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 Adults with intellectual disability face a cascade of health disparities compared to 

adults without ID. Growing evidence suggests that sufficient physical activity (PA) and 

limited sedentary behavior (SB) participation can mitigate cardiometabolic risks and 

improve the cardiorespiratory fitness of adults with intellectual disability. However, for 

adults with intellectual disability, the quality of evidence as rated by the World Health 

Organization in 2020 was ‘insufficient’ for determining dose-response relationships 

between PA, SB, and these health outcomes and ‘limited’ in supporting the relationship 

between PA, SB, and quality of life and physical functioning levels. More robust efforts 

are urgently needed to compile sufficient and high-quality evidence and inform optimal 

population-relevant guidelines. 

 This dissertation’s objective was to rigorously identify evidence to support a PA 

and SB assessment methodology for adults with intellectual disability. Guided by a 

conceptual framework, it included three main aims: (1) identify the existing methodologies 

for PA and SB assessment among adults with intellectual disability in the free-living 

setting, (2) examine the compliance with using a novel consumer-grade assessment tool by 

adults with intellectual disability in the free-living setting, and (3) gain the perspectives of 

adults with intellectual disability and their caregivers on the factors that impact the 

independent and sufficient use of a wrist-worn consumer-grade and a wrist-worn research-

grade wearable and an adapted activity log for a one-week PA and SB assessment. 
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 xx 

 The scoping review followed PRISMA guidelines, yielding 91 included articles 

from the 11 databases searched and 8174 articles subsequently screened by two 

independent reviewers. Data, extracted in Covidence (v.2.0), included quantified PA and 

SB volume, assessment methodology characteristics across data collection and analysis, 

and data sufficiency metrics. Substantial variation existed across studies regarding 

preparatory actions, such as sampling frequency and epoch length settings, calibration 

protocols, and wearable placements. Only a few studies provided instructions that did not 

exclusively rely on spoken language. During data collection, behavioral strategies included 

self-monitoring, issuing reminders, providing assistance or supervision, and administering 

questionnaires verbally. Sufficient PA or SB data for analysis ranged from 24.5-100.0% 

for objective techniques, 0-100% for subjective techniques, and 24.5-100.0% for combined 

techniques. This review revealed a need for comprehensive and consistent reporting 

practices, especially with the rapid technological advancements in PA and SB research. 

 Emergent evidence supports using the market-leading, consumer-grade Apple 

Watch for valid and reliable PA assessments and integration in PA and SB interventions. 

However, research on its use among adults with intellectual disability remains limited 

despite its growing popularity. The descriptive, observational study evaluated the 

compliance of nine adults with intellectual disability with using the Apple Watch Series 4 

for a consecutive seven-day PA assessment. Behavioral strategies to support compliance 

included daily activity logs and visual activity schedules for putting on, charging, and 

cleaning the Apple Watch. Researchers met with participants daily to ensure log use. Six 

(67%) participants met a heart rate-based compliance criterion (‘≥10hrs hourly heart rate’), 

and seven (78%) met a step-count-based compliance criterion (‘between 1,703-24,369 



 xxi 

steps/day’) for at least four days. Log entries were 57% researcher-, 40% self-, and 4% 

caregiver-written. While compliance with using the Apple Watch was comparable to other 

research-grade and consumer-grade wearables used for PA assessment by adults with 

intellectual disability, additional individualized strategies may enhance its use. 

 To address these gaps, the randomized crossover study examined the factors that 

impact independent and sufficient use of the ActiGraph GT9X-Link (AG), Apple Watch 

Series 4 (AW), and adapted activity log by adults with intellectual disability. Guided by 

the Social Cognitive Theory, individual interviews were conducted after a purposive 

sample of 12 adults were randomized into using the AG or AW for one week before 

switching after at least a one-week washout period. Seven participants independently used 

the AW, four independently used the AG, and two independently used the log during Week 

2, while none did so during Week 1. Sufficient use criteria were met by 11 participants for 

the AW, eight for the AG, and six during Week 1 and 10 during Week 2 for the log. More 

facilitators than barriers were mentioned for all tools, such as routine establishment and 

external guidance. Findings suggest that addressing environmental and behavioral barriers 

could be more effective than focusing solely on personal factors in promoting independent 

use. Notably, higher cognitive abilities did not consistently relate to greater independence 

in logging behaviors. More influential may be the log format, its integration into daily 

routines, and an accessible wearable time-format. Furthermore, younger adults, those with 

higher daily-living adaptive behavior skills, and those mentioning more personal 

facilitators displayed more challenges with AG use, suggesting wearable design, 

particularly physical, interfaces, and interactive attributes, and the perceived benefits were 

significant for participants. Optimizing tool design and supporting personalized habit and 



 xxii 

skill formation may reduce the need for external support and enhance sustained use over 

time. These findings reveal a complex interplay between behavioral, environmental, and 

personal factors and tool usability, highlighting the importance of personalized strategies 

for adults with intellectual disability.  

 High-quality assessment is crucial for all health promotion and disease prevention 

research phases––from identifying influences on behavior to evaluating interventions to 

translating research into practice. Overall, this work seeks to guide the development and 

refinement of assessment tools that not only generate high-quality PA and SB data but also 

align with participant preferences and diverse support needs, intending to foster self-

efficacy throughout the assessment process. By investigating behavioral, environmental, 

and personal factors, this research sought to inform the design assessment tools and 

methodologies––particularly preparatory actions, instructions, and behavioral strategies––

that are accessible, acceptable, practical, and beneficial for adults with intellectual 

disability through actionable insights. This process is not a one-size-fits-all approach. 

Future research is warranted to explore personalized approaches to optimize PA and SB 

assessment methodologies and tool use, incorporating participant-centered design 

principles, testing long-term compliance strategies, and expanding these efforts across 

diverse capabilities and characteristics. This will ensure data quality and foster meaningful 

participation in health behavior research. 



 1 

INTRODUCTION AND SPECIFIC AIMS 

1.1 INTRODUCTION 

 An intellectual disability is characterized by significant limitations in intellectual 

functioning and adaptive behavior with onset before 22 years of age (Schalock et al., 2021). 

Adults with intellectual disability face considerable health disparities (Krahn & Fox, 2014; 

Reichard et al., 2011), such as higher prevalence and death from chronic diseases (García-

Domínguez et al., 2020; Landes, 2021) and higher risk of age-related diseases (Graham & 

Reid, 2000), compared to adults without intellectual disability. Growing evidence suggests 

that regular PA participation of adults with intellectual disability is beneficial for 

preventing chronic (Warburton et al., 2006) and age-related (Reiner, 2013) diseases and 

lowering the risk of all-cause mortality (Diaz, 2020). Conversely, regular SB participation 

may be related to an increased risk of all-cause mortality and the prevalence of fatal and 

non-fatal chronic diseases (de Rezende et al., 2014). Adults with intellectual disability who 

are physically inactive or sedentary rather than physically active are more likely to have 

multimorbidity (Tyrer et al., 2019). There is an urgent need for more robust efforts to 

mitigate and prevent chronic diseases (Krahn et al., 2006; Liao et al., 2021). Enhancing the 

assessment of PA and SB for adults with intellectual disability is a critical starting point 

for populations-specific guidelines to obtain health benefits and the development of 
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effective, targeted interventions (Brooker et al., 2015; Leung et al., 2017; Lynch et al., 

2021; Pitchford, 2018; Wagner et al., 2019). 

1.2 STATEMENT OF PROBLEM 

 Physical inactivity is often used interchangeably with SB. However, PA and SB are 

not exact opposites (Thivel et al., 2018); both independently impact health and well-being 

(Physical Activity Advisory Committee, 2018). In order of increasing energy expenditure 

(EE), sleep, SB, and PA make up the human movement continuum (Carlin et al., 2019). 

PA and SB are multifaceted constructs characterized by multiple domains and dimensions 

(Hills et al., 2014; Kelly et al., 2016; Thompson et al., 2015). Isolated subjective and 

objective methods for assessment of PA and SB have been criticized for use with adults 

with intellectual disability due to concerns surrounding adequate methodological 

effectiveness (i.e., validity, reliability, sensitivity, and feasibility) (Cuesta-Vargas et al., 

2011; Dairo et al., 2016; Dyrstad et al., 2014; Johnson et al., 2014; Matthews, 2011; 

Pitchford, 2018). Therefore, employing multiple complementary methods (Kelly et al., 

2016; Schutz et al., 2001) into a single, uniform PA and SB assessment is recommended, 

especially in the free-living setting (i.e., not within a laboratory setting or partial free-living 

setting). In addition, the World Health Organization (WHO) has called for improved wrist-

worn, wearable-based objective methods of PA and SB assessments (Bull et al., 2020) 

noting that the feasibility of objective methods has significantly advanced with the use of 

small wrist-worn wearables (e.g., pedometers, accelerometers, and heart-rate monitors that 

are either consumer- or research-grade) among adults without intellectual disability (Strath 

et al., 2013). However, there is limited evidence supporting feasible use of wrist-worn 

wearables for PA and SB assessment among adults with intellectual disability (Dairo et al., 
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2016; Leung et al., 2017; Lynch et al., 2021; Phillips & Holland, 2011; Ptomey et al., 

2017b). 

 Despite the increased focus on PA and SB research for adults with intellectual 

disability, a notable lack of research (6% of 362 articles) focused on developing and 

refining methodology (i.e., a system of methods) (Pitchford, 2018). According to the 

Behavioral Epidemiological Framework (see Figure 1-1; Sallis et al., 2000), the 

methodology for assessing behavior is the foundation for all research phases in health 

promotion and disease prevention (i.e., identifying influences on behavior, evaluating 

interventions, and translating research into practice). 

 

 
Figure 1-1. The Behavioral Epidemiological Framework. Adapted from Sallis et al. 

(2000). 

 

 

Therefore, without a fully representative, feasible, and population-specific 

methodology for PA and SB assessment, research challenges will persist. Current 

inconsistent methods (Brooker et al., 2015; Leung et al., 2017; Pitchford, 2018; Wagner et 

al., 2019) hinder our ability to compare research findings (Dowd, 2018), determine dose-

response relationships between PA and SB and health outcomes (Bull et al., 2020), and 

develop optimal population-specific guidelines for adults with intellectual disability (Bull 
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et al., 2020). Thus, this dissertation’s objective is to rigorously identify evidence to support 

the development and evaluation of a novel multifaceted PA and SB assessment 

methodology for adults with intellectual disability––the Multifaceted Physical Activity and 

Sedentary Behavior Assessment for Adults with Intellectual Disability (MPAS-AID). 

1.3 REVIEW OF RELEVANT LITERATURE 

1.3.1 Adults with Intellectual Disability: Definition and Prevalence 

Definition 

 A developmental disability (DD) is a chronic disability that occurs during the 

developmental period of life (before the age of 22) due to mental, physical, or mental and 

physical impairments that impact daily functioning (i.e., substantial limitations in three or 

more major life activity areas, such as self-care, receptive and expressive language, 

learning, mobility, self-direction, capacity for independent living, and economic self-

sufficiency) for what is likely to be indefinitely (DD Act, Sec. 102. (8)(A)(i-iv)). An 

intellectual disability is a developmental disability characterized by significant limitations 

in intellectual functioning and adaptive behavior with onset before 22 years of age 

(Schalock et al., 2021). Other developmental disabilities include but are not limited to 

autism spectrum disorder, cerebral palsy, and Down syndrome. 

 Intellectual functioning, also known as intelligence, is an individual’s general 

mental capacity (Schalock et al., 2021). The latest definition was conceptualized using the 

Cattell-Horn-Carroll theory of intelligence (Schneider & McGrew, 2012, p. 99-144), which 

is the current “most comprehensive and empirically supported theory of intelligence” 

(Schalock et al., 2021, p. 25). According to the hierarchical Cattell-Horn-Carroll theory, 
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general intelligence (g) is the apex with subsequent broad abilities (see Table 1-1) and their 

respective intermediate, narrow, and specific abilities (Schneider & McGrew, 2018). A 

specific learning disability, such as dyslexia (i.e., learning difficulty characterized by 

limitations with accurate and/or fluent word recognition, spelling, and decoding abilities; 

Lyon et al., 2003), can be theoretically identified using the subdomains of abilities within 

the Cattell-Horn-Carroll (Flanagan et al., 2010). To assess intellectual functioning with 

regards to diagnosing an intellectual disability, the intelligence quotient (IQ) test is 

generally recommended, to which a “significant limitation” is characterized by a score 

typically less than 70 with exceptions as high as 75 on tests with a standard deviation of 15 

and a mean of 100 (Schalock et al., 2021). However, there has been criticism on the use of 

full-scale IQ scores to represent g given (1) it uses a normative approach to determine 

intraindividual limitations, (2) there are unclear recommendations on measurement issues 

(e.g., the Flynn effect and practice effects or progressive error), (3) it is prone to Type II 

error, and (4) the lack of recognition of individual differences regarding specific abilities 

(Kovacs & Conway, 2019; McGrew, 2021). There has been legal recognition that “an IQ 

score is an approximation, not a final and infallible assessment of intellectual functioning” 

(Hall, 134 S. Ct. at 2000) and medical recognition that “IQ measures are less valid in the 

lower end of the IQ range” (American Psychiatric Association, 2022). Therefore, IQ––

particularly from a singular test and not multiple tests––as a sole criterion for diagnosing 

intellectual disability is insufficient, especially considering real-life situations and mastery 

of practical skills (American Psychiatric Association, 2022). 

 

Table 1-1. The current broad abilities that make up general intelligence (g) within the 

Cattell-Horn-Carroll Theory based on Schneider et al. (2018). 
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Broad Ability  Definition 

Auditory processing 

(Ga) 

The ability to discriminate, remember, reason, and work creatively (on) auditory stimuli, 

which may consist of non-verbal tones and environmental sounds, and speech units. 

Comprehension-

knowledge (Gc) 

The ability to comprehend and communicate culturally-valued knowledge, including depth 

and breadth of knowledge and skills such as language, words, and general knowledge 

developed through experience, learning, and acculturation. 

Domain-specific 

knowledge (Gkn) 

 

The depth, breadth, and mastery of specialized declarative and procedural knowledge 

typically acquired through one’s career, hobby, or other passionate interest. 

Fluid reasoning (Gf) The ability to use deliberate and controlled procedures to solve unfamiliar, immediate 

problems that cannot be solved by using previously learned habits, schemas, and scripts (i.e., 

novel problem solving). Reasoning that depends minimally on learning and acculturation. 

Learning efficiency 

(Gl) 

The ability to learn, store, and consolidate new information over periods of time measured 

in minutes, hours, days, and years. 

Quantitative 

knowledge (Gq) 

The depth and breadth of declarative and procedural knowledge related to mathematics. 

Retrieval fluency 

(Gr) 

The rate and fluency at which individuals can access information stored in long-term memory 

for words, ideas, and figures. 

Reading and writing 

(Grw) 

The depth and breadth of declarative and procedural knowledge and skills related to written 

language or literacy. 

Processing speed 

(Gs) 

The ability to control attention to automatically, quickly, and fluently perform relatively 

simple repetitive cognitive and academic tasks. 

Reaction and decision 

speed (Gt) 

The speed at which very simple perceptual discriminations or decisions can be made. 

Visual-spatial 

processing (Gv) 

The ability to make use of simulated mental imagery to solve problems; perceiving, 

discriminating, and manipulating images in the mind. 

Working memory 

(Gwm) 

The ability to encode, maintain, and/or manipulate auditory or visual information in primary 

memory (while avoiding distractions) to solve multiple-step problems. 
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 Across multiple real-life environments, adaptive behavior is the collection of 

conceptual, social, and practical skills that people acquire and apply to meet the demands 

of independent living (Schalock et al., 2021). Conceptual or academic skills include 

competence in memory, conceptualizing abstractions (e.g., time), language and literacy, 

reading and writing, mathematical reasoning, acquisition of practical knowledge, general 

problem-solving, and forming judgments in novel situations. Social skills or socialization 

include interpersonal skills (e.g., verbal and nonverbal communication); awareness of 

others’ thoughts, feelings, and experiences; empathy; social responsibility; and following 

social order (e.g., rules, directions). Practical skills include learning and self-management 

across daily life activities, including health and personal care, schedules and routines, 

safety, task organization, and use of devices (e.g., telephone or watch) (American 

Psychiatric Association, 2022). Motor skills have historically been classified as an adaptive 

behavior with limited use, given the potential underlying influence of motor, physical, or 

motor and physical impairments (Tassé et al., 2012). There are four main standardized 

diagnostic assessments to assess adaptive behavior, of which the most frequently used 

(Alexander & Reynolds, 2020) is the Vineland Adaptive Behavior Scale, Third Edition, 

which is valid and reliable for individuals aged 0-90 years (Sparrow et al., 2016).  

 For clinical diagnosis, the 2013 Diagnostic and Statistical Manual of Mental 

Disorders, Fifth Edition (American Psychiatric Association, 2013), classified an 

intellectual disability based on the level of impairment (i.e., mild, moderate, severe, 

profound) of intellectual functioning and adaptive behavior. The most recent 2022 

Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition––Text Revision, uses 

the term intellectual developmental disorder rather than intellectual disability, defining an 
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intellectual developmental disorder as “a disorder with onset during the developmental 

period that includes both intellectual and adaptive functioning deficits in conceptual, social, 

and practical domains” (American Psychiatric Association, 2022). The four subtypes of 

intellectual developmental disorder are specified in the International Classification of 

Diseases codes as mild, moderate, severe, or profound. The current codes are on their 11th 

Revision (WHO, 2022).  

Nonetheless, the 2022 Diagnostic and Statistical Manual of Mental Disorders, 

Fifth Edition––Text Revision emphasizes adaptive functioning––rather than IQ scores––as 

the primary basis for determining the level of support required. A comprehensive diagnosis 

of intellectual developmental disorder requires meeting the three main criteria: (a) deficits 

in intellectual functioning, (b) deficits in at least one domain of adaptive functioning, and 

(c) onset during the developmental period. The diagnosis process also involves identifying 

genetic and nongenetic etiologies, evaluating for associated medical conditions such as 

cerebral palsy, and assessing for co-occurring mental, emotional, and behavioral disorders 

(American Psychiatric Association, 2022). Similarly, the American Association on 

Intellectual and Developmental Disabilities (Schalock et al., 2021) also subclassifies an 

intellectual disability based on the level of support needed as intermittent, limited, 

extensive, or pervasive. In “exceptional circumstances,” a diagnosis of unspecified 

intellectual developmental disorder (intellectual disability) may be used when the locally 

available diagnostic procedures are unsuitable for individuals over the age of 5––with onset 

before 22––who have co-occurring behavioral, mental, sensory, physical impairments 

(American Psychiatric Association, 2022). 

Prevalence  
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The global prevalence of intellectual disability has been reported to be 

approximately 3% (83 million adults at 3,207 diagnoses per 100,000), with a prevalence of 

nearly 2% in high-income populations in North America (Olusanya et al., 2020). These 

prevalence rates are similar to the findings of a recent study using data from the 2000-2016 

National Health Interview Survey (NHIS) in the United States of America, which indicated 

the prevalence of intellectual disability to be approximately 1%, with a significant 

increasing trend over time (McGuire et al., 2019). Another study using the NHIS found 

that from 2009 to 2017 revealed an increase of 25.8% in the diagnoses of intellectual 

disability (Zablotsky et al., 2019). In terms of the classification levels of intellectual 

disability, there is a high prevalence of adults with intellectual disability with intermittent 

(85%) and limited (10%) levels of support––mild and moderate intellectual functioning, 

respectively (Schalock et al., 2021). Nonetheless, the terminology used for intellectual 

disability has evolved (e.g., mental retardation, intellectual developmental disorder) and is 

often interchanged with developmental disability (Tassé et al., 2024). Thus, prevalence 

rates range from 1% (American Psychiatric Association, 2022) to 17% (Tassé et al., 2024). 

1.3.2 Health Concerns and Consistent Health Disparities for Adults with 

Intellectual Disability 

Cardiometabolic diseases pose substantial economic burdens, with estimated 

annual direct and indirect costs in the United States of America of around $173 billion for 

obesity (Ward et al., 2021), $216 billion for heart disease and stroke (Benjamin et al., 

2018), and $327 billion for diabetes mellitus (American Diabetes Association, 2018). As 

compared to adults without intellectual disability, adults with intellectual disability 

experience considerable health disparities (Krahn & Fox, 2014; Reichard et al., 2011), 
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including a greater prevalence of chronic diseases (e.g., cardiovascular disease, diabetes 

mellitus, overweight, and obesity) (Draheim, 2006; Emerson, 2005; Freedman & Chassler, 

2004; Frey et al., 2005; Havercamp et al., 2004; Henderson et al., 2008; Liao et al., 2021; 

Messent et al., 1999; Morin et al., 2012; Reichard et al., 2011; Rimmer & Yamaki, 2006; 

Yamaki, 2005), greater risk of age-related diseases (Graham & Reid, 2000), and higher 

chronic disease mortality rates (García-Domínguez et al., 2020; Landes, 2021). Notably, 

heart disease is a leading mortality cause for adults with intellectual disability (Landes, 

2021; O'Leary et al., 2018), and diabetes mellitus mortality is more likely for adults with 

intermittent-to-limited supports than adults without intellectual disability (Landes, 2021). 

Growing evidence also indicates that multimorbidity is a concern, with prevalence 

rates of multimorbidity (i.e., two or more long-term physical health conditions in addition 

to diagnosed intellectual disability) at upwards of 98.7% among adults with intellectual 

disability (Kinnear et al., 2018). Class-I obesity (a body mass index between 30-34.9 

kg/m2) increases the risk of cardiometabolic multimorbidity five-fold, rising to 15-fold for 

class-II or III obesity (body mass index ≥35 kg/m2) (Kivimäki et al., 2017). A rigorous 

comparative study found 38.3% of adults with intellectual disability had obesity (7.4% had 

class III) versus 28.0% of adults without intellectual disability (4.2% had class III) (Hsieh 

et al., 2014). 

This “cascade of disparities” has led to the call for more robust efforts to prevent 

and reduce the occurrence and impact of chronic diseases and secondary conditions in 

adults with intellectual disability (Krahn et al., 2006; Liao et al., 2021). After nearly two 

decades, the need to improve services for chronic disease prevention and health promotion 

for adults with intellectual disability prevails with recommendations to further explore 
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lifestyle-related conditions and health promotion programming (e.g., increased PA, 

decreased SB) (Liao et al., 2021). 

1.3.3 Health Benefits Related to Physical Activity and Sedentary Behavior 

 For adults without intellectual disability, growing evidence has revealed that 

sufficient PA is beneficial for preventing chronic (Warburton et al., 2006) and age-related 

(Reiner, 2013) diseases and potentially lowering the risk of cardiometabolic conditions 

(Firkin, Koch, et al., 2024). Conversely, longer time spent in SB, independent of PA (Patel 

et al., 2010), may be related to an increased risk of all-cause mortality, cardiometabolic 

risk, and prevalence of fatal and non-fatal chronic diseases, such as cardiovascular disease, 

type 2 diabetes, metabolic syndrome, and some types of cancer (de Rezende et al., 2014; 

Same et al., 2016). However, even if sufficient PA is not met, interrupting bouts of SB with 

light-intensity PA may enhance cardiometabolic health (Firkin, Koch, et al., 2024), 

particularly with glycemia and adiposity management (Chastin et al., 2015; Frank et al., 

2020; Healy et al., 2008; Loh et al., 2020) and executive cognitive function (Gerten et al., 

2021). Similarly, for adults with intellectual disability, evidence has revealed that PA aids 

in lowering the risk of all-cause mortality (Diaz, 2020), improving cognitive function 

(Pastula et al., 2012), and increasing the overall quality of life and health (Bartlo & Klein, 

2011). 

On the contrary, SB is one of the main contributors to overweight and obesity 

(Ranjan et al., 2018) and could contribute to multimorbidity and other metabolic 

syndromes (Lynch et al., 2022). Emerging evidence (Tyrer et al., 2019) has found that 

adults with intellectual disability who were physically inactive or sedentary were 
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significantly more likely to have multimorbidity while controlling for age, gender, level of 

impairment, ethnicity, socioeconomic status, and walking ability. 

1.3.4 Complex Conceptualization of Physical Activity and Sedentary Behavior  

While PA and SB are two separate constructs, physical inactivity is often misused 

to be synonymous with SB. However, PA and SB are not exact opposites (Thivel et al., 

2018), and both independently impact health and well-being (Physical Activity Advisory 

Committee, 2018). The terminology surrounding PA and SB (Table 1-2) is inherently 

complex, as research requires differentiating behaviors based on energy expenditure or 

intensity, mode or posture, and physiological effects. For instance, within PA, terms like 

aerobic, anaerobic, muscle-strengthening, and bone-strengthening activities help classify 

the predominant physiological effects these movements have on the body (Bull et al, 2020) 

and exercise help classify intent (Casperson et al., 1985). 

 

Table 1-2. The key terminology in physical activity and sedentary behavior research. 
Term Definition 

Activities By 

Predominant 

Physiologic Effect 

Characterizing mode specific to the dominant effect that an activity has on the body’s systems 

during its performance, reflecting which physiological system or function is most stimulated 

or developed because of engaging in that activity. 

Aerobic Movements in which the body’s large muscles move in a rhythmic manner for a sustained 

period to maintain or improve an individual’s cardiorespiratory fitness. 

Anaerobic High-intensity movements that exceed the capacity of the cardiovascular system to provide 

oxygen to muscle cells for the usual oxygen-consuming metabolic pathways. 

Bone-Strengthening 

Physical Activity 

Movements that create impact and muscle-loading forces on bone. 
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Muscle-

Strengthening 

Physical Activity 

Movements to improve the strength, power, endurance, and size of skeletal muscles by 

applying resistance to those muscles. 

Body Position or 

Posture 

Refers to the arrangement or alignment of the body and its segments in space, typically 

described concerning gravity, the ground, or other body parts, and is used to characterize an 

individual’s posture during movement or non-movement. 

Energy Expenditure Amount of energy, measured in calories or kilojoules, that a person uses to perform 

physiological functions and daily life activities. 

Active Energy 

Expenditure 

Energy used during all forms of bodily movement, including exercise, daily activities, and 

non-exercise activities like fidgeting. 

Basal Metabolic Rate Energy needed to maintain essential physiological functions at rest, such as breathing, 

circulation, and cell production. 

Thermic Effect of 

Food 

Energy required for digestion, absorption, and metabolism of food. 

Exercise Refers to a physical activity type that is planned, structured, repetitive, and purposeful, such 

as to increase or maintain physical fitness levels. 

Human Movement 

Continuum 

Refers to the movement behaviors that occur daily in the 24-hour interval, including sleep, 

sedentary behavior, and physical activity. These behaviors differ in terms of mode, posture, 

and physiological state. 

Metabolic 

Equivalent of Tasks  

Unit used to estimate the amount of energy expended during physical activities relative to a 

person’s resting metabolic rate. 

Movement or Non-

Stationary Behaviors  

Any waking behavior performed involving locomotion or ambulation, irrespective of energy 

expenditure. 

Non-Movement or 

Stationary Behaviors 

Any waking activity in a static posture, including sitting, reclining, or lying down, 

irrespective of energy expenditure. 

Physical Activity Any bodily movement produced by the skeletal muscles that result in an increase in energy 

expenditure above the resting state. 

Light-intensity 

Physical Activity 

Physical activity requiring minimal effort, slightly above resting levels (typically 1.6-2.9 

METs). On a scale relative to an individual’s personal capacity, light-intensity is usually a 2–

4 on a rating scale of perceived exertion scale of 0–10. 
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Moderate-intensity 

Physical Activity 

Physical activity requiring moderate effort (typically 3.0-5.9 METs). On a scale relative to 

an individual’s personal capacity, moderate intensity is usually a 5 or 6 on a rating scale of 

perceived exertion scale of 0–10. 

Vigorous-intensity 

Physical Activity 

Physical activity requiring maximal effort (typically ≥6.0 METs). On a scale relative to an 

individual’s personal capacity, vigorous intensity is usually a 5 or above on a rating scale of 

perceived exertion scale of 0–10. 

Physical Inactivity An insufficient physical activity level to meet physical activity recommendations. 

Sedentary Behavior Any waking behavior characterized by an energy expenditure at or below 1.5 METs while in 

a sitting, reclined, or lying down posture. 

Sleep A state of rest characterized by reduced physiological activity and altered consciousness. 

Standing  Postures where the individual is upright. 

Active Standing Upright posture where skeletal muscles, particularly those of the legs, trunk, and core, are 

actively engaged to maintain balance, posture, or minor movements. 

Passive Standing  Upright posture where minimal or no active engagement of skeletal muscles is required, often 

relying on the structural alignment of the skeleton or external support for stability. 

Note. METs = metabolic equivalent of tasks. 

 

Moreover, the WHO (WHO, 2018) and the United States Department of Health and 

Human Services (HHS, 2018) define PA as “any bodily movement produced by skeletal 

muscles that result in energy expenditure (EE)” (Caspersen et al., 1985, p. 129). Therefore, 

it is essential to recognize that PA and EE are also two separate constructs. Energy 

expenditure is defined as “the body’s energy cost,” in which total daily energy expenditure 

(TDEE; kilocalorie [kcal]/day) is comprised of the thermic effect of food, basal metabolic 

rate or resting energy expenditure (REE), and active energy expenditure (AEE).  

