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Abstract

Introduction: Clinical trials typically involve random assignment to treatment conditions. 

However, random assignment does not guarantee a lack of systematic variation in the outcomes, 

and application of covariation methods for multiple dependent measures requires complicated 

assumptions that are often not met.

Methods: This study employed matched correspondence analysis (CA) for controlling systematic 

variation and handling multiple outcomes. One hundred nine children with autism spectrum 

disorder (ASD) were assessed for anxiety symptom severity across four studies, where participants 

were randomly assigned to either cognitive behavioral therapy (CBT) or treatment as usual or 
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waitlist (TAU/WT). Matched CA is designed to optimally scale only the differences between 

baseline and posttreatment, rendering the systematic baseline carryover effects irrelevant.

Results: Differences in treatment efficacy were observed. CBT showed treatment efficacy on 

anxiety severity and anxiety-related impairment relative to TAU/WT, after the control of baseline 

carryover effects.

Conclusion: This study provides a way to control systematic variation between groups at the 

outset of treatment trials and is expected to provide a novel pathway to more proper assessment of 

treatment efficacy for children with ASD and anxiety.

Keywords

autism spectrum disorder (ASD); cognitive behavioral therapy (CBT); treatment as usual (TAU); 
matched correspondence analysis

Introduction

Autism spectrum disorder (ASD) is a childhood onset neurodevelopmental disorder 

characterized by deficits in social communication, repetitive behaviors, and focused and 

restricted interests and activities (APA, 2013). High levels of externalizing problems 

such as hyperactivity (Attwood, 1998) and behavior problems (Green et al., 2000) have 

also been observed. Children with ASD are often diagnosed with comorbid psychiatric 

conditions (e.g., anxiety or depressive disorders; Pizzagalli, 2014) or subdiagnostic threshold 

psychiatric symptoms (e.g., anxious or dysphoric symptoms; de Bruin et al., 2007; Gadow 

et al., 2009; Kuusikko et al., 2008). The presence of comorbid anxiety disorders in ASD is 

associated with additional disability across various domains of functioning (e.g., Kaat et al., 

2013; van Steensel et al., 2011; Ung et al., 2013; van Steensel & Heeman, 2017). Anxiety is 

specifically related with higher functional impairment in children, even after accounting for 

core ASD symptoms, including greater impairment in social responsiveness and social skills 

(Chang et al., 2012; Green et al., 2000). Peer victimization is also likely to manifest during 

adolescence for those with ASD (Shtayermman, 2007), which could be a factor associated 

with higher levels of anxiety. Hence, the treatment of anxiety in children with ASD could 

produce meaningful benefits, alleviating functional impairment and potentially modestly 

improving ASD-related impairment (Drahota et al., 2011; Storch et al., 2013).

Regarding anxiety, recent studies have employed randomized controlled trial (RCT) designs 

to examine treatment efficacy of cognitive-behavioral therapy (CBT) for anxiety in children 

with ASD (e.g., Kester & Lucyshyn, 2018; Storch et al., 2013; Storch et al., 2015; Storch et 

al., 2019; Wood et al., 2015; Wood et al., 2020). CBT is considered the first-line treatment 

for individuals with anxiety disorders with or without ASD. Several trials have used a 

personalized CBT manual entitled Behavioral Interventions for Anxiety in Children with 
Autism (Wood et al., 2009), which employs a modular treatment algorithm and includes 

significant caregiver involvement and training (Ehrenreich-May et al., 2014; Fujii et al., 

2013; Storch et al., 2013; Storch et al., 2015; Wood et al., 2009; Wood et al., 2015; Wood 

et al., 2020). These trials demonstrated significant reductions in anxiety symptoms at post-

treatment in comparison with the treatment-as-usual (TAU) and waitlist (WL) conditions, 
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accompanied by improved ratings of adaptive skills and reduced ASD symptom severity 

(Drahota et al., 2011; Storch et al., 2013; Wood et al., 2009). For example, Wood et al. 

(2020) found that CBT designed for children with ASD was more effective in reducing 

anxiety scores on the primary outcome measure than non-ASD adapted CBT, but both types 

of CBT were better than TAU in lowering the anxiety scores on the outcome measure.

