may also lead to the need for a higher cutoff score for younger participants relative to older participant
groups. For example, researchers have noted significant variation in the development of language,
communication, and social skills for toddlers during their first year of life which may complicate
differential diagnosis (Landa, Holman, & Garrett-Mayer, 2007; Maestro et al., 2005). However
participants closer to 24 months of age may be more readily distinguished from their peers as language
and social skills impairments become more discrepant (Baghdadliet al., 2003; Charman et al., 1997; De
Giacomo & Fombonne, 1998; Landa & Garrett-Mayer, 2006; Sullivan et al. Landa, 2007; Wetherby et al.,
2004).

From a broader standpoint, this research continues to demonstrate the ability of clinicians and
researchers to accurately identify ASD in infants and toddlers (Baird et al., 2001; Baron-Cohen et al.,
1996; Charman & Baird, 2002; Eaves & Ho, 2004; Howlin & Moore, 1997; Wetherby et al., 2007).
Previously, researchers have suggested that developers of diagnostic screeners should strive for diagnostic
sensitivity between 70 and 80% (Glascoe, 2005). The diagnostic sensitivity and specificity for each of the
selected cutoff scores from the current analyses demonstrate the utility of the BISCUIT-Part 1 as a
screening measure for ASD despite recent diagnostic changes. The identification of new cutoff scores for
the BISCUIT-Part 1 utilizing a large normative population with DSM-5 diagnoses provided a scoring

approach that is in line with the current diagnostic criteria (APA, 2013).
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Study Two
Statistical Analyses

The second study focused on the identification of cutoff scores for the BISCUIT-Part 2 that best
discriminate the severity of comorbid psychopathology symptoms for each diagnostic group (i.e., ASD
and atypical development). Although previous calculations of the cutoff scores for the BISCUIT-Part 2
did not differentiate between ASD diagnostic categories, they were calculated based upon the symptom
manifestation observed within individuals with PDD-NOS and autistic disorder. Researchers have
previously reported that recent changes to the ASD diagnostic category may cause some individuals
previously diagnosed with ASD to no longer meet diagnostic criteria (Gibbs et al., 2012; Matson et al.,
2012a, 2012b; Mattila et al., 2011; Mayes et al., 2013; McPartland et al., 2012; Worley & Matson, 2012).
New cutoff scores were calculated based upon the symptom manifestation observed for individuals
meeting DSM-5 criteria for a diagnosis of ASD. Cutoff scores were calculated for the BISCUIT-Part 2
total score and each factor (n=5) for the total sample and each age group (n=3) across each diagnostic
category. Age-based scoring procedures were included to capture differences in symptom manifestation
across developmental periods and to remain consistent with those procedures previously used for the
development of the BISCUIT.

The standard deviation from the central tendency method was used to calculate cutoff scores for
the BISCUIT-Part 2. This method has previously been employed to develop scores for the adolescent
version of the BISCUIT, the ASD-CC (Thorson & Matson, 2012), as well as previous versions of the
BISCUIT-Part 2 (Horovitz & Matson, 2013a; Matson et al., 2009c). The standard deviation from the
central tendency method has also been used in the development of cutoff scores for other clinical
measures such as the Psychological Assessment Tool 2.0 (Pai et al., 2008).

Following the correction for outliers, the mean and standard deviation for the total score and each
of the five factors of the BISCUIT-Part 2 were calculated for each diagnostic category and their

respective age groups. Cutoff scores were then calculated for each age group within each diagnostic
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category. Given that scoring of the BISCUIT-Part 2 utilizes whole numbers, the calculated means,

standard deviations, and cutoff scores were rounded to the nearest whole number when necessary. This

process created a total of six cutoff scores for each of the six groups (e.g., ASD, 17-23 months; atypical

development, 17-23 months). Previously researchers have indicated that scores greater than two standard

deviations from the mean are of clinical significance (Jacobson & Traux, 1991). Based upon this

criterion, scores identified as being more than two standard deviations above the mean were identified as

falling in the severe impairment range. Scores between one and two standard deviations above the

respective group mean were classified as indicating moderate impairment. Finally, scores within one

standard deviation of the mean were identified and described as indicating no/minimal impairment.

Results

Total sample. Initially, cutoff scores were calculated for each diagnostic category regardless of

participant age. For the ASD diagnostic category, the mean level of symptom endorsement was 32.49,

with a standard deviation of 20.85. Based upon the procedures outline above, a total score on the

BISCUIT-Part 2 less than or equal to 53 for participants with ASD was considered to be indicative of

no/minimal impairment. A total score greater than or equal to 54 and less than or equal to 74 was

classified as indicating moderate impairment. Finally, a total score greater than or equal to 75 was

classified as indicating severe impairment. The cutoff score ranges each of the BISCUIT-Part 2 factors

are presented in Table 7.

Table 7
BISCUIT-Part 2 Cutoff Scores for the Total ASD Sample

Mean Standard No/minimal | Moderate Severe

deviation impairment | impairment | impairment

Total 32.49 20.85 0-53 54-74 >75
Tantrum/conduct behavior 10.96 7.83 0-19 20-27 >28
Inattention/impulsivity 8.88 5.59 0-14 15-20 >21
Avoidance behavior 2.72 3.04 0-6 7-9 >10
Anxiety/repetitive behavior 4.21 3.36 0-8 9-11 >12
Eating/sleep problems 2.86 1.79 0-5 6-7 8
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These procedures were also carried out for the atypically developing diagnostic category,

regardless of participant age. The average value of symptom endorsement for this group was 8.83, with a

standard deviation of 11.92. A score less than or equal to 21 was classified as indicating no/minimal

impairment. A score greater than or equal to 22 and less than or equal to 33 was classified as indicating

moderate impairment, while a total score greater than or equal to 34 was classified as indicating severe

impairment. The cutoff scores ranges for each BISCUIT-Part 2 factor appear in Table 8.