Human movement behaviors (i.e., sleep, SB, PA; see Figure 1-2) can be expressed 

as an energy cost relative to REE using a corresponding metabolic equivalent of task 

(MET) value. A MET is the amount of oxygen burned at rest, approximately 3.5 mL of 

oxygen/kg body weight/minute or 1 kcal/kg body weight/hour (Jetté et al., 1990). For 
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adults, PA is >1.5 METs, where light-intensity PA (LPA) is 1.6-2.9, moderate-intensity 

PA (MPA) is 3.0-5.9, and vigorous-intensity PA (VPA) is ≥6.0 METs (Ainsworth et al., 

2011). Comprehensive lists of activities, METs, and estimated EE have been developed for 

adults (Ainsworth et al., 2011). Physical activity intensity can also be related to heart rate 

(HR), heart rate reserve (HRR), and the percentage of heart rate reserve (%HRR), where 

LPA is 20-39%, MPA is 40-59%, and VPA is ≥60% (American College of Sports 

Medicine, 2014) using the following equations: 

HRR = HRpeak - HRresting 

HRpeak = 210 - 0.56 (age) - 15.5 (Fernhall et al., 2001) 

%HRR = ((HR - HRresting) / HRR) × 10 

 

Figure 1-2. The human movement continuum of energy expenditure, where %HRR is the 

percentage of heart rate reserve, METs is the metabolic equivalent of task, and STEPS is 

step count per day. Adapted from Carlin et al. (2019). 

 

The behavior with the lowest EE is sleep rather than SB (Carlin et al., 2019). Sleep 

is a reversible neurobiological state characterized by closed eyes, behavioral quiescence, 

and perceptual disengagement from the external environment (Hall, 2020; Luyster, 2020). 

Therefore, sleep participation can occur at any time (i.e., not just nocturnally) and should 
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be considered, especially when distinguishing between sleep and SB. Within the literature, 

SB has been defined as any waking behavior characterized by an energy expenditure of 

≤1.5 METs and further detailed to occur “while in a sitting, lying or reclining posture” 

(Tremblay et al., 2017, p. 9) and “sitting, lying, or reclining for ≥3 hours per day” (Lynch 

et al., 2021). The values of 1.0-1.5 METs can be used to distinguish between sleep and SB, 

where <1.0 MET indicates sleep (Pinto et al., 2023). However, it is difficult to distinguish 

between passive or “idle” standing and SB. Evidence suggests passive standing produces 

limited bodily movement, typically remaining below the 1.5 MET threshold to classify as 

LPA (Patel et al., 2010).  

Finally, PA and SB are multifaceted constructs characterized by multiple domains 

and dimensions (see Table 1-3) (Hills et al., 2014; Kelly et al., 2016; Pinto et al., 2023; 

Thompson et al., 2015). Domains reflect the broad settings in which these behaviors 

occur—such as education, home or domestic life, leisure, occupation, and transportation 

(Bull et al, 2020). Dimensions align with the FITT (i.e., frequency, intensity, time, type) 

principle to describe not only PA and exercise but also SB participation (Pinto et al., 2023). 

These dimensions can capture not only how long and how often individuals are active or 

sedentary but also the physiological load and type of movement or posture involved. 

Furthermore, contextual factors—including where, when, with whom, and why the activity 

or inactivity occurs—add further layers of meaning (Kelly et al., 2016). 

 

Table 1-3. The domains, dimensions, and other correlates or determinants of physical 

activity (PA) and sedentary behavior (SB). Adapted from Bull et al., Kelly et al., Strath et 

al., Pinto et al., and the WHO 2020 PA Recommendations. 

Facet Term Definition 

PA SB 

Examples 
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D
o

m
ai

n
 

Education Undertaken during schooling 

or educational pursuits. 

Physical education Sitting at a desk during class 

or lecture 

Home / 

Domestic 

Undertaken in the home for 

domestic duties. 

Housework, cleaning, or 

chores; child- or self-care; 

gardening; yard work 

Using the phone, tablet, or 

computer to pay bills while 

seated 

Leisure Performed that is not a part of 

an essential activity of daily 

living; performed at the 

discretion of the individual. 

Exercise, sports, and 

recreation 

Watching television, 

listening to music, playing 

passive video games, using a 

computer or tablet, or 

drawing while seated or 

lying 

Occupation Undertaken during paid or 

voluntary work. 

Carrying or lifting heavy 

objects, manual labor tasks, 

walking around the 

workplace 

Sitting at a desk, working on 

a computer while seated or 

lying 

Transport Performed for the purpose of 

traveling from one place to 

another. 

Walking, bicycling, or 

wheeling; climbing / 

descending stairs to or for 

transportation; standing 

while riding transportation 

Driving or riding in a car, 

bus, plane, or train while 

seated 

D
im

en
si

o
n

 

Duration Time of a continuous bout of 

bodily movement or non-

movement, typically defined 

within a specified time frame. 

15 minutes of walking 15 minutes of sitting and 

watching TV 

Frequency Number of bouts within a 

specified time frame. 

2 days per week of muscle-

strengthening activity 

A prolonged SB bout of ≥1 

hours per day 

Intensity Rate of energy expenditure 

during the bodily movement 

or non-movement or indicator 

of the metabolic demand. 

≥1.5 METs, percentage of 

heart rate reserve, step-

count indices 

1.0-1.5 METs or ≤1.5 METs 
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Mode Type of bodily movement or 

non-movement made; can be 

defined in the context of 

physiological and 

biomechanical demands or 

types. 

aerobic, anaerobic, muscle 

strengthening, bone-

strengthening 

sitting, lying, reclining 

Volume The product of frequency, 

intensity, and duration to 

describe overall activity in a 

given time frame. 

  

C
o
n
te

x
t 

Where Location of the activity. recreational facility bedroom 

When Time of day or day of the 

week (e.g., weekday vs. 

weekend). 

afternoon, weekday night, weekend 

With 

Whom 

Person(s) involved, if any 

during the activity. 

sports team alone 

Why Purpose of the activity. team practice entertainment 

Note. METs = metabolic equivalent of tasks, PA = physical activity, SB = sedentary behavior. 

1.3.5 Physical Activity and Sedentary Behavior Guidelines 

To obtain health benefits, the 2020 WHO and Physical Activity Guidelines for 

Americans, 2nd Edition (Bull et al., 2020; Piercy et al., 2018), recommend that adults with 

disabilities, if capable, should participate in 150-300 minutes of moderate-intensity PA 

(MPA), 75-100 minutes of vigorous-intensity PA (VPA), or an equivalent combination of 

moderate-to-vigorous-intensity of weekly aerobic PA (MVPA). Additionally, at least two 

days per week of muscle-strengthening activities targeting each major muscle group is 

advised (Bull et al., 2020; Piercy et al., 2018). These recommendations have emerged 

through multiple refinements from the 1995 Centers for Disease Control and Prevention 
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and the American College of Sports Medicine (Pate et al., 1995) and the Surgeon General’s 

Report on Physical Activity and Health (HHS, 1996) recommendation of accumulating a 

minimum of 30 minutes or more of MPA on most––but preferably all––days of the week. 

These refinements included the addition of a lower and upper limit for weekly 

accumulations of MPA and VPA and the flexibility in accumulating MVPA throughout the 

entire day rather than requiring bouts of 10 or more minutes, as previously emphasized 

(Fulton & Kohl, 2008) to align with data processing methods and promote short-lived 

movements are better than remaining sedentary. 

Nonetheless, the WHO recommendations for SB levels have not been established 

further than generally to minimize the amount of time spent in SB and replace that time 

with any type or intensity of PA, including light-intensity (LPA) (Bull et al., 2020). 

Similarly, no quantified LPA recommendations have been established. As of 2024, the only 

recognized quantitative SB guidelines are the Canadian 24-Hour Movement Guidelines for 

adults without ID (Ross et al., 2020), which recommend limiting sedentary time to eight 

hours and recreational screen time to three hours daily. This latest paradigm switch 

indicates that the composition of movement patterns within a 24-hour period may be 

associated with prominent health outcomes (Rollo et al., 2020). However, prominent 

critiques of this paradigm include insufficient evidence to support SB and LPA thresholds 

(Bull et al., 2020), the obscurity around standing behavior classification (Kowalsky et al., 

2021), the inclusion of screen time as a sub-component of SB (Straker et al., 2018), the 

misnomer of sleep and SB as movement behaviors (Pinto et al., 2023), and the need for 

more comprehensive valid and reliable PA and SB assessments (Rollo et al., 2020). 
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Furthermore, specifically regarding research for adults with intellectual disability, 

the quality of evidence to support these recommendations as of 2020 was rated by the WHO 

and the U.S. 2018 Physical Activity Advisory Committee as ‘insufficient’ for determining 

dose-response relationships between PA, SB, and health conditions and their progression 

of disease, risk of mortality, quality of life, physical functioning, and cognition (Bull et al., 

2020; Physical Activity Advisory Committee, 2018; Piercy et al., 2018). In addition, 

evidence was rated ‘limited’ to support the step-count recommendation for individuals with 

a disability to accumulate at least 6,500-8,500 steps daily (Tudor-Locke et al., 2011). 

1.3.6 Levels of Physical Activity and Sedentary Behavior among Adults with 

Intellectual Disability 

Several reviews (Brooker et al., 2015; Dairo et al., 2016) and large surveillance 

studies (Hilgenkamp et al., 2012; Hsieh et al., 2017; Stancliffe & Anderson, 2017) have 

found that adults with intellectual disability have insufficient activity levels, with studies 

ranging from 44% (Frey et al., 2005) to 94% (Finlayson et al., 2009) of adults with 

intellectual disability not meeting the PA recommendations. Furthermore, pooled estimates 

from a recent meta-analysis of 82 studies indicated that the mean MVPA level was 

approximately 25 daily minutes for adults with intellectual disability (~175 minutes per 

week if sustained each day), and step count was about 6,800 steps daily (Firkin, Koch, et 

al., 2024). A recent systematic review revealed that adults with intellectual disability, on 

average, spend a majority (60%) of waking hours in SB (Lynch et al., 2021). However, 

these findings should be viewed with caution as there have been reported limitations of 

inconsistent approaches to defining the constructs of PA and SB (e.g., misuse of the terms 

physical inactive and sedentary or not taking into consideration achieving the two 
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recommended muscle-strengthening days) and diverse applications of PA and SB 

assessment methodologies and operational definitions of PA and SB (Firkin, Koch, et al., 

2024; Firkin, Obrusnikova, et al., 2024). 

1.3.7 Factors Associated with Physical Activity and Sedentary Behavior 

Previous reviews (Bossink et al., 2017; Brooker et al., 2015; Dairo et al., 2016; 

Hassan et al., 2019; Hutzler & Korsensky, 2010; Lynch et al., 2021; MacDonald et al., 

2021; Oppewal et al., 2018; Temple, 2010; Vancampfort et al., 2021; Willems et al., 2017; 

Willems et al., 2018) have identified potential factors that may impact PA and SB for adults 

with intellectual disability. These factors are illustrated in Figure 1-3 based on Bandura’s 

Social Cognitive Theory (Bandura, 1986), which suggests human behaviors, such as PA 

and SB participation, are dynamically influenced by reciprocal interactions among 

personal and cognitive factors (e.g., affect and self-efficacy), environmental influences 

(e.g., social and physical contexts), and behaviors. Reciprocal determinism emphasizes that 

environments can shape an individual’s behaviors, but individuals can also shape their 

environments through their behaviors. Building upon this framework, Self-Efficacy 

Theory (Bandura, 1989) further emphasized the critical role of an individual’s confidence 

in their ability to successfully perform a behavior shaped by sociostructural factors and 

outcome expectations. Sociostructural factors refer to the environmental facilitators and 

barriers that influence behavior. Outcome expectations involve an individual’s beliefs 

about the potential consequences of their actions, including physical, social, or self-

evaluative outcomes (Bandura, 1989). 
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Figure 1-3. Correlates of higher physical activity (PA) participation among adults with 

intellectual disability based on Bandura’s Social Cognitive Theory. 

 

In terms of participating in higher levels of PA, some personal factors for adults 

with intellectual disability to highlight include male gender (Vancampfort et al., 2021; 

Westrop et al., 2019), younger age (Vancampfort et al., 2021), a lower level of impairment 

(Dairo et al., 2016; Temple, 2010; Vancampfort et al., 2021), a lower body mass index 

(Stancliffe & Anderson, 2017; Temple, 2010), lack of mobility impairment (Finlayson et 

al., 2009), and no co-occurring developmental disability (Dairo et al., 2016; Stancliffe & 

Anderson, 2017; Temple, 2010). Few studies have explored the behavioral factors that 

influence higher levels of PA, such as engaging in shorter bouts of MVPA and VPA, LPA 

through walking behaviors, and weekday physical activities (Temple, 2010). However, 

numerous studies have indicated environmental factors that influence higher levels of PA, 

such as having social support (Peterson et al., 2008) and role models (Temple, 2010), living 
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outside of supervised or residential care (Dairo et al., 2016), and participating in the Special 

Olympics (Vancampfort et al., 2021). There are few identified correlates of higher SB 

levels for adults with intellectual disability––often misclassified as correlates of physical 

inactivity (Lynch et al., 2021). However, a recent systematic review reported that female 

gender and weekend participation are related to higher levels of SB in adults with 

intellectual disability (Lynch et al., 2021). 

1.3.8 Current Physical Activity and Sedentary Behavior Assessment Limitations  

There are both subjective (i.e., indirect self- or proxy-reporting of the behavior) and 

objective (i.e., directly quantifying the behavior) methods for PA and SB assessments (see 

Figure 1-4). While there is a gold standard for assessing TDEE (i.e., the doubly labeled 

water technique [DLW]), there is no gold standard for assessing PA or SB in the free-living 

setting for adults with and without intellectual disability (Dowd, 2018; Hills et al., 2014; 

Rosenberg et al., 2015). In part, this is because no single tool is “perfect” (Dowd, 2018) in 

capturing all facets of human movement behavior (i.e., all domains and dimensions) at one 

time in full detail of the movement’s context, meaning, and purpose (Caspersen et al., 1985; 

Kelly et al., 2016; Schutz et al., 2001). 
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Figure 1-4. Isolated methods of physical activity (PA) and sedentary behavior (SB) 

assessments regarding energy expenditure (EE). Adapted from Hill et al. 

 

Previous evidence indicates that methods of PA and SB assessment developed for 

adults without intellectual disability may not be appropriate for use among adults with 

intellectual disability (Brooker et al., 2015). Additionally, evidence suggests that 

methodological effectiveness (i.e., validity, reliability, sensitivity, and feasibility) of any 

isolated PA and SB assessment method among adults without intellectual disability should 

not be generalized to adults with intellectual disability (Pitchford, 2018). 

Subjective Methods 

Overview 

 Subjective methods (e.g., questionnaires/surveys, logs/diaries, and interviews) rely 

on the ability and willingness of the user to report the accurate scope and detail of data 

during a specified time period. The advantages of subjective methods include affordability, 

capturing context (e.g., why the activity was performed) and type of activities participated 

in, and suitability for extensive, large-scale studies and public health surveillance. There 

are also additional protocol considerations for subjective methods, such as (1) having the 

instrument be self-, interviewer-, or proxy-administered; (2) using a written or an electronic 
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version; and (3) using an in-person, virtual, or phone interview. The common categories of 

subjective methods have included 7-day, 14-day, month, or year recalls via surveys, 

questionnaires, checklists, or interviews and 7-day assessments via logs or diaries (Dowd, 

2018). 

Questionnaires/Surveys 

 The International Physical Activity Questionnaire (IPAQ) and the shortened 

version of the IPAQ, designed for adults without intellectual disability aged 18-65 years of 

age, have been commonly used for PA (Lavelle et al., 2020; McKeon et al., 2013; Moss & 

Czyz, 2018; Perez-Cruzado & Cuesta-Vargas, 2018; Saebu & Sørensen, 2011) and SB 

(Lynch et al., 2021; Melville et al., 2017) assessment among adults with intellectual 

disability. The questionnaire is a self-reported recall of activity from the past seven days to 

estimate the frequency and duration of specific modes or intensities of PA (e.g., walking, 

MPA, VPA) and SB undertaken in various domains (e.g., leisure, home/domestic, 

occupation, and transportation). Although the IPAQ has satisfactory measurement 

effectiveness among adults without intellectual disability (Craig et al., 2003), data acquired 

via the IPAQ-Short Form was found as inaccurate for PA and SB assessment among adults 

with intellectual disability compared to data acquired from accelerometers (Matthews, 

2011; Moss & Czyz, 2018). In addition, in an extensive cross-sectional study (n=1,618), 

the author-derived surveillance survey was employed to acquire PA and SB data. Yet, only 

2.9% of the questions were filled out by adults with intellectual disability rather than a 

caregiver (e.g., parent, legally authorized representative, direct support professional) or 

another proxy (e.g., friend) (Hsieh et al., 2017).  
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Logs/Diaries 

  Activity logs and diaries are common self-reported records of PA and SB used to 

enter information on (1) the current activity, activities performed within the past 1-4 hours, 

or past 24 hours; (2) the mode, duration, and intensity of the activity; and (3) other 

contextual information on the activity (Strath et al., 2013). Nonetheless, for adults with 

intellectual disability, an activity log or diary is often used to boost compliance through 

self-monitoring with an objective method of PA and SB assessment rather than as a stand-

alone subjective method of PA and SB assessment (Leung et al., 2017).  

Challenges and Considerations  

Subjective methods have also been criticized for use among adults with intellectual 

disability due to recall bias and difficulties in recalling activity, high rate of errors, social 

desirability bias, and dependence on caregiver involvement (Cuesta-Vargas et al., 2011; 

Dairo et al., 2016; Dyrstad et al., 2014; Hsieh et al., 2017; Johnson et al., 2014; Matthews, 

2011; Rimmer, 2006). Moreover, proxy reports may not provide an accurate representation 

of an individual’s activity since a single proxy may not be with the individual throughout 

the entirety of their day (Brooker et al., 2015; Melville et al., 2017; Rimmer, 2006; Sallis 

et al., 2000). A 2017 systematic review on SB assessments in this population found that 

reliance on proxy respondents may introduce measurement errors, given the inconsistent 

findings across studies (Melville et al., 2017). 

Best practices increasingly emphasize the importance of working directly with 

individuals rather than relying on proxy reporters, to support independent self-monitoring 

and foster personal agency (Fiona Mitchell et al., 2018). However, several challenges may 

hinder independent participation in subjective PA and SB assessments, including question 
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content (e.g., quantitative judgment, time questions, comparisons, socially reflexive 

questions, abstract or general concepts, irrelevant content, and labels); question phrasing 

(e.g., technical vocabulary and complex question structures); and response format (e.g., 

understanding or classifying responses) (Finlay & Lyons, 2001). In summary, the use of 

subjective techniques to assess PA and SB among adults with intellectual disability is 

limited by various factors, including recall difficulties, proxy inaccuracies, complex 

question formats, and response challenges. 

Objective Methods 

Overview 

There are two major types of objective methods for activity assessment within the 

free-living setting: direct observation and use of research-grade and consumer-grade 

wearables, including pedometers, accelerometers, HR monitors, global navigation satellite 

systems receivers, and multi-sensor devices (e.g., an accelerometer, gyroscope, and HR 

monitor). Direct observation involves a trained investigator either viewing of activity while 

it is occurring or via a video recording to assess later. The main advantage of direct 

observation is the consideration of important contextual information (Strath et al., 2013).  

Direct Observation 

There is limited reporting of using direct observation for PA and SB assessment 

among adults with intellectual disability. Studies have found the Bouchard Three-Day 

Physical Activity Record used for direct observations by a team of trained observers over 

a 7-day recording period to be a valid (Temple et al., 2000) and useful (Temple & Walkley, 

2003) assessment of PA. However, this approach is invasive, time-consuming, and 

expensive (Temple et al., 2000). 
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Wearables  

Conversely, wearables have rapidly increased in use within PA and SB research, 

particularly in the past decade, among adults with and without disabilities to objectively 

assess (Bunn et al., 2018; Germini et al., 2022; Gorzelitz et al., 2020; Henriksen et al., 

2018), promote (Li et al., 2021), self-manage (Sanders et al., 2016), and monitor (Puterman 

et al., 2021) PA and SB. Notably, the Physical Activity Advisory Committee has strongly 

supported the efficacious use of wearables in interventions to promote PA in adults 

(Physical Activity Guidelines Advisory, 2018), and the WHO has called for improved 

wearable-based objective methods to assess PA and SB, particularly for adults with 

disabilities (Bull et al., 2020).  

Wearables can be classified into two categories based on commercial availability 

and the purpose for which they were developed: research-grade and consumer-grade 

wearables. Research-grade wearables, though expensive and require in-depth training for 

data collection and analysis, typically have investigator-friendly software for data 

processing with the choice of several sufficient wear time algorithms and activity 

assessment with the choice of several cut-points for the classification of activity. ActiGraph 

is the leading research-grade accelerometer used in PA assessment (Dowd, 2018; Montoye 

et al., 2018). The first generation of the ActiGraph was used to develop the 1998 Freedson 

Adult Cut-points for EE (Freedson et al., 1998), where: 

METpredicted = 1.439008 + (0.000795 × counts·min-1 

kcalpredicted = (0.00094 × counts·min-1) + (0.1346 × bodyweight) – 7.37418 

The most frequently used research-grade wearable for assessing PA (Firkin, 

Obrusnikova, et al., 2024; Leung et al., 2017) and SB (Firkin, Obrusnikova, et al., 2024; 
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Lynch et al., 2021) in adults with intellectual disability has been the hip-worn ActiGraph. 

Population-specific cut-points were developed for adults with Down syndrome using the 

ActiGraph (Agiovlasitis et al., 2023; Bertapelli et al., 2020). Studies suggest that the use 

of non-population-specific cut-points may be of concern for certain etiologies associated 

with reduced gait stability, altered cardiac autonomic function, and increased metabolic 

rate (Agiovlasitis et al., 2011; Agiovlasitis et al., 2014; Agiovlasitis et al., 2018). However, 

the Freedson 1998 Adult Cut-points for EE are commonly employed for PA assessments 

using accelerometers among adults with intellectual disability (Leung et al., 2017). Other 

research-grade wearables include the activPAL (PAL Technologies; Glasgow, UK), 

BodyMedia Fit (now part of Jawbone; Pittsburgh, PA, US), GENEActiv (ActivInsights 

Ltd.; Kimbolton, UK), and Polar active watches and HR monitors (Polar Electro Inc.; 

Kempele, Finland).  

Consumer-grade wearables trace their origins to the Yamasa Company’s 

introduction of pedometers in the 1960s, which popularized the concept of a 10,000-step 

daily goal as part of a broader health campaign (Yamasa Tokei Keiki Co.; Tokyo, Japan). 

Consumer-grade pedometers (e.g., Yamax Digi-Walker) have mainly been used among 

adults with intellectual disability for objectively quantifying PA (Temple, 2010) and SB 

(Lynch et al., 2021) into general levels from sedentary to highly active. As a simple, low-

cost tool, pedometers have been popular commercially and for large-scale epidemiological 

studies and public health surveillance, such as in the National Health and Nutrition 

Examination Survey (Tudor-Locke et al., 2008) and Behavioral Risk Factor Surveillance 

System (CDC, 2021). Currently, the Apple Watch (Apple Inc.) is a market-leading device 

equipped with a tri-axial accelerometer, gyroscope, HR, and global positioning system 



 30 

sensors, and capability for connectivity to the internet, cellular, and Bluetooth (Bai, 2017). 

The Apple Watch has reported promising methodological effectiveness for adults without 

intellectual disability, especially regarding HR assessment (Germini et al., 2022) compared 

to other consumer-grade wearables (Fuller, 2020), research-grade wearables (Bunn et al., 

2018), and laboratory-based objective methods of energy expenditure assessment (e.g., 

DLW) (Leung et al., 2021). Other consumer-grade wearables include FitBit (Fitbit 

International Limited; Dubin, Ireland and Mountain View, CA, USA) and Garmin (Garmin 

Ltd.; Olathe, KS, USA), and Polar Vantage V2 (Polar Electro Inc.; Kempele, Finland).  

Challenges and Considerations 

Research-grade wearables like the ActiGraph and activPAL provide researcher-

friendly data processing and analysis software. On the other hand, consumer-grade 

wearables, such as the Apple Watch and Fitbit, offer several advantages for activity 

tracking among adults without intellectual disability, including (a) high display quality 

with “easily-accessible” activity information (Leung et al., 2021); (b) comfort and ease of 

use for the participant (Morabito, 2016); and (c) an unobtrusive, small design that limits 

the impact on activities of daily life (Alley et al., 2016). Notably, for adults with intellectual 

disability, consumer wearables provide enhanced self-management and independence 

(Reinecke et al., 2018), of which the Apple Watch remains the commercially available 

wearable with the highest self-monitoring attributes for activity tracking (Sanders et al., 

2016).  

Despite their advantages, both research-grade and consumer-grade wearables have 

limitations. Pedometers do not capture the full spectrum of activity, especially upper-body 

movements or muscle-strengthening exercises (Temple, 2010), and their data storage 
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capacity is less robust than that of more advanced wearables (Sylvia et al., 2014). 

Accelerometers like the ActiGraph hip-worn accelerometers have shown reduced 

methodological effectiveness for assessing SB compared to wrist-worn wearables 

(Aguilar-Farías et al., 2014; Kim et al., 2015). This is partly because the hip-worn devices 

may not capture some aspects of low-intensity or stationary activities (Aguilar-Farías et 

al., 2014; Kim et al., 2015). Additionally, compliance with sufficiently wearing the 

ActiGraph among adults with intellectual disability has varied, ranging from 45% (Barnes 

et al., 2013) to 100% (e.g., Melville et al., 2011). In the study by Barnes et al. (2013), 

participants found the ActiGraph “cumbersome” and felt “unmotivated” to wear it, which 

highlights a broader issue––quality wearable data requires daily engagement with the 

assessment tool and sufficient wear each day. Consumer-grade wearables are commercially 

designed and marketed for widespread popularity and use. However, wrist-worn consumer-

grade wearables, especially those with HR monitors, global navigation satellite systems 

receivers, and multi-sensor monitoring, have been rarely employed for PA or SB 

assessments among adults with intellectual disability (e.g., Firkin, Obrusnikova, et al., 

2024; Leung et al., 2017).  

Several reviews (Brooker et al., 2015; Dairo et al., 2016; Lynch et al., 2021) have 

increasingly called for improved objective methods for PA and SB assessments for adults 

with intellectual disability. In summary, the limitations of both research-grade and 

consumer-grade wearables include issues with data capture, such as difficulties in detecting 

certain activities (e.g., upper-body movements, muscle-strengthening exercises, SB) and 

challenges with compliance and motivation to wear the device. These challenges point to 
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a need for more tailored solutions to improve the suitability and feasibility of these 

assessment tools for this population. 

1.3.9 Use of Multiple Complementary Methods for Comprehensive Assessments 

There are notable limitations when using isolated assessment methods. These 

limitations may contribute to the inconsistent findings of the correlates of PA 

(Vancampfort et al., 2021) and SB (Lynch et al., 2021), as well as a lack of data on the 

domains of activity (Temple et al., 2006). Due to the limitations of any one method of PA 

and SB assessment among adults with intellectual disability, multiple complementary 

methods (Schutz et al., 2001) within a PA and SB assessment are recommended for full 

characterization and representation of PA and SB (Kelly et al., 2016; Thompson et al., 

2015), especially among adults with intellectual disability (Brooker et al., 2015).  

While the terminology surrounding methodologies is not consistent across 

academia (McMeekin et al., 2020), a methodology can be defined as a system of methods 

characterized by data collection and analysis protocols or procedures, which include the 

tools, techniques, instructions, and strategies given to improve feasibility (i.e., adherence, 

compliance, acceptability, implementation, practicality, and adaptation). Feasibility is 

often the leading factor in selecting study methodologies (Dowd, 2018). The feasibility of 

objective methods has significantly improved with the use of small wrist-worn wearables 

among adults without ID (Strath et al., 2013). However, evidence on the use and feasibility 

of wrist-worn wearables for PA and SB assessment among adults with intellectual 

disability is limited (Dairo et al., 2016; Leung et al., 2017; Lynch et al., 2021; Phillips & 

Holland, 2011; Ptomey et al., 2017). 
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While not all facets of PA can be directly assessed by wearables, their use to assess 

the duration, frequency, intensity, and time of day of PA and SB has shown promise among 

adults with intellectual disability (Brooker et al., 2015; Leung et al., 2017; Temple, 2010). 

In addition to reported durations, frequencies, and intensities of PA and SB participation, 

subjective methods can assess the facets of PA and SB, such as domain, purpose, and 

context, that are not typically assessed via wearables (Burchartz et al., 2020; Coenen et al., 

2020; Hills et al., 2014; Kelly et al., 2016). This warrants the exploration of existing 

methods of PA and SB assessment and their feasibility, the development of a methodology 

with complementary methods of PA and SB assessment that includes a wrist-worn 

wearable, and the evaluation of the methodology of PA and SB assessment among adults 

with intellectual disability. 