Present Study Aims

Although recent trials have shown efficacy of CBT for anxiety in children with ASD, 

it remains to be examined whether or not an individual child’s baseline anxiety severity 

levels (e.g., mild, moderate, severe) influences the posttreatment improvement levels when 

efficacy of CBT and TAU/WL is evaluated. In an ideal RCT, there would be no difference 

in anxiety severity levels at baseline, which is a satisfactory condition when the symptom 

improvement levels (improved, unchanged, deteriorated) are evaluated at posttreatment, 

assuming no baseline carryover effect on the posttreatment results. Therefore, in the present 

study, we employ an innovative analytic method, matched correspondence analysis (CA), 

to control carryover effect at the posttreatment condition. Matched CA is designed to 

analyze only the differences between baseline and posttreatment, and even if any inequity at 

baseline is carried over to the posttreatment measures, the differences (between baseline and 

posttreatment) would signify the pure improvement or deterioration at posttreatment.

No comparison of symptom severity levels at baseline.—When multiple outcome 

measures have symptom severity levels (e.g., mild, moderate, and severe), equity in severity 

levels should be compared at baseline; however, such comparisons for their equity at 

baseline have never been made in any previous studies because the previous studies were 

based on the mean comparison (between baseline and posttreatment). If there are symptom 

(e.g., anxiety) severity level differences found at baseline, there would likely be serial 

dependency to the posttreatment improvement levels when efficacy of CBT and TAU/WT 

is evaluated, and such dependency should be controlled (Alosh et al., 2014). Most mean-

comparison analyses control for serial dependency through analysis of covariance methods 

(e.g., Storch et al., 2019; Wood et al., 2020). However, when symptom severity levels exist 

in the symptom measures, with their numeric mean comparisons (between baseline and 

posttreatment), one cannot detect the severity level difference at baseline because the mean 

is estimated by aggregating degrees of symptom severity levels.

Symptom severity levels diffused in the aggregated mean values.—Although 

random assignment is properly conducted at baseline in terms of equity in outcome mean 

values across different treatment conditions, such equity in the mean does not guarantee 

equity in symptom severity levels at baseline. Logically, if there is equity in discretized 

measures, equality is guaranteed in the mean values because they are estimated with 

aggregation of discretized measures, whereas equity in the mean values does not guarantee 

equity in the discretized measures. Therefore, examining the discretized measures would 

be more sensitive to understand the patient’ s anxiety symptom severity (discretization of 

continuous measures used to create anxiety symptom severity levels: e.g., Kim et al., 2021; 

Kim et al., 2020a; Kim et al., 2020b and utility of discretized continuous measures: e.g., 

Kim & Frisby, 2019; Nishisato, 2007). When the severity levels in the discretized measures 
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are compared and baseline differences are found, while there is no difference detected in 

their aggregated mean values at baseline, the different severity levels (at baseline) can be 

carried over to the posttreatment condition. This carryover effect occurring in the severity 

levels could render invalid results if not controlled, due to unexpected inflation or deflation 

of outcome.

Clinical utility in discretized measures.—Analysis of continuous measures cannot 

provide how well or poorly a specific improvement level (e.g., “improved” or “deteriorated”) 

of anxiety measures are related with gender and treatment conditions that are both 

categorical variables. Examining such categorical associations would be clinically important 

to assess treatment efficacy for the symptom improvement measures. For a hypothetical 

example, after treatment, if CBT in female patients is more highly related with the 

“improved” level of a specific symptom measure than in male patients, then clinicians 

may conclude that CBT would be more effective in female patients for the specified 

symptom. However, since statistics based on continuous (mean) measures cannot provide 

such clinically meaningful information, in the present study we needed to discretize the 

continuous measures and analyze the discretized data to maximize clinical utility.

