly different between the Average and the Global
Comprehension readers, while the difference between
Average and Comprehension Disturbance was marginally
significant. This latter difference did not occur at the sec-
ond time point, which reflects the transitions between pro-
files, specifically, those who transitioned from
Comprehension Disturbance to Below Average/Intact RV
and Average. However, we also note caution in this inter-
pretation as the difference between Global Disturbance
and Average went from significant at the first time point to
marginally significant at the second time point. One pos-
sible explanation is that individual participants’ ADOS
scores did not change over time because ADOS was col-
lected only at the first time point. Rather, the profile-spe-
cific average ADOS scores changed. It is possible that the
difference between Global Disturbance and Average may
have remained equally significant if ADOS scores were
collected at the second time point and included as a covari-
ate in the second LPA. If students’ symptomatology
evolved over the 30-month period, there may have been a
different relationship between ADOS and reading skills at
the second time point. Although not statistically signifi-
cant, the fact that the average ADOS scores of the Below
Average/Intact RV, Comprehension Disturbance, and
Average profiles converged at the second time point sug-
gests those with lower ADOS scores (i.e. lower symptom
severity) were more likely to transition from Comprehension
Disturbance to Average, while those with higher ADOS
scores were more likely to transition from Comprehension
Disturbance to Below Average/Intact RV.

While the trends toward improving reading skills over
time are positive, compared to typical reading develop-
ment trajectories, the reading performance of children
diagnosed with ASD, with an IQ in the normative range,
remains highly impaired when compared to their cognitive
abilities. In this higher functioning sample, with average
full-scale 1Q, at time point 2, only 31.2% of the sample
demonstrated average reading abilities. This is signifi-
cantly lower than typically developing samples, where
approximately 80% of individuals score within the aver-
age range when they have comparable cognitive function-
ing. In this sample, the majority of students spent most of
their instructional time in general education settings. The
persistent reading difficulties of this sample indicates that
a large proportion of individuals with ASD are not respond-
ing to the typical reading curriculum. This argues for the
importance of comprehensive, evidence-based reading
instruction to be provided to individuals diagnosed with
ASD from the earliest stages of schooling. Furthermore,
the discrepancy between cognitive abilities and reading
abilities, and the apparent relation between ASD sympto-
mology and reading comprehension performance suggests
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the need to develop and empirically test targeted reading
interventions specific to the needs of individuals diag-
nosed with ASD.

Limitations

One limitation of this study is the relatively small sample
size. However, in LPA, statistical power is not a function
of only sample size. Unlike more traditional analytic tech-
niques, power to detect whether parameter coefficients
(e.g. profile-specific indicator means) are statistically sig-
nificant is not often the focus in LPA. Rather, statistical
power in this context generally applies to whether the plu-
rality of fit indexes are able to identify the “correct” model.
Tein et al. (2013) found that sample size had minimal
effects on statistical power compared to other factors such
as interclass distance among the indicators as well as the
number of indicators. This study included a large number
of indicators and the results demonstrated that 47 out of 66
profile-specific indicator mean comparisons in the first
LPA and 46 out of 72 in the second LPA showed standard-
ized interclass differences >|0.85|. Finally, the substantive
interpretations of the LPAs and LTA were theoretically
viable, which is a primary concern in mixture modeling
(Muthén, 2003). Thus, it is possible that limitations related
to the limited sample size were, at least, partially mitigated
by the number of indicators, interclass differences, and
substantive interpretation.

Although this study identified two significant differ-
ences in autism symptom severity across profiles, it may
be more differences among profiles exist and this study did
not have the power to detect them. Second, it would have
been valuable to measure autism symptom severity at both
time points to examine whether individual changes could
be related to transitions between profiles. It is possible that
individuals with better social communication skills are
better able to access the general education curriculum,
including reading instruction. This study did not include
predictors of the latent transitions; therefore, conclusions
concerning what motivated the transitions could not be
drawn. Examining such predictors, with a larger sample
size, is a promising area of future research.

Conclusion

This study provides evidence that a majority of students
diagnosed with ASD, with normative range IQ, experi-
ence impaired reading abilities, but also empirically iden-
tified four categorically distinct profiles based on varying
reading abilities. However, these profiles were not entirely
stable over time and participants were able to transition
between profiles within the 30-month timeframe of this
study. Furthermore, the most often reported profile in the
literature, Comprehension Disturbance, was the most
malleable across time suggesting the potential for the

design of effective interventions. Autism symptom sever-
ity was related to profile membership, such that lower
severity was associated with generally greater reading
achievement.
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