1.4 CONCEPTUAL FRAMEWORK 

 The conceptual framework for developing the MPAS-AID is provided in Figure 1-

5. In a recent scoping review on the development of methodological frameworks 

(McMeekin et al., 2020) and the COSMIN Guidelines for Selecting Instruments for a Core 

Outcome Set (Prinsen et al., 2016), the framework consists of three main phases for 

methodology development: (1) rigorous identification of evidence, (2) development of the 

methodology, including the establishment of the face and content validity, and (3) 

evaluation of the methodology. 
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Figure 1-5. The conceptual framework for the development of the Multifaceted Physical 

Activity and Sedentary Assessment for Adults with Intellectual Disability (MPAS-AID) 

Methodology. Adapted from McKeekin et al. (2020), Kelly et al. (2016), and COSMIN 

Guidelines for Selecting Instruments for a Core Outcome Set (2016). 

1.4.1 Phase 1: Identification of Evidence (Dissertation) 

Phase 1 has three main steps. Step 1 is to identify and define the target population, 

target behaviors, and existing methodology and assess the quality of the existing methods 

that can be used or adapted for PA and SB assessment. Step 1 lays a strong foundation for 

the methodology based on the previous literature. Steps 2 and 3 are to identify new data to 

help develop the methodology, which starts with field and pilot testing to gain personal and 

organizational experience with the existing methodology and ends with qualitative research 

(i.e., interviews and focus groups) to explore the factors impacting the assessment and 

examine the compliance with using new technologies. 
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1.4.2 Phases 2 and 3: Development and Evaluation of the MPAS-AID (Post-

Dissertation) 

Phase 2 has three main steps. Step 4 uses the information gained in Phase 1 to refine 

the methodology and combine other methods or theories from the literature to enhance the 

methodology and address shortcomings if needed. Step 5 is to collaborate and consult with 

experts on the face and content validity of the methodology, which will be an iterative 

process until consensus is reached on the proposed MPAS-AID. Step 6 will build upon 

Step 5 to establish the relevance of the tools, techniques, instructions, and strategies of the 

MPAS-AID with members of the target population via cognitive interviewing. Phase 3 

foremost step is to evaluate the feasibility of the MPAS-AID, focusing on its acceptibility, 

implementation, practicality, and adaption (Bowen et al., 2009). If found feasible, the last 

step would be to estalish reliability and validity. However, if not found feasible, Phase 2 

will be revisited and the results from this evaluation will be used to refine the methodology 

as appropriate. The long-term goal of the work is to establish a valid and reliable 

population-specific methodology for PA and SB assessment among adults with intellectual 

disability. 

1.5 RESEARCH AIMS AND QUESTIONS 

The specific aims of the dissertation project, aligning under Phase 1, include: 

1.5.1. Aim I 

Identify the currently employed methodologies for PA and SB assessment among 

adults with intellectual disability in the free-living settings by conducting a rigorous and 

comprehensive scoping review of the literature. A secondary aim is to identify the data 

sufficiency metrics and the indicators of PA and SB reported with these methodologies. 
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Research Questions 

1.5.1.i. What methodologies (i.e., tools, techniques, instructions, and strategies 

used) are currently used for PA and SB assessments among adults with 

intellectual disability in the free-living setting? 

1.5.1.ii. What data sufficiency metrics are reported for the PA and SB 

assessment tools currently used in adults with intellectual disability? 

1.5.1.iii. Which PA and SB indicators are commonly assessed by these 

methodologies? 

1.5.2. Aim II 

Field test and examine compliance with using the Apple Watch for PA assessment 

by adults with intellectual disability in the free-living setting. Given the exploratory nature 

of Aim II and the novelty of using the Apple Watch for PA assessment by adults with 

intellectual disability, no pre-specified hypotheses were defined. 

Research Questions   

1.5.2.i. What percentage of adults with intellectual disability met the wear-time 

compliance criteria for at least four valid days based on the heart-rate 

compliance criterion (HRC) of ‘≥10 hours of HR data/day’ and the 

step-count compliance criterion (SCC) of ‘between 1,703-24,369 

steps/day’? 

1.5.2.ii. Did PA levels differ when reducing the data based on meeting the HRC 

or SCC? 

1.5.2.iii. What percentage of adults with intellectual disability wrote entries in 

the activity logs? 
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1.5.2.iv. What were the characteristics of participants who did not meet the 

compliance criteria or had the lowest percentage of activity log entries? 

1.5.3. Aim III 

 Field test and gain the direct perspectives (McDonald et al., 2016) from adults with 

intellectual disability on the factors that impact the independent and sufficient use of a 

wrist-worn consumer-grade and research-grade wearables, alongside an adapted activity 

log, for a one-week PA and SB assessment. Using a randomized crossover design (Mills et 

al., 2009), at least 10 participants will begin with either the consumer- or research-grade 

wearable for one week, followed by the other wearable after a one-week washout period. 

Guided by the Social Cognitive Theory (Bandura, 1986), this study will explore how 

sociostructual barriers and facilitators, outcome expectations, and self-efficacy influence 

the use of the assessment tools. Participants’ experiences will be captured through two 

semi-structured individual interviews (Finlay & Lyons, 2001)––one after each week of tool 

use. Additionally, qualitative themes will be further enriched through individual caregiver 

interviews. 

Research Questions  

1.5.3.i. To what extent do outcome expectations, sociostructural factors, and 

self-efficacy influence the independent and sufficient use of wearables 

and activity logs for assessing PA and SB by adults with intellectual 

disability? 

1.5.3.ii. How does the wearable type (i.e., consumer- or research-grade) impact 

these influences and the independent or sufficient use of the devices? 

1.5.3.iii. What are the relationships between key participant characteristics (e.g., 
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age, functional performance) and their ability to use these tools 

independently and sufficiently? 
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Abstract  

Background/Objectives: Methodologies for assessing behavior form the foundation 

of health promotion and disease prevention. Physical activity (PA) and sedentary 

behavior (SB) assessment methodologies have predominantly been developed for 

adults without an intellectual disability (ID), raising credibility concerns for adults with 

ID. The purpose was to synthesize the current state of assessment methodologies for 

quantifying PA and SB volume in the free-living setting for adults with an ID. Methods: 

Following PRISMA guidelines, eleven databases were searched through December 

2023, yielding 8174 records. Data were extracted in Covidence (v.2.0), obtaining 
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quantified PA and SB volume and assessment methodology characteristics across data 

collection and analysis, including tool(s) and technique(s) used, preparatory actions 

taken, instructions provided, and behavioral strategies employed during data collection. 

Results: Of the 8174 articles screened, 91 met the inclusion criteria. Common metrics 

included minutes/hours per day/week and steps per day/week. Despite 80% of the 

studies using objective techniques, substantial variation existed across studies regarding 

wearable models, sampling frequency and epoch length settings, calibration protocols, 

wearable placements, and data processing techniques. Limited studies provided 

instructions that did not exclusively rely on spoken language. Behavioral strategies 

varied, including self-monitoring, providing assistance or supervision, administering 

questionnaires verbally, issuing reminders, and offering monetary incentives. 

Conclusions: This review underscores the need for greater consistency and 

accessibility in PA and SB assessment methodology for adults with ID. Tailored 

preparation, instruction, and behavioral strategies may enhance assessment viability 

and suitability for adults with ID, with or without caregiver or researcher involvement 

in the free-living setting. 

Keywords: behavioral strategies; calibration; instruction; monitoring; support needs; 

wearable 
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1. Introduction 

An intellectual disability (ID) is a developmental disability characterized by 

significant limitations in intellectual functioning and adaptive behavior, which 

encompasses the conceptual, social, and practical skills necessary for independent 

living, manifesting before 22 years of age [1]. Adults with ID experience declines in 

overall functioning [2] and adaptive behavior with aging [3] and face notable health 

disparities, such as a higher risk of cardiometabolic conditions, compared to adults 

without ID [4,5]. This “cascade of disparities”, often exacerbated by environmental and 

social factors, calls for urgent and comprehensive efforts to mitigate the onset and 

impact of chronic diseases and secondary health conditions in adults with ID [6,7], 

emphasizing healthier lifestyles through targeted behavioral modifications. 

Physical activity (PA) and sedentary behavior (SB) are pivotal modifiable lifestyle 

factors influencing the risk of chronic diseases in adults without ID [8,9]. These 

behaviors can be categorized across educational, domestic, leisure, occupational, and 

transportation domains and have four dimensions—duration, frequency, intensity, and 

mode—collectively contributing to overall volume—the product of duration, 

frequency, and intensity [10–13]. PA is “any bodily movement produced by skeletal 

muscles that result in energy expenditure (EE)” [14] (p. 129) above a resting state, 

contributing to total daily energy expenditure. The intensity of movement is quantified 

using metabolic-equivalent-of-task values (METs), which represent the amount of 

oxygen burned at rest [15]. For adults, PA exceeds 1.5 METs and is categorized into 

three levels: light intensity (LPA, 1.6–2.9 METs), moderate intensity (MPA, 3.0–5.9 

METs), and vigorous intensity (VPA, ≥6.0 METs) [13,15]. Consequently, SB, 

characterized by an EE of ≤1.5 METs, occurs during waking hours distinct from sleep 

[16]—a reversible neurobiological state characterized by behavioral quiescence, closed 
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eyes, and perceptual disengagement from external environments [17]. In 2017, the 

Sedentary Behavior Research Network further detailed that SB occurs while sitting, 

reclining, or lying [16]. 

According to the 2020 WHO guidelines [13], each week, adults with or without 

disabilities, if capable, should accumulate 150–300 min of MPA, 75–150 min of VPA, 

or an equivalent combination of moderate-to-vigorous-intensity aerobic PA (MVPA), 

and at least two days of muscle-strengthening exercises targeting each major muscle 

group to achieve health benefits. Independent of PA levels [18], prolonged SB is 

associated with an increased risk of all-cause mortality and prevalence of 

cardiometabolic diseases [19]. Although the WHO has not yet established quantitative 

SB guidelines for adults with or without ID, they recommend all adults minimize SB 

and replace it with any type or intensity of PA, including LPA [13]. The only established 

quantitative SB guidelines are the Canadian 24-Hour Movement Guidelines for adults 

without ID [20], which recommend limiting sedentary time to eight hours and 

recreational screen time to three hours daily. 

Nevertheless, as of 2020, the evidence of dose-response relationships between PA, 

SB, and health conditions for adults with ID was rated as “insufficient” [13]. Despite 

extensive synthesis across PA and SB research for this population, findings have been 

limited by notable methodological concerns, including insufficient datasets [21–23], 

inconsistent use of assessment tools [22], and the use of tools not validated or proven 

feasible, reliable, or sensitive specifically for assessing PA or SB in adults with ID 

[21,24]. Sallis’ 2000 Behavioral Epidemiological Framework [25] underscores the 

importance of aligning assessment methodology for behavioral research to establish 

clear links between behavior and health, marking essential initial phases of health 

promotion and disease prevention. A 2018 scoping review of PA research for adults 
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with ID [24] revealed a critical need to enhance assessment methodology, noting that 

developing and refining methods comprised less than 10% of research. 

In this review, PA and SB assessment methodology is operationally defined as a 

system of methods characterized by data collection and analysis protocols, including 

tools, techniques, preparatory actions and instructions, and behavioral strategies, all 

aimed at improving the viability and feasibility of assessing PA and SB. The selection 

of assessment tools and techniques directly influences the necessary preparatory 

actions, which are categorized into general actions (e.g., staff training), specific actions 

(e.g., tool development/refinement, calibration protocols, and device settings), 

instructions to participants or proxies, and behavioral strategies to increase targeted 

assessment task behaviors. Although indirect calorimetry and the doubly-labeled water 

technique are considered gold standards for EE assessment, no “perfect tool” or 

technique exists for PA [26] or SB [27,28] assessment. 

PA and SB can be assessed using subjective techniques, which encompass indirect 

self- or proxy-reporting of behaviors via questionnaires, logs, diaries, and interview 

guides or checklists [10,26,29]. Conversely, objective techniques—favored by reviews 

[10,26–29]—primarily support using tools, such as accelerometers, inclinometers, heart 

rate monitors, pedometers, and multi-sensor devices, for more direct PA and SB 

quantification. These techniques require careful data processing considerations (e.g., 

software, non-wear-time definitions, cut-point parameters applied) for quality 

estimates. Notably, the first generation of ActiGraph, a prominent research-grade 

wearable brand [26,30], was instrumental in developing the original Freedson 1998 cut-

point parameters [31], which classify activity intensities using uniaxial (y-axis) raw 

acceleration data converted to counts. Since 1998, additional cut-point parameters have 

been established, including Esliger 2011 classifications using raw acceleration data 
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[32]. In 2022, ActiGraph released its algorithms for filtering and generating counts from 

raw acceleration data [33], allowing teams (e.g., [34]) to develop open-source packages 

for calculating counts from raw acceleration data from other wearables. However, 

proprietary algorithms to classify activity intensities are still common for consumer-

grade (e.g., FitBit) and research-grade (e.g., PAL Technologies) devices. These 

evolving techniques underscore the dynamic nature of PA and SB assessment in 

research, setting the stage for continuous improvement and precision in methodologies 

from preparation to data processing. 

Purpose 

Assessment methodologies for PA and SB have predominantly been developed for 

adults without ID, raising questions about the suitability [21], feasibility, validity, and 

reliability [24] of these tools and techniques to obtain sufficient data among adults with 

ID. An extensive, albeit non-systematic, literature search revealed that five systematic 

or scoping reviews have synthesized various facets of PA and SB assessment 

methodologies. The primary or secondary aims of these reviews focused on the tools 

and selected techniques for assessing PA [21,22,35] and SB [36] in individuals with ID, 

including children, and on selected strategies to boost compliance with wearing 

accelerometers for assessing PA [37]. However, these reviews, which completed their 

literature searches in [22,36,37] or before [21,35] 2015, did not cover the full range of 

methodological protocols necessary for assessing PA and SB in this population. 

Consequently, there is a critical need to synthesize recent advances and tailor 

assessment strategies to better meet the needs of adults with ID. 

The objective of the present scoping review was to synthesize the current state of 

assessment methodologies for quantifying PA and SB in free-living settings for adults 

with ID. The review aims to identify (1) the data collection tools utilized and the 
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techniques applied; (2) the preparatory actions and instructions provided; (3) the 

behavioral strategies employed by participants, caregivers, or researchers to enhance 

assessment data quality; and (4) the data processing and analysis techniques applied. A 

secondary aim is to outline the quantified PA and SB outcomes reported in the included 

studies and the reported data sufficiency metrics of the methodologies used to quantify 

PA and SB. 

2. Materials and Methods 

2.1. Protocol and Registration 

The review adhered to the 2020 Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) guidelines [38] and incorporated the 2018 PRISMA 

Extension for Scoping Reviews. The protocol was registered in the International 

Database of Prospectively Registered Systematic Reviews on 7 October 2022 (reg. no. 

CRD42022351199). 

2.2. Eligibility Criteria 

The inclusion criteria for studies were: (1) participants with a mean age between 

18.0 and 65.0 years old, or, if the mean age was not reported, a majority (>50%) of 

participants were within this age range; (2) over half of the participants explicitly 

reported to have an ID; (3) the use of a PA or SB assessment methodology that directly 

or indirectly quantified PA or SB volume in a free-living setting, defined as an 

uncontrolled, non-laboratory, non-simulated environment within the participants’ daily 

life activities; and (4) studies that were primary, peer-reviewed research published in 

full. 

Studies were excluded if they: (1) only utilized qualitative assessments of PA or 

SB; (2) reported PA or SB outcomes as dichotomous or categorical variables (e.g., 

meeting guidelines or not); (3) reported fewer than three dimensions of PA or SB (e.g., 



 46 

frequency of activity modes or duration per bout); (4) involved examination of 

concurrent validity of multiple methodologies; (5) were conference proceedings, 

abstracts, editorials, dissertations, or theses; and (6) did not have the full text available 

in English. 

2.3. Information Sources and Search Strategy 

The search employed eleven electronic databases: CINAHL, Cochrane Library, 

ERIC via ProQuest and EBSCOhost, MEDLINE, PsycINFO, PubMed, Scopus, SPORT 

Discus with Full Text, Sports Medicine Education Index, and Web of Science. The 

initial search, up to 17 August 2022, was restricted to English-only, published peer-

reviewed articles. The search strategy (Table A-5-1) included terms related to the 

behaviors of interest (e.g., physical activity, sedentary behavior), target population (e.g., 

adult, intellectual disability), and quantitative assessment methodologies (e.g., quantify, 

measure), along with exclusionary terms. Searches were modified for each database 

using appropriate Boolean operators and database-specific filters (e.g., Human, 

English, Peer-Reviewed). Reference lists of relevant reviews (e.g., [21,22,35,36]) and 

included articles identified through the search were manually searched. An updated 

search covered articles published between 17 August 2022, and 31 December 2023, to 

include the entire 2023 calendar year. 

2.4. Selection of Sources of Evidence 

The first author (C.J.F.) imported search results into Covidence Systematic Review 

Software (v.2.0., Veritas Health Innovation. 2023. Melbourne, Australia). After 

duplicate removal using Covidence and manual checks, two authors (C.J.F. and I.O.) 

independently screened the titles and abstracts. Subsequently, they screened the full 

texts, moving forward only with articles where both authors agreed on eligibility. 

During the full-text screening, the authors excluded the articles using a drop-down box 
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in Covidence, which included prepopulated reasons and allowed the authors to specify 

additional reasons for exclusion as necessary. Any disagreements in eligibility or 

reasons for exclusion were resolved through discussion. The inter-rater reliability of the 

screening was assessed by Cohen’s kappa coefficient [39]. The reference lists of 

relevant reviews and included articles were also screened using the same criteria. 

2.5. Data Charting and Items 

Data were extracted using the Covidence Data Extraction Tool, with items that 

were customized and pre-piloted by the authors. Articles were coded independently by 

the two authors (C.J.F. and L.C.K.). Any discrepancies were resolved through mutual 

consensus. Data items were guided by the recommendations outlined in the COSMIN 

Risk of Bias tool, which assesses the quality of studies on the reliability and 

measurement error of outcome measurement instruments [40]. Data items included 

article characteristics (e.g., publication year, data collection country, study design), 

sample characteristics (e.g., age, diagnoses), and assessment methodology 

characteristics (e.g., tools and techniques, staff training, tool development and 

refinement, tool set-up and calibration, instructions provided, behavioral strategies 

applied, data processing and analysis techniques). Also charted were the data 

sufficiency metrics where data were available (e.g., completeness, wear time) and the 

quantified PA and SB indicators (e.g., units and outcomes). 

2.6. Collative, Summarizing, and Reporting Results 

The number and percentage of articles that quantified PA, SB, or both in adults 

with ID were computed for the total sample of articles. Studies were categorized based 

on whether baseline indicators were PA or SB outcome(s) and whether data were 

collected by objective or subjective techniques. This categorization facilitated the 
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summarization of their assessment methodology characteristics and data sufficiency 

metrics where data were available. 

3. Results 

3.1. Search Results 

The search conducted on 17 August 2022, yielded 7391 results, from which 2882 

duplicates were removed (Figure 2-1). From the remaining 4509 articles, 3923 were 

excluded based on title and abstract screening, and 506 following full-text screening, 

resulting in 80 articles. Additionally, seven articles identified through reference lists 

were added, bringing the total to 87 articles in the qualitative synthesis. An updated 

search on February 20, 2024, yielded an additional 784 results. After removing 225 

duplicates, 505 articles were excluded during title and abstract screening, and 50 more 

were excluded after full-text review, resulting in an additional five articles. This brought 

the total number of articles for this review to 91. The overall inter-rater agreement (k) 

between the two authors (C.J.F. and I.O.) was 0.89 for the title and abstract screening, 

indicating an ‘almost perfect’ agreement, and 0.69 for full-text screening, indicating a 

‘substantial’ agreement. 
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Figure 2-1. PRISMA Flowchart.  

 

3.2. Source of Evidence Characteristics 

The 91 included articles (detailed in Table A-5-2) were published between 2000 

and 2023, with 52 published in or after 2015. Study designs varied, encompassing 

cross-sectional (n = 53, 58.2%) [41–93]; non-randomized experimental [94–100] and 

randomized controlled trials [101–107] (each n = 7); case (n = 4) [108–111]; cohort (n 

= 3) [112–114]; qualitative (n = 2) [115,116]; and a study focused on method refinement 
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[117]. Eight studies were secondary data analyses [118–125], and six were program 

evaluations [126–131]. Geographically, studies were predominantly conducted in the 

United States (n = 35, 38.5%), followed by the United Kingdom (n = 14), Spain (n = 

7), Australia, Canada, and the Netherlands (each n = 5), France and Sweden (each n = 

3), Hong Kong, Ireland, and Portugal (each n = 2), Denmark, Norway, South Africa, 

South Korea, Taiwan, and Poland (each n = 1). Two studies were multinational: 

Boonman et al. [45] included the Netherlands and United States, and Merzbach et al. 

[97] included Canada, Finland, Germany, Ireland, Myanmar, New Zealand, South 

Africa, Thailand, the United Kingdom, and the United States. 

Data from 9458 adults with ID were synthesized from the reviewed studies, with 

sample sizes ranging from 2 to 1618 (M = 102.8, SD = 203.5). Fifteen studies 

exclusively involved adults with Down syndrome (DS), and three focused solely on 

adults with Prader–Willi syndrome. The age distribution of participants varied, with 11 

studies reporting a mean age ≥18.0 to ≤25.9, 31 reporting a mean age ≥26.0 to ≤35.9, 

37 reporting a mean age ≥36.0 to ≤45.9, seven reporting a mean age ≥46.0 to ≤55.0, 

and five reporting a mean age ≥56.0 to ≤65.0. The percentage of female participants 

ranged from 0% to 100%, with 43 studies reporting less than 50% female participants 

and 11 reporting exactly 50%. 

3.3. PA or SB Volume Indicators 

Most studies quantified volume indicators for exclusively PA (n = 53, 58.2%), 

followed by both PA and SB (n = 34), and exclusively SB (n = 4), as detailed in Table 

A-5-2. The predominant metrics were minutes or hours per day or week for PA (n = 47) 

and SB (n = 33) levels and steps per day(s) or week (n = 33) for activity levels across 

sedentary to highly active lifestyles. Other metrics included intensity-based percentages 

per wear time, day, or week (PA: n = 11; SB: n = 12); MET-equivalents per day or week 
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(PA: n = 10); counts per minute (CPM) per day or week (PA: n = 7); EE metrics, such 

as total daily or active EE per day or week (PA: n = 6); Physical Activity Level scores 

and steps per wear-hour or wake-hour (both n = 3). Nine studies reported indicators 

across all PA intensities and SB. No volume metric was reported for muscle-

strengthening exercise. Six studies [43,53,59,73,97,112] reported the total frequency or 

count of participants participating in at least one bout of resistance training or weight 

training, and one [84] reported minutes per bout of calisthenics. Of the 38 studies 

reporting SB volume, four reported posture-related metrics, such as sitting or reclining 

time [88,97,111,124], and four reported recreational screen time, such as time spent 

watching television [59,70,71,121] and playing computer or video games [70,71]. 

3.4. PA and SB Assessment Methodology Characteristics 

Across the 91 studies, 119 assessment methodologies were employed: 52 were 

solely objective, 38 were solely subjective, and 29 combined objective and subjective 

techniques. Assessment or recall timeframes varied, ranging from 5 to 28 days for solely 

objective techniques, 1 to 31 days for solely subjective techniques, and 2 to 14 days for 

combined techniques. Across all techniques, a seven consecutive-day timeframe was 

the most common (n = 78, 65.5%; Tables B-5-1 and B-5-2). 

3.4.1. Objective Tools 

Nearly 80% of the studies (n = 72) employed an objective technique. Only three 

studies (3.3%) used direct observations, with two of these [88,111] also utilizing 

wearables. Seven studies employed multiple wearable brands or models: three studies 

[84–86] used two compatible spring-lever pedometers of the same brand across the 

sample and one [74] used two compatible triaxial accelerometers, one [54] switched 

triaxial accelerometer brands after reported adverse reactions with the first, one [55] 

employed piezoelectric pedometers and triaxial accelerometers to obtain different 



 52 

outcomes, and one [130] employed triaxial accelerometers for participants who did not 

use a wheelchair and uniaxial accelerometers for participants who did. Wearables 

(detailed in Table B-5-1) included triaxial accelerometers (n = 29), spring-lever 

pedometers (n = 17), piezoelectric (n = 6) pedometers, dual-axial accelerometers (n = 

10), uniaxial accelerometers (n = 8), and heart rate monitors (n = 6). Some 

accelerometers could also support inclinometer functions (e.g., the ActiGraph models 

with the “inertial measurement unit function” enabled, Apple Watch via a gyroscope 

sensor, and activPAL). Three studies did not report the wearable model. The most 

common wearable brand was ActiGraph LLC (n = 36), formally, Manufacturing 

Technology, Inc. (Figure 2-2). 

 

 

Figure 2-2. Assessment tools used to quantify physical activity and sedentary 

behavior in adults with intellectual disability, by brand or type, including 

ActivInsights Ltd. (ACT; Kimbolton, UK), ActiGraph LLC (Pensacola, FL, USA), 

Apple Inc. (APPL; Los Altos, CA, USA), Axivity Ltd. (AXY; Newcastle upon Tyne, 

UK), Body Media Inc. (BDY; Pittsburgh, PA, US), CamNtech Ltd. and Inc. (CNT; 

Fenstanton, UK), Fitbit International Limited (Dubin, Ireland) and LLC (Mountain 

View, CA, USA), Muscle Dynamics Fitness Networks (MDFN; Torrance, CA, USA), 

New Lifestyles Inc. (NL; Lees Summit, MI, USA), Omron Healthcare Inc. (OMRON; 

Kyoto, Japan), PAL Technologies Ltd. (PAL; Glasgow, UK), Polar Electro Oy (PLR; 

Kempele, Finland), Respironics Inc. (RESP; Murrysville, PA, USA), Stayhealthy Inc. 

(STY; Monrovia, CA, USA), the UCLA Wireless Community (ULCA; Los Angeles, 

CA, US), and Yamax Corp of Yamasa Tokei Keiki Co., Ltd. (Tokyo, Japan), or 

author derived (AD) or undetermined (CD). 

 

3.4.2. Subjective Tools 
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Approximately 70% of the studies (n = 65) used a subjective technique (Figure 2-

2). Questionnaires were the most common tool (n = 31), followed by logs or diaries (n 

= 30). Four studies employed multiple subjective techniques, such as linking logs with 

wearables and then employing recall questionnaires. The most common questionnaire 

was the International Physical Activity Questionnaire—Short-Form (n = 12), Proxy 

Report (n = 1), or an unspecified version (n = 4). For logs or diaries, recording 

frequencies varied, including intervals of every minute, 15, 30, or 60 min, or daily. If 

recordings based on the type and intensity of activity occurred every minute for seven 

days, this could potentially lead to as many as 20,160 entries. Across all subjective 

techniques (detailed in Table A-5-2), the exact number of items recorded and by whom 

varied. Respondents included only participants (n = 22), both participants and proxies 

(n = 21), or only proxies (n = 17), with five studies not specifying the respondent type. 

3.4.3. General Preparatory Actions 

Twenty-one studies (23.1%) did not explicitly report general or specific 

preparatory actions taken before PA or SB data collection (detailed in Table 2-1). 