Severity levels embedded in continuous measures.—It is reasonable to assume 

that even if most continuous anxiety measures do not have already defined severity levels, 

they are almost certainly there and can be defined because low scores in the continuous 

measures represent mid symptoms and high severe symptoms (e.g., Pediatric Anxiety Rating 

Scale, Child Behavior Checklist, Multidimensional Anxiety Scale for Children, and Social 

Responsiveness Scale used in the present study). Therefore, when the continuous measures 

are properly discretized to generate severity levels, one can obtain clinical important 

information, otherwise not eligible (e.g., Kim et al., 2021; Kim et al., 2020a; Kim et 

al., 2020b). Assuming our outcomes are discretized into “improved”, “unchanged”, and 

“deteriorated” conditions, and then if CBT or TAU/WL is related with the “improved” 

condition after treatment, one can conclude that the symptoms are improved after treatment. 

Although additional “unchanged” and “deteriorated” categories are included, to study 

treatment efficacy, considering only the “improved” condition would be sufficient.

Control the baseline carryover effect in the discretized measures.—To control 

the baseline carryover effect in the discretized data and study uncontaminated symptom 

improvement (or deterioration) at the treatment condition, we employ matched CA that is 

aimed to analyze both discretized data at baseline and at posttreatment simultaneously and 

to detect the differences between baseline and posttreatment. Therefore, this difference 

information, even if any measures are unfairly inflated/deflated in the severity levels 

at baseline, irrespective of random assignment, represents true symptom improvement/

deterioration after treatment, making the systematic inflation/deflation irrelevant.

Examining the gender interaction with treatment.—We also aimed to examine 

the gender interaction effect in both treatment conditions (gender x CBT and gender x 

TAU/WL). Although there are a few studies regarding gender differences in ASD (e.g., 

Matheis, et al., 2019; Sipes et al., 2011), no studies investigated the gender interaction with 
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treatment for anxiety. This is a clinically meaningful area considering gender differences in 

manifestation of ASD and associated emotional responses (Rivet & Matson, 2011). Thus, 

we conduct matched CA for the discretized anxiety symptom measures, with the gender 

interaction with CBT and TAU/WL.

Method

Participants

The present study analyzed archival data that had ethics approval at the institution where 

the RCTs occurred. The IRB granted it exemption at the institution of the first author. 

One hundred nine (77% male) children between the ages of 7–16 years (M = 11.03, 

SD = 2.21) diagnosed with ASD participated in the varied studies (Storch et al., 2013; 

Storch et al., 2015; Storch et al., 2019; Wood et al., 2015). The children were identified as 

79.8% White; 0.9% African American; 5.5% Asian; 8.3% Latino and Hispanic; and 5.5% 

Other/Multiracial. The participants had the following primary anxiety disorders; Separation 

Anxiety Disorder (n = 16, 14.7%); Social Anxiety Disorder (n = 45, 41.3%); GAD (n = 32, 

29.4%); OCD (study inclusion criteria followed DSM-IV; n = 14, 12.8%); and two missing 

data points (n = 2, 1.8%) had anxiety symptoms assessed but did not reach diagnostic 

threshold for an anxiety disorder. Individuals randomized to CBT (n = 59) or TAU/WL (n 

= 50), who were on an established medication regime maintained their medication dosage 

for the duration of participation. Medications (if applicable) were stable at their present dose 

for 6 (antipsychotics, ADHD medications) or 8 weeks (e.g., antidepressants) prior to study 

enrollment for all participants, regardless of condition.

Procedures

Services were provided in a university-based, multidisciplinary behavioral health clinic 

specializing in the treatment of pediatric anxiety in children with and without ASD. The 

screening assessment was completed over one to two days depending on the specific study. 

The post-treatment assessment was completed within a week after the 16th therapy session. 

Responders to CBT completed a follow-up assessment one month following their post-

treatment assessment. Clinician-rated measures were administered by trained graduate-level 

independent evaluators that were blind to an intervention condition.

Measures

Autism spectrum diagnoses were determined at screening via best estimate procedures 

(Leckman et al., 1982) and differed somewhat between studies. This procedure involved 

the administration of the Autism Diagnosis Interview–Revised (ADI-R) (Rutter et al., 2003) 

in all children and either the Childhood Autism Rating Scale (Schopler et al., 1980) or 

Autism Diagnosis Observation Schedule (Lord et al., 1999) by a certified doctoral-level 

evaluator. All parent-, child-, and clinician-rated measures were completed at baseline and 

posttreatment, and at follow-up assessments, unless otherwise noted.