Table 8
BISCUIT-Part 2 Total Sample Cutoff Scores for Atypically Developing Participants

Mean Standard No/minimal Moderate Severe

deviation impairment | impairment | impairment

Total score 8.83 11.92 0-21 22-33 >34
Tantrum/conduct 3.23 4,76 0-8 9-13 >14
behavior
Inattention/impulsivity 2.63 3.42 0-6 7-10 >11
Avoidance behavior .59 1.39 0-2 3-4 >5
Anxiety/repetitive 97 1.72 0-3 4-5 >6
behavior
Eating/sleep problems .69 1.21 0-2 3-4 >7

Participants 17 to 23 months of age. Previously, researchers have observed that rates of
comorbid psychopathology increase across time (Konst & Matson, 2013). In order to account for the
impact of age and development on the manifestation of symptoms of comorbid psychopathology, cutoff
scores were calculated for each diagnostic category across each age group. This age-based differentiation
was also carried out to be consistent with previous versions of the BISCUIT-Part 2. Initially, cutoff
scores were calculated for the BISCUIT-Part 2 total score. For the ASD diagnostic group, the mean level
of total symptom endorsement was 29.58, while the standard deviation was 18.80. A total score less than
or equal to 48 was considered to indicate no/minimal impairment. A score greater than 48 but less than or
equal to 67 was classified as indicating moderate impairment. Lastly, a total score greater than or equal
to 68 was classified as indicating severe impairment. The cutoff score ranges for each of the BISCUIT-
Part 2 factors were calculated utilizing the same methodology and are presented in Table 9.

Table 9
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BISCUIT-Part 2 Cutoff Scores for ASD ParticipantsASD 17-23 Months of Age

Mean Standard No/minimal | Moderate Severe
deviation impairment | impairment | impairment

Total score 29.58 18.80 0-48 49-67 >68
Tantrum/conduct behavior 9.72 7.39 0-17 18-25 >26
Inattention/impulsivity 8.42 5.39 0-14 15-19 >20
Avoidance behavior 2.54 2.75 0-5 6-8 >9
Anxiety/repetitive behavior 3.85 2.96 0-7 8-10 >11
Eating/sleep problems 2.91 1.85 0-5 6-7 8

These procedures were then repeated based upon the symptom endorsement observed for

participants 17-23 months of age in the atypically developing group. The average total score for this

group was 7.95, while the standard deviation was 10.61. Based upon the standard deviation from the

central tendency method, a score less than or equal to 19 was classified as indicating no/minimal

impairment. A total score greater than 19, but less than or equal to 29, was classified as indicating

moderate impairment. Finally, a total score greater than or equal to 30 was classified as indicating severe

impairment. The cutoff score ranges for each of the BISCUIT-Part 2 factors are presented in Table 10.

Table 10
BISCUIT-Part 2 Cutoff Scores for Atypically Developing Participants17-23 Months of Age

Mean Standard No/minimal Moderate Severe

deviation impairment | impairment | impairment

Total score 7.95 10.61 0-19 20-29 >30
Tantrum/conduct behavior 2.92 4.38 0-7 8-9 >10
Inattention/impulsivity 2.33 3.07 0-5 6-8 >9
Avoidance behavior 0.49 1.20 0-2 2-3 >4
Anxiety/repetitive behavior 0.91 1.54 0-2 3-4 >5
Eating/sleep problems 0.64 1.10 0-2 3-4 >5

Participants 24 to 30 months of age. Initially cutoff scores were calculated for the BISCUIT-

Part 2 total score. For the ASD diagnostic category, the average level of total symptom endorsement was

32.31 with a standard deviation of 21.49. Based upon the procedures and criteria outlined above a total

score less than or equal to 54 was classified as indicating no/minimal impairment. A score greater than 54

and less than or equal to 75 was classified as representing moderate impairment. Lastly, a total score

greater than or equal to 76 was classified as indicating severe impairment. The cutoff score ranges for

each of the BISCUIT-Part 2 factors are presented in Table 11.
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Table 11

BISCUIT-Part 2 Cutoff Scores for ASD Participants 24-30 Months of Age

Mean Standard No/minimal Moderate Severe
deviation impairment impairment | impairment

Total score 3231 21.49 0-54 55-75 >76
Tantrum/conduct behavior 10.86 7.72 0-19 20-26 >27
Inattention/impulsivity 8.83 5.57 0-14 15-20 >21
Avoidance behavior 2.85 2.97 0-6 7-9 >10
Anxiety/repetitive behavior 4.30 3.52 0-8 9-11 >12
Eating/sleep problems 2.83 1.79 0-5 6-7 8

In a similar manner, cutoff scores were calculated for the BISCUIT-Part 2 total score for those

participants identified as atypically developing without an ASD diagnosis. Calculations were based upon

the mean level of total symptom endorsement for this age group (M = 9.22) and the observed standard

deviation (i.e., 12.34). A total score less than or equal to 22 was considered to represent no/minimal

impairment. A score greater than 22 and less than or equal to 34 was classified as indicating moderate

impairment. Lastly, a total score greater than or equal to 35 was classified as indicating severe

impairment. The cutoff score ranges for each BISCUIT-Part 2 factor are presented in Table 12.