General preparatory actions included conducting home or local venue visits to distribute 

assessment materials (n = 11); implementing blinding approaches to obscure 

assessment purposes, blinding either the assessor (n = 1) or the participant and/or 

caregiver (n = 10, e.g., sealing devices); acquiring expertise, gaining content 

knowledge, or performing supervised field training (n = 8); and organizing return 

logistics for tools, such as preparing pre-stamped, addressed envelopes (n = 5). In five 

studies [83–86,89], participants and, where applicable, caregivers were explicitly 

informed about the purpose of the tools, such as the pedometer count steps, to prevent 

tampering during the assessment. 
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Table 2-1. The preparatory actions, instructions, and strategies reported in physical 

activity and sedentary behavior assessment methodologies for adults with intellectual 

disability (n = 91). 
 ID % 

Preparatory Actions Before Data Collection 

General 

Conducted a Local Venue Visit  2, 16, 18, 24, 47, 67, 69, 81–83, 87 12.1 

Blinded PPT, CG, or Researcher 10, 19, 20, 25, 27, 52, 57, 66, 81, 82 11.0 

Trained Research Staff  3, 17, 19, 54, 55, 74, 81, 90 8.8 

Organized Logistics for Tool 

Return 

18, 45, 58, 67, 73 5.5 

Direct 

Observation 

Planned for Observer Changeovers 1, 81 2.2 

Chose Convenient Timeframe for 

PPT 

1 1.1 

Wearables  

Designated Wearable Placement(s) 

† and apparatus(-es) to secure it in 

place 

2, 3, 4 †, 5 †, 7 †, 10, 14–16 †, 18 †, 19, 21 †, 24–27 †, 30, 31 †, 

33 †, 34 †, 36–38 †, 40 †, 42 †, 43 †, 48, 49 †, 50, 51 †, 53 †, 56–

58 †, 60 †, 62, 63, 65–67 †, 69 †, 70 †, 72, 73 †, 75–82 †, 85 †, 

87–89 † 

61.5 

Reported Epoch Length Setting 

2, 14–17, 19, 26, 31, 33, 34, 40, 50, 51, 56, 58, 60–61, 63, 65, 

67, 69–70, 73, 89 

26.4 

Placed Wearable on PPT Belt or 

Body 

27, 36, 38, 49, 56, 65, 67, 71, 75, 77–79 14.3 

Calibrated Wearable 10, 25, 36–38, 53, 56, 76, 83 9.9 

Custom-Fit Wearable Bands 2, 14, 16, 27, 31, 62, 63, 67 8.8 

Reported Sampling Frequency 

Setting 

2, 14, 26, 31, 58, 61, 65, 89 8.8 

Chose Long Timeframe 16, 37, 60 3.3 

Provided Contact Information 18, 80 2.2 

Subjective 

Tools  

Adapted or Altered Existing Tool 3, 16, 18, 27, 45, 54, 55, 78, 81, 82, 86, 87 13.2 

Developed Tool or Instrument 23–25, 39, 53, 91 5.5 

Identified Proximity of the Proxy  29, 46, 54, 55, 78 5.5 

Prepared Examples of or on Tools  16, 18, 82, 86, 87 5.5 

Prepared Paper and Online Version  39, 45 2.2 

Verified PPT Understood Tasks 16, 65 2.2 

Provided Instructions Before Data Collection: 
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PPT 

Verbal Support 

1, 4, 5, 14, 20, 23, 25, 38, 40, 46, 48–53, 55, 60, 65, 67, 69–

71, 75, 77–80, 83–85, 87, 89, 90 

37.4 

Verbal Direct Instruction 

2, 3, 5–7, 9, 16, 18, 25, 26, 30, 43, 49, 50, 53, 57, 58, 63, 66, 

67, 76–79, 83, 85 

28.6 

Verbal Explanation 20, 24, 65, 80, 82 5.5 

Written Guidelines 2, 63, 67, 80 4.4 

Visual Demonstration(s) 18, 42, 82, 83 4.4 

Video-Enhanced Instruction 53, 82 2.2 

Visual Activity Schedules 25 1.1 

CG 

Verbal Direct Instruction 5, 15, 16 *, 36, 37, 48, 63, 67, 76–79, 82, 83, 88 16.5 

Verbal Support 1, 12, 40, 67, 75–76, 78–79 8.8 

Written Guidelines 2, 45, 63, 67, 72, 80, 82 7.7 

Verbal Explanation  20, 46, 56, 65, 80, 82 6.6 

Visual Demonstration(s) 42, 83 2.2 

Familiarization With Assessment Tools Before Data Collection For: 

PPT 

Practice in Supervised Setting 16, 25, 27, 48, 81–83 7.7 

Habituate in Unsupervised Setting 57, 73 2.2 

CG Practice in Supervised Setting 82 1.1 

Behavioral Strategies Undertaken During Data Collection By:  

PPT 

Self-Monitored in Log or Diary 9, 16 ¶, 25 ¶, 26, 27 ¶, 44, 46, 47, 51, 52, 58 ¶, 67 ¶, 77–84 22.0 

Environmental 

Modification/Behavioral Support 

18–19, 30, 43, 53, 66, 82 7.7 

CG 

Provided Assistance or Supervision 

5 *, 9, 15, 18 *, 19, 22 *, 24 *, 27 *, 29 *, 33 *, 38 *, 51 *, 

52 *, 54–57, 65 *, 68 *, 75 *, 78 *, 80, 86 *, 87 *, 91 * 

27.5 

Monitored in Log or Diary 

1, 9 *, 16 *¶, 17, 25 *¶, 26, 27 *¶, 36, 37, 46, 47, 51, 52, 58 ¶, 

67 ¶, 76, 78–83, 85 ¶, 88, 89 

27.5 

Establishing Conditions to 

Facilitate Data Collection 

15, 39, 43, 45, 54, 56, 57 *, 76, 78–80 12.1 

Environmental 

Modification/Behavioral Support 

39, 45, 82 3.3 

Provided Negative Feedback 76, 78 2.2 

Verified Log Entry Accuracy 27 1.1 
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Researcher 

Establishing Conditions to 

Facilitate Data Collection 

7, 10, 16, 22–24, 27 *, 28–30, 43, 45, 46, 52–55, 57, 58, 65, 

73, 78, 80–82, 85, 87, 90, 91 

31.9 

Provided Assistance or Supervision 14–16 *, 25 *, 27 *, 29, 36–38, 43, 74, 78, 91 14.3 

Provided Monetary Incentives 3, 16, 19, 22, 25–26, 29, 48, 89 9.9 

Modified Assessment Timeframe 15–16, 43 *, 57 *, 60, 62, 67 7.7 

Collected Tool at Convenient 

Locations for PPT/CG  

40, 48, 49, 63, 85, 87 6.6 

Monitored in Log or Diary 1, 10, 25 *¶, 27 *¶, 81 5.5 

Environmental 

Modification/Behavioral Support 

1, 81 2.2 

Notes. CD: cannot determine; CG: caregiver; ID: study identification number (see Table A-5-2); PPT: participant. * 

As needed. † Only designated wearable placement and not apparatus for securing into place. ¶ Not used for PA or SB 

volume.  

3.4.4. Specific Preparatory Actions for Objective Tools 

Of the three studies using direct observations, one [41] reported that the 

assessment timeframe was chosen based on participant convenience, and another [111] 

prepared calendars of scheduled activities with caregiver assistance to facilitate 

seamless observer changeovers during the assessment timeframe. 

Of the 71 studies involving wearables, the torso was the most common region 

for wearable placement, with 44 studies designating the hip or waist and one for the 

chest (Table A-5-1). Seven studies designated wearable placement on the wrist, one on 

the upper arm, and three on the thigh. One study [62] gave participants the option to 

place the wearable either at the waist or either ankle. Furthermore, most studies (n = 

45) did not specify the side of the body for wearable placement. Of those that did, 18 

positioned the wearable on the “right”, seven on the “non-dominant”, and one on the 

“dominant” side, without detailing methods for determining dominance. Ten studies 

used specific anatomical landmarks or features for wearable positioning (e.g., iliac 

crest). Various apparatuses were used to secure wearables: belts, waistbands, wrist 

bands, elastic straps, pouches, clips, pant pockets, and adhesive pads. Eight studies 
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reported that these apparatuses were custom-fitted, and 13 reported that researchers 

actively attached or placed the wearable on the participant’s body or belt. 

Sampling frequency (Hz) was set at 30 (n = 4), 40 (n = 1), 60 (n = 3), or 100 (n 

= 3), with many studies (n = 47) not reporting this setting. Of those not reporting the 

frequency, wearables sampled at fixed frequencies of 10 (n = 2), 20 (n = 2), 30 (n = 8), 

32 (n = 3), 100 (n = 5), or 1000 (n = 1). Other studies required setting sample 

frequencies within specific ranges: 30–100 (n = 14), 12.5–3200 (n = 2), or 0.7–5000 (n 

= 1). Epoch lengths were often set to 60 s intervals (n = 18) or adjusted (e.g., “re-

integrated”, “summed”, “transformed”) to 60 s intervals from shorter intervals: 1 s (1), 

5 s (n = 1), or 15 s (n = 4). However, 34 studies did not specify this detail. Where not 

specified, the wearable had fixed recording intervals, which included 4 s (n = 3), 5 s (n 

= 5), 10 s (n = 1), or 15 s (n = 3). Others (n = 6) required recording intervals to be set 

within a 1 to 60 s range. One study [53] set the wearable to its “Other Indoor” mode to 

capture data in 1 s intervals. Further setting details are available in Table A-5-1. 

Nine studies explicitly reported the wearable calibration practices: two [97,104] 

reported general calibration without providing the exact processes, and the others 

specified calibration procedures, such as performing a walking speed test, stride-length 

test [66,83,89], three-shake test [47], 30-step test [47], or graded step test [72] or 20 

min outdoor walk [57]. Additionally, one study [87] reported preparing backup 

wearables for potential contingencies. For further support, two studies provided 

participants and caregivers with the researchers’ contact information for assistance. 

Most calibration and setup procedures were conducted by or in the presence of a 

researcher, except for one study [97] whose participants or caregivers set up the 

wearables at home, receiving virtual support as needed. 

3.4.5. Specific Preparatory Actions for Subjective Tools 
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Of the 65 studies employing subjective tools, four reported developing their 

own tool, and eight adapted an existing tool for their research. Of these, one study [97] 

pilot tested their newly developed tool, and four [70,71,112,117] assessed the validity, 

reliability, or suitability of their adapted tools. Two studies [68,121] prepared paper and 

online versions of their tools. For enhanced respondent comprehension, two studies 

[53,117] added written examples (e.g., “washing dishes as a household chore”), two 

[54,125] added pictures of activities on the tool, and one [88] provided proxy 

respondents with a completed example log. A total of 5 of 28 applicable studies reported 

the level of proximity between proxy respondents and participants, such as direct 

involvement in activities of daily living. Two studies verified participants’ 

understanding of assessment tasks by requesting examples to ensure clarity. Notably, 

one study [45] required participants to refrain from intense PA for 24 h before the 

assessment visit, during which the IPAQ was used to recall activities from the past seven 

days, a procedural choice that could potentially impact reported outcomes. 

3.4.6. Instructions Provided 

Nearly 20% of studies (n = 17) did not report the instructional methods used to 

guide participants or caregivers on how or when to perform assessment tasks (Table 2-

1). Instructional mode remained unspecified in 11 studies, with instructions noted 

simply as given or provided. For the studies that did provide details, instructions to 

participants most often involved direct instruction, such as verbal directives (n = 26, 

28.6%, e.g., explicit commands) and verbal support (n = 34, 37.4%, e.g., 

encouragement). Indirect instruction included verbal explanations (n = 5, e.g., 

describing or explaining tasks) and written guidelines (n = 4), offering passive guidance 

without immediate feedback. Interactive instructional methods, which foster dynamic 

and reciprocal interaction, included visual demonstrations (n = 4) and video-enhanced 
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instructions (n = 2), utilizing visual prompts through live or recorded actions. One study 

[88] developed video-based social stories. Another study utilized a visual activity 

schedule as a structured direct instruction tool to facilitate task performance. For 

caregivers, among the studies that provided instruction, direct instruction was the most 

common (n = 15; 16.5%), followed by verbal support (n = 8). Indirect instruction 

included verbal explanations (n = 7) and written guidelines (n = 7). Interactive 

instructional methods, such as visual demonstrations (n = 2), were less common but 

effectively utilized visual prompts to facilitate learning through observation. 

3.4.7. Familiarization with Assessment Tools 

Familiarization with assessment tools was explicitly reported in only 10 studies 

(11.0%) for participants and two (2.2%) for caregivers (Table 2-1). This process 

typically involved supervised practice sessions (n = 7), during which participants 

learned how and when to use the assessment tools. During these, participants received 

individualized instruction [57,105] or extra practice sessions [88] as needed. Two 

studies allowed participants to use the wearables unsupervised at home to habituate to 

the device: one study [81] for a day before data collection and another [110] until 

activity levels stabilized. Familiarization for caregivers was formally addressed in one 

study [88], which implemented a standardized training program to ensure caregivers 

were sufficiently prepared to observe participants and included one or two practice 

observations with researcher assistance. The familiarization process was unspecified 

for two studies: one [72] noting participant familiarization with wearable calibration 

procedures, and the other [91] involving training caregivers on how to re-secure the 

wearable as needed. 

3.4.8. Behavioral Strategies during Data Collection 
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Twenty-three studies (25.3%) did not specify behavioral strategies undertaken 

by the participants, caregivers, or researchers during data collection (Table 2-1). Among 

the reported strategies undertaken by participants, self-monitoring was the most 

prevalent (n = 20; 22.0%). Of these studies, five employed logs or diaries to monitor 

activity information (e.g., mode) [53,57,59,73] or wear times or unusual occurrences 

[57,59,79], with these details not used for PA or SB volume outcomes. Other participant 

strategies included environmental modifications and behavioral supports (n = 7), such 

as choosing preferred wearable placements [54,55,62,78,109], carrying the log on one’s 

body throughout the day [88], and storing the wearable in a designated cup when not in 

use [109]. 

In 23 studies, caregivers were instructed to assist, with 17 specifying assistance 

as needed, and 2 [52,110] reporting that caregivers supervised participants during data 

collection tasks. Caregivers also monitored participants in 25 studies, with 6 employing 

logs or diaries to obtain activity information [53,57,59,73] and wear times or unusual 

occurrences [57,59,79,90] not directly used for calculating PA or SB volume outcomes. 

Other caregiver strategies involved establishing conditions to facilitate proper data 

collection (n = 11), such as removing or resetting wearables (e.g., before water-based 

activities or the wake period) [72,83,84,86,87], providing reminders [52,87,109,110], 

and managing medical records [70]. For proxy respondents, strategies also included 

environmental modifications and behavioral supports (n = 3), such as offering a choice 

between written or online questionnaire format [68,121] and aligning log recording 

with mealtimes to promote consistency [88]. Two studies reported caregivers were 

directed to provide negative feedback to discourage tampering with the wearables to 

artificially inflate step counts. One study required caregivers to verify log entries before 

data analysis to ensure accuracy. 
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Researcher strategies primarily involved establishing conditions to facilitate 

proper data collection (n = 29, 31.9%). These strategies included providing reminders 

and cues (n = 11): verbally (e.g., during in-person interactions or phone calls) [93,109]; 

via visual displays (e.g., posters or picture cards) during tasks [69,73]; and via text-

based phone messaging [59,81,87,88,118] or online posts [68,97]. Additionally, 

researchers administered questionnaires verbally (n = 10) 

[56,60,61,70,71,77,84,106,122,125]; managed the extraction or recording of wearable 

data (n = 8) [53,62,88,90,100,109,110,111]; and preemptively switched wearables 

before and after work to ensure proper data classification (n = 1) [47]. Thirteen studies 

reported that researchers assisted or supervised participants, including clarifying 

instructions [61,82,84,93], ensuring wearables were properly put on [52,59,104] or 

taken off and charged [51,53,59,109], and verifying log or diary entries were accurately 

completed [53,57,59,65,66]. Three of these studies [57,65,66] utilized wearable 

memory to facilitate log completion. Researchers also monitored participants in five 

studies, with two [57,59] recording participants’ activity information and wear times or 

unusual occurrences in logs or diaries with these details not directly used for calculating 

PA or SB volume outcomes. Director observers timed log recording every minute in 

one study [111] and every 15 min in another [41] to accommodate varying study 

designs. In seven studies, the assessment timeframe was modified as needed [109,110] 

or extended to a set number of days [52,53,74,75,79] to ensure sufficient data collection. 

Six studies reported researchers collected the tools after the assessment timeframe at 

locations convenient for participants. Furthermore, nine studies reported providing 

monetary incentives ranging from 5.00 to 100.00 USD. However, these studies did not 

specify whether payments were contingent upon participants’ compliance with data 

collection protocols. 
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3.4.9. Objective Data Processing Techniques 

In 71 studies employing wearables (Table A-5-1), data processing typically 

involved the wearable brand-specific software, including ActiLife version.5.0-6.13.4 (n 

= 11), and ACTi4, FlowSync version.6.7.0, GENEActiv version.NR, Omron Health 

Management version.NR, and Sensewear Pro version.6.2 (each n = 1). Additionally, 

nine studies used customized packages, programs, or servers for data processing. Most 

studies (n = 48, 67.6%) did not specify the data processing software used or define non-

wear-time parameters (n = 51, 65.4%). Eight studies referenced specific non-wear-time 

algorithms, with seven using the Troiano 2007 [132] algorithm, one using Choi 2011 

[133], and another Cain 2018 [134]. Fifteen studies defined non-wear time, with five 

allowing brief interruptions and four without such allowances. Three studies 

supplemented these with log or diary records. The minimum wear-time compliance 

criteria to ensure sufficient data varied from one to seven days per week, with daily 

wear-time requirements ranging from no specified minimum up to the full 24 h. 

Common weekly wear-time compliance criteria were at least three (n = 16) or four (n 

= 20) days with minimum daily wear times of eight (n = 8) or ten (n = 19) hours. 

Eighteen studies required at least one weekend day, with eight requiring both Saturday 

and Sunday. Although five studies required wear on all assessment days, they did not 

specify a minimum number of hours per day. 

To classify PA and SB, 36 studies explicitly referred to previously identified cut-

point parameters (Table B-5-1), including the Freedson 1998 Adult (n = 11) or Modified 

Version (n = 5); Troiano 2008 Adult Version (n = 13); Atkins 2012 Adult Version (n = 

3); Agiovlasitis 2022 Vector Magnitude Version for Adults with DS, Esliger 2011 Raw 

Accelerometer Data Version, Kim 2015 Children Version, and Peiris 2016 Version for 

Young Adults with DS (each n = 1). Therefore, applied count-based uniaxial (‘y’) cut-
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point parameters (in CPM) varied for SB, including 0–15 (n = 1), 0–100 (n = 36), and 

0–500 (n = 4); LPA, including 100–1921 (n = 11), 100–2019 (n = 14), and 500–1921 

(n = 5); MPA, including 1389–2448 (n = 1), 1952–5724 (n = 16), and 2020–5998 (n = 

14); and VPA, including 2449–∞ (n = 1), 5725–∞ (n = 16), 5999–∞ (n = 13), and 5999–

20,000 (n = 1). The applied vector magnitude parameter for SB was 0–236. One applied 

defined MET-min parameters for SB (≤1.49), LPA (1.5–2.99), MPA (3–5.99), and VPA 

(≥6). Three studies [59,94,118] explicitly excluded PA bouts less than 10 min from 

analysis. The Tudor-Locke 2004 standard was mainly applied in 13 studies to assess 

overall activity levels based on daily step counts. One study [114] categorized MVPA 

based on a minute-level cadence of ≥109 steps. Notably, 13 studies did not report cut-

point parameters and 16 did not report a step-count index, highlighting a gap in the 

reporting that could affect the interpretability of findings across studies. 

3.4.10. Subjective Data Processing Techniques 

Subjective data processing techniques, such as transcription and coding, were 

infrequently detailed across the 65 applicable studies. Two studies [53,57] used 

Microsoft Excel to compile and organize subjective data. Intensity categories were 

coded in two studies [112,114] that employed the 2003 Scottish Health Survey 

definitions for LPA (“gentle walking or light gardening”), MPA (select activities “if the 

person does not become sweaty or out of breath”), and VPA (select activities “sufficient 

to make the person breathe or sweat heavily”). One study [93] used “alternative 

language” to classify activity intensities during interviews, labeling them as LPA 

(“easy”), MPA (“somewhat hard”), and VPA (“hard”) minutes. Five studies 

[70,71,82,117,125] explicitly reported the methods used to transform or calculate 

variables (e.g., summing each duration spent in different activity modes). MET scales 

were referred for coding activity intensities, including the IPAQ’s 3-point scale (n = 5; 
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[45,60,69,77,103]), Bouchard’s 1983 PAR’s 9-point scale [41,88,111] and Godin’s 1985 

GLTEQ’s 3-point scale [48,49,50] (both n = 3), and the 1993 Ainsworth Compendium 

for Physical Activities (n = 2; [56,84]). Two studies [60,106] referred to the IPAQ-SF 

scoring protocol to calculate weekly minutes of PA and SB. One study [57] specifically 

coded log data to calculate the percentage contribution of each respondent type: 

participant, caregiver, or researcher. 

3.5. Data Sufficiency Metrics 

The proportion of participants with sufficient PA or SB data for analysis ranged 

from 24.5 to 100.0% for objective techniques, 0 to 100% for subjective, and 24.5 to 

100.0% for combined techniques (Table A-5-1). The PA or SB data sufficiency also 

varied by wearable type, ranging from 44.6 to 100% for research-grade and 24.5 to 

100% for consumer-grade devices. Specific wearable types showed varied sufficiency 

rates: 58.3–100% for triaxial accelerometers, 24.5–100.0% for spring-lever 

pedometers, 33.3–93.3% for piezoelectric pedometers, 44.6–64.7% for uniaxial 

accelerometers, 64.3–100% for dual-axial accelerometers, and 66.1–100% for heart 

rate monitors or multi-sensors. Wearable placement also influenced data sufficiency, 

with chest placements showing a 93.3% sufficiency rate, wrist placements from 66.7 to 

100%, thigh placements 66.1 to 86.4%, and hip or waist placements ranging from 24.5 

to 100%. Only 22 studies (24.2%) reported descriptive wear time statistics, with daily 

wear times ranging from 9.6 to 21.4 h. Half of these studies (52%, n = 13) reported 

daily wear times of 12.7 h or less. By wearable placement, the average daily wear time 

was 20 h for the chest and 16 h for the upper arm, varied from 11.3 to 21.4 h for the 

wrist, and 9.6 to 14.5 h for the hip or waist. No wear-time data were reported for thigh 

placements in three studies. Similarly, for subjective tools, data sufficiency rates varied 

from 11.8 to 100% for logs or diaries, 0.0 to 100% for questionnaires, and consistently 
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100% for interviews. By respondent type, sufficiency ranged from 16.7 to 100% for 

self-reported data, 13.3 to 100% for proxy reports, and 11.8 to 100% for mixed 

respondents. However, 31 studies (34.1%) did not provide sufficient information to 

determine data sufficiency. 

4. Discussion 

The present scoping review analyzed 91 articles that met the inclusion criteria 

to synthesize assessment methodologies for quantifying PA and SB in adults with ID. 

The findings highlight a diverse application of tools, techniques, preparatory actions, 

instructions, and behavioral strategies, with approximately 80% of studies utilizing at 

least one objective technique and 70% utilizing at least one subjective technique. 

Notably, methodologies combining both objective and subjective techniques, such as 

integrating logs with accelerometers, yielded richer data and a more comprehensive 

understanding of participants’ behaviors. The review also uncovered significant 

variability in data sufficiency metrics, highlighting the challenges in achieving 

consistent and reliable PA and SB assessments for adults with ID. This variability 

underscores the urgent need for standardized assessment protocols and clearer reporting 

practices to enhance the accessibility and utility of these techniques, both when used 

exclusively and in combination with other techniques. 

A critical finding of this review is the considerable variation in PA and SB 

outcome units across studies, highlighting a crucial gap in standardized terminology 

and reporting practices. Establishing consistent metrics would facilitate comprehensive 

comparative analyses and, thereby, enhance a more robust understanding of the impacts 

of PA and SB, especially across diverse—and evolving—assessment tools [26]. Such 

standardization is essential for public health surveillance [5,27,135] and the 

development of PA and SB guidelines supported by a cumulative, homogenous body of 
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evidence on the dose–response relationships between PA, SB, and health outcomes for 

adults with ID [13]. Current guidelines for adults are expressed in weekly minutes of 

MPA and VPA [13,136] or combined MVPA [20] and daily hours of SB [20]. Therefore, 

it would be beneficial for future research to report PA and SB outcomes in these units 

to align findings with actionable guidelines. In accordance with Pate’s 2008 

recommendations [137], these outcomes should encompass all activity intensities, 

including SB, LPA, MPA, VPA, and combined MVPA. However, only 37.3% of studies 

in this review quantified a PA and SB indicator, with only 9.9% of studies reporting 

across all intensities of PA and SB. In addition, current guidelines include thresholds 

for muscle-strengthening exercise [13,20,136] and recreational screen use [20]. 

Nonetheless, this review reveals a scarcity of reported volume of muscle-strengthening 

and recreational screen time activities. Consistent assessment of these activities is 

crucial to guide and support recommendations for adults with ID, indicating an urgent 

need for more comprehensive research in this area. 

Likewise, the findings emphasize the need for careful articulation of operational 

definitions and PA and SB outcome units to ensure that they align with quantified 

metrics [11,27,36,137,138], particularly those quantifying behaviors exclusively in 

specific postures or activity modes. Distinguishing between different postures and 

activity modes remains challenging across the PA and SB field, whether using 

accelerometers, heart rate monitors, or inclinometers. For example, thigh-worn 

inclinometers, such as activPAL, can assess postural changes but cannot fully 

distinguish between sitting and lying or between passive and active non-ambulatory 

postures (e.g., squatting vs. sitting) [28]. Similarly, passive and active sitting is 

challenging to distinguish with accelerometry [10]. These challenges are particularly 

relevant because postures and activity modes may cause diverse metabolic responses in 
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adults with ID. For instance, according to Lante’s 2010 findings [139], adults with ID, 

including those with and without DS, expend significantly more energy than adults 

without ID in several activities, such as standing and sitting quietly, watching television, 

or while performing an assembly task. Notably, EEs for passive sitting behaviors for 

adults with ID are all above the SB threshold of 1.5 METs [16]. Furthermore, devices 

like the activPAL attribute 1.25 METs to both sitting and lying positions and 1.40 METs 

to standing by default [28]. Caution is warranted when employing wearables that use 

proprietary algorithms to classify PA and SB intensities based on postures or activity 

modes, as these contractions may not accurately reflect the metabolic costs in adults 

with ID. 

Moreover, there is a crucial need to validate data processing techniques for 

adults with ID to ensure precise characterization of PA and SB, which is particularly 

important for correctly differentiating LPA, SB, and sleep [37]. This review highlights 

a notable scarcity in the application of population-specific cut-points, with only two 

studies [42,81] using parameters specifically developed for adults with DS and one [42] 

using a tri-axial (vector magnitude) cut-point parameter that more effectively estimates 

EE for adults with DS than uniaxial parameters [140,141]. These parameters were 

developed for hip or waist-worn ActiGraph wearables similar to prominent parameters 

for adults without ID (e.g., Freedson 2008) [26,31]. Building on Leung’s 2017 review 

[37], the findings revealed a greater proportion of participants achieving sufficient PA 

or SB data when using wrist-worn wearables. For adults without ID, recent trends 

toward smaller, wrist-worn wearables have led to significant advancements in 

processing raw acceleration data [142]; however, these techniques for converting raw 

accelerometry into counts often remain inaccessible to researchers [143]. In this review, 

only one study [54] utilized Esliger’s raw accelerometry parameters. To enhance the 
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clarity, transparency, and utility of PA and SB data, detailed accounts of all data 

processing techniques should be included in research publications or supplemental 

materials [37,135,138]. Furthermore, making raw and processed data accessible in 

public repositories would facilitate the application of evolving processing techniques 

and support more homogenous data accumulations and comparisons over time 

[37,135]. 

These recommendations parallel those for subjective data processing, which 

were also infrequently detailed in this review. Nonetheless, all MET scales used in the 

applicable studies in this review were originally developed for adults without ID, thus 

potentially leading to inaccurate estimations due to expenditure differences [139]. 

Additionally, the studies employed questionnaires with recall periods ranging from the 

past day to the past month, with 45.2% of these recalls completed exclusively by 

participants with ID. Yet only five studies [54,70,71,117,125] made changes to 

instructions or questionnaire items. Although these changes were intended to facilitate 

comprehension, it remains unclear whether these changes were comprehensive 

adaptations to match the unique cognitive profiles of participants with ID or merely 

adjustments. This review identified that questionnaire data sufficiency varied from 0.0 

to 100%, with two studies [103,127] omitting to report their questionnaire data due to 

considerable data quality concerns. This warrants the urgent need to carefully adapt 

questionnaires to be relevant, feasible, and valid for adults with ID, and develop 

strategies to enhance the accuracy of mixed respondent participation involving both 

participants and their caregivers. 

Given the limitations of single tools in accurately assessing PA and SB, 

incorporating multiple complementary tools is crucial for a comprehensive, 

multifaceted representation of PA [11,12] and SB [28], especially in studies involving 
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adults with ID [21]. The integration of multi-sensor devices or various objective 

techniques offers a more nuanced approach but introduces complexities, such as the 

need for compound data harmonization models that rely on proprietary or complex 

algorithms (e.g., machine learning) to classify PA and SB [28,138,143]. Linking logs 

or diaries with timestamps from wearable devices can help clarify postures and activity 

modes and exclude non-wear and sleep times, potentially inflating SB metrics [28]. 

This review identified varied data sufficiency for both wearables (24.5–100.0%) and 

logs or diaries (11.8–100%). Data sufficiency varied widely for wearables (24.5–

100.0%) and logs or diaries (11.8–100%). Moreover, daily wear times averaged 

approximately 12.7 h or less, suggesting that wear times might cover only 

approximately 70–80% of the estimated 16–18 h waking period for adults [17]. 

However, only 24.2% of the applicable studies reported detailed wear-time data, and 

very few provided data on wake periods, necessitating standardized reporting of wear 

times and wake periods alongside daily PA and SB outcome metrics. This variability 

warrants further investigation into making these tools more accessible and usable by 

participants and their proxies in unsupervised, free-living settings. 

To achieve these improvements, this review emphasizes the critical need for 

robust methodological reporting in studies involving adults with ID. This includes 

detailed descriptions of preparatory actions, instructions, and familiarization strategies 

before data collection, alongside behavioral strategies during data collection, all aimed 

at enhancing the suitability and accuracy of the research. General preparatory actions, 

such as training research staff to ensure proficiency in tool usage and understanding 

participant support needs, implementing blinding protocols to minimize bias, and 

organizing visits to distribute assessment materials to participants, were infrequently 

reported. Similarly, specific preparatory actions for wearables and subjective tools 
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lacked detail, which may impact data quality [30]. Across studies were considerable 

variations in wearable selection, placement, epoch length, and sampling frequency; 

only nine studies detailed calibration techniques, which may impact wearable precision 

[144]. This review recommends comprehensive reporting of preparatory actions to 

enhance replicability [30]. 