The following ASD and anxiety related measures were used: Pediatric Anxiety Rating Scale 

(PARS; RUPP, 2002) is a clinician-administered checklist of anxiety symptoms in children 

and adolescents and PARS total score inter-rater reliability (= 0.86) and test-retest reliability 
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(= 0.83) were good; (2) Clinical Global Impression-Severity (CGI-S) (Guy, 1976) contains a 

single-item scale of severity in anxiety symptoms that reflects the overall severity of anxiety 

symptoms and associated interference; since this is a single item-measurement, reliability 

estimate was not available; Multidimensional Anxiety Scale for Children (MASC; March 

et al., 1997) is administered as a part of anxiety symptom relevant measures, covering 

physical symptoms, social anxiety, separation anxiety and panic, and harm avoidance, and 

their internal consistency as a measure of reliability were sound (e.g., α = 0.90; see March 

et al., 1997; Wei et al., 2014); Social Responsiveness Scale (SRS; Constantino, 2002) 

is designed to assess children’ s autism–specific characteristics such as social awareness, 

social information processing, capacity for reciprocal social communication, social anxiety/

avoidance, and autistic preoccupations and traits, demonstrating strong internal consistency 

as a reliability measure (e.g., α = 0.91 – 0.97; see Bölte et al., 2008 for details); and Child 

Behavior Checklist (CBCL; Achenbach & Rescorla, 2001) is designed to assess behavioral 

and emotional problems in school-age children (ages 6-18) and its internal consistency was 

α = 0.80 and test-retest reliability was 0.88 (Achenbach & Rescorla, 2001). Pandolfi et 

al. (2012) showed that the fit measures for a two-factor model defined with Internalizing 

and Externalizing factors was supported, and the present study used externalizing and 

internalizing domain scores.

Discretization of continuous measures.—To conduct matched CA, we discretize 

total scores for PARS, MASC, CBCL–Internalizing, CBCL–Externalizing, and SRS. With 

Z-scores of total scores for these measures, one standard deviation (of Z-scores) equal to or 

below the mean of zero (Z ≤ −1) are assigned as “1 = mild (at baseline) or improved (at 

posttreatment)”. Within one standard deviation (−1 < Z < −1) are assigned as “2 = moderate 

(at baseline) or unchanged (at posttreatment)”, and one standard deviation above the mean 

(Z ≥ +1) were assigned as “3 = severe (at baseline) or deteriorated (at posttreatment).” This 

discretization has been used in the previous studies (e.g., Kim et al., 2020a; Kim et al., 

2020b; Kim & Frisby, 2019). We re-categorized the CGI-S that was initially categorically 

coded (e.g., mild, moderate, moderate-severe, and severe) into the same severity (at baseline) 

and improvement (at posttreatment) levels as well.

Gender.—We examined the gender effect on the primary outcome measures. However, 

different from the previous study (e.g., Wood et al., 2020), we examined the effect of gender 

interacted with CBT and TAU/WL and thus, gender was interactively coded with CBT 

and TAU/WL such as female/male CBT and female/male TAU/WL. This gender-interactive 

coding for CBT and TAU/WL is included in the results (e.g., see Figure 1).

Treatment

Cognitive-behavioral therapy (CBT).—Fifty-nine participants (n = 59) were randomly 

assigned and received 16 weekly, individual CBT sessions (60 – 90 minutes) according to 

a developmentally modified version of the Behavioral Interventions for Anxiety in Children 
with Autism treatment manual (Wood & Drahota, 2005; Wood et al., 2009). For each 

child, a minimum of three sessions were spent developing coping skills (e.g., behavioral 

activation, cognitive restructuring) with at least eight sessions of exposure therapy. Beyond 

these core components, additional modules were implemented as needed to address social 
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and adaptive skill deficits/problems, poor motivation, social/school issues, and comorbid 

conditions. For all children, treatment was provided by Ph.D. students and postdoctoral 

fellows in clinical psychology with a termination module that addressed relapse prevention 

and continuing treatment progress. Adherence was checked through review of randomly 

selected CBT sessions in terms of correspondence with planned session content as well as 

session checklists. Clinical supervision with a clinical psychologist was held weekly.