Table 12
BISCUIT-Part 2 Cutoff Scores for Atypically Developing Participants 24-30 Months of Age

Mean Standard No/minimal Moderate Severe

deviation impairment impairment | impairment

Total score 9.22 12.34 0-22 23-34 >35
Tantrum/conduct behavior 3.34 4.85 0-8 9-13 >14
Inattention/impulsivity 2.76 3.53 0-6 7-10 >11
Avoidance behavior 0.62 1.44 0-2 3-4 >5
Anxiety/repetitive behavior 0.99 1.79 0-3 4-5 >6
Eating/sleep problems 0.71 1.26 0-2 2-3 >4

Participants 31 to 37 months of age. Cutoff scores were calculated for the BISCUIT-Part 2

total score for those participants who were between 31 and 37 months of age and diagnosed with ASD.

Cutoff score calculations were based upon the mean level of total symptom endorsement for this age

group (M = 36.14) and the standard deviation (i.e., 21.18). Based upon the procedures and criteria

outlined above, a total score less than or equal to 57 was identified as representing no/minimal

impairment. A score greater than 57 and less than or equal to 79 was classified as indicating moderate
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impairment. Lastly, a total score greater than or equal to 80 was identified as indicating severe

impairment. The cutoff score ranges for each of the BISCUIT-Part 2 factors are presented in Table 13.

Table 13
BISCUIT-Part 2 Cutoff Scores for ASD Participants 31-37 Months of Age

Mean Standard No/minimal Moderate Severe

deviation impairment impairment | impairment

Total score 36.14 21.18 0-57 58-79 >80
Tantrum/conduct behavior 12.69 8.37 0-21 22-29 >30
Inattention/impulsivity 9.54 5.87 0-15 16-21 >22
Avoidance behavior 2.63 3.54 0-6 7-10 >11
Anxiety/repetitive behavior 4.46 3.40 0-8 9-11 >12
Eating/sleep problems 2.86 1.75 0-5 6-7 8

Lastly, these analyses were then carried out for those participants identified as atypically
developing without an ASD diagnosis. Calculations were based upon the mean level of total symptom
endorsement (M = 9.46) and standard deviation (i.e., 13.05). A total score less than or equal to 23 was
considered to represent no/minimal impairment. Scores greater than 23 and less than or equal to 36 are
suggested to indicate moderate impairment. Lastly, a total score greater than or equal to 37 was classified
as indicating severe impairment. The cutoff score ranges for each of the BISCUIT-Part 2 factors are

presented in Table 14.

Table 14
BISCUIT-Part 2 Cutoff Scores for Atypically Developing Participants 31-37 Months of Age

Mean Standard No/minimal Moderate Severe

deviation impairment impairment impairment

Total score 9.46 13.05 0-23 24-36 >37
Tantrum/conduct 3.58 5.18 0-9 10-14 >15
behavior
Inattention/impulsivity 2.87 3.75 0-7 8-10 >11
Avoidance behavior 0.68 1.57 0-2 3-4 >5
Anxiety/repetitive 1.03 1.84 0-3 4-5 >6
behavior
Eating/sleep problems 0.76 1.25 0-2 3-4 >5
Discussion
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Researchers have previously observed elevated rates of comorbid psychological symptoms in
ASD populations when compared to their atypically developing peers (Konst & Matson, 2014). Increased
rates of comorbid psychopathology are often observed in ASD populations regardless of age and level of
functioning (Billstedt, 2000; Hofvander et al., 2009; LoVullo & Matson, 2009; Matson & Nebel-
Schwalm, 2007a; Simonoff et al., 2008). However, direct comparisons of the manifestation of comorbid
symptoms within ASD populations have identified significantly greater rates of comorbid symptoms in
those with autistic disorder in comparison to those with PDD-NOS (Matson et al., 2009c). Given the
difference in symptom manifestation within the ASD category and between those with ASD and their
atypically developing peers, it was hypothesized that the cutoff scores for the BISCUIT-Part 2 would
increase for each diagnostic group following the DSM-5 diagnostic revisions.

The range of cutoff scores for the BISCUIT-Part 2 total score, relative to each age group, is
presented in Table 15. On average, the cutoff scores identified for each age group within the current
analysis were 11 points higher than those identified previously for individuals with ASD. With regard to
the individual atypically developing age groups, those total scores identified by the current analysis were
an average of 13 points higher than those previously identified for the BISCUIT-Part 2 (Horovitz &
Matson, 2013a). These results directly support the hypothesized increase in cutoff scores necessary for
the BISCUIT-Part 2. With regard to specific subscales, the largest average change was a three-point
increase for the atypically developing age groups observed on the anxiety subscale. For the ASD
population, the largest average change in cutoff score was an increase of three points on the
tantrum/conduct behavior subscale. The observed increase in cutoff score ranges is consistent with
previous research suggesting that the DSM-5 diagnostic changes identify individuals with greater levels of

impairment (Matson, Belva et al., 2012; Worley & Matson, 2012).
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Table 15
Selected Cutoff scores for the BISCUIT-Part 2 Total Score

Diagnostic group Mean | Standard No/minimal Moderate Severe
deviation impairment impairment impairment

ASD

Total Sample 32.49 20.85 0-53 54-74 >75
17-23 months 29.58 18.80 0-48 49-67 >68
24-30 months 32.31 21.49 0-54 55-75 >76
31-37 months 36.14 21.18 0-57 58-79 >80
Atypical development

Total sample 8.83 11.92 0-21 22-33 >34
17-23 months 7.95 10.61 0-19 20-29 >30
24-30 months 9.22 12.34 0-22 23-34 >35
31-37 months 9.46 13.05 0-23 24-36 >37