Moreover, the review strongly advocates for research protocols that are 

accessible and carefully designed to meet the support needs of adults with ID. It is 

recommended to expand instructional strategies beyond verbal commands to enhance 

participant and caregiver comprehension of the assessment tasks. For instance, 

Matthews et al. advocate for written instructional sheets with visual aids for proper 

wearable positioning and device care [135]. Similar to Leung’s 2017 review [37], 

studies in this review that incorporate visual aids, interactive demonstrations, and 

customized familiarization protocols to address various learning styles have achieved 

higher data sufficiency (e.g., 85.0–100% compared to 24.5–100.0% for exclusively 

objective techniques). However, a significant gap persists in the systematic 

implementation of these instructional strategies before data collection. This review also 

recommends thoroughly detailing the behavioral strategies employed to enhance the 

clarity, consistency, uniformity, replicability, and transparency of PA and SB research 

involving adults with ID. Such detailed reporting is critical for advancing the practical 

and effective application of assessment methodologies tailored to this population, 

ensuring high data sufficiency and quality [37]. The review further encourages journals 

to allow more extensive methods sections and the inclusion of supplemental materials 

to elaborate on these methodologies. Additionally, it suggests exploring further 

customizable approaches that effectively meet the support needs of adults with ID 

without compromising methodological integrity. 
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4.1. Limitations 

Similar to Dairo’s 2016 systematic review [22], this scoping review did not 

attempt to locate unpublished studies. Thus, the potential for publication bias remains 

unassessed. Nevertheless, the observed negative skew in data sufficiency metrics 

suggests a potential publication bias, where studies with sufficient data may be 

preferentially published. In addition, not all databases were searched [37]. These biases 

could present an incomplete picture of the scope of assessment methodologies used for 

quantifying PA and SB in adults with ID. Additionally, this review did not perform a 

quality assessment of the included studies, which prevented the identification of 

systematic weaknesses in the existing research. Thirty-one studies did not provide 

sufficient information to determine data sufficiency, which is a considerable concern 

for not only assessments but also PA interventions [30]. Consequently, the findings 

should be interpreted with caution. 

4.2. Research Gaps and Recommendations 

This review has identified significant gaps in the validity and reliability of 

assessment tools used with adults with ID, echoing findings from previous reviews 

[22,35,36]. Addressing these gaps necessitates developing robust validation processes, 

starting with establishing clear and consistent definitions of PA and SB [11]. For 

example, although the postural-based SB definition proposed by the 2017 Sedentary 

Behavior Research Network offers a valuable framework, it lacks specific face and 

content validity for adults with ID [16]. To effectively capture PA and SB, 

methodologies must be comprehensive enough to fulfill the research objectives and 

adaptable to the target population’s capabilities [11]. This involves customizing 

preparatory actions, instructions, and behavioral strategies to ensure that participants 

and, where necessary, their caregivers fully understand and engage with the data 
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collection tasks, minimizing measurement errors and maximizing data reliability. 

Before advancing to more complex validation stages, such as establishing concurrent 

or predictive validity, these foundational efforts must address feasibility and establish 

face and content validity [11]. Moreover, this review advocates for a paradigm shift in 

the methodological frameworks used in PA and SB research involving adults with ID. 

It calls for methodologies that are inclusive and adaptable, where feasible, to meet the 

complex needs of this population. Such a shift is crucial for enhancing the effectiveness 

of PA and SB assessments and, thus, enhancing the quality of data used to inform 

strategies aimed at improving the health and well-being of adults with ID [25]. 

5. Conclusions 

The quality of behavior assessment is fundamental in research [25], where 

accurate data on PA and SB are critical for effective disease prevention and health 

promotion involving individuals with ID. Previous reviews [24,37] have stressed the 

necessity of uniform assessment protocols for adults with ID to secure high-quality PA 

and SB data that can inform health strategies at both individual and population levels. 

However, the rapid technological advancements and innovations present significant 

challenges to maintaining such uniformity. This scoping review calls for comprehensive 

and standardized reporting practices for PA and SB indicators and units, along with 

protocols that are systematically implemented both before and during data collection. 

Implementing these practices will ensure that PA and SB assessment methodologies are 

consistent and accessible for adults with ID, thereby improving the quality and 

applicability of research outcomes. 

Supplementary Materials: The following supporting information can be downloaded 

at: https://www.mdpi.com/article/10.3390/healthcare12191912/s1, Table S1: Wearable 

specifications to quantify physical activity and sedentary behavior in adults with 
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intellectual disability, by the manufacturer; Table S2: Subjective techniques used to 

quantify physical activity and sedentary behavior in the included studies. References 

[145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160] are 

cited in the Supplementary Materials. In this dissertation, Supplemental Materials can 

be found in Appendix B.  
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Abstract  

 Although research-grade wearables are the predominant tool used to 

objectively assess physical activity (PA) for adults with an intellectual disability 

(ID), consumer-grade wearables, such as the Apple Watch (AW), may hold 

promise. The objective was to evaluate the compliance of adults with ID with 

using the Apple Watch (AW) for PA assessment. The study used a descriptive, 

observational design. Nine adults with ID were instructed to use the AW Series 5 

for a consecutive seven-day PA assessment. Behavioral strategies to support 

compliance included visual activity schedules and daily activity logs. 

Demographic, physical, functional, and cognitive/language characteristics were 

assessed. Heart-rate (HRC; ‘≥10hrs hourly heart rate’) and step-count (SCC; 

Chapter 3 
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‘between 1,703-24,369 steps/day’) compliance criteria were used to define valid 

days and reduce PA data (i.e., daily energy expenditure and steps). Log entries 

were coded as self-, caregiver- and researcher-written. Descriptive statistics were 

calculated. Six participants met the HRC and seven met the SCC for at least four 

days. Differences for all PA data were observed when reduced based on the HRC 

vs. SCC. Log entries were 57% researcher-, 40% self-, and 4% caregiver-written. 

Compliance was comparable to other research-grade wearables used for PA 

assessment by adults with ID. Additional individualized strategies may enhance 

compliance with the use of the AW. The findings support the need for an adapted 

activity log to encourage independent use by adults with ID. 

Keywords: activity log; Apple Watch; compliance; intellectual disability; physical 

activity; visual activity schedule; wearable
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1. Introduction 

 An intellectual disability (ID) is characterized by significant limitations in intellectual 

functioning and adaptive behaviors with onset before 22 years of age [1]. Adults with an ID 

experience heightened health disparities compared to adults without an ID, including a greater risk 

of morbidity and mortality from cardiometabolic diseases [2]. Physical activity (PA), a potent 

modifiable behavior for the promotion of cardiometabolic health [3, 4], is defined as “any bodily 

movement produced by skeletal muscles that result in energy expenditure (EE)” [5, p.126]. Four 

main dimensions characterize PA, including duration (i.e., the time of a continuous bout), 

frequency (i.e., the number of bouts within a specified timeframe), intensity (i.e., rate of EE), and 

mode (i.e., type of body movement made) [6]. 

 To obtain health benefits, the Physical Activity Guidelines for Americans recommend that 

each week, adults with disabilities, if able, should participate in at least 150 min of moderate-

intensity, or 75 min of vigorous-intensity, or an equivalent combination of moderate-to-vigorous-

intensity aerobic PA; and two days of muscle-strengthening activities [7]. Additional benefits may 

occur with higher PA levels through higher intensity, greater frequency, and longer duration [7]. 

Hill’s step-count indices categorize PA levels into four categories: inactive (<5,000 steps/day), low-

active (5,000-7,499), somewhat-active (7,500-9,999), and active (≥10,000) lifestyle [6]. However, 

reviews continue to suggest that adults with an ID do not participate in sufficient PA levels [8, 9]. 

1.1. Physical Activity Assessment 

 With public health efforts to promote PA participation in adults with an ID, 

standardized PA assessment methods are needed to determine dose-response relationships 

between PA and health outcomes and inform optimal population-specific guidelines [10]. 



 

 

 

 

101 

In the free-living setting, subjective (indirect self- or proxy-reporting) or objective (direct 

quantification) methods can be used to assess PA. Subjective methods, such as activity 

logs, have been criticized for potential recall and social desirability biases, high error rates, 

and reliance on caregiver participation [8, 11, 12]. Therefore, reviews [8, 13] have 

increasingly called for improved objective methods of PA assessment in adults with an ID, 

such as the use of wearables. 

 Wearables (e.g., pedometers, accelerometers, heart rate monitors) are categorized 

as either consumer- or research-grade based on their commercial availability. In adults with 

an ID, research-grade wearables (e.g., ActiGraph accelerometers) have been the 

predominant tool selected for PA assessment [8, 14, 15]. Some studies have reported 

considerable error rates [16] and low compliance rates (<50% of participants had sufficient 

wear time) when using research-grade wearables in adults with an ID, potentially due to 

participants perceiving the wearable as “cumbersome” [17] or lacking the motivation to 

wear them [18]. Meanwhile, consumer-grade wearables have gained credibility for PA 

assessments in adults without an ID. 

1.2. The Apple Watch 

 The Apple Watch® (AW) is a market-leading, consumer-grade tri-axial 

accelerometer and heart rate monitor. Growing evidence supports its promising 

psychometric properties (i.e., validity, reliability, sensitivity, and feasibility) for assessing 

PA and heart rate (HR) in adults without an ID [19]. Notably, the AW performs well when 

compared to other consumer-grade wearables [20], research-grade wearables [21], and 

laboratory-based objective methods, such as whole-room metabolic chambers [22]. 



 

 

 

 

102 

Therefore, further investigation is warranted to explore the potential utility of the AW for 

PA assessment in adults with an ID. 

1.3. Compliance 

 Compliance analysis is an essential precursor for PA assessment to ensure the 

collected data are reliable [23]. In this study, compliance with ‘using a wearable for PA 

assessment’ is operationally defined as correctly putting the wearable on the non-dominant 

wrist, sufficiently wearing the wearable during wake hours, and sufficiently charging the 

wearable for the assessment timeframe of seven consecutive days. Missing or skewed data 

may indicate insufficient or improper use of the wearable (e.g., putting the wearable in a 

pant pocket, wearing an uncharged wearable, or taking off the wearable during wake 

hours), leading to reduced statistical power and compromised psychometric properties of 

the PA assessment [23]. To indicate a ‘valid day’ of data collection, two criteria used in 

adults with an ID have been: (1) the presence of hourly data (i.e., a non-zero step count) 

for at least 10 hours/day [15], which ensures comprehensive and reliable data; and (2) the 

step-count range falling between 1,703 and 24,369 steps/day to eliminate outliers and 

ensure the data are within a reasonable range [24]. A minimum of four days out of seven 

are typically needed to estimate PA levels reliably [15]. 

 To promote compliance with using wearables for PA assessment, investigators can 

implement different behavioral strategies that participants can use in the free-living setting 

[23]. One of the most widely used participant-based behavioral strategies to promote 

compliance with using accelerometers for PA assessment in adults with an ID is 

implementing an activity log [15]. However, this strategy has been questioned due to 
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concerns that adults with an ID may face barriers with writing entries in the log [11, 24, 

25]. To address this issue, a common investigator-based strategy for assessing PA in adults 

with an ID is to provide explicit written instructions of what is expected of participants 

during the assessment timeframe [11, 24]. 

1.4. Purpose 

 A thorough search of the literature yielded no relevant studies that assessed PA in 

adults with an ID using the AW in the free-living setting. Therefore, the main objective of 

this study was to examine the compliance with using the AW for PA assessment by adults 

with an ID in the free-living setting. The research questions were: (1) what percentage of 

adults with an ID met the compliance criteria for at least four valid days based on the heart-

rate compliance criterion (HRC) of ‘≥10 hours of HR data/day’ and the step-count 

compliance criterion (SCC) of ‘between 1,703-24,369 steps/day’; (2) did PA levels differ 

when reducing the data based on meeting the HRC or SCC; (3) what percentage of adults 

with an ID wrote entries in their activity logs; and (4) what were the characteristics of the 

participants who did not meet the compliance criteria or had the lowest percentage of 

activity log entries. No pre-specified hypotheses were included, given the novelty of using 

the AW for PA assessment by adults with an ID. 

2. Methods 

 The study used a descriptive, observational design following the Strengthening the 

Reporting of Observational Studies in Epidemiology (STROBE) checklist for observational 

studies. The treatment of participants during the study followed the ethical standards of the 

American Psychological Association with Institutional Review Board approval (#1437488) before 
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commencement. All participants and their caregivers (if applicable) signed a consent form to 

participate. 

2.1. Participants 

 Initially, a sample of 11 adults with an ID was enrolled in the study. However, two 

participants were later discontinued. Although there was a plan to enroll more participants, 

the sample size was ultimately limited due to the COVID-19 lockdown protocols that began 

in March 2020. Participants were recruited via an urban non-profit human services 

organization serving adults with an ID. The inclusion criteria were adults aged 18-45 years 

who have received state-funded services for an ID with any level of support needs before 

the age of 18 years and are currently receiving at least six hours of those services. The 

exclusion criteria included having a skin condition that could worsen when wearing the 

AW, a severe sensory disability, an unstable psychiatric or neurological disorder, or an 

uncontrolled cardiac, vascular, respiratory, or kidney disease; using a wheelchair to 

perform activities of daily living or an implanted heart pacemaker; or being pregnant or 

undergoing treatment for an illness or injury that could affect PA. The agency’s director 

emailed potential participants an invitation letter and written consent forms. 

2.2. Materials and Methods 

 Participants’ basic demographic information was collected from their caregivers 

using the Demographics section of the 2019 Behavioral Risk Factor Surveillance System 

Questionnaire [26]. Body composition was estimated using body mass index (BMI) scores 

(weight[kg]/height[m]2). Weight and height were measured barefoot to the nearest 0.1 kg 

and 0.5 cm using a calibrated scale and stadiometer, respectively. 
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 The Unipedal Stance Test (UPST) assessed the duration of static balance [27] to the 

nearest 0.01 s. Participants were asked to stand barefoot on one limb with the other raised 

near but not touching their stance ankle, cross their arms on their chest, and focus on an 

eye-level marker on the wall. The best of three trials was recorded. The Six-Minute Walk 

Test (6MWT) assessed aerobic capacity and functional ability [28]. Participants were asked 

to walk for 6 min on an outdoor track as fast as possible. As suggested by validation studies 

for adults with an ID [29], a researcher walked ≥10 ft behind the participant to provide 

standardized encouragement every minute [29] with a wheel to measure the distance to the 

nearest 1 cm. The 6MWT is a reliable (ICC = .96) and valid test for assessing 

cardiorespiratory fitness in adults with an ID [30]. 

 The Wechsler Abbreviated Scale of Intelligence-Second Edition (WASI-II), a 

battery of four subtests (Block Design, Vocabulary, Matrix Reasoning, and Similarities) 

assessed participants’ complete cognitive capacity as indicative by the Full-Scale 

Intelligence Quotient (FSIQ-4) score [31]. The Vocabulary and Similarities subtests form 

a Verbal Comprehension Index (VCI) score, and the Block Design and Matrix Reasoning 

subtests form a Perceptual Reasoning Index (PRI) score. The Receptive One-Word Picture 

Vocabulary Test-Fourth Edition (ROWPVT-4) assessed receptive vocabulary skills [32] by 

indicating how well a person matches a word that is heard to objects, actions, or concepts 

presented in full-color pictures. The tests were administered by a certified school 

psychologist using their respective standard administration procedures. 

 PA data were collected using the newest model of the AW at the time—the Series 4 

(Apple, Inc., Cupertino, CA, USA). Participants were instructed to put on and wear the AW 
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for one week on their non-dominant wrist during wake hours (unless swimming in open 

waters) and put it on a charger before bed. The AW was individualized based on age, sex, 

race, weight, and height. Access to the AW features and applications was locked to 

minimize their potential effect on participant compliance and PA. PA level was classified 

using daily steps and described using daily active EE and resting EE from the AW. Total 

EE was calculated by summing a participant’s active and resting EE. 

 Activity logs and visual activity schedules (VAS) were specifically developed for 

this study. Each activity log was divided into half-hourly timestamps for up to 48 

entries/day (i.e., 336 entries/week) with corresponding room to write in activity entries (see 

Figure 3-1). Two VAS were developed to help participants correctly put on and charge the 

AW (Appendix C). The second author (I.O.) first conducted a task analysis, which 

generated sequences of seven subtasks for putting on and four subtasks for charging the 

AW. Each subtask consisted of (a) a written list of two to four simple steps, (b) a photo of 

the subtask enhanced with visual cues to indicate directions of movement and help focus 

attention on a particular part of the body or device, and (c) a box for the participant or the 

caregiver to make a checkmark. The relevance and comprehensibility of the schedules’ 

content were assessed by a panel of five content experts, including the first author [C.F.], 

two exercise science professors, one special education professor, and one graduate student, 

using a four-point rating scale. The panel was tasked to evaluate each step in the tasks by 

answering two questions: “How relevant is the statement to the critical steps of the task or 

subtask?” and “How easily understandable would the statement be for an adult with an 

ID?”. Revisions were made, and additional reviews were conducted until all scores were 
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between 3-4. The Flesch Reading Ease scores for both schedules were 100. The Flesch-

Kincaid Reading Grade Level scores for putting on and charging the AW were 1.7 and 1.1, 

respectively, which corresponds to a first-grade level [33]. 

 

Figure 3-1. The activity log used black Arial font of 12pt or larger size on white 

background. 

 

2.3. Procedures 

 The study was conducted between July 2019-March 2020. The first session was 

held in a private room to explain study procedures, obtain consent, and complete initial 
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assessments (i.e., demographics, BMI, UPST, WASI-II, ROWPVT-4). The second session 

was held on the University outdoor track in clear weather (for adequate GPS reception) to 

calibrate the AW through a 20-min walk; conduct the 6MWT; and familiarize participants 

with the AW, VAS, and activity log. With the assistance of the VAS and verbal and visual 

prompting, participants were taught how to put on and charge the AW. Participants were 

instructed to seek caregiver assistance in using the AW or completing the activity logs when 

needed for the next seven consecutive days. Missing entries were completed by the 

researcher through 24-72-hour activity recall sessions at the day program with the 

participant using the Heart Analyzer V8 (Helix Apps LTD, Evesham, UK), an application 

on a paired iPhone that graphically displays highlighted times with HR and PA peaks to aid 

recall. If participants could not recall an activity based on the time of day, they were asked 

to talk about their day or weekend in full. Participants earned up to $35.00 in gift cards. 

2.4. Data Processing and Analysis 

 Daily PA data were downloaded from the AW, exported to an Excel spreadsheet, 

and imported to Stata Statistical Software (StataCorp. 2021. Release 17. College Station, 

TX: StataCorp LLC) for data processing and analysis. The percentage of participants 

meeting the HRC and SCC was calculated. PA data were separately reduced if the 

participant failed to meet a valid day based on either HRC or SCC. Descriptive statistics 

were calculated for all quantitative data. Qualitative data from activity logs were 

transferred to an Excel spreadsheet and coded as self-, caregiver-, or researcher-written. 

The total entries and the percentages written by each group were calculated for the seven-

day period. 
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3. Results 

3.1. Participant Characteristics 

 Participant characteristics are provided in Table 3-1. Data were analyzed from nine 

adults, 5 females and 4 males, aged 21-36 years. Five of the participants reported their race 

as Black and four as White. Based on BMI scores, one participant was classified within the 

normal range, four with overweight, one with Class I, one with Class II, and two with Class 

III obesity [34]. Due to COVID-19 restrictions, only five participants completed the WASI-

II and the ROWPVT-4. All available FSIQ-4 scores were <70 (a diagnostic criterion for an 

ID), with three participants having FSIQ-4 scores between 52-69 and two between 36-51, 

indicating intermittent and limited support needs, respectively [31]. Five participants had 

ROWPVT-4 age-equivalent scores between 8-0 years (range 4-2 to 14-4) [32]. Participant 

7 was co-diagnosed with Down syndrome and Participant 8 with cerebral palsy. 

 

Table 3-1. Participant Characteristics. 

PT Age (yrs) FSIQ† VCI † PRI † 

ROW 

PVT 

BMI/WT (kg) DOM/CL UPST (s) 6MWT (m) 

1 22 NA‡ NA‡ NA‡ NA‡ 27.8/82.8 7.9/1.4 563.2 

2 36 NA‡ NA‡ NA‡ NA‡ 39.7/100.3 6.3/2.9 471.8 

3 21 57 63 56 101 38.6/99.4 2.2/1.7 522.2 

4 31 46 55 45 104 24.5/67.5 12.1/2.0 660.7 

5 21 NA‡ NA‡ NA‡ NA‡ 31.6/80.2 13.7/3.9 477.3 

6 24 69 75 66 150 29.4/70.1 32.8/1.8 617.3 

7 28 44 45 51 53 48.4/129.0 1.2/0.9 488.6 

8 24 53 55 57 98 20.2/40.6 NA§ 409.8 

9 34 NA‡ NA‡ NA‡ NA‡ 28.7/87.9 20.2/3.3 510.3 
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M 26.8 53.8 58.6 55.0 101.2 32.1/84.2 12.0/2.2 524.6 

SD 5.7 10.0 11.2 7.8 34.4 8.7/24.8 10.5/1.0 77.7 

Note. BMI/WT = body mass index and weight; DOM/CL UPST = Dominant-limb and Closed-eyes Unipedal Stance Test; 

FSIQ = WASI-II’s Full Scale Intellectual Quotient composite score (mild ID = 52-69; moderate ID = 36-51); NA = not 

available; PT = participant; PRI = Perceptual Reasoning Index; ROWPVT = Receptive One-Word Picture Vocabulary 

Test-Fourth Edition raw score; VCI = Verbal Intelligence Index; 6MWT = six-minute walk test. † Confidence interval = 

95%. A composite score <70 indicates an extremely low ID. ‡not assessed due to COVID-19 restrictions. §refused to 

complete the assessment. 

 

3.2. Compliance  

 Six participants met the HRC, seven met the SCC, and six met both compliance 

criteria (see Table 3-2). However, two participants did not meet either of the compliance 

criteria. Only one participant had ≥10 hours/day of HR data and was within the step-count 

range on all seven days. Two participants remained within the step-count range on all seven 

days. The mean wear-time for all participants, regardless of meeting the compliance 

criteria, was 66.7±38.3 hours/week (range: 12-149) and 9.5±5.5 hours/day (range: 0-24). 

For participants who met the HRC or SCC for at least four days, the mean wear-time was 

12.0±4.7 or 11.3±4.8 hours/day, respectively. 

 

Table 3-2. Wear time of the Apple Watch over a consecutive seven-day recording period. 

PT 

HOURS DAYS 

Per Week 

Per Day With ≥10hrs. Within 1,703-24,369 Steps 

M Range Total (wknd) Total (wknd) 

1 46 6.6 0-18 3 (0) 5 (1) 

2 62 8.9 0-16 4 (0) 5 (1) 

3 85 12.1 8-15 6 (2) 7 (2) 

4 12 1.7 0-10 1 (0) 2 (0) 

5 60 8.6 0-12 4 (1) 6 (2) 

6 149 21.3 13-24 7 (2) 7 (2) 
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7 70 10.0 4-13 4 (0) 6 (1) 

8 80 11.4 0-16 6 (1) 6 (1) 

9 36 5.1 0-14 3 (0) 3 (0) 

M 66.7 9.5  4.2 (0.7) 5.2 (1.1) 

SD 38.3 5.5  1.9 (0.9) 1.7 (0.8) 

Note. PT = participant; wknd = weekend days 

 

3.3. Physical Activity 

 When comparing data reduced using the HRC and SCC (see Table 3-3), the average 

differences were 753.6±314.6 (11.8±13.5%, range = 0.0-753.6) steps, 127.6±44.1 

(5.5±6.3%, range = 0.0-279.2) kcal for total EE, 70.3±25.0 (14.3±15.6%, range = 0.0-70.3) 

kcal for active EE, and 57.3±20.2 (3.2±4.0%, range = 0.0-57.3) kcal for resting EE. Using 

Hill’s step-count indices [6], seven participants had an average daily step-count data within 

the low-active, one within the sedentary, and one within the active lifestyle range when 

data were reduced using the HRC. In contrast, when data were reduced using the SCC, four 

participants had step-count data within the sedentary, four within the low-active, and one 

within the somewhat-active lifestyle range. 

Table 3-3. Daily physical activity over a consecutive seven-day recording period using 

the Apple Watch. 

PT 

M PA Based on HRC M PA Based on SCC 

TEE / AEE (kcal/d) Steps/d TEE / AEE (kcal/d) Steps/d 

1 2565.4 / 613.2† 11357.0† 2286.2 / 429.2 8711.1 

2 2980.5 / 650.4 6794.5 2721.8 / 520.3 5966.6 

3 2645.0 / 530.7 5482.9 2604.7 / 508.6 5359.6 

4 1615.8 / 373.5† 5854.3† 1351.1 / 250.7‡ 4067.6‡ 

5 2197.8 / 363.6 5074.5 2153.3 / 339.9 4802.2 

6 2032.1 / 291.1 3603.7 2032.1 / 291.1 3603.7 
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7 3706.6 / 789.5 5541.8 3445.7 / 639.6 4415.2 

8 1267.2 / 179.8 5158.9 1267.2 / 179.8 5158.9 

9 2329.1 / 401.3† 5268.6† 2329.1 / 401.3‡ 5268.6‡ 

M 2371.1 / 465.9 6015.1 2243.5 / 395.6 5261.5 

SD 724.9 / 193.7 2169.9 672.3 / 146.0 1479.8 

Note. Based on data reduced to valid days defined by the heart-rate compliance criterion (HRC; ≥10 hours/day) or the 

step-count compliance criterion (SCC; 1703-24,369 steps/day). † PP did not meet the HRC for ≥4 days/week; therefore, 

data is based on <4 days/week. ‡ PP did not meet the SCC for ≥4 days/week; therefore, data is based on <4 days/week. 

 

3.4. Activity Logs  

 Table 3-4 displays the frequencies and percentages of activity-log entries written 

by the participant, caregiver, or researcher. Three participants wrote over 90% of the 

entries/week, while four did not write any entries in their activity logs. Participants who 

did not write entries had FSIQ scores ranging from 44-54 and ROWPVT scores from 53-

104. Only one caregiver wrote 48 (36%) entries/week. For three of the participants, 100% 

of their entries were written by the researcher. 

 

Table 3-4. Half-hourly activity log entries (out of 336 potential) over a consecutive 

seven-day recording period. 

PT 

Activity Log Entries Completed (%) 

Self-Written Caregiver-Written Researcher-Written 

1† 197 (92.5) 0 (0) 16 (7.5) 

2 182 (96.8) 0 (0) 6 (3.2) 

3 192 (91.4) 0 (0) 18 (8.6) 

4†‡ 0 (0) 0 (0) 49 (100) 

5 0 (0) 0 (0) 97 (100) 

6 148 (66.1) 0 (0) 76 (33.9) 

7 0 (0) 48 (36.1) 85 (63.9) 
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8 0 (0) 0 (0) 116 (100) 

9†‡ 16 (9.0) 0 (0) 162 (91.0) 

M 81.7 (39.5) 5.3 (4.0) 69.4 (56.5) 

SD 94.2 (45.6) 16.0 (12) 52.1 (43.3) 

Note.† PP did not meet the HRC for ≥4 days/week. ‡ PP did not meet the SCC for ≥4 days/week. 

  

4. Discussion 

 The main objective of this study was to examine the compliance of adults with an ID with 

using the AW for PA assessment in the free-living setting. Of the nine participants, six (67%) met 

the HRC (which requires at least 10 hours of hourly HR data/day), and seven (78%) met the SCC 

(which requires between 1,703-24,369 steps/day) for at least four of the seven consecutive days. 

The compliance rates observed in this study were comparable to those reported in a systematic 

review [15] on the use of accelerometers for PA assessment in individuals with an ID. This review 

found compliance rates between 64.7-100% when behavioral strategies were applied and 44.6-

98.5% when they were not applied. Furthermore, Leung et al. [15], found that, across 17 studies, 

individuals with an ID wore research-grade accelerometers for an average of 9.9 hours/day, which 

is similar to the averages observed in this study (9.5±5.5 hours/day for all participants, 12.0±4.7 

hours/day for the six participants who met the HRC, and 11.3±4.8 hours/day for the seven 

participants who met the SCC for at least four valid days of the seven-day assessment). 

 Prior research supports the high accuracy of the AW’s accelerometer and HR sensors for 

assessing step and HR counts in adults without an ID, respectively [35]. This study found notable 

differences in daily steps and EE (total, active, and resting) based on the valid days defined by the 

HRC or SCC that led to changes to Hill’s step-count indices [6]. One potential explanation for the 

differences in PA levels may be that the HR sensor only registers HR counts when the AW is 
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correctly turned on, worn on the wrist, and charged [36]. Thus, a compliance criterion based on 

physiological (i.e., HR) rather than behavioral (i.e., step-count) biometrics may be more 

informative in reducing the data and subsequently characterizing PA levels. 