Treatment-as-usual (TAU)/Waitlist (WL).—Fifty participants (n = 50) were randomly 

assigned as part of their respective study to TAU (n = 36) or WL (n = 14). In TAU, 

participants continued with preexisting medications or therapy and were able to initiate 

dosage changes, new medications with the prescribing provider or initiate therapy. In the 

WL arm, subjects did not initiate new treatment but remained on medication at the dose 

at baseline. The Service Assessment for Children and Adolescents—Service Use Scale was 

completed at the post- assessment to assess the types of services utilized by participants in 

the TAU or WL condition. We combined these two conditions, labeled as TAU/WL.

Analysis Plan

The difference 2-dimenional map.—We first construct a 2-dimenaional (or hereafter 

2-D) map with the first two dimensions (that accounted for the largest amount of total 

variance) estimated from the differences in ASD related-anxiety symptom measures between 

baseline and posttreatment (where baseline was controlled). This difference 2-D map is 

intended to visually inspect category associations without any numerical statistics. The 

visual inspection is easy to comprehend the category associations, but to scrutinize the visual 

inspection results, we estimated the visually inspected configurations with correlations, 

using the estimation method introduced by Kim and Grochowalski (2019).

Biased results from related measures.—Previous studies have utilized analysis of 

covariance (ANCOVA) for continuous outcome measures such as PARS, CBCL, MASC, 

and SRS (e.g., Storch et al., 2010, 2013, 2015 and Wood et al., 2015). However, if the 

measuring variables were correlated, it is possible that separate analysis may cause biased 

results. For the present study, we examined the correlations between the same symptom 

measures, such as PARS, MASC, CBCL, SRS, CGI-Severity, used in the previous studies 

(by Storch et al., 2015 and Wood et al., 2015) and they were significantly related, and the 

correlations were between r = 0.41 to r = 0.74 (all p-values < 0.001). Matched CA analyzes 

all related variables simultaneously and carries no statistical biases (e.g., Kim & Annunziato, 

2020; Kim et al, 2020a; Kim et al, 2020b).

Matched Correspondence Analysis (CA)

Applying matched CA to repeated measures.—The original matched CA paradigm 

was designed to compare two between-group matched matrices (with the same row and 

column entities), such as female versus male, to see on which aspects females and males 

tend to agree or differ most (Greenacre, 2003; 2017). There is a fundamental difference 

between the original one and the current one employed here. We apply the matched CA 

paradigm to the analysis of a related sample, where the same individuals were measured 

twice at baseline and posttreatment. Matched CA of the repeated measures allows us to 
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examine to what extent improvement presents after treatment. However, in this study we 

had to sacrifice the matching between individual cases; rather, we matched the treatment 

conditions. Unlike other CA variants, matched CA estimates two types of dimensions; 

sum dimensions and difference dimensions. Although our main interest was to study 

the differences between repeated measures, we included both the sum and difference 

dimensional results for comparison because the sum dimensional results actually represented 

the results in which the baseline systematic variation was not controlled.

Interpreting symptom points in a difference 2-D map.—A 2-D map includes 

configurations of the post-treatment – baseline differences in both severity levels of 

anxiety symptom measures and gender x treatment conditions. If the points and lines are 

away from the origin of (0, 0), this implies variance changes (either in improvement or 

deterioration) after treatment. To visually comprehend magnitudes of category associations 

in a 2-D map, it is important to examine angles between categories because angles 

(actually consign angles) between categories are directly related with correlations: If an 

angle between categories is close to 0°, a magnitude of correlation would be close to 

+1.00. Visual inspection is convenient to approximate category associations, but a decision 

based on solely visual inspection may be arbitrary. Therefore, we will estimate the visually 

inspected category associations with correlations, utilizing the method introduced by Kim 

and Grochowalski (2019)

Results

Examine Anxiety Symptom Measures at Baseline and at Posttreatment

No carryover effect in numeric measures.—Satisfied with multivariate normality 

and homogeneous variance assumptions, we conducted MANOVA to study the group 

differences between CBT and TAU/WL for total scores of PARS, CBCL–Internalizing, 

CBCL–Externalizing, MASC, and SRS. At baseline, there was no statistical difference 

between the treatments for all five symptom measures at α = 0.05. At posttreatment, the 

mean scores of PARS and SRS for the CBT arm were significantly smaller than the mean 

scores for the TAU/WL arm at α = 0.01, but not the other three measures. No baseline 

carryover effect appeared in the continuous posttreatment results.