It was hypothesized that the further separation of diagnostic groups into age groups would be
necessary in order to account for developmental differences in the manifestation of comorbid symptoms
for individuals with ASD. Konst and Matson (2013) demonstrated that the exhibition of comorbid
symptoms increased significantly for individuals with ASD across two administrations of the BISCUIT-
Part 2. The authors did not observe the same pattern of change in an atypically developing control group.
Based upon previous research, it was also hypothesized that the cutoff scores for those with ASD would
increase with age. Both hypotheses were confirmed by the results of Study Two. With regard to total
score, the cutoff score suggesting severe impairment was 12 points higher for the 31-37 month age group
when compared to the cutoff score selected for the 17-23 month age group. A similar pattern was
observed for the identified cutoff scores for four of the five subscales of the BISCUIT-Part 2. The cutoff
scores identified for the eating/sleep problems subscale did not differ for any age group. However, this
may be largely due to a ceiling effect. The eating/sleep problems subscale contains only four items, with
a maximum score of eight points. A score of eight was identified as the maximum cutoff score for each
ASD age group. Given the observed trend of symptom manifestation and the prevalence of eating and
sleep problems observed in ASD populations (Ledford & Gast, 2006; Schreck, Williams, & Smith, 2004),

future researchers should evaluate the addition of extra items to further assess these impairments. The
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addition of more items may help capture a wider range of symptom manifestation and differentiate
symptom severity.

Within the atypically developing group, the total score cutoffs increased across each age cohort.
Specifically, the total score cutoff indicating severe impairment was seven points less for the 17-23 month
age group than the cutoff score identified for the 31-37 month age group. However, the observed increase
in cutoff scores was not evenly dispersed across the BISCUIT-Part 2 subscales. A total of five points
separated the youngest and oldest age group cutoff scores representing severe impairment for the
tantrum/conduct behavior subscale. The identified cutoff scores for three of five subscales continued to
increase across age groups, though to a lesser degree. This trend of increasing severity of comorbid
symptoms is similar to the trend observed in those cutoff scores identified for previous atypically
developing populations on the BISCUIT-Part 2 (Horovitz & Matson, 2013a). However, the observed
increase in the manifestation of comorbid symptoms across age groups is not consistent with previously
observed trends in atypically developing populations (Konst & Matson, 2013). The authors reported that
the manifestation of comorbid symptoms did not significantly change across two administrations of the
BISCUIT-Part 2. Although the observed increases in cutoff scores from the current analysis are unlikely
to be significantly different statistically, they do suggest an overall trend of increasing symptom severity.

It is important to also note that there are significant differences between the two studies which
impede a direct comparison. First, the current sample is larger than that used by Konst and Matson (N =
205; 2013). Secondly, their research involved two assessments of the same person across time, not
different individuals being assessed at various points in development. Finally, the previous researchers
combined the ASD diagnostic groups (i.e., PDD-NOS and autistic disorder), whereas the current analysis
included the direct implementation of the DSM-5 diagnostic criteria. Although the identification of
contributing factors is beyond the scope of the current analysis, it is possible that changes in diagnostic
criteria and the ASD categories are associated with the observed shift in symptom manifestation. Mayes

and colleagues (2013) suggested that as much as 73% of individuals with a previous PDD-NOS diagnosis
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would no longer meet DSM-5 criteria. The implementation of DSM-5 changes may have led to some
individuals who previously met criteria for PDD-NOS to be placed in the atypical development group.
This factor may have contributed to the observed differences in symptom manifestation relative to
previous research. Currently, there is limited longitudinal research investigating comorbid symptoms in
atypically developing toddlers. Future researchers may wish to examine comorbid symptoms in infants

and toddlers to identify additional symptoms that may have a negative impact on an individual’s quality

of life.
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Study Three
Statistical Analyses

Previously, the cutoff scores for the BISCUIT-Part 3 did not differentiate between ASD
diagnostic groups. However, the cutoff scores for the ASD group were calculated based upon the
symptom manifestation observed in individuals with PDD-NOS and autistic disorder. Individuals who
previously met criteria for an ASD diagnosis may no longer meet DSM-5 criteria due to the changes to the
ASD diagnostic category and diagnostic criteria (Gibbs et al., 2012; Mattila et al., 2011; Matson et al.,
2012a, 2012b; Mayes et al., 2013; McPartland et al., 2012; Worley & Matson, 2012). Study Three
focused on identifying cutoff scores for the BISCUIT-Part 3 that best discriminated the severity of
challenging behaviors within each diagnostic group (i.e., ASD and atypical development). New cutoff
scores were created for the total score of the BISCUIT-Part 3 and its three factors for each age group
within each diagnostic category. Age-based scoring procedures were included to remain consistent with
previous scoring procedures and to capture the effects of development on the expression of challenging
behaviors. Cutoff scores for the BISCUIT-Part 3 were identified based upon the standard deviation from
the central tendency method previously described in Study Two. This method was also employed in
earlier research which created the previous cutoff scores for the BISCUIT-Part 3 (Horovitz & Matson,
2013b; Matson et al., 2010).