 Adequate behavioral strategies for participants, such as education and support, may ensure 

the correct and sufficient use of the AW for PA assessment. In this study, we provided a short (<15 

mins) educational session and used a system of support [1] to match individual participants’ needs, 

based on their cognitive abilities and language skills, to the environmental demands. The skills for 

using the AW (i.e., putting on and charging) were taught using the VAS and verbal and visual 

prompting in a structured setting before being translated to an unsupervised free-living setting, 

which, in theory, may raise the environmental demands on the individual. However, additional 

investigator-based behavioral support strategies could further improve compliance, such as 

providing additional familiarization sessions, reminders (e.g., via text messages or posters), and a 

concealment technique to hide the wearable from immediate view [15]. Furthermore, a study [37] 

found that support strategies, including 24-hour versus wake hours instruction, social stories (i.e., 

a narrative with illustrations to clarify instructions in specific situations), and contingent monetary 

incentives, significantly improved compliance with wearing an accelerometer for PA assessment 

(from 51.9% to 97.4%). It is important to consider these strategies to maximize compliance and the 

accuracy of PA assessment in future studies using the AW or other wearable devices. 

 Activity logs are frequently used as a participant-based strategy to improve compliance 

with accelerometer use in individuals with an ID [15]. However, this study found that of the four 

participants with a mean wear time greater than 10 hours/day, only two self-wrote a majority 

(>50%) of their activity log entries, while the other two self-wrote no entries. This finding is 
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consistent with a previous study [25], that suggested adults with an ID may have trouble self-

writing entries in an activity log. Consequently, it has been recommended that caregivers assist 

with activity log entries to improve compliance rates [38]. In this study, only one participant had 

caregiver-written log entries, which accounted for 36% of the participant’s total entries. This 

participant had a mean wear time of 10 hours/day. Instead, five participants had a majority (>50%) 

of their activity log entries written by a researcher using a 24–72-hour recall method with the HR 

Analyzer V8 application on a paired iPhone. Although the 24–72-hour recall method provided 

57% (range: 3-100%) of activity log entries, anecdotally, it was time-consuming to provide rich, 

in-depth data tied to specific times of the day. Overall, it remains uncertain whether self-writing 

activity log entries, with or without the assistance of a caregiver, during the PA assessment week 

improves compliance with using the AW by adults with an ID. The low percentage of self-entries 

in our findings may be due to the activity log itself. The low percentage of self-entries in the findings 

could be due to the activity log format used in this study or the absence of individualized 

instructional strategies to teach participants how to use the log. The findings suggest that activity 

log formats should be adapted based on a person’s cognitive abilities, verbal comprehension, and 

receptive language to improve compliance with using the AW for PA assessment by adults with 

an ID. 

4.1. Strengths and Limitations  

 The article emphasizes the need for improved PA assessment methods to support the use 

of the AW and activity logs by adults with an ID in the free-living setting. The study has four main 

strengths. First, it performed a comprehensive compliance analysis of the use of the AW to assess 

PA in adults with an ID, comparing two compliance criteria to ensure data reliability. Second, it 
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developed a task-analyzed VAS to assist participants in correctly putting on, charging, and cleaning 

the AW during the PA assessment. Third, it used a novel 24-72-hour recall method supplemented 

with the HR Analyzer V8 application to ensure data quality. Fourth, it analyzed activity log entries 

based on authorship, distinguishing between self-, caregiver-, and researcher-written entries. 

 Limitations of this study included the small sample size of adults with an ID with 

intermittent-to-limited support needs that were recruited from the same urban day program, which 

could have potentially introduced potential selection bias and limited the generalizability of the 

findings. Additionally, due to COVID-19-related mandates or restrictions, four participants were 

unable to take the cognitive assessments, which might have affected the results. 

 Despite these limitations, the research team deemed the findings significant to publish to 

inform the generation of future research questions. The preliminary findings suggest that adults 

with an ID can correctly and sufficiently use the AW for PA assessment (i.e., correctly put it on, 

wear it during all wake hours, and charge it) in the free-living setting. Nevertheless, there is a need 

for continued development and refinement of behavioral strategies, particularly for the activity log, 

to further promote compliance with using the AW for PA assessment in the free-living setting. 

5. Conclusion 

 The study found that compliance of adults with an ID with using the AW for PA 

assessment may be comparable to other accelerometers used in the free-living setting. To enhance 

the validity of future studies, the compliance criterion used for data reduction to valid days should 

be explicitly reported. To improve the correct and sufficient use of the AW by adults with an ID 

for PA assessment, further research into investigator-based and participant-based behavioral 

strategies is necessary. The VAS developed in this study can aid in teaching participants how to 
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correctly put on and charge the AW. It is recommended to explore individualized adaptations to 

the log format based on participants’ cognitive characteristics. Finally, further investigation into 

using an activity log as a behavioral strategy to enhance compliance with using the AW for PA 

assessment is needed. 
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Abstract   

 The objective was to examine the factors that impact independent and sufficient 

use of wearables and adapted activity logs by adults with intellectual disability (ID) 

during physical activity (PA) and sedentary behavior (SB) assessments. A purposive 

sample of 12 adults with ID was randomized into using the ActiGraph GT9X-Link (AG) 

or Apple Watch Series 4 (AW) with the log for one week before switching wearables. 

Independent use was assessed via caregiver-reported daily evaluations. Sufficient use was 

determined by recording ≥10 hours of wearable data/day for ≥4 days and completing 

Chapter 4 
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≥90% of log entries during wake hours/day for ≥4 days. After each week, individual 

semi-structured interviews, guided by the Social Cognitive Theory, were conducted. 

Demographic, physical, and functional characteristics and self-efficacy with wearable 

and log tasks were assessed. Seven participants independently used the AW, while four 

independently used the AG. No one independently used the log in Week 1, but two 

participants did in Week 2. Sufficient use criteria were met by eleven for the AW, eight 

for the AG, and six then ten for the log in Weeks 1 and 2. Common facilitators included 

routine establishment, external guidance, and knowledge and skill proficiencies. Fewer 

barriers were mentioned for the AW. Younger adults, those with higher daily-living 

adaptive behavior skills, and those mentioning more personal facilitators displayed more 

challenges with AG use. AG barriers were predominantly related to its aesthetics, 

physical features, and interface. Findings suggest that addressing environmental and 

behavioral barriers could be more effective than focusing solely on personal factors in 

promoting independent use. Future research should explore personalized approaches and 

accessible design refinements to optimize PA and SB assessments. 

 

Keywords: accessibility; barriers; facilitators; independence; physical activity; 

sedentary behavior; self-efficacy
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1. Introduction 

Intellectual disability is a developmental disability with onset before 22 years of 

age, characterized by significant limitations in intellectual functioning and adaptive 

behavior, which affect the acquired and applied conceptual, social, and practical skills 

required for independent living.1 Adaptive behavior encompasses the ability to understand 

concepts such as time, language, and literacy; communicate effectively and follow social 

norms, rules, and directions; and perform daily tasks, such as organizing activities, 

maintaining routines, and using tools and devices.1 Adults with intellectual disability face 

a heightened risk of chronic and age-related conditions and social and environmental 

barriers, including transportation and financial constraints, which can restrict engagement 

with health-promoting resources and activities.2-4 Health initiatives that match the needs of 

adults with intellectual disability can play a critical role in fostering empowerment to 

maximally engage in behaviors to promote health and well-being.4,5 

Pivotal modifiable daily health behaviors that impact the health and quality of life 

of adults with intellectual disability include physical activity (PA) and sedentary behavior 

(SB).6,7 PA is “any bodily movement produced by skeletal muscles that result in energy 

expenditure”8, p.129 above a resting state. In contrast, SB is characterized by low energy 

expenditure––≤1.5 metabolic equivalents––performed during waking hours, typically 

while sitting, reclining, or lying.9 Reviews have identified various factors associated with 

sufficient PA participation by adults with intellectual disability, including being male,10,11 

younger age,11 lower body mass index,12,13 fewer support needs,11,12,14 no co-occurring 

mobility impairment15 or developmental disability,12-14 having sufficient social support16 
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or role models,12 living outside of supervised or residential care,14 and participating in the 

Special Olympics.11 Conversely, high SB levels are often linked to female gender and 

differing weekend routines.17 

Assessing PA and SB in adults with intellectual disability is critical for 

understanding distinct activity patterns and determinants, evaluating interventions, and 

translating research into practice.18 Wearables, either consumer-grade or research-grade, 

are one of the most common assessment tools employed to assess these behaviors in adults 

with intellectual disability, frequently combined with self- or proxy-reported logs or diaries 

to provide comprehensive insights.19 The research-grade ActiGraph as one of the most 

frequently employed wearable brands to assess PA and SB in adults with intellectual 

disability.19 However, considerable variability in data sufficiency for wearables (24.5-

100.0%), including research-grade (24.5-100.0%), and logs or diaries (11.8-100%) 

necessitates the enhancement of the accessibility and usability of these tools for adults with 

intellectual disability.19 Designing or selecting appropriate assessment tools requires 

consideration of intra- (e.g., cognitive or personal) and interpersonal (e.g., environmental) 

contextual influences that may affect their use by adults with intellectual disability and, 

thus, the overall suitability and data quality of the methodology.12,20 

A commonly applied theoretical framework in PA and SB research for adults with 

intellectual disability21-23 is Bandura’s Social Cognitive Theory (SCT),24 which outlines a 

comprehensive system of dynamic and reciprocal interactions between the individual, 

environment, and their behavior. A central SCT construct is self-efficacy—an individual’s 

belief in their ability to perform a desired behavior successfully under given circumstances 

(e.g., to perform a PA and SB assessment in the free-living setting).25 SE influences an 
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individual’s willingness to engage in or persist with a behavior shaped by outcome 

expectations (OEs) and socio-structural factors (SSFs). OEs refer to the positive or negative 

cognitive beliefs that an individual holds about the physical, social, and self-evaluative 

consequences of the behavior, originating through personal experiences and 

observations.25 Physical OEs are characterized by anticipated bodily effects or tangible or 

material aspects of an experience (e.g., foreseeing discomfort from tool use or expecting 

practical advantages from a wearable that streamline daily life); social OEs by anticipated 

reactions from other individuals (e.g., foreseeing social or communal advantages from tool 

use); and self-evaluative OEs by the feelings associated with personal judgments of 

performance (e.g., expecting reflective or introspective gains or self-criticism from using 

a log).25 SSFs are social, environmental, and contextual barriers and facilitators influencing 

behaviors.25 For instance, the ability to engage with assessment tools effectively can be 

influenced by the clarity of instructions and implementation of familiarization sessions,19 

ongoing social supports,26 cultural norms, and programmatic policies, such as being asked 

to remove a wearable during a contact-sport competition.27 

The objective of this study was to examine the direct perspectives28 of adults with 

intellectual disability regarding the factors that impact their independent and sufficient use 

of a wrist-worn consumer- and research-grade wearable and adapted activity log during 

two separate weeks of assessment in free-living settings. Employing a mixed methods 

approach, this study integrated quantitative measures of independent and sufficient use 

with qualitative insights guided by SCT constructs (Figure 4-1). The research questions 

included: (1) To what extent do OEs, SSFs, and self-efficacy influence the independent 

and sufficient use of wearables and logs by adults with intellectual disability?; (2) Does 
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wearable type impact these factors and independent or sufficient use?; (3) What are the 

relationships between key participant characteristics (e.g., age, functional performance) 

and the independent or sufficient use of these tools? 

 

 

Figure 4-1. Structural paths of the Social Cognitive Theroy’s four cognitive determinants–

–self-efficacy, outcome expectations, and sociostructual factors) on the using assessment 

tools for assessing physical activity (PA) and sedentary behavior (SB). Adapted from 

Bandura et al. 

 

2. Methods 

2.1. Overview of Study Design 

The study used a randomized, crossover research design to minimize the influence 

of inter-subject variability when comparing wearable models and allow for a more 

impartial distribution of potential confounding factors, such as the order of wearable usage. 

2.2. Participants 

A purposive sample of adults with intellectual disability, requiring intermittent-to-

limited supports, and one of their caregivers (i.e., primary family member, legal guardian, 

or legally authorized representative) was recruited with the assistance of our community 
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partners at adult-day, transition, and community-based programs via emails, newsletters, 

and flyers. A target sample size of 10-15 was guided by an evaluation for sufficient 

information power,29 given this study’s narrow aim, dense specificity of the target 

population, applied theory for planning and analysis, and strong dialogue with three semi-

structured and individual interviews per participant and caregiver dyad. Every effort was 

made to recruit an equitable representation of age, gender, race, and ethnicity based on 

recent Delaware estimates (Table 4-1), with enrollment until data saturation.30 

Participant inclusion criteria were: (1) aged 18 years or older, (2) receiving state-

funded services for intellectual disability, (3) the ability to communicate in English 

verbally, and (4) having a caregiver with whom the person lives or is responsible for 

managing the house where the person resides. These criteria aim to define the demographic 

and communication abilities of participants to ensure they can effectively participate in the 

study. The exclusion criteria were: (1) receiving an age-equivalent IQ composite score of 

>70 or <40 on the Kaufman Brief Intelligence Test, Second Edition, or an age-equivalent 

score of >12 years or <4/5 years on the receptive expressive communication scales of the 

Vineland Adaptive Behavior Scale, Third Edition; (2) having a skin condition that could 

worsen while using a wrist-worn wearable; (3) use of a wheelchair to perform activities of 

daily living; (4) pregnancy or treatment for illness or injuries that could affect PA; (5) 

having a severe sensory disability; unstable psychiatric or neurological disorder; or an 

uncontrolled cardiac, vascular, respiratory, or kidney disease, including the use of an 

implanted heart pacemaker. 
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2.3. Data Collection Instruments 

2.3.1. Demographics, Physical, Functional, and Health Characteristics  

The Demographics module of the Behavioral Risk Factor Surveillance System 

(BRFSS) Questionnaire was used to gather the demographics, diagnosed health conditions, 

and health status of participants and caregivers.31 Body composition was estimated through 

body mass index (BMI) calculated from weight measured using a calibrated, portable 

SECA scale (nearest 0.1 kg) and height measured using a calibrated, portable stadiometer 

(nearest 0.5 cm), during which participants wore light clothing and removed their shoes. 

Intellectual functioning was assessed using the Kaufman Brief Intelligence Test, 

Second Edition (KBIT-2), including verbal, nonverbal, and composite age-equivalent 

estimates for individuals aged 4-90 years.32 Adaptive behavior was assessed using the 

caregiver form of the Vineland Adaptive Behavior Scale, Third Edition (VABS-3), which 

covers the subdomains of communication, daily living, and socialization for adults.33 The 

VAB-3 is the most common scale to assess adaptive behavior in adults with intellectual 

disability,34 given its reliability and concurrent validity for individuals aged 0-90 years.33 

Functional capacity was assessed via Six Minute Walk Distance (6MWD) on a 

standard-sized outdoor track. The participant was instructed to walk as fast and safely as 

possible for six minutes. Distance was measured with a measuring wheel (nearest cm) by 

a researcher walking ≥10 feet behind the participant, providing standardized 

encouragement every minute.35 The 6MWD is a valid36 and reliable (ICC = .96)37 test for 

assessing functional capacity in adults with ID. The Unipedal Stance Test (UPST)38 was 

used to assess the duration of static balance (nearest 0.01 s). Participants stood barefoot on 

one limb with the other raised near but not touching their stance ankle, crossed their arms 
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on their chest, and focused on an eye-level marker. Three trials were recorded. Leg and 

arm dominance was indicated by the participant and confirmed by their caregiver. 

2.3.2. Physical Activity and Sedentary Behavior 

Assessment tools included the research-grade ActiGraph GT9XLink (ActiGraph, 

Pensacola, FL, USA) and the consumer-grade Apple Watch Series 4 (watchOS.10.6.1) 

synced with a laboratory iPhone 11 (iOS.17.7.2; Apple, Inc., Cupertino, CA, USA) and 

protected by hard-shell screen protector case, with a Sports Band or Velcro band 

replacement. Additionally, an adapted activity log––developed by the authors (CJF, IO, 

and ARC) (Appendix D)––included 48 half-hourly intervals with the timestamp and room 

to enter the activity type, enter with whom the activity was performed or check a box for 

“No one,” and check a box for why the activity was performed, either “I wanted to do it” 

or “I was told to do it.” The background colors––Peach (#EDD1B0), Orange (#EDDD6E), 

Yellow (#F8FD89), and Red (#E0A6AA)––and font––Arial––were chosen to enhance 

readability.39,40 The text scored 92.9 on the Flesch Reading Ease scale, rated as very easy 

to read, and 1.6 on the Flesch-Kincaid Grade, rated at a second-grade reading level.41 

Visuals resembling the Picture Exchange Communication System (PECS)42 were added to 

each set of directions to aid comprehension. 

2.3.3. Self-Efficacy Instrument 

Given the absence of a self-efficacy scale in the literature for the use of PA or SB 

assessment tools, a visually enhanced 25-item instrument was developed following 

Bandura’s Guide for Constructing Self-Efficacy Scales43 and Kooijman’s recommendations 

on suitable self-report measures for adults with intellectual disability44 to assess 

participants’ reported confidence in performing wearable and log tasks, as well as 



 

 

 

 

131 

performing these tasks without help (Appendix E; Table F-5-5). For example, “How sure 

are you that you can put on the watch as soon as you wake up?” and “How sure are you 

that you can put on the watch without any help?” The development process included (a) 

task analyses of wearable and log use for PA and SB assessment (C.J.F., A.R.C., and I.O), 

(b) review of the instrument by three experts to assess for comprehensibility and 

appropriate phrasing, and (c) piloting among three participants to assess the functionality 

of the tool. The visuals resembled the PECS,42 aligning with those used in the adapted 

activity log and task-analyzed wearable checklists.45 Three anchor points on the scale were 

0 (“I am not sure at all”), 2 (“I am a little sure”), and 4 (“I am very sure”). Participants slid 

a gauge up or down to choose their response. Summative scores ranged upwards to 40 for 

wearable tasks, 20 for wearable tasks without help, 36 for log tasks, and 4 for log use 

without help. 

2.3.4. Independent and Sufficient Use 

Independent use was determined via daily caregiver evaluations (Appendix F) 

containing 5-point rating scales on the level of support provided to the participant for each 

task to use the tools—independent/none (0), supervision (1), minimal (2), moderate (3), 

maximum/total (4)—if participants were independent in all tasks (i.e., yes = 1, no = 0). 

Items also included questions to authenticate tool use. Caregivers were instructed to 

complete the auto-saving online evaluation form during the day or the following morning, 

as needed. Sufficient use (i.e., yes = 1, no = 0) of the wearable was determined based on 

meeting the wear-time compliance criterion of recording ≥10 hours of data/day for ≥4 

days––a common criterion for PA and SB assessments by adults with intellectual 

disability19––and of completing ≥90%46 of the log entries (≥303 entries/week) during wake 
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hours of the week, with or without the support, for ≥4 days. Completion of entries was 

considered if the box was not empty (e.g., included words or symbols). 

2.3.5. Interviews 

Semi-structured interviews were conducted using visually-enhanced slides allowed 

to facilitate authentic and in-depth dialogue, ensuring high-quality data about participants’ 

experiences using the tools in the unsupervised free-living setting.47 Following Bandura’s48 

and Finlay and Lyons’49 guidelines, participants answered open-ended questions probing 

their perceptions of the benefits, costs, barriers, and facilitators of using each wearable and 

the log, as detailed in Tables 4-3 through 4-6. When necessary, a communication assistant 

was present to facilitate understanding for participants with limited language abilities, 

ensuring they could communicate their responses effectively without influencing the 

outcomes. Additionally, interviews with caregivers were conducted to capture the 

complexities and contexts in which adults with intellectual disability used these tools. The 

content relevance and comprehensibility of the interview questions underwent a thorough 

evaluation by an expert panel, including three university professors with expertise in 

adapted PA, exercise science, measurement and evaluation, and applied behavior analysis. 

All interviews were audio- and video-recorded for accurate transcription and interpretation. 

2.4. Procedures 

The study was conducted from September 2023 to November 2024, adhering to the 

ethical standards of the American Psychological Association and receiving Institutional 

Review Board approval (#1977335-7) before its initiation. The electronic double-consent 

process included participant written and verbal consent to ensure participant understanding 

and voluntariness and caregiver written consent. After a brief familiarization session to 
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meet the investigators and review study tasks, caregivers completed the BRFSS and 

VABS-3 online. Participants completed the KBIT-2 administered by a Grade B Qualified 

psychometrician in a private room. A simple randomization on REDCap assigned 

participants to start with the ActiGraph or Apple Watch. Participants attended Session 1 to 

perform physical and functional assessments, set up and calibrate the wearable (i.e., 

walking for 20 minutes on the standard-sized outdoor track under clear skies), be instructed 

on and familiarized with how to use the wearable and log, and receive all study materials 

to take home. This included two visually-enhanced short social stories that were presented 

during the session on the expectations and sequential tasks for an example day (i.e., how 

and when to use the tools) and activity (i.e., how to fill out one row in the log), task-

analyzed checklists for how to use the wearable,45 reminder notes to prompt tool use, and 

a contingent compensation chart to reinforce tool use (Appendix G). Participants were 

trained on how to use the wearable devices, with support provided through verbal, gestural, 

visual, and physical prompts as needed. The training ensured they were comfortable with 

the device before the commencement of the first one-week assessment period. The first 

one-week period began the day following the initial training session, during which the 

caregiver was asked to fill out the daily evaluation form to monitor the participant’s usage 

and any issues encountered. After this week, the first participant interview was conducted 

to gather initial feedback and experiences. After a one-week wash-out period, which was 

extended for four participants due to weather-related disruptions, participants reconvened 

for a second session that mirrored the procedures of Session 1. They then used the other 

wearable for another one-week period. The sequence concluded with a second interview 
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with the participant and an interview with the caregiver to obtain comprehensive insights 

into the entire experience. 

2.5. Data Processing and Analysis 

For all quantitative data, descriptive statistics were derived using Stata Statistical 

Software (StataCorp. 2021. Release 18. College Station, TX: StataCorp LLC). All 

interviews were transcribed verbatim. Qualitative data were analyzed using NVivo 

Software v.15.0.(44) (Lumivero, 2023. Release 15. Burlington, MA: QSR International Pty 

Ltd.). A hybrid analysis approach50 incorporated inductive and deductive approaches, with 

the SCT domains––OE and SSFs––integral to deductive thematic analysis. The coding 

process consisted of an initial read-through to identify preliminary codes and develop a 

coding manual (Appendix H), open coding to identify relevant patterns, and focused coding 

on identifying clustered concepts and major themes. Two investigators (CJF and IO) 

finalized the codebooks before independently coding all qualitative data to ensure data 

quality and establish inter-rater reliability (k). Disagreements were settled through 

discussion or by a third investigator (ARC), if necessary. Data triangulation was achieved 

by integrating qualitative findings with quantitative data to examine how qualitative 

insights explain the independent and sufficient use of assessment tools by adults with 

intellectual disability. Through a building approach,51 qualitative themes were quantified 

by calculating the frequency and percentage of their occurrence. These quantified themes 

were then merged with participant characteristics, using correlational statistics to examine 

relationships between qualitative insights and quantitative patterns of independent and 

sufficient assessment tool use by adults with intellectual disability.51  
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Continuous and ordinal data were checked for monotonicity, then Spearman’s rank 

correlation (ρ) was performed as the sample size was below the recommended N = 29 

necessary to detect a large correlation (r = 0.50) with sufficient power (0.80) at α = 0.05.52 

Point-biserial correlations (rpb) were used for binomial independent variables. 

3. Results 

3.1. Demographic, Physical, Functional, and Health Characteristics 

The purposive sample included 12 participants with intellectual disability aged 18-

46 years with comparable demographics to adults with intellectual disability in Delaware 

(Table 4-1). A third of participants attended a day program or sheltered workshop, and over 

half (58%) were employed part-time, mostly in food preparation or services (42%), 

assembly, manufacturing, or packaging (17%), or building or grounds cleaning or 

maintenance (8%), and earning less than $10,000 USD annually (75%). Participants 

typically (92%) owned a cell phone, and a third owned a watch. Caregivers aged 43-80 

years were married (67%), divorced or separated (25%), or widowed (8.3%). Most were 

retired (42%) or employed part-time (33%). 

 

Table 4-1. Participant (n = 12) and Caregiver (n = 12) Demographic Characteristics. 
 Delaware Participant Caregiver 

n M±SD; med, IQR; or % M±SD; med, IQR; or 

% 

M±SD; med, IQR; or 

% 

Age 307† 45.0±17; 42.0, NR†  30.8±9.8; 30.5, 15.0§ 61.6±9.6; 59.0, 11.3 

Female 326† 35.0†  33.3 91.7 

Has ASD; Has DS NR† 34.0†; 21.0† 25.0; 41.7 0.0, 0.0 

Race and Ethnicity 329†    

   Asian  4.0† 0.0 0.0 



 

 

 

 

136 

   Black/African American  20.0† 16.7 16.7 

   White/Caucasian  74.0† 75.0 75.0 

   Hispanic/Latino  4.0† 8.3 8.3 

Level of Education  163†    

   Some HS  10.0† 16.7 0.0 

   HS Certificate/GED  75.0† 66.7 16.7 

   Some College  4.0† 16.7 16.7 

   College Degree/Higher  4.0† 0.0 66.7 

Urban/Suburban ZIP 310† 52.0† 58.3 58.3 

Health Conditions NR    

   Anxiety; Depression   28.0; 32.0† 33.3¢; 16.7¢ 16.7; 8.3 

   Cancer  3.0 0.0¢ 16.7 

   CVD; MI  15.0†; NR 25.0¢; 0.0¢ 16.7; 8.3 

   Diabetes; Prediabetes  12.0†; NR 0.0¢; 0.0¢ 0.0; 41.7 

    Stroke   NR 8.3¢ 8.3 

Notes. ASD = autism spectrum disorder, CVD = cardiovascular or heart disease, DS = Down syndrome, GED = general 

educational development credential, HS = high school, MI = myocardial infarction, and ZIP = residential destination. ¢ 

Controlled co-occurring health condition. † Estimates for adults with intellectual and developmental disabilities, obtained 

by the National Core Indicator 2019-20 Adults Family Survey Delaware Web Report, 2018-19 Adults Family Survey 

Delaware Final Report, or 2017-18 Adults Family Survey Delaware Chart data, accessed at 

https://ncireports.verityanalytics.org/url/FIEEKLEV, https://legacy.nationalcoreindicators.org/upload/core-

indicators/DE_IPS_state_508.pdf, or https://legacy.nationalcoreindicators.org/charts/2017-18/?i=64&st=DE.  

 

 Participants rated their health as good (58%), very good (33%), or excellent (8%), 

while caregivers rated it as very good (50%), excellent (33%), good (25%), or fair (8%). 

Most participants’ evaluated BMI were classified as obese (42%), overweight (33%), then 

optimal (17%).53 Similarly, caregivers’ self-reported BMI was classified as obese (50%), 

optimal (42%), or overweight (8%).53 Three female participants (75%) had a non-optimal 

waist circumference: two at high risk and one at very high. Five male participants (63%) 

had a non-optimal waist circumference, all at high risk.54 Seven participants (58%, one 

female and six males) received KBIT-2 composite scores indicating intermittent support 
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(‘mild’ ID) and five (42%, three females and two males) indicating limited support 

(‘moderate’ ID).32 VAB-3 composite scores were indicative of moderately-low adaptive 

behaviors.33 

 

Table 4-2. Physical and Functional Characteristics of Participants (n = 12). 
Physical and Functional Characteristics  M±SD; med, IQR (range)  

Body Mass Index 29.5±8.0; 29.7, 11.4 (18.2-43.0) 

     Height (cm) 162.6±12.0; 164.0, 23.4 (147.2-177.0) 

     Weight (kg) 78.7±24.9; 85.3, 33.8 (39.8-125.7) 

Waist Circumference (cm) 99.2±18.2; 105.8, 21.7 (68.7-125.7) 

     Female Waist Circumference (cm) 97.7±19.4; 104.8, 22.9 (69.2-112.0) 

     Male Waist Circumference (cm) 99.9±18.9; 106.0, 21.7 (68.7-125.7) 

KBIT-2 Composite  53.5±10.3; 55.0, 15.8 (40.0-67.0) 

     KBIT-2 Verbal Score  59.4±14.0; 61.0, 19.0 (40.0-87.0) 

     KBIT-2 Non-Verbal Score  54.1±12.7; 53.5, 15.8 (40.0-80.0) 

VABS-3 Composite  76.5±6.5; 77.0, 11.5 (68.0-87.0) 

     VABS-3 Communication  76.9±9.4; 74.5, 10.5 (63.0-97.0) 

     VABS-3 Daily Living Skills  79.3±9.2; 79.5, 13.0 (62.0-92.0) 

     VABS-3 Socialization  79.8±9.7; 79.0, 14.0 (65.0-100.0) 

Six-Minute Walk Distance (m) 512.8±106.9; 495.8, 199.2 (352.7-669.2) 

     Female Six-Minute Walk Distance (m) 397.3±39.2; 394.6, 54.6 (352.7-447.4) 

     Male Six-Minute Walk Distance (m) 570.6±76.5; 584.3, 135.8 (471.9-669.2) 

Twenty-Minute Walk Distance (m) 1609.6±289.6; 1611.7, 273.7 (903.1-2016.6) 

Dominant Unipedal Stance Test (s) 9.0±10.6; 3.9, 13.6 (0.8-33.1) 

Non-dominant Unipedal Stance Test (s)  6.2±9.6; 2.3, 5.8 (0.6-34.2) 

Closed-eye Unipedal Stance Test (s) 1.7±1.1; 1.5, 0.9 (0.6-4.6) 

Notes. KBIT-2 = Kaufman Brief Intelligence Test 2nd Edition; VAB-3 = Vineland Adaptive Behaviors 3rd Edition. 
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3.2. Independent and Sufficient Use 

Caregivers typically provided minimal, if any, support across all tasks (Mdn = 1.4, 

IQR = 0.6, range = 0.0–2.5) (Appendix E). Four participants (33%) were independent for 

all ActiGraph tasks (Mdn = 0.0, IQR = 0.1, range = 0.0–1.6), and seven (58%) were 

independent for all Apple Watch tasks (Mdn = 0.0, IQR = 0.0, range = 0.0–2.0). Nine 

participants (75%) always put on the ActiGraph independently, ten (83%) wore it, eleven 

(92%) removed it, seven (58%) charged it, and ten (83%) cleaned it independently. For the 

Apple Watch, eleven participants (92%) always put it on and wore it independently, ten 

(83%) removed it, nine (75%) charged it, and eight (67%) cleaned it independently. No 

participant was independent for all log tasks during Week 1 (Mdn = 0.6, IQR = 0.6, range 

= 0.0-3.2), but two (17%) were independent during Week 2 (Mdn = 0.4, IQR = 0.5, range 

= 0.0-4.0). Three tasks typically required more support: remembering start and end times 

of activities (Mdn = 0.0, IQR = 2.0, range = 0.0-4.0), writing the activity in for the whole 

time it was performed (Mdn = 1.0, IQR = 3.0, range = 0.0-4.0), and writing activity names 

(Mdn = 1.0, IQR = 3.0, range = 0.0-4.0). 