Carryover effects appearing in discretized anxiety symptom measures.—The 

discretized version of the same numeric symptom measures was used here. To examine if the 

baseline severity levels carried over to the posttreatment results, we examined correlations 

between baseline severity and posttreatment improvement levels. If the baseline severity 

levels systematically carried over to the posttreatment improvement conditions, the diagonal 

correlations between baseline severity and posttreatment improvement levels would be 

strong and positive. In CBT, except PARS, all diagonal correlations were substantial and 

positive (r ≥ +0.71). In TAU/WT, except two diagonal correlations in PARS and MASC, all 

other diagonal correlations were larger than or equal to +0.71. In this study we considered 

only positive correlation equal to or larger than 0.72 because it accounts for at least 50% 

(0.712 = 0.50) of the shared variance between categories. However, we did not consider any 

negative correlation irrespective of its magnitude, since the negative correlation measures 
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linear relationships of the opposite (so irrelevant) characteristics of the paired categories. 

We examined the diagonal correlations of only “mid” at baseline and “improved” at 

posttreatment. Patients who had “mild” symptoms at baseline would have a high chance 

to be “improved” in their symptoms at posttreatment: examining the relationships with the 

“improved” levels is a key to evaluate treatment efficacy (see Table 1).

Interpreting Category Associations in a 2-D Map

We conducted matched CA to examine both difference dimensions and sum dimensions and 

depicted a difference 2-D map where the baseline disparity was controlled.

A difference 2-D map.—The difference 2-D map accounted for 32.3% of total variance. 

As shown in Figure 1, if a hypothetical line is drawn from Cgs1 (improved CGI-Severity) 

to the origin of (0, 0), this hypothetical line and male CBT (mCBT) was overlapped, 

indicating their correlation would be +1. On the other hand, mCBT was almost orthogonal 

to the improved levels of SRS (Sr1) and CBCL–Externalizing (Cbe1), their correlations 

would be trivial or close to zero. The female CBT (fCBT) was almost overlapped with the 

improved level of CBCL–Internalizing (Cbi1), implying their correlation would be close to 

+1 and also adjacent to Sr1 and Cbe1, indicating their correlations would be positive and 

substantial.

Estimating visually inspected associations with correlations.—To enhance 

interpretation, we estimated the visually inspected associations with correlations. The 

correlation estimates are summarized in Table 2 that were consistent with the visual 

inspection results as shown in Figure 1. There was a perfect correlation between mCBT 

and Cgs1 (r = +1.00). The correlations of mCBT with Cbi1, Ma1, and Pa1 were: r = +0.81 – 

r = +0.89. The correlations of mTAU/WL with Ma1 and Pa1 were r = +0.87 and r = +0.83, 

respectively. The correlations of fCBT with Cbi1, Cbe1, and Sr1 were: r = +0.71 – r = +0.96.

Estimating correlations in a sum 2-D map.—We estimated correlations from a sum 

2-D map to compare them with the correlations estimated from the difference 2-D map. The 

correlational results estimated from the sum 2-D map are summarized in Table 3, and these 

correlations are biased because the baseline disparity was not controlled. These correlational 

results were quite different from those estimated from the difference 2-D map (see Table 2).

Discussion

Treatment research is often complicated by bias in measures at baseline, even when 

randomization is conducted given uneven distribution of severity scores (i.e., frequencies 

in the mild, moderate, and severe categories). The present study is the first one to evaluate 

treatment efficacy while also controlling for the differences in anxiety symptom severity 

levels at baseline through the application of matched correspondence analysis.

Correlations estimated from the controlled anxiety severity at baseline.

As shown in the correlational results from the difference 2-D map (see Figure 1 and Table 

2), we found that there were highly specific treatment effects for CBT and TAU/WL. We 
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found gender differences in treatment efficacy, with each treatment showing differential 

efficacy for the symptom measures; for example, male participants in both CBT and 

TAU/WL showed reduced anxiety symptoms as measured by PARS and MASC, but only 

female participants in CBT showed reduced anxiety symptoms as measured by SRS and 

none of the female participants in TAU/WT showed reduced anxiety symptoms. As shown in 

Table 2, in CBT, more male than female participants were classified into the improved 

categories of the anxiety symptom measures than in TAU/WL, indicating that CBT 

outperformed TAU/WL in treatment efficacy. As explained previously, the present study is 

the first one that examined correlations among severity levels of multiple anxiety measures 

relevant to children with ASD, in interactions with gender and treatment conditions.

Correlations estimated from uncontrolled anxiety severity at baseline.

The correlations from the sum 2-D map and the posttreatment 2-D map, where the baseline 

disparity was not controlled in both conditions, were similar and showed that only male 

participants in CBT were related with improved categories of outcome measures (see 

Table 3). In these correlation estimates, the baseline severity levels were not controlled 

and therefore, as hypothesized, such baseline biases were carried over to the posttreatment 

correlational results, regardless engagement of treatment. We verified these in Table 3. If a 

researcher relied on the posttreatment results only without controlling the baseline effects 

in symptom severity, he/she would likely end up with a wrong conclusion; that only males 

in CBT outperformed other conditions in treatment efficacy. However, this conclusion was 

based on the biased results in which the baseline effects were not controlled. The matched 

CA approach proposed in this study handled the baseline biases through optimal scaling of 

the baseline – post-treatment differences in the symptom measures.

Implications for clinical research and treatment.

Isolating pre-treatment characteristics is a long-standing concern in clinical research. For 

example, in single-case research, it was long assumed that visual inspection alone would 

reveal the effects of an intervention. It was only when the serial dependency of each time 

point on the one that preceded it was isolated was it shown that the pretreatment status 

significantly biased the conclusions (i.e., Matyas & Greenwood, 1990). The challenge of 

serial dependency extends to group designs, and as a result, isolating the true treatment 

effect is a priority in clinical research. As noted earlier, traditional statistical methods 

are typically underpowered for these analyses, and considering the high costs associated 

with controlled clinical trials, the application of matched correspondence analysis has the 

potential to facilitate research on pure treatment effects.

The findings from this study can serve to refine treatment decision trees and other therapy 

algorithms (i.e., Goodheart et al., 2006; Neufeld, 2007). As clinics move to evidence-based 

practice, increasingly there is a reliance on treatment decision trees that account for baseline 

conditions, as well as treatment relevant demographic variables, in crafting interventions. 

The findings from this research, employing a novel analytic model, has the potential to 

significantly contribute to the development of empirically-deriven treatment programs.
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Limitation.

In the present study we applied the innovative matched CA to control of inequity in anxiety 

severity at baseline to properly state treatment efficacy at the posttreatment condition. 

However, matched CA can be utilized with only categorical data and therefore, when data 

are continuous, a researcher should properly discretize them into a few categories of interest 

to conduct matched CA, as shown in this study. Also, the matched CA paradigm was built 

with the R codes, and a researcher should have minimal knowledge of the R language. For 

replication of our results, we have included data and relevant R codes in Appendix.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Differences in symptom severity at baseline carried over to the improvement 

levels at posttreatment.

• After the symptom severity disparity at baseline controlled, the improvement 

at posttreatment examined between CBT and TAU/WT.

• CBT showed treatment efficacy on anxiety severity and anxiety-related 

impairment.
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Figure 1. A Difference 2-D Map: Baseline Controlled
Note. m = male and f = female. 1 = improved, 2 = moderate, and 3 = severe. Cbi = 

CBCL-Internalizing, Cbe = CBCL-Externalizing, Ma = MASC, Sr = SRS, Pa = PARS, Cgs 

= CGI-Severity.
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Table 1

Baseline-Uncontrolled Correlations between Baseline and Posttreatment Symptom Severity Levels

CBT TAU/WT

pPa1 pPa2 pPa3 pPa1 pPa2 pPa3

bPa1 0.69 −0.29 −0.78 0.75 0.26 −0.89

bPa2 0.44 0.01 −0.94 −0.74 −0.27 0.9

bPa3 −0.56 0.12 0.88 −0.21 0.97 −0.84

pCbi1 pCbi2 pCbi3 pCbi1 pCbi2 pCbi3

bCbi1 0.89 −0.25 −0.64 0.99 −0.48 −0.03

bCbi2 −0.1 0.81 −0.95 −0.69 0.93 −0.6

bCbi3 −0.36 −0.45 0.99 −0.31 −0.77 0.99

pCbe1 pCbe2 pCbe3 pCbe1 pCbe2 pCbe3

bCbe1 0.98 −0.53 −0.32 0.71 0.43 −0.83

bCbe2 −0.69 1 −0.64 0.01 0.94 −0.98

bCbe3 −0.65 −0.1 0.84 −0.22 −0.84 1

pMa1 pMa2 pMa3 pMa1 pMa2 pMa3

bMa1 0.93 −0.4 −0.52 0.67 −0.98 0.46

bMa2 −0.27 0.87 −0.9 −0.66 0.98 −0.47

bMa3 −0.63 −0.11 0.88 0.65 −0.98 0.48

pSr1 pSr2 pSr3 pSr1 pSr2 pSr3

bSr1 0.86 −0.49 −0.61 0.92 −0.77 0.02

bSr2 −0.59 0.92 −0.73 −0.68 0.96 −0.43

bSr3 −0.62 0.14 0.85 0.27 −0.98 0.8

Note. The diagonal correlations that were equal to or larger than +0.71 were bolded. b = baseline and p = posttreatment. Pa = PARS; Cbi = 
CBCL-Internalizing; Cbe = CBCL-Externalizing; Ma = MASC; and Sr = SRS.
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Table 2

Baseline-Controlled Correlations between Gender x Treatment and Anxiety Symptom Measures in a 

Difference 2-D Map:

mCBT mTAU/WL fCBT fTAU/WL

Pa1 0.89 0.83 0.2 0.46

Cbi1 0.81 −0.11 0.96 −0.58

Cbe1 −0.12 −0.92 0.71 −0.99

Ma1 0.85 0.87 0.12 0.53

Sr1 0.19 −0.76 0.89 −0.98

Cgs1 1 0.41 0.69 −0.09

Note. The correlations equal to larger than +0.71 were bolded. We examined only the improved condition (“1”) in the measurement categories. m = 
male and f = female. 1 = improved, 2 = moderate, and 3 = severe. Cbi = CBCL-Internalizing, Cbe = CBCL-Externalizing, Ma = MASC, Sr = SRS, 
Pa = PARS, Cgs = CGI-Severity.
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Table 3

Comparison between Sum and Posttreatment Correlational Patterns in Improved Categories: Baseline Not 

Controlled

Sum 2-D Map:
Baseline Not Controlled

Posttreatment 2-D Map:
Baseline Not Controlled

mCBT mTAU/WL fCBT fTAU/WL mCBT mTAU/WL fCBT fTAU/WL

Pa1 0.87 −0.98 0.17 −0.95 0.95 −0.9 −0.02 −0.95

Cbi1 0.92 −0.95 0.07 −0.91 0.95 −0.9 −0.02 −0.95

Cbe1 −0.74 1.00 −0.39 1.00 0.67 −1 0.48 −0.98

Ma1 0.91 −0.97 0.1 −0.93 0.98 −0.86 −0.11 −0.92

Sr1 0.86 −0.99 0.2 −0.96 0.71 −1 0.45 −0.98

Cgs1 0.87 −0.98 0.18 −0.95 0.85 −0.98 0.21 −1

Note. We boxed the correlations whose magnitudes and directions were similar between the Sum and Posttreatment conditions among the 
correlations equal to or larger than +0.71. We examined only the improved condition (“1”) in the measurement categories. m = male and f = female. 
1 = improved. Cbi = CBCL-Internalizing, Cbe = CBCL-Externalizing, Ma = MASC, Sr = SRS, Pa = PARS, Cgs = CGI-Severity.
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