The third component of the BISCUIT assessment battery is used to evaluate challenging
behaviors frequently identified in atypically developing populations. For the purposes of the current
analysis, the means and standard deviations for the total score and for each of the BISCUIT-Part 3 factors
(i.e., aggressive/disruptive behavior, stereotypic behavior, and SIB) were calculated for each individual
diagnostic age group. This created a total of six groups for which cutoff scores were calculated for the
total score and each individual factor (n=3). Calculated means, standard deviations, and cutoff scores
were rounded to the nearest whole number when necessary. Scores greater than two standard deviations

from the mean were considered to be of clinical significance (Jacobson & Traux, 1991). Scores identified
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as being within one standard deviation of the calculated group mean were identified as falling in the
no/minimal impairment range. A classification of moderate impairment was ascribed to scores between
one and two standard deviations above the respective group mean. Finally, those scores more than two
standard deviations above the calculated mean were classified as indicating severe impairment.
Results

Total sample. First, cutoff scores were calculated for each diagnostic category regardless of
participant age. For the ASD diagnostic category, the mean level of challenging behavior symptom
endorsement was 8.39, while the standard deviation was 7.16. In accordance with the standard deviation
from central tendency method, a total score less than or equal to 16 was considered to be indicative of
minimal impairment. A total score greater than or equal to 17 and less than or equal to 23 was classified
as indicating moderate impairment. Finally, a total score greater than or equal to 24 was classified as
indicating severe impairment for individuals diagnosed with ASD. The cutoff score ranges for the total

ASD sample for each of the BISCUIT-Part 3 factors are presented in Table 15.

Table 15
Total ASD Sample BISCUIT-Part 3 Cutoff Scores
Mean Standard No/minimal Moderate Severe
deviation impairment | impairment | impairment

Total score 8.39 7.16 0-16 17-23 >24
Aggressive/destructive behaviors | 5.10 4.67 0-10 11-14 >15
Stereotypies 1.39 1.75 0-3 4-5 6
SIB 0.71 1.03 0-2 3 4

These analyses were also carried out for the atypical development group. The average total score
on the BISCUIT-Part 3 for this group, regardless of participant age, was 2.32, while the standard
deviation was 4.22. Based upon the criteria outlined above, a total score less than or equal to seven was
identified as representing no/minimal impairment. A total score greater than or equal to eight, but less
than or equal to 11 was classified as indicating moderate impairment. Lastly, a total score greater than or
equal to 12 was classified as indicating severe impairment. The cutoff score ranges for the total atypical

development sample for each of the BISCUIT-Part 3 factors are presented in Table 16.
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Table 16

Total Sample BISCUIT-Part 3 Cutoff Scores for Atypical Development

Mean Standard No/minimal Moderate Severe
deviation impairment | impairment | impairment
Total score 2.32 4.22 0-7 8-11 >12
Aggressive/destructive behaviors | 1.54 2.81 0-4 5-7 >8
Stereotypies 0.42 1.01 0-1 2-3 >4
SIB 0.20 0.58 0-1 2-3 4

Participants 17 to 23 months of age. Initially cutoff scores were calculated for the BISCUIT-

Part 3 total score. For the ASD diagnostic category, the mean level of total symptom endorsement was

7.09, while the standard deviation was 6.57. Based upon the procedures and criteria outlined above, a

total score less than or equal to 14 was considered to fall within the no/minimal impairment range. A

score greater than 14 and less than or equal to 20 was classified as indicating moderate impairment.

Lastly, a total score greater than or equal to 21 was classified as indicating severe impairment. The cutoff

score ranges for each of the BISCUIT-Part 3 factors are displayed in Table 17.

Table 17
BISCUIT-Part 3 Cutoff Scores for ASD Participants 17-23 Months of Age

Mean | Standard No/minimal Moderate Severe

deviation impairment | impairment | impairment

Total score 7.09 6.57 0-14 15-20 >21
Aggressive/destructive behaviors 4.22 4.44 0-9 10-13 >14
Stereotypies 0.93 1.46 0-2 3-4 >b
SIB 0.72 1.04 0-2 3 4

These procedures were then carried out for the total score from the BISCUIT-Part 3 for those

participants identified as atypically developing in the 17 to 23 month age range. Calculations were based

upon the mean level of total symptom endorsement for this age group (M = 2.13) and the observed

standard deviation (i.e., 3.97). A total score less than or equal to six was identified as representing

no/minimal impairment. A score greater than or equal to seven and less than or equal to 10 was classified

as indicating moderate impairment. Finally, a total score greater than or equal to 11 was suggested to
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indicate severe impairment. The cutoff score ranges for each of the three BISCUIT-Part 3 factors were

calculated utilizing identical methodology and are presented in Table 18.

Table 18
BISCUIT-Part 3 Cutoff Scores for Atypically Developing Participants 17-23 Months of Age
Mean Standard | No/minimal | Moderate Severe
deviation impairment | impairment | impairment

Total score 2.13 3.97 0-6 7-10 >11
Aggressive/destructive behaviors 1.46 2.72 0-4 5-7 >8
Stereotypies 0.34 0.91 0-1 2-3 >4
SIB 0.21 0.58 0-1 2-3 4

Participants 24 to 30 months of age. Identical procedures were repeated for those individuals

24 to 30 months of age with an ASD diagnosis. For the ASD diagnostic category, the mean level of total

symptom endorsement was 8.60, with a standard deviation of 7.27. A total score less than or equal to 16

was suggested to indicate no/minimal impairment. A score greater than or equal to 17 and less than or

equal to 23 was classified as indicating moderate impairment. Lastly, a total score greater than or equal

to 24 was identified as indicating severe impairment. The cutoff score ranges for each of the BISCUIT-

Part 3 factors are presented in Table 19.

Table 19
BISCUIT-Part 3 Cutoff Scores for ASD Participants 24-30 Months of Age

Mean | Standard | No/minimal | Moderate Severe

deviation | impairment | impairment | impairment

Total score 8.60 7.27 0-16 17-23 >24
Aggressive/destructive behaviors 5.29 4.71 0-10 11-15 >16
Stereotypies 1.40 1.79 0-3 4-5 6
SIB 0.70 1.04 0-2 3 4

These procedures were then carried out for those participants identified as atypically developing

in the 24 to 30 month age range. The average total score of the BISCUIT-Part 3 for this age group (M =

2.39) and the standard deviation (i.e., 4.31) were used to calculate cutoff score ranges. A total score less

than or equal to seven was identified as representing no/minimal impairment. A score greater than or

equal to eight and less than or equal to 11 was classified as indicating moderate impairment. Lastly, a
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total score greater than or equal to 12 was classified as indicating severe impairment. The cutoff score

ranges for each of the BISCUIT-Part 3 factors are presented in Table 20.

Table 20
BISCUIT-Part 3 Cutoff Scores for Atypically Developing Participants 24-30 Months of Age
Mean Standard No/minimal | Moderate Severe
deviation impairment | impairment | impairment

Total score 2.39 4.31 0-7 8-11 >12
Aggressive/destructive behaviors 1.56 2.82 0-4 5-7 >8
Stereotypies 0.45 1.04 0-1 2-3 >4
SIB 0.21 0.61 0-1 2-3 4

Participants 31 to 37 months of age. Finally, these procedures were repeated for those

individuals 31 to 37 months of age. For the ASD diagnostic category, the mean level of total symptom

endorsement was 9.46, with a standard deviation of 7.42. Based upon the standard deviation from central

tendency method, a total score less than or equal to 17 was identified as representing no/minimal

impairment. A score greater than or equal to 18 and less than or equal to 24 was classified as indicating

moderate impairment. Lastly, a total score greater than or equal to 25 was classified as indicating severe

impairment. The cutoff score ranges for each of the BISCUIT-Part 3 factors are displayed in Table 21.

Table 21
BISCUIT-Part 3 Cutoff Scores for ASD Participants 31-37 Months of Age

Mean Standard No/minimal Moderate Severe

deviation impairment | impairment | impairment

Total score 9.46 7.42 0-17 18-24 >25
Aggressive/destructive behaviors 5.72 4.76 0-11 12-15 >16
Stereotypies 1.90 1.84 0-4 5 6
SIB 0.73 1.01 0-2 3 4

Lastly, these procedures were carried out for those participants who were 31 to 37 months of age

and identified as atypically developing. The average total score on the BISCUIT-Part 3 for this age group

(M = 2.51) and the standard deviation (i.e., 4.41) were used to calculate cutoff scores. A total score less

than or equal to seven was identified as representing no/minimal impairment. A score greater than or

equal to eight and less than or equal to 11 was classified as indicating moderate impairment. Finally, a
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total score greater than or equal to 12 was classified as indicating severe impairment. The cutoff score

ranges for each of the BISCUIT-Part 3 factors are presented in Table 22.

Table 22
BISCUIT-Part 3 Cutoff Scores for Atypically Developing Participants 24-30 Months of Age

Mean Standard No/minimal | Moderate Severe

deviation impairment | impairment | impairment

Total score 2.51 4.41 0-7 8-11 >12
Aggressive/destructive behaviors 1.67 2.96 0-5 6-8 >9
Stereotypies 0.52 1.10 0-2 3-4 >5
SIB 0.16 0.46 0-1 2-3 4
Discussion

Challenging behaviors have been previously identified as one of the most prevalent reasons for

psychological referrals (Robb, 2010). Lecavalier (2006) noted that the presence of ASD was associated

with elevated rates of challenging behaviors. In comparison to typically and atypically developing peers,

individuals with ASD exhibit significantly greater rates of challenging behaviors (Konst et al., 2013a;

Matson, 2009; Tureck et al., 2013). However, differences within previous diagnostic groups have

suggested that the severity of ASD symptom manifestation may moderate the exhibition of challenging

behaviors. Sipes and colleagues (2011) reported that children with autistic disorder exhibited

significantly greater amounts of tantrum behaviors compared to peers with PDD-NOS and those

identified as atypically developing. Additional researchers have reported that regardless of primary

diagnosis, elevated levels of ASD symptoms were positively associated with the presence of challenging

behaviors (Konst et al., 2013).

Researchers have previously reported an increase in the expression of challenging behaviors as

children with ASD age (Charman et al., 2005). Lainhart (1999) hypothesized that an increase in the

exhibition of challenging behaviors may be associated with increased frustration due to communication

deficits. Other researchers have suggested that social skills deficits, increased demands, and the

establishment of punishment and reinforcement procedures (e.g., negative reinforcement) may also alter

the expression of challenging behaviors (Cheng et al., 2009; Gutierrez et al., 2009; Lacroix et al., 2009;
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Matson, Neal et al., 2010; Matson & Sipes, 2010). Based upon this research, it was hypothesized that
cutoff scores would increase with participant age for those participants diagnosed with ASD.

Table 23 depicts the identified cutoff score ranges for the BISCUIT-Part 3 total score for each
diagnostic group, as well as each age group. The results of Study Three are consistent with the hypothesis
that cutoff scores would increase for individuals with ASD relative to participant age. The cutoff score
for the 31-37 month age group total score was four points higher than that observed for the 17-23 month
age group. This pattern was also consistent across two of the three BISCUIT-Part 3 subscales. As can be
seen in Tables 17, 19, and 21, the identified cutoff scores increased as participant age increased for the
aggressive/destructive behavior and stereotypic behavior subscales. These results are consistent with
previous research demonstrating an increase in the manifestation of challenging behavior across the
lifespan (Charman et al., 2005; Horovitz & Matson, 2013b; Matson et al., 2010). However, it should be
noted that the cutoff scores identified for the SIB subscale remained consistent for participants with ASD
regardless of age. This observation may most likely be attributed to a restriction of range. The SIB
subscale contains only two items with a maximum score of four points. Given this restriction of range, it
is possible that the observed range of symptom severity is not completely representative of the SIB
severity observed in the ASD population. However, the mean level of symptom endorsement across each

age group (.70 - .73) does not suggest that this was a significant factor in the current analyses.

Table 23
BISCUIT-Part 3 Total Score Ranges

Diagnostic group Mean | Standard No/minimal Moderate Severe

deviation impairment impairment impairment

ASD
Total sample 8.39 7.16 0-16 17-23 >24
17-23 months 7.09 6.57 0-14 15-20 >21
24-30 months 8.60 7.27 0-16 17-23 >24
31-37 months 9.46 7.42 0-17 18-24 >25
Atypical development
Total sample 2.32 4.22 0-7 8-11 >12
17-23 months 2.13 3.97 0-6 7-10 >11
24-30 months 2.39 4.31 0-7 8-11 >12
31-37 months 2.51 4.41 0-7 8-11 >12
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Recent investigations of the influence of age upon the manifestation of challenging behaviors in
atypically developing populations have suggested that these symptoms remain relatively stable across
time. Some researchers have reported that challenging behaviors such as stereotypic behaviors actually
decrease with age in typically and atypically developing toddlers (Evans et al., 1997; Thelen, 1979).
Given the observed trend in previous research, it was hypothesized that the cutoff scores for atypically
developing toddlers identified by Study Three would not increase across age groups. A visual analysis of
the score ranges depicted in Table 23 confirmed this hypothesis. Across the three age groups the total
score cutoff changed by a total of one point, with the 24-30 and 31-37 month age groups demonstrating
no change. This pattern was upheld across each age group for each subscale of the BISCUIT-Part 3.
Despite the relative lack of change in cutoff scores across age groups, it is suggested that the use of age-
based cutoff scores be maintained to be consistent with the remaining portions of the BISCUIT
assessment battery.

The cutoff scores identified for participants with ASD remained relatively consistent with the
most recent revision of the BISCUIT-Part 3 cutoff scores (Horovitz & Matson, 2013b). This was not the
case for the atypical development group. Specifically, the total score cutoff identified by the current
analysis for the BISCUIT-Part 3 increased by a total of five points. Further, the average cutoff score
identified for each subscale increased by three points relative to those identified by Horovitz and Matson
(2013b). These results are consistent with the concern raised by previous researchers (Matson, Belva, et
al., 2012; Worley & Matson, 2012). Specifically, these researchers reported that those individuals with a
DSM-IV-TR diagnosis of ASD that did not meet DSM-5 diagnostic criteria exhibited significantly greater
symptoms than their atypically developing peers without an ASD diagnosis. With regard to the current
analysis, the addition of individuals who no longer met criteria for ASD may have contributed to the

observed increase in the expression of challenging behaviors for the atypically developing group.
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Conclusion

Stone and colleagues (1999) emphasized that the delivery of efficacious interventions is
contingent upon the reliable identification of ASD. With regard to both identification and intervention,
researchers have continuously placed a growing emphasis on the term early. This trend has stemmed
from an accumulation of research demonstrating the decreased efficacy of the same intervention when
treatment delivery is delayed by as little as two years (Fenske et al., 1985; Lovaas & Smith, 1988). With
respect to assessment, an emphasis on diagnostic sensitivity and specificity has had a significant impact
on the development of measures used to identify ASD. Most recently, the DSM-5 was published and
included significant revisions to the ASD diagnostic category (APA, 2013; Gibbs et al., 2012; Frazier et
al., 2012; Tsai & Ghaziuddin, 2013). Specifically, the diagnostic categories and criteria for diagnosis
were modified in an attempt to increase diagnostic sensitivity and specificity (APA, 2011, 2013; Gibbs et
al., 2012; Grzadzinski et al., 2013).

One measure designed to assess infants and toddlers for ASD is the BISCUIT assessment battery.
This battery includes three separate measures used to assess for ASD symptomology, comorbid
psychopathology, and challenging behaviors. Researchers have previously demonstrated the
psychometric properties of each BISCUIT component using a large normative sample that included
individuals with ASD (Horovitz & Matson, 2013a, 2013b, 2014; Matson et al., 2009b; Matson, Fodstad et
al., 2010). Given the significance of the changes to the ASD category appearing in the DSM-5, it is
imperative to update ASD assessments. The current analyses sought to update the scoring procedures for
each component of the BISCUIT assessment battery using a large sample of infants and toddlers.

The results of Study One advanced previous research of the BISCUIT-Part 1 in multiple ways.
The updated scoring procedures not only increased the diagnostic sensitivity and specificity of the
BISCUIT-Part 1, but they also demonstrated the continued importance of age-based scoring procedures.
Relative to recent research by Horovitz and Matson (2014), the cutoff scores identified in Study One

resulted in an increase in diagnostic sensitivity and specificity for each cutoff score across each age
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group. The use of age based cutoff scores also resulted in greater PPV and NPV for each age group
relative to the PPV and NPV calculated for the total sample. Further, the current results also
demonstrated the utility of the BISCUIT-Part 1 as an assessment measure of ASD in light of recent
diagnostic changes. On average, the cutoff scores identified in Study One provided greater diagnostic
sensitivity (94%) and specificity (87%) when compared to other early identification measures. For
example, Wetherby and colleagues (2003) reported that the ITC has a sensitivity of 87% and specificity of
75%. Additional measures commonly used for the early identification of ASD include the STAT
(sensitivity, 93% and specificity, 83%; Stone et al., 2000) and M-CHAT (sensitivity, 74% and specificity,
87%; Matson et al., 2009b). Given the importance of early identification and intervention, the strong
psychometric properties of the BISCUIT-Part 1 make it a valuable component of a diagnostic evaluation.
With these scoring updates, the BISCUIT-Part 1 is one of the few early identification measures with
research demonstrating its consistency with the DSM-5.

Additional analyses also updated the scoring procedures for the BISCUIT-Parts 2 and 3.
Although these measures did not previously distinguish between PDD-NOS and autistic disorder, the
normative sample used to create cutoff scores for the ASD category included participants with a PDD-
NOS or an autistic disorder diagnosis. Given the observed impact of DSM-5 changes on the PDD-NOS
population (Gibbs et al., 2012; Mattila et al., 2011; Matson et al., 2012a, b; Mayes et al., 2013;
McPartland et al., 2012; Worley & Matson, 2012), it was necessary to analyze both measures to update
the cutoff scores used. The total score cutoff scores identified for the BISCUIT-Part 2 increased by more
than 10 points for each diagnostic category. With regard to specific subscales, the largest average change
observed for the ASD population was the tantrum/conduct behavior subscale. With regard to the atypical
development group, the largest average increase observed was related to the anxiety subscale. The
BISCUIT-Part 3 cutoff scores identified for the ASD category increased but were relatively consistent
with those observed by Horovitz and Matson (2013b). However, the cutoff scores for the atypical

development group increased relative to previously identified cutoff scores. The accurate identification of
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symptoms of comorbid psychopathology and challenging behaviors is a pivotal component of an
evaluation and is necessary for the delivery of efficacious treatment (Gold, 1993; Kazdin, 1993; Leyfer et
al., 2006; Matson & Nebel-Schwalem, 2007a; Muris et al., 1998; Simonoff et al., 2008). Aside from the
symptom manifestation observed for the atypically developing group on the BISCUIT-Part 3, the use of
age-based scoring procedures increased diagnostic accuracy for each component of the BISCUIT battery.
Across each study, those cutoff scores identified without regard for participant age were not appropriate
for more than one age group. Based upon these results, the continued use of age-based cutoff scores is
appropriate and may also serve to enhance scale interpretation and the development of individualized
interventions.

Future research should continue to monitor the impact of changes appearing in the DSM-5 and
how these changes influence individuals no longer meeting criteria for ASD. This should include
monitoring symptoms of comorbid psychopathology and challenging behaviors. Future researchers
should continue to assess comorbid symptoms and challenging behaviors in this population to increase
our knowledge of the early expression of these symptoms. Increased understanding of the emergence of
these symptoms would aid in the development of early identification measures and inform treatment
approaches. The results of Study Two suggested that further research may be necessary for the
eating/sleep problems subscale of the BISCUIT-Part 2. Specifically, each ASD age group elevated the
subscale to the maximum level possible given the current amount of items for this subscale. This
restriction of range may have limited differentiation across age groups and may fail to capture the true
variation in severity of eating and sleeping problems during assessment. The importance of this research
is underscored by the prevalence of sleeping and eating problems in ASD populations (Ledford & Gast,
2006; Schreck, Williams, & Smith, 2004). A similar situation was identified by Study Three. The range
of symptom endorsement for the SIB subscale reached the maximum possible score for each age group

within the ASD category. Given the negative impact of SIB and its prevalence in ASD populations
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(Ando & Yoshimura, 1979; Janicki & Jacobson, 1983), future researchers should consider the
identification of additional items to be included in the BISCUIT-Part 3.

Additional research on early identification in general and the BISCUIT battery specifically may
include the exploration of additional factors that may influence diagnosis. Aside from age and
developmental progression, factors such as ethnicity and gender have also been suggested to be potential
factors that influence the early identification of ASD (Mandell et al., 2002). Researchers have reported
that relative to caucasian Americans, ethnic minorities are less likely to be diagnosed with ASD (Kogan et
al., 2008; Palmer et al., 2010; Rosenberg et al., 2009). A review of the demographic information
presented in Table 1 does not immediately suggest that this was the case for the current analyses.
Specifically, the demographic information for individuals meeting criteria for ASD was consistent with
recent information from the US Census Bureau (2013). As a state, 32% of Louisiana residents identified
themselves as African-American, 64% as caucasian, 4.7% as hispanic, and 1.5% as Asian. However, it is
important to note that the nature of the services provided by EarlySteps is unique and different from the
populations analyzed by previous researchers. Konst and Matson (in press) noted that a family’s referral
to a traditional clinic setting had multiple factors such as transportation, cost, and waitlists that may act as
barriers to seeking services. Therefore, future research analyzing factors that hinder the availability of
psychological services to minority groups remains paramount. Researchers have also previously
identified intellectual functioning as a factor that may moderate ASD symptom severity (Matson et al.,
2008). Given the prevalence of comorbid ID in ASD populations (Battaglia & Carey, 2006; Betancur,
2011; Chakrabarti & Fombonne, 2001; Yeargin-Allsopp et al., 2003), the influence of intellectual
functioning on assessment and early identification should also be examined.

As our conceptualization of ASD continues to develop and progress, it will be necessary to also
update those measures used to assess ASD symptomology across the lifespan. The continued
development of ASD assessment measures is important for accurate identification, the delivery of

interventions, financial reimbursement, and the advancement of future research. The current analyses are
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an initial step toward demonstrating the utility of the BISCUIT assessment battery following the recent
revisions to the ASD category in the DSM-5. However, the factors contributing to this increase in
sensitivity and specificity should not be overlooked. Specifically, the complete removal of a contentious
diagnostic category (i.e., PDD-NOS) has far reaching implications for families, researchers, and
clinicians. The specific ramifications of these changes will only become more salient with further

research.
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