Eight participants (67%) met the criteria for sufficient ActiGraph use, and eleven 

(92%) met the criteria for sufficient Apple Watch use. On average, wear time was 685.0 

min/d (SD = 217.0, Mdn = 700.4, IQR = 148.6, range: 70.5-910.6) for the ActiGraph and 

803.6 min/d (SD = 94.3, Mdn = 829.6, IQR = 158.7, range = 618.9-910.0) for the Apple 

Watch. Caregivers reported participant wake durations around 863.0 mins/d (SD = 110.7, 

Mdn = 880.0, IQR = 150.0, range = 590.0-1140.0). Six participants (50%) met the criteria 

for sufficient log use during Week 1, rising to 10 participants (83%) during Week 2. On 

average, 79.1% (SD = 22.4, Mdn = 87.7, IQR = 34.7, range: 35.2-100.0) of wake time 
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boxes were filled out during Week 1 and 86.3% (SD = 26.9, Mdn = 97.8, IQR = 9.2, range: 

10.3-100.0) during Week 2. 

3.3. Self-Efficacy  

 Self-efficacy scores did not significantly differ before and after using the tools 

(Appendix F, Table F-5-6), remaining high for ActiGraph tasks (Mdn = 40.0 of 40, IQR = 

5.0, range: 25.0-40.0; to Mdn = 40.0, IQR = 1.5, range: 34.0-40.0), Apple Watch tasks 

(Mdn = 39.0 of 40, IQR = 4.5, range: 31.0-40.0; to Mdn = 40.0, IQR = 2.0, range: 34.0-

40.0), and log tasks during the first week (Mdn = 36.0 of 36, IQR = 6.0, range: 14.0-36.0; 

to Mdn = 35.0, IQR = 5.0, range: 22.0-36.0) and second week (Mdn = 36.0 of 36, IQR = 

1.0, range: 26.0-36.0; to Mdn = 36.0, IQR = 1.5, range: 32.0-36.0). Scores for performing 

tasks without help were promising for the ActiGraph (Mdn = 17.5 of 20, IQR = 5.0, range: 

12.0-20.0; to Mdn = 19.0, IQR = 3.0, range: 12.0-20.0), Apple Watch (Mdn = 19.0 of 20, 

IQR = 5.0, range: 6.0-20.0; to Mdn = 20.0, IQR = 3.0, range: 4.0-20.0) and variable log 

tasks during the first week (Mdn = 2.5 of 4, IQR = 2.5, range: 0.0-4.0; to Mdn = 3.0, IQR 

= 1.5, range: 0.0-4.0) and second week (Mdn = 4.0 of 4, IQR = 1.5, range: 0.0-4.0; to Mdn 

= 4.0, IQR = 2.0, range: 0.0-4.0). One participant expressed, “I feel confident. I just need 

practice.” 

3.4. Outcome Expectations and Sociostructural Factors 

 Common themes are presented in Tables 4-3 through 4-6. For the ActiGraph, most 

participants (58%) mentioned functional benefits, like timekeeping (n = 7), date-keeping, 

and activity-change prompts for oneself (both n = 4) or caregiver (n = 1). Yet, the military-

time display format was a barrier for some, leading them to rely on external clocks for 

timekeeping (both n = 5). One participant noted, “It [only] tells the time in the middle of 
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the night and in the morning,” referring to the 12-hour alignment of military and standard 

time, and another, “I would know those two numbers,” referring to minutes, not hours. One 

caregiver noted, “She was looking at her watch; it didn’t match anything on the log. When 

she didn’t understand the military time, she couldn’t find where to write in,” highlighting 

the importance of log and wearable time format alignment. Few participants (17%) viewed 

military time as a learning opportunity. Costs included physical (e.g., pain, itchiness, and 

sweatiness) and emotional (e.g., frustration, anxiety, sadness, or “bad vibes”) discomforts. 

 For the Apple Watch, in addition to activity-change prompts for oneself, 

timekeeping (both n = 7), and date-keeping (n = 3), functional benefits included checking 

the weather (n = 4) and potential communication via texts or calls (n = 1). However, this 

participant acknowledged that communications are only possible if the watch is paired to 

his personal phone. He also noted he was missing his typical important functions, such as 

medication reminders, on his personal Apple Watch. Unlike the ActiGraph, some 

participants valued the Apple Watch’s health data benefits for personal tracking (n = 6) 

instead of only research contributions (n = 1). Many participants (58%) anticipated health 

motivation, like movement (n = 6) and hydration (n = 1) motivation. Costs included limited 

physical (e.g., skin marks) and emotional (e.g., uncertainty or anxiety with its sensor) 

discomforts. Positive emotional responses included feeling good, happy, and excited. 

 

Table 4-3. Outcome Expectations of Using the Wearables Every Day, n = 12. 
Outcome Expectation Category ActiGraph, k = 0.96 Apple Watch, k = 0.74 

f % of total 

responses¥ 

% of n f % of total 

responses¥ 

% of n 

Physical Outcome Expectations 
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Cause physical discomfort (c) 3 25.0 25.0 2 50.0 16.7 

Develop or enhance my knowledge (b) 2 7.4 16.7 1 2.0 8.3 

Offer functional or practical benefits (b) 16 59.3 58.3 22 43.1 83.3 

Provide accurate health data (b) 5 18.5 41.7 7 13.7 58.3 

Social Outcome Expectations 

Help me connect with others (b) 3 11.1 25.0 4 7.8 33.3 

Self-Evaluative Outcome Expectations 

Cause negative emotional reaction (c)  9 75.0 58.3 2 50.0 16.7 

Cause positive emotional reaction (b) 1 3.7 8.7 8 15.7 66.7 

Motivate me to adopt healthier behaviors (b) 0 0.0 0.0 9 17.6 58.3 

Total benefits 27 51 

Total costs 12 4 

No mentioned benefits 3 25.0 1 8.3 

No mentioned costs 4 33.3 8 66.7 

Note. (b) = benefit; (c) = cost; n = number of unique respondents per category. ¥ For benefits or costs per wearable. 

  

 For the activity log, learning benefits, like remembering or recalling activities (n = 

7), understanding activity patterns, enhancing time comprehension (both n = 2) and 

improving spelling proficiencies (n = 1), along with communication benefits like 

interacting and sharing reflections with caregivers (n = 9), the doctor, or others (both n = 

1) were frequently mentioned. One participant shared that he “missed using the log” 

because he and his mom would show his dad all he did when they were apart. Practical 

benefits included task reminders and planning (n = 4), date-keeping (n = 3), cognitive 

offloading (n =2; “I got it out of my brain on paper”), timekeeping, and providing a new 

daily task (both n = 1). Positive reflections were on the day’s activities, reasons for 

activities (e.g., “How I was spending my time doing what I wanted to do”), and who 

activities were performed with (each n = 2). Negative reflections were on sedentary 
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patterns or the repetitive nature of who activities were performed with (both n = 1). 

Participants anticipated more negative (n = 6; e.g., feeling anxious or overwhelmed) than 

positive (n = 3; e.g., having fun or feeling happy) emotional responses. Physical discomfort 

included feeling fatigue (n = 2). Two participants said they were “just helping the 

researchers out,” while one recognized that the log helped to provide accurate health data. 

 

Table 4-4. Outcome Expectations of Using the Log Every Day, n = 12, k = 0.84. 
Outcome Expectation Category Week 1 Week 2 

f % of total 

responses ¥ 

% of n f % of total 

responses 

¥ 

% of 

n 

Physical Outcome Expectations 

Cause physical discomfort (c) 1 20.0 8.7 1 20.0 8.7 

Develop or enhance my knowledge (b) 7 25.9 41.7 5 26.3 41.7 

Offer practical benefits (b) 5 17.9 33.3 4 21.1 33.3 

Provide accurate health data (b) 0 0.0 0.0 3 15.8 25.0 

Social Outcome Expectations 

Help me communicate with others (b) 8 28.6 58.3 3 15.8 25.0 

Self-Evaluative Outcome Expectations 

Cause negative emotional response (c)  3 60.0 25.0 3 60.0 25.0 

Cause positive emotional response (b) 2 7.1 16.7 1 5.3 8.7 

Motivate me to adopt healthier behaviors (b) 1 3.6 8.7 0 0.0 0.0 

Promote positive reflection about my behaviors (b) 3 10.7 25.0 3 15.8 25.0 

Promote negative reflection about my behaviors (c) 1 20.0 8.7 1 20.0 8.7 

Total benefits  28  19  

Total costs  5  5  

Have no benefits for me 2  16.7 1  8.7 

Have no costs for me 8  66.7 8  66.7 

Note. (b) = benefit; (c) = cost; n = number of unique respondents per category. ¥ For benefits or costs per week. 
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 Common barriers to ActiGraph use were related to its aesthetics and physical 

features, including its long band length (n = 7), detachable screen (n = 5), buckle 

attachment (n = 2), small adjustment holes, adjustment loops that did not stay in place, 

uncomfortable band material, and overall large size (each n = 1). Interface barriers included 

unfamiliar military time display, unclear symbols (both n = 5; e.g., the HALT mode hand 

icon), and missing information (n = 4; e.g., steps or calories burned). One participant 

expressed frustration with non-interactive symbols, “This one doesn’t really do anything 

like you cannot click the hand signal.” Charger-related barriers included limited feedback 

(n = 3; e.g., no magnetic connection) and a lack of a power adapter (n = 1). One participant 

explained, “All I could say is you could plug it in, and then it’s not even charging.” Two 

participants mentioned their battery would not hold a charge long enough. Other 

environmental barriers included being told to remove it and the daily wake-period wear 

instruction (both n = 1). Some participants preferred to avoid wearing a watch midday (n 

= 1) or their own watches (n = 2). Personal barriers also stemmed from dexterity and 

coordination challenges when adjusting the watch band (n = 5) or detaching the screen (n 

= 2) and limited proficiency adjusting to the right fit (n = 3) or connecting the screen to the 

charger (n = 1). Behavioral barriers included avoiding getting the device wet despite its 

water-resistant properties (n = 4), accidental misplacement, forgetting to wear or clean it, 

dependence on others to initiate the next step, and a lack of timely support (each n = 1). 

 Fewer barriers were mentioned for the Apple Watch. Common maintenance 

barriers included avoiding getting the device wet despite its water-resistant properties (n = 

3) and concerns of device damage (n = 2; e.g., exposure to pool chlorine). Two participants 

mentioned the protective case trapped in water, highlighting the need for versatile 
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maintenance tools. Other behavioral barriers included having an irregular weekend versus 

weekday routines, forgetting to take off and charge the watch at night, and having irregular 

cleaning habits (each n = 1). One participant faced work restrictions, stating, “They don’t 

allow watches.” Knowledge and skill barriers involved dexterity and coordination 

challenges when putting it on, limited understanding of watch functions (both n = 3; e.g., 

setting waterproof mode), and limited proficiency with adjusting to the right fit (n = 1), 

particularly with the Sports Band rather than the Velcro band. One participant had a 

physical impairment and wore a brace on her non-dominant wrist, requiring her to put it on 

her dominant wrist since the sensor requires skin contact. Few participants (17%) preferred 

their own watch. Aesthetic and physical barriers only included the Sport Band being too 

long (n = 2) or too inflexible (n = 1). This participant owns an Apple Watch and observed, 

“It looked a little bit bigger than mine,” since it had a 44m display. Interface barriers 

included hidden step counts (n = 2), unclear symbols like the Water Lock icon, and 

unfamiliar time displays (both n = 1). This participant emphasized the need to “make sure 

the time is right,” with his caregiver saying, “We had to switch it because I believe the 

Mickey was just an analog, and he struggles with an analog, so we switched it to the Toy 

Story, which had the digital.” 

 

Table 4-5. Barriers and Facilitators to Using the Wearable Every Day, n = 12. 
SCT Domain Category ActiGraph, k = 0.80 (b), 0.80 (f) Apple Watch, k = 0.89 (b), 0.86 

(f) 

f % of total 

responses¥ 

% of n f % of total 

responses¥ 

% of n 

Behavioral (b) Help-Seeking Behavior  2 2.9 16.7 0 0.0 0.0 
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Maintenance Behavior 

Barriers 

5 7.2 41.7 5 14.7 41.7 

Routine Behavior Barriers 2 2.9 16.7 4 11.8 25.0 

Environmental 

(b) 

Aesthetic & Physical 

Barriers 

18 26.1 83.3 4 11.8 33.3 

Charger-Related Barriers 4 5.8 33.3 1 2.9 8.7 

External Logistics Barriers 1 1.4 8.7 3 8.8 16.7 

External Supplies Barriers  0 0.0 0.0 2 5.9 16.7 

External Support Barriers 1 1.4 8.3 0 0.0 0.0 

Interface Barriers 14 20.2 75.0 4 11.8 33.3 

Mechanical Interference 3 4.3 25.0 1 2.9 8.3 

Personal (b) Knowledge & Skill 

Barriers 

10 14.5 75.0 7 20.6 41.7 

Personal Preference 

Barriers 

9 13.0 50.0 3 8.8 16.7 

Behavioral (f) External Guidance 10 7.0 58.3 5 3.2 50.0 

Help-Seeking Behavior 5 3.5 41.7 2 1.3 16.7 

Maintenance Behavior 6 4.2 41.7 2 1.3 16.7 

Routine Establishment 11 7.7 50.0 18 11.5 83.3 

Skill-Related Behavior 12 8.5 58.3 3 1.9 25.0 

Environmental 

(f) 

Aesthetic & Physical 

Features 

18 12.7 75.0 30 19.1 100.0 

Charger-Related Attributes 8 5.6 58.3 24 15.3 91.7 

Durability & Versatility 9 6.3 58.3 6 3.8 41.7 

External Logistics  10 7.0 58.3 8 5.1 58.3 

External Support 6 4.2 50.0 3 1.9 25.0 

External Supplies  11 7.7 75.0 4 2.5 25.0 

External Rewards 5 3.5 41.7 5 3.2 33.3 

Interactive Features 0 0.0 0.0 10 6.4 50.0 

Interface Features 8 5.6 41.7 13 8.3 83.3 
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Mechanical Functioning 0 0.0 0.0 2 1.3 16.7 

Personal (f) Knowledge & Skill 

Proficiency 

15 10.6 83.3 12 7.6 66.7 

Positive Perception 8 5.6 66.7 10 6.4 83.3 

Total barriers mentioned 69   34   

Total facilitators mentioned 142   157   

No barriers mentioned 0  0.0 2  16.7 

No facilitators mentioned 0  0.0 0  0.0 

Note. (b) = barrier; (f) = facilitator; n = number of unique respondents per category. ¥ For barriers or facilitators per 

wearable. 

  

 Facilitators of using the wearables outnumbered their barriers. For the ActiGraph, 

participants highlighted its comfortable material and fit options (n = 7), black color and 

visual appeal (n = 4), buckle (n = 3), easy-to-clean material, large size, and dual adjustment 

loops (each n = 1). One participant “didn’t take the watch off, or sometimes [he] just left 

the little watch [band] on like when [he] would sleep” since it had a detachable screen. 

Participants ensured watch charge throughout the day (n = 6) and established routines for 

putting it on (n = 4), wearing it (n = 3), taking it off (n = 3), and charging it (n = 6) at set 

times (e.g., every night) or after certain activities (e.g., after showering). One participant 

expressed, “I feel very comfortable doing it on my own with no reminders, no researchers. 

I am perfectly fine and able and capable.” Knowledge and skill proficiencies included 

technical or dexterity aptitude (n = 6), knowledge or proficiency in watch use or functions 

(n = 5), and translatable past experiences with personal watches (n = 3) or phones (n = 1). 

Participants highlighted skill-based behaviors of trial-and-error learning (n = 10) and self-

initiated practice (n = 2), with one expressing, “I like figuring it out on my own, but if I am 

having a little bit of trouble, I let [my parents] know.” In addition to participant-led requests 
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(n = 5), external guidance through ongoing reminders or “double-checks” (n = 4) and 

caregiver-initiated (n = 2) or investigator-initiated knowledge (n = 3) were commonly 

mentioned. External support involved physical assistance for putting it on, charging it (both 

n = 2), and taking the screen out (n = 1); and task-focused aid via demonstrations (n = 2). 

External supplies like having an external clock (e.g., via stove, phone, or personal watch) 

and readily-available cleaning wipes (both n = 5), and logistics like having unrestricted use 

at work (n = 4), a convenient charging set-up, or physical supports (both n = 3; e.g., a table 

to stabilize the wrist) aided in use. Other environmental facilitators included its durability 

during exercise, versatility notably for water-based activities (both n = 4), and mess-

resistant properties (n = 1); its interface’s large font size (n = 3), simplicity, “army time” 

(both n = 2), and clear battery icon (n = 1); and its charger’s user-feedback features (n = 5; 

e.g., lights that changed colors), efficiency (n = 2), and USB plug (n =1). The compensation 

chart reinforced use through monetary incentives (n = 4) and earning stars (n = 2). Overall, 

most participants liked (n = 6) or loved (n = 2) wearing it. 

 For the Apple Watch, all participants highlighted an aesthetic and physical 

facilitator, including its comfortable material and fit options (n = 11), Velcro band 

attachment (n = 8), rounded edges and visual appeal (n = 5), knobs on the Sport Band 

(rather than buckle hook), non-detachable screen (both n = 2; for charging) and 

interchangeable band options (n = 1). Similarly, almost all participants (92%) mentioned a 

charger-related facilitator, including its magnetic connection; user-feedback properties 

(each n = 10) like green color change and “ding” or “click” sound; efficiency (n = 3); and 

unique charging cord (n = 1). Interface facilitators included customized visual designs (n 

= 10; e.g., flowers, movie characters, large-font times, and brand logos) and digital standard 
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time format (n = 3). Uniquely, interactive features included watch face animations (n = 7; 

e.g., moving characters) and immediate feedback of the display upon pressing the side 

button (n = 2) or time announcement upon tapping the watch face (n = 1). Participants also 

highlighted its versatility, notably for water-based activities (n = 3), durability during 

exercise (n = 2), mess-resistant properties (n = 1), and effortless mechanical functioning (n 

= 2). Other environmental facilitators included external logistics like a convenient charging 

set-up (n = 3), unrestricted use at work, and convenient non-dominant wrist placement 

(both n = 1); supplies like readily-accessible cleaning wipes and a personal phone, band, 

and charger (each n = 1); and rewards like the compensation chart reinforcing use through 

monetary incentives (n = 3), earning stars (n = 2), and checking off boxes (n = 1). Routine 

establishment aided use, including forming habits for putting on (n = 7), taking off, 

charging, and cleaning (each n = 4) it, and using the compensation chart (n = 2) at set times 

or after certain activities. Two participants mentioned maintaining the charge throughout 

the day. Knowledge and skill proficiencies included technical and dexterity aptitude (n = 

8), cognitive knowledge of watch function (n = 3; e.g., muting notifications), and 

translatable past experiences with personal watches (n = 2), phones or Velcro (both n = 1). 

Few participants highlighted trial-and-error learning, participant-led help-seeking, physical 

assistance (each n = 2), self-initiated practice, or practical task-focused aid (both n = 1), 

perhaps because of the watch’s suitability. External guidance included ongoing reminders 

(n = 4) and investigator-initiated knowledge or instruction during the session before the 

week of use (n = 2). Overall, participants liked it, placed symbolic value on it (both n = 4; 

e.g., brand value), and loved it (n = 2). 
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 For the log, fewer barriers than facilitators were recognized for both weeks. Format 

barriers included excessive papers and boxes (n = 8), unclear time-of-day presentation or 

numbering of the log to track (both n = 3), repetitive data entry, inconvenient layout (both 

n = 2), and mismatched time-format with the wearable (n = 1). Three participants found 

the paper material to be a barrier, suggesting computer-based log may be easier with 

speech-to-text assistive technologies. External logistic barriers included busy personal 

schedules with activities outside of the home (n = 4), work restrictions (e.g., no place to 

keep them at work), the daylight-saving time change, and missing pages (each n = 1); and 

supplies barriers included no quick access to a pen (n = 2) or unclear calendar (n = 1). 

Interestingly, external support barriers included caregiver work schedules and excessive 

assistance (both n = 1), with this participant expressing, “he wasn’t letting me write it, like 

he didn’t say for me to go and write it. He just did it,” and “[He can do] a little less so I can 

write more, just to get used to the log and how to do it.” Forgetting to log entries in the 

moment (n = 6) and having irregular logging habits (n = 5; e.g., because of leaving logs at 

home) were common. Only two participants feared log damage (n = 2). Four participants 

had difficulties due to personal memory or recall barriers, with one expressing, “Sometimes 

remembering things is hard for me.” Other personal barriers included challenges with 

spelling (n = 9), time comprehension (n = 6), reading (n = 4), writing (n = 2), or naming 

activities (n = 1). 

 

Table 4-6. Barriers and Facilitators to Using the Log Every Day, n = 12, k = 0.87 (b) & 

0.77 (f). 
SCT Domain Category Week 1 Week 2 
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f % of total 

responses¥ 

% of 

n 

f % of total 

responses¥ 

% of 

n 

Behavioral (b) Maintenance Behavior Barriers 1 2.8 8.7 1 2.6 8.7 

Routine Behavior Barriers 6 16.7 33.3 5 13.2 33.3 

Environmental (b) Aesthetic and Format Barriers  10 27.8 66.7 9 23.7 58.3 

External Logistics Barriers 2 5.6 16.7 5 13.2 33.3 

External Supplies Barriers  1 2.8 8.7 2 5.3 16.7 

External Support Barriers 1 2.8 8.7 1 2.6 8.7 

Log Material Barriers 1 2.8 8.7 3 7.9 25.0 

Personal (b) Knowledge & Skill Barriers 13 38.9 58.3 9 23.7 50.0 

Memory & Recall Barriers 1 2.8 8.7 3 7.9 16.7 

Behavioral (f) External Guidance 12 12.1 83.3 12 11.7 58.3 

Help-Seeking Behavior 2 2.0 16.7 2 1.9 16.7 

Maintenance Behavior 1 1.0 8.7 0 0.0 0.0 

Routine Establishment 16 16.2 83.3 12 11.7 50.0 

Skill-Related Behavior 1 1.0 8.7 3 2.9 25.0 

Environmental (f) Aesthetics and Format Features 21 21.2 83.3 28 27.2 100.0 

External Logistics 7 7.1 66.7 4 3.9 33.3 

External Rewards 7 7.1 50.0 4 3.9 33.3 

External Supplies  5 5.1 25.0 12 11.7 83.3 

External Support  8 8.1 66.7 7 6.8 58.3 

Log Material  4 4.0 33.3 2 1.9 25.0 

Personal (f) Knowledge & Skill Proficiency 6 6.1 41.7 10 9.7 83.3 

Memory & Recall Aptitude 5 5.1 41.7 3 2.9 25.0 

Positive Perception 4 4.0 33.3 4 3.9 33.3 

Total barriers mentioned 36  38  

Total facilitators mentioned 99  103  

No barriers mentioned 1  8.7 1  8.7 

No facilitators mentioned 0  0.0 0  0.0 

Note. (b) = barrier; (f) = facilitator; n = number of unique respondents per category. ¥ For barriers or facilitators per 

week. 
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 Aesthetics and log format features included its visuals resembling the PECS (n = 

8), readability and appropriately sized boxes (both n = 7), and visual appeal (n = 5; e.g., 

color choices). One participant expressed, “I’m a person who likes pictures––to see it, then 

reading. Some people might be just reading, and some are visual.” Participants appreciated 

the usefulness of time-of-day input options (e.g., for wake time), elicited information 

aligned with specified times, and clearly numbered process (each n = 4). Additional 

features included an appropriate number of boxes (n = 3), clearly marked date input, 

checkbox options, coverage of the full 24-hour day (each n = 2), and numbers denoting 

assessment day (n = 1). Participants liked the paper material since it allowed for drawing 

continuation arrows (n = 6) and noted the importance of their writing proficiencies (n = 4). 

Other knowledge and skill proficiencies included reading (n = 5), time comprehension, 

understanding the distinction between self- and externally-directed activities (both n = 3), 

and translatable past experiences (n = 1; e.g., journaling). Memory and recall abilities (n = 

8) were also highlighted. Physical assistance was common, with caregivers writing entries 

(n = 12) or making corrections (n = 2). One caregiver demonstrated the spelling of words. 

While help-seeking behavior was limited (n = 4), external guidance included caregiver-

initiated knowledge and instruction (n = 16), ongoing reminders (n = 6), and investigator-

initiated instruction (n = 1). One participant suggested structured reminders from 

investigators, with their caregiver reaffirming, “It would be helpful because sometimes I 

forgot.” While few participants mentioned skill-based behaviors like trial-and-error 

learning (n = 3) and practice (n = 1), routine establishment included the adoption of set 

times for logging (n = 12; e.g., before school, work, or bedtime, or after work or dinner), 
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engaging in habit formation (n = 6), developing specific routines for log preparation (n = 

5; e.g., rotating logs out of a folder for the next day) and ensuring regular usage throughout 

the day or consistent time-checking (both n = 2). Notably, one participant texted himself 

his activities and their times, and another put his medicine bottle on his log as a visual cue. 

Other external supplies included the folder (n = 6); personal phone, clock, or wearable 

(each n = 3) for timekeeping; and pens (n = 1). One participant suggested providing extra 

logs. Accessible set-ups at home (n = 8) or a relative’s home (n = 1) and having consistent 

weekly schedules (n = 2) also aided in use. The compensation chart reinforced use through 

monetary incentives (n = 5), earning stars (n = 4), checking boxes, or providing a 

countdown (both n = 1). Overall, participants liked (n = 7) or loved (n = 1) logging. 

3.5. Correlations 

 No significant relationships were found between independent Apple Watch use and 

participant characteristics or factor domains (Appendix I). Less support to use the Apple 

Watch was linked to fewer personal barriers (ρ = 0.50, p < 0.001), more facilitators (ρ = -

0.62, p = 0.04), and better balance (ρ = -0.67, p = 0.02). All but one participant sufficiently 

used the Apple Watch. Those who wore it longer had higher VAB-3 socialization scores 

(ρ = 0.76, p = 0.01), which aligns with its favorable social outcome expectations.  

Independent ActiGraph use was negatively correlated with the total barriers 

mentioned (rpb = -0.58, p = 0.05). Specifically, fewer environmental barriers (ρ = 0.59, p = 

0.04) was linked to less support to use it. Participants requiring less support to use it were 

older (ρ = -0.63, p = 0.05 for wear and ρ = -0.70, p = 0.03 for charging); had higher KBIT-

2 non-verbal scores (ρ = -0.66, p = 0.04), lower VAB-3 daily-living scores (ρ = 0.69, p = 

0.02), and higher self-efficacy after use (ρ = -0.59, p < 0.001); and mentioned fewer 
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personal facilitators (ρ = 0.71, p = 0.01). In addition, less support to wear it was linked to 

more mentioned benefits (ρ = -0.67, p = 0.02), while less support to charge it was linked 

to fewer mentioned benefits (ρ = 0.56, p = 0.02). Sufficient ActiGraph use was linked to 

older age (rpb = 0.70, p = 0.01) and less support (rpb = -0.82, p = 0.001), including less 

support to wear (rpb = -0.66, p = 0.02) and charge (rpb = -0.67, p = 0.02) it. Participants 

who wore it longer mentioned fewer personal facilitators (ρ = -0.66, p = 0.03) but had more 

support to wear it (ρ = 0.68, p = 0.02). 

 No participant independently used the log during Week 1. Less support to initiate 

taking out the logs was linked to fewer behavioral barriers (ρ = 0.74, p = 0.01). Moreover, 

more barriers overall were linked to more support in matching activities to times in the log 

(ρ = 0.70, p = 0.03) and entering activity names (ρ = 0.72, p = 0.02), which persisted into 

Week 2 (ρ = 0.73, p = 0.02; ρ = 0.76, p = 0.01 respectively). Participants with less support 

for remembering with whom activities were performed with (ρ = -0.64, p = 0.05) and why 

activities were performed (ρ = -0.70, p = 0.03) had more costs. Those with insufficient use 

during Week 1 had higher 6MWDs (rpb = -0.58, p = 0.05) and those with a lower percentage 

of completed log entries had higher 6MWD (ρ = -0.78, p = 0.01), more personal barriers 

(ρ = -0.59, p = 0.05), yet more support to look at the time before (ρ = -0.67, p = 0.04) and 

after (ρ = -0.67, p = 0.04) activities. Similarly, independent use of the log during Week 2 

was linked to lower KBIT-2 verbal scores (rpb = -0.60, p = 0.04) yet higher VAB-3 

composite (rpb = 0.62, p = 0.03) and socialization (rpb = 0.57, p = 0.05) scores. Participants 

requiring less support had higher VAB-3 composite (ρ = -0.79, p = 0.02), communication 

(ρ = -0.72, p = 0.05), and daily-living (ρ= -0.63, p = 0.01) scores, as well as better balance 

(ρ = -0.63, p = 0.05) and higher self-efficacy (ρ = -0.71, p = 0.02). Furthermore, less support 
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in taking out the logs (ρ = -0.75, p = 0.01) and input activity reasons (ρ = -0.67, p = 0.04) 

was linked to more environmental facilitators; less support in tracking time before (ρ = -

0.81, p = 0.01) and after (ρ = -0.81, p = 0.01) activities and remembering when activities 

occurred (ρ = -0.76, p = 0.02) was linked to more personal facilitators; and less support in 

for matching activities to times in the log (ρ = 0.69, p = 0.03) was linked to less behavioral 

facilitators, indicating how different forms of facilitation can influence support needs. 

Those with more support overall also reported more benefits (ρ = 0.67, p = 0.03). Sufficient 

log use during Week 2 was negatively correlated with the level of support to look at the 

time before (rpb = -0.63, p = 0.03) and after (rpb = -0.62, p = 0.03) activities during Week 

1, and the level of support during Week 2 overall (rpb = -0.68, p = 0.03). 

4. Discussion 

This study’s objective was to evaluate the factors that impact the independent and 

sufficient use of wrist-worn wearables and an adapted activity log by adults with 

intellectual disability. While over half of the participants independently used the Apple 

Watch and nearly all achieved sufficient wear time, the independent and sufficient use of 

the ActiGraph remained more limited. During Week 1, no participant independently used 

the log and only half used it sufficiently. By Week 2, independent use of the log increased 

slightly, and sufficient use rose to over 80%. These findings suggest that initial engagement 

with assessment tools may require more structured, task-specific support. Over time, with 

repeated exposure and guided practice, users demonstrated increased autonomy and 

generated higher-quality data. Prominently, some factors related to independent and 

sufficient use of the assessment tools parallel those associated with PA and SB 

determinants of adults with intellectual disability identified by previous reviews, such as 
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age,11 level of intellectual functioning,11,12,14 mobility,15 level of social support,16 and 

differing weekend routines.17 Given the overlapping factors related to assessment tool use 

and PA and SB outcomes, further investigation is critical. 

4.1. Factors Extended Beyond Personal Barriers 

Our findings align with and extend upon previous explanations for data sufficiency 

difficulties for PA and SB assessments among adults with intellectual disability. For 

instance, previous studies identified personal barriers, such as difficulties securing the 

activPAL55 and recalling activities.56 In this study, participants mentioned coordination and 

dexterity challenges with putting on wearable bands and adjusting them to the correct fit, 

as well as learning and memory challenges with understanding watch functions (e.g., how 

to mute notifications) and recalling the day’s activities. However, independent and 

sufficient tool use was not solely dependent on these personal barriers or cognitive abilities. 

Rather, it was also shaped by a broader set of environmental and social factors.  

Bandura’s agentic perspective57 suggests that participants actively engage with 

prescribed assessment tasks within their daily routines, influenced by their motivations, 

perceptions, and experiences. Previous studies often attributed non-wear issues to a lack of 

motivation, highlighting the unwillingness or disinterest of participants in using wearable 

devices such as the ActiGraph,58-60 FitBit,61 New Lifestyles,62 or Yamax.63 This study 

found that participants had high self-efficacy scores before and after using the tools and 

generally perceived the tools positively, suggesting that motivation also may not fully 

explain tool use. These findings suggest a need to shift the focus from individual 

capabilities and motivation alone to the multifaceted systemic factors that enable or hinder 

engagement with PA and SB assessment tools and broader methodologies.  
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4.2. Building Autonomy Through Familiarization, Feedback, and Mastery 

Previous research has well well-documented behavioral barriers, such as 

forgetfulness in using the ActiGraph60,64 or activPAL,55 preemptive removal of the 

ActiGraph,64 and loss or damage of the ActiGraph65 or New Lifestyles.62 This study adds 

how routine establishment, self-initiated practice, trial-and-error learning, requests for 

help, external guidance, and reminders can aid in mitigating these challenges. Few studies 

with PA and SB assessments have provided opportunities for participants with intellectual 

disability to practice using assessment tools in supervised settings and habituate to them in 

unsupervised, free-living settings.19 While proactive strategies should be implemented to 

develop competence and autonomous skills with tool use before data collection, our 

findings suggest the opportunity to engage in self-directed and guided mastery within 

supportive free-living settings may be crucial to optimizing tool use. This observation 

aligns with Bandura’s theory,57 which posits that lacking opportunities to engage with 

prescribed tasks within supportive environments, or receiving minimal feedback on 

progress, can lead to demotivation or disengagement.  

Based on these findings, practical steps to improve tool use may include (a) 

personalizing social stories and instructions aligned with participants’ current routines and 

preferred learning modality (e.g., video-based instructions66 and visual activity schedule45); 

(b) providing tailored familiarization sessions for participants in controlled and free-living 

settings before data collection; (c) reinforcing self-initiated practice, trial-and-error 

learning, and participant-led requests for support during these sessions and data collection; 

and (d) addressing fears of damage and reinforcing water-activity use for water-resistant 

and waterproof wearables. 
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4.3. Environmental Supports Influenced Engagement, but Effectiveness Varied 

In addition, various environmental barriers external to the tools themselves have been 

previously identified to influence engagement with the assessment tools, such as 

insufficient monetary incentives,58,67 external logistic barriers like illness55,59,62 or vacation 

during data collection,68 and external support barriers like preemptive removal of the 

Caltrac27 upon request. In our study, external supplies and logistic facilitators were 

frequently mentioned, including having unrestricted use at work; a convenient charging 

set-up at home (e.g., available outlet in the bedroom); and wipes, a protective folder, and a 

personal watch or phone with a familiar time format. In addition, our contingent 

compensation chart reinforced tool use through its tracking mechanism, earning stars, and 

its associated monetary incentives.  

Furthermore, while external guidance and support were frequently provided by 

caregivers in this study, the effectiveness of such support on independent and sufficient 

tool use varied. A potential explanation for this variability is the timing and nature of the 

support provided––from guidance to total assistance––and its alignment with participant 

needs and preferences.1 For example, minimal, excessive, or delayed support could have 

inadvertently undermined participants’ confidence and mastery,57  ultimately diminishing 

the tools’ perceived benefits. For instance, mismatched support for charging the ActiGraph 

led to a reduction in perceived benefits, suggesting the importance of tailored supports in 

maintaining wearable function to foster positive outcome expectations. Interestingly, 

participants who wore the ActiGraph longer mentioned fewer personal facilitators but had 

more support to wear it, reinforcing the importance of matching supports. For the log, 

participants with less support for remembering who activities were performed with and 
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why activities were performing mentioned more costs, potentially indicating participants 

with less access to support to facilitate recall had more negative emotional reactions. Future 

familiarization sessions should incorporate strategies to more directly involve and train 

assistants as needed, facilitating appropriate matching of support throughout data 

collection. However, to further promote independent use, other environmental barriers 

related to the design and usability of the tools themselves should be prioritized. 

4.4. Prioritizing More Universally Accessible Wearable and Charger Design 

This study contributes to the existing literature by emphasizing the critical role of 

environmental barriers related to the aesthetic, physical, and interface attributes of 

wearables, such as the design of bands; mechanisms for securing the device, display 

options; time formats; and the overall shape and size of the tool. Some participants noted 

negative emotional reactions or physical discomfort, such as skin irritation, which has been 

reported as a significant cost with devices like ActiGraph,58 activPAL,55 Axivity,69 

GENEActiv69, or Yamax.70 These physical and interface costs and barriers indicate a 

critical need for more ergonomic, intuitive, and accessible designs that minimize 

discomfort, cognitive load, and dexterity and coordination challenges.71 Practical 

improvements to wearable design include (a) easily personalizable interfaces with 

adjustable time-formats, visual displays, and font sizes;72 (b) interchangeable, easy-to-

clean bands, especially options with Velcro attachments for ease of custom-fitting; (c) 

enhanced battery life and wireless charging capabilities or charger attachments that do not 

require detachment to reduce handling difficulties; and (d) incorporating more interactive 

features may not only boost wear motivation but also promote autonomy73 and self-

management27,74 through assistive functions, such as voice assistants. Furthermore, when 
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a wearable is used to replace a personal watch for PA and SB assessment, it is essential 

that it replicates the functions of the original watch—particularly those related to activity 

tracking and reinforcement—to avoid disrupting daily routines and more accurately reflect 

true activity patterns.  

To complement these recommendations, charger design should include ample 

feedback mechanisms like color-changing lights, sounds, or vibrations to confirm a secure 

connection. A magnetic attachment could limit the uncertainty and reduce the need for 

precise manual placement by aiding in charger and wearable alignment. By widely 

assimilating these design considerations, wearable brands can enhance the accessibility and 

usability of their products for individuals with diverse capabilities,75 potentially improving 

the validity of PA and SB data collected.76 

4.5. Enhancing Log Design for Accessibility and Comprehension 

 The design of log formats must be carefully tailored to meet the needs of adults 

with intellectual disability, who often face challenges such as difficulty with spelling (77%, 

n=83) and using a calendar (37%) and clock (35%) in previous studies (e.g.,72) and this 

study, along with reading and conceptualizating time. Despite these challenges, our log 

design, which included visuals resembling the PECS,42 a structured layout with 

appropriately sized boxes, a clearly numbered process, and checkboxes, was found to 

significantly facilitate usage. The design enhancements aimed at improving readability––

such as employing the Flesch Reading Ease and Flesch-Kincaid Grade Level tools41 and 

choosing specific background colors39,40–were positively recognized by most participants 

(58%) who reported that the log was easy to read and visually appealing.  
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Despite these promising findings, further environmental and behavioral supports 

should be explored, such as personalizing log formats (e.g., initial time slots aligning with 

usual wake times) and integrating additional external supplies like pre-designed stickers 

for common activities or assistive technologies as needed. Specifically, digital tools such 

as wearables, smartphones, and voice-activated virtual assistants can be leveraged to 

support participants in monitoring their times of activities, selecting appropriate boxes for 

data entry, and spelling activity names.26,73 For adults with memory and recall difficulties, 

digital tools with adaptive, real-time support may also facilitate trial-and-error learning and 

habit formation through structured prompts, reminders, and reinforcements.  

4.6. Strengths and Limitations 

 Best practices suggest that the focus should be on working with the individual rather 

than a proxy reporter to promote independent self-monitoring and personal agency.77 This 

study provides insights from the direct perspectives28 of adults with intellectual disability 

on the factors that impact independent and sufficient tool use, which may inform future 

adaptations to improve the accessibility and usability of these tools and comparable tools. 

The study’s main strengths include the mixed-methods crossover design, which captures 

both quantitative characteristics and patterns and qualitative experiences, and the inclusion 

of a purposive sample of adults with intellectual disability using these tools in the free-

living setting to enhance generalizability.30 The purposive sampling of adults with 

intellectual disability with limited-to-intermittent support needs is significant because this 

range reflects the high prevalence of adults with intellectual disability in the categories of 

mild (85%) and moderate (10%) levels of impairment nationally.1 While the purposive 

sample provided sufficient information power for qualitative data,29 the small sample size 
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likely limited the quantitative findings, reducing the chance of detecting significant effects. 

The absence of significant differences in self-efficacy scores before and after using the 

tools may be due to a ceiling effect since participants had notably––perhaps too 

idealistically––high baseline confidence. Additionally, the sensitivity, validity, and 

reliability of the self-efficacy instrument and daily caregiver evaluations remain unknown, 

warranting further investigation. 

Given that self-efficacy influences behavioral persistence and effort, future 

research should explore targeted strategies—such as addressing environmental barriers and 

leveraging behavioral facilitators while integrating personal factors to personalize 

approaches—to enhance confidence and sustained engagement with wearables and logs, 

especially amidst barriers and costs. Future research should explore the efficacy of 

embedding these supports into wearables to bridge the gap between PA and SB assessment 

and assistive technology, enhancing sufficient data while fostering independence and 

promoting long-term habit formation. In addition, to provide more robust analyses of 

factors predicting independent and sufficient tool use, investigations with larger sample 

sizes and powered models are warranted. 

5. Conclusion 

Enhancing PA and SB assessment tools for use by adults with intellectual disability 

is essential for enriching data quality for assessments19 and designing interventions that 

leverage these tools to promote long-term health behavior change. Designing or selecting 

appropriate assessment tools and methodologies that include personalized preparatory 

actions, instructions, and behavioral strategies based on these factors may enhance the 

overall suitability and data quality of PA and SB assessments.12,20 Nonetheless, behaviors 
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like tool use are shaped by a continuous interaction between personal factors; behavioral 

patterns;57 and environmental influences, including rapidly advancing technologies with 

changes to physical, interactive, and interface features.26 As assessment tools evolve, 

methodologies must continually evolve while ensuring accurate, reliable, and consistent 

outcome reporting.19 The continued optimization of accessible novel and existing tools is 

paramount for equitable use, whether for assessments, interventions, or programs. By 

identifying factors that enhance or hinder the independent and sufficient use of PA and SB 

assessment tools, this study contributes to developing more inclusive monitoring practices. 
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KEY FINDINGS AND FUTURE DIRECTIONS 

The objective of this dissertation was to comprehensively identify evidence from 

existing and new data to support the future development or enhancement of PA and SB 

assessments that match the needs and preferences of adults with intellectual disability. 

High-quality PA and SB data impacts all phases of disease prevention and health promotion 

research, from establishing relationships between behaviors and health outcomes to 

translating research into practice (Sallis et al., 2000). Reviews have noted that PA 

interventional studies among adults with ID have been limited by a lack of PA assessment 

or use of objective methods for activity tracking during exercise sessions for comparison 

between experimental and control groups (Obrusnikova et al., 2021a; Obrusnikova et al., 

2021b), the use of PA and SB tools that may not have appropriate measurement 

effectiveness (Brooker et al., 2015), inconsistent tools used (Dairo et al., 2016), and 

insufficient data values and incomplete datasets (Brooker et al., 2015; Dairo et al., 2016; 

Hassan et al., 2019). In this dissertation, the scoping review revealed inconsistent PA and 

SB assessment tools employed among adults with intellectual disability, along with diverse 

preparatory actions, limited reporting of instructions not relying on spoken language, 

various behavior strategies applied during data collection, inconsistent data processing 

techniques, and varied data sufficiency for subjective and objective techniques. Given the 
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extensive variability of PA and SB assessment methodologies, this review recommended 

comprehensive and standardized reporting practices for PA and SB outcomes and 

assessment methodologies to ensure alignment across rapid technological advancements 

and innovations. 

An example of rapid technological advancements and innovations in PA and SB 

research is leveraging the Apple Watch––a market-leading consumer-grade wearable––to 

assess these behaviors and deliver behavioral change intervention notifications. Systematic 

reviews have supported the Apple Watch’s validity, reliability, sensitivity, and feasibility 

in PA and SB assessments among adults for heart-rate monitoring, step counting, and 

accelerometry (Bai, 2017; Fuller et al., 2020) and adults who use manual wheelchairs for 

push counts (Glasheen et al., 2021). It also has the most self-monitoring attributes for PA 

and SB assessment and interventions of the available wearables (Sanders et al., 2016). In 

this dissertation, the observational study employing the Apple Watch for PA assessment 

among adults with intellectual disability found promising compliance rates for Apple 

Watch use by adults with intellectual disability. Nonetheless, not all participants 

consistently wore the Apple Watch each day for all seven days, or even four days, of the 

assessment, warranting further investigation of the factors contributing to its data 

sufficiency or insufficiency. 

Similarly, our review revealed varied data sufficiency among studies that have 

employed an ActiGraph wearable, with 45-100% of adult participants with intellectual 

disability having sufficient PA or SB data for analysis. The ActiGraph is the most common 

objective assessment tool brand employed across the studies in our scoping review. These 
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accelerometers have a rich history in PA research, most notably in being used to establish 

the Freedson 1998 Adult uniaxial cut-points for scoring PA intensity. In 2022, the 

ActiGraph was employed to establish SB Vector Magnitude cut-points for adults with 

Down syndrome. However, these research-grade wearables have been described as 

“cumbersome,” with some participants not being motivated to wear the device. This 

dissertation evaluated the factors that impact the independent and sufficient use of the 

Apple Watch, ActiGraph, and an adapted activity log. Guided by Social Cognitive Theory 

(Bandura, 1986), our randomized crossover study systematically identified the underlying 

mechanisms and contextual influences that impacted the use of these tools by adults with 

intellectual disability for a PA and SB assessment, generating comprehensive lists of 

sociostructural factors and outcome expectations. Uniquely, this study focused on the 

underlying explanations of insufficient data rather than excluding these participants from 

the analysis. By rigorously evaluating these factors from the direct perspectives of adults 

with intellectual disability and their caregivers, this research informs the barriers, 

facilitators, costs, and benefits of using these tools in surveillance, epidemiology, 

interventional studies, and health promotion programs. Moreover, the insights can inform 

policy decisions to promote more inclusive health assessment strategies, ensuring that 

adults with ID are not excluded from critical public health surveillance and intervention 

efforts. This work advocates for personalized approaches to methodology refinement and 

accessible tool design to optimize PA and SB assessments. Findings suggest that 

addressing environmental and behavioral barriers could be more effective than focusing 

solely on personal factors in promoting independent use. 
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These studies lay the foundation to address the current shortcomings of existing 

tools and diverse methodologies and begin rigorously establishing valid and reliable PA 

and SB assessment methodologies among adults with intellectual disability. The findings 

will help researchers develop the support needs and strategies to improve PA and SB 

assessments that use these tools, which is essential to enhance measurement 

appropriateness and effectiveness (Pitchford, 2018) and self-regulatory capabilities 

(Bandura, 2004). While these advancements hold promise, it is important to acknowledge 

the potential limitations in generalizability and the influence of individual differences in 

the factors that impact independent and sufficient use of assessment tools. Acknowledging 

individual and contextual differences is essential to developing tailored strategies that 

improve accessibility, support sustained engagement, and ultimately enhance the accuracy 

and relevance of PA and SB assessments for adults with intellectual disability. 

 Future research plans include completing Phases II and III of development and 

evaluation to refine a PA and SB assessment methodology for adults with intellectual 

disability (i.e., MPAS-AID) through partnerships among investigators, adults with 

intellectual disability, and their caregivers. Leveraging this dissertation’s findings, barriers 

and costs will be systematically addressed, and facilitators and benefits will be weighed to 

refine the MPAS-AID. A detailed face and content validity and feasibility evaluation 

through the collaboration and consensus of relevant experts will provide meaning, context, 

and purpose to the MPAS-AID (Kelly et al., 2016) and ensure all intended behavioral and 

physiological aspects of PA and SB will be assessed (Kelly et al., 2016). Future work can 

build upon this initial examination of feasibility, face, and content validity to assess 
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concurrent or predictive validity (i.e., convergent and criterion validity) and reliability (i.e., 

test-retest within and between individuals, inter-and intra-rater, and inter-and intra-

measure reliability). 
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PAPER  1 SEARCH STRATEGY AND INCLUDED STUDIES 

Table A-5-1. Full search strategy. 

Sample 

Physical Activity or 

Sedentary Behavior 

Methodology/Assessment Exclusions 

(adult*) AND 

(“intellectual* disab*” 

OR “intellectual* 

disorder*” OR 

“intellectual* impair*” 

OR “mental* retard*” 

OR “cognitive* 

deficien*” OR 

“cognitive* disab*” OR 

“cognitive* handicap*” 

OR “cognitive* 

subnormal*” OR 

“cognitive* impair*” OR 

“development* disab*” 

OR “development* 

disorder*” OR 

“development* impair*” 

OR “Down* syndrome” 

OR “prader willi” OR 

prader-willi OR trisomy 

(“phys* activ*” OR 

“energy expend*” OR 

“daily life activ*” OR 

“free-living activ*” 

OR aerobic* OR 

muscle OR strength 

OR “leisure activ*” 

OR exercis* OR 

“motor activ*” OR 

fitness OR “life-style 

activ*” OR “life style 

activ*” OR “phys* 

behav*” OR 

“sedentary behavior” 

OR “sedentary” OR 

sitting OR lying OR 

reclining) 

(method* OR assess* OR measure* OR 

protocol OR test* OR subjective OR 

objective OR surveillance OR screen* OR 

classif* OR regulat* OR self-regulat* OR 

tool OR device OR wearable OR track* OR 

monitor* OR calorimet* OR acceleromet* 

OR pedomet* OR actiwatch OR smartwatch 

OR “motion logger” OR “smart tech*” OR 

“smart watch” OR “smart phone” OR 

smartphone OR “doubly label*” OR survey 

OR questionnaire OR log OR diary OR 

report OR interview OR recall OR scale OR 

index* OR indices OR application OR 

observation* OR strateg* OR instruction OR 

prompt* OR familiarization OR psychometr* 

OR feasibl* OR valid* OR reliab* OR 

sensitivity OR specificity OR “measurement 

accuracy” OR “measurement error” OR 

“measurement precision” OR “measurement 

effectiveness”)  

(child* OR infant* OR 

toddler* OR pediatric* 

OR stroke OR 

Parkinson* OR 

Alzheimer* OR 

dementia* OR “brain 

injury” OR “hearing 

impair*” OR deaf OR 

blind OR “mobility 

impair*” OR “physical 

impair*” OR dystroph* 

OR “multiple sclerosis” 

OR “fatigue syndrom*” 

OR HIV* OR 

schizophren* OR 

illness* OR fracture* 

OR injur* OR pregnan* 

OR frail* OR animal* 

OR mice OR vaccin*) 
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OR “Special Olympic*” 

OR “learning disab*” OR 

“learning impair*”) 

Database Additional Limitations or Filters 

CINAHL Scholarly Peer Reviewed, English Language, Journal Article, English 

ERIC (Proquest) Peer Reviewed, Exclude duplicate documents, English, Journal Articles  

MEDLINE Peer Reviewed, Exclude duplicate documents, English, Journal Articles 

PsychINFO Peer Reviewed, Exclude duplicate documents, English, Journal Articles 

SportsMedicine & 

Education Index 

Peer Reviewed, Exclude duplicate documents, English, Article 

SPORTDiscus with Full 

Text 

Peer Reviewed, English abstract available, English Language, Article 

PubMed English, Journal Article, Humans 

Scopus English, Article, Journals, Final Publication Stage, Human 

Cochrane All Text, Trial, No Word Variations 

Web of Science English, Article 

 

Table A-5-2. Included studies that quantified baseline physical activity (PA) or sedentary 

behavior (SB) indicators. 

ID 

First Author 

(Pub Yr.)—

Country 

Participant Characteristics 

Technique (Tool–

Brand Model or 

Type) 

Baseline PA or SB Indicatorunit (M ± 

SD or Med, IQR) 

n (% of N) 

w/Sufficient 

PA or SB 

Data; Wear 

(h/d) 

n 

(%Female); 

Years of Age 

(Age Range) 

Diagnosis/-es 

(IQ or AB); 

Support Level 

1 [41] 

Adolfsson 

(2008)—SE 

32 (43.75); 

35.6 ± 8.61 

(26–66) 

ID (NR); lower 

levels to more 

extensive 

O (DO) and S 

(LOG–

PAscore/MIXED) 

PAscore: 1.4 ± 0.12 

32 (94.1); 

NA 

2 [42] 

Ballenger 

(2023)—US 

34 (55.9); 

37.7 ± 11.6 

(19–60) 

DS (NR); NR 

O (ACC–AG 

wGT3X-BT) 

SBmin/d: 395.8 ± 94.1; SB%wear: 48.1 ± 

10.3 

34 (CD); 

13.8 ± 1.6 
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3 [43] 

Barnes 

(2013)—US 

294 (51.7); 

37.8 ± 11.9 

(18–65) 

ID (SPMSQ 

NR); MMI 

M1: O (ACC–AG 

NR) 

M2: S (INT–

PACI/SELF) 

MVPAmin/wk: 108.6 ± 114.4 (M1); 

PAactivities/d: 1.6 ± 1.5 (M2) 

M1: 131 

(44.6); NR 

M2: 294 

(100.0); NA 

4 [44] 

Bellicha 

(2020)—FR 

10 (100.0); 

28.8, 8.8 

(NR) 

PWS (NR); NR 

O (ACC–AG 

GT3X) 

PACPM: 211, 192; LPA%wear: 24, 5; 

MVPA%wear: 1.7, 4.2; MVPA10
min/wk: 

5, 101 

7 (70.0); 

12.1, NR 

5 

[101] 

Bergström 

(2013)—SE 

EG: 64 

(57.8); 36.2 

± 10.1 (NR) 

CG: 66 

(56.1); 39.4 

± 11.3 (NR) 

ID (NR); MMI 

O (PED–YM 

KW-LS2000) and 

S (LOG–AD 

Steps#/SELF) 

Steps#/d: 8042 ± 5524 (EG), 6296 ± 

4167 (CG) 

EG: 46 

(71.9); NR 

CG: 53 

(80.3); NR 

6 [94] 

Bodde 

(2012)—US 

42 (50); NR 

(19–62) 

ID (NR); MMI 

O (ACC–AG 

GT1M) 

MVPAmin/wk: 7.00 ± 21.57 

25 (59.5); 

NR 

7 

[118] 

Bodde 

(2013)—US 

42 (50.0); 

38.81 ± NR 

(19–62) 

DS, ID (NR); 

MMI 

O (ACC–AG 

GT1M) 

MVPAmin/d: 7.73 ± 24.21 

25 (59.5); 

NR 

8 [45] 

Boonman 

(2019)—NL 

and US 

27 (56.0); 29 

± 8.2 (NR) 

ID (“screened 

for SVPR”); 

MMI 

S (QNR–IPAQ 

NR/SELF) 

PAMET-min/wk: 915, 3413 

27 (CD); 

NA 

9 [46] 

Celebańska 

(2013)—PL 

69 (39.1); 

31.9 ± NR 

(21–54) 

ID (NR); 

“moderate or 

considerable” 

O (PED–YM 

NR) and S 

(LOG–AD 

Steps#/SELF) 

Steps#/d: 6656 ± NR  

69 (CD); 

NR 

10 

[47] 

Chan 

(2012)—HK 

38 (47.4); 

37.68 ± 

10.12 (NR) 

ID (NR); MMI 

O (PED–YM 

SW-700) and S 

(LOG–

Steps#/PROXY) 

Steps#/d: 7432 ± 4073 

40 (95.0); 

NR 
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11 

[48] 

Chen 

(2018a)—US 

14 (21.4); 

21.54 ± 5.19 

(14–29) 

DS (6.32 ± 

2.11 PPVT-

III); NR 

S (QNR–

GLTEQ/PROXY) 

PAMET-min/wk: 34.29 ± 16.96 

14 (CD); 

NA 

12 

[49]  

Chen 

(2018b)—US 

18 (27.8); 

21.13 ± 5.37 

(14–31) 

DS (NR); NR 

S (QNR–

GLTEQ/PROXY) 

PAMET-min/wk: 35.78 ± 17.00 

18 (CD); 

NA 

13 

[50] 

Chen 

(2021)—US 

30 (26.7); 

21.26 ± 5.46 

(13–31) 

DS (6.04 ± 

1.80 PPVT-

III); NR 

S (QNR–

GLTEQ/PROXY) 

PAMET-min/wk: 34.97 ± 26.28 

30 (CD); 

NA 

14 

[51] 

Choi (2020)—

US 

G1: 60 (50); 

41 ± 4 (NR) 

G2: 20 (70) 

51 ± 11 (NR) 

ID (NR); 

MISV 

O (ACC–AG 

wGT3X-BT) 

MVPAmin/d: 21 ± 22 (G1), 9 ± 12 

(G2); LPAmin/d: 340 ± 114 (G1), 349 ± 

8 (G2) 

66 (82.5); 

NR 

15 

[52] 

Chow 

(2018)—HK 

114 (37.7); 

41.7 ± 9.5 

(18–64) 

ID (NR); MMI 

O (ACC–AG 

wGT3X-BT) 

LPA%: 31.1 ± 10.8; LPAmin/d: 229.9 ± 

85.3; MVPA%: 1.6 ± 3.4; MVPAmin/d: 

9.9 + 19.7; SB%: