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Introduction: Executive function (EF) encompasses the cognitive regulatory processes used to organize goal-directed behavior,1 and includes working memory, inhibition, and cognitive flexibility.2 EF is an important predictor of health, occupational engagement, and academic achievement for individuals with and without disabilities.3–5 Down syndrome (DS) is associated with EF vulnerabilities throughout the lifespan, and EF is associated with daily living skills, academic achievement, and employment in this population.6–8 Interventions that promote EF in children with DS would be beneficial, however, validated outcome measures are needed to capture potential treatment effects.9  Childhood EF is often assessed through laboratory-based games and activities that involve aspects of development unrelated to EF, like language and motor skills. As a result, currently available assessments involve measurement error when administered to individuals with DS, who tend to show challenges in these areas. Validated EF measurement tools are needed to advance treatment science in this area for children with DS. 
The “EXcEEDS” (EXecutive function Early Evaluation in Down Syndrome) Battery has been developed to minimize the impact of confounding developmental domains when assessing EF in young children (2 to 8 years old) with DS. The battery is made up of adapted tasks that evaluate short-term memory (STM), working memory (WM), inhibition (Inhib), and cognitive flexibility (CF). Each of the games are presented with no expressive language requirements and reduced receptive language and motor requirements. Tasks also include teaching trials to support comprehension and are designed to motivate participants to maintain engagement. This study aimed to validate the “EXcEEDS” Battery by modeling its latent factor structure to determine whether it aligned with prevailing theoretical factor structure of EF when administered to a sample of children with DS. 
Method: Participants included 124 children with DS (chronological age = 2.47 to 8.71 years, Mean (M) = 5.26, Standard Deviation (SD) = 1.59). Measures included an assessment of overall developmental status and the EXcEEDS Battery tasks. Children’s mental ages ranged from 0.42 years to 6.33 years (M = 2.37; SD = 0.91). The EXcEEDS Battery consists of eight tasks that examine STM (1), WM (1), Inhib (3), and CF (3). The WM, STM, and CF tasks were scored in-vivo by an examiner, and video recordings of the Inhib tasks were scored through software-based behavior coding with trained research assistants naïve to study hypotheses (inter-rater reliability = .85,.95, and .97 respectively). Exploratory graph analysis (EGA) was used to visualize the latent factor structure of the EXcEEDS Battery tasks. 
Results: The EGA identified a 2-factor solution for the eight tasks. The factors were positively correlated and clearly distinguishable. One factor was defined by the three Inhib tasks, so was named “inhibitory control” and the second factor was defined by WM, STM, and CF tasks, which was named “working memory/flexibility” (Figure 1). 
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Figure 1. Exploratory Graph Analysis
Discussion: The primary aim of this study was to evaluate a battery of adapted childhood EF tasks designed to reduce developmental confounds, such as expressive language, and reduce receptive language and motor requirements. EGA resulted in two meaningfully interpretable factors. The inhibition measures loaded together onto one factor and the cognitive flexibility measures loaded onto a second factor along with working and short term memory tasks. Notably, the cognitive flexibility and inhibition tasks loaded onto separate factors, without cross-loading by task type. In conjunction with previous reports to validate specific measures used in the EXcEEDS Battery,8,10–12 this EGA provides further evidence of the utility of these developmentally sensitive and scalable measures by demonstrating construct validity in the assessment of specific EF component processes. Although the working memory and short term memory tasks loaded onto a factor together with cognitive flexibility, it may be the case that these dimensions are more unitary than dissociable in young children with DS. Previous work examining the structure of EF in early childhood has reported mixed findings regarding the dissociability of the three subdomains of EF during early childhood,13 which may also be the case in children with DS. This work advances the current efforts to validate outcome measures for future DS treatment trials.9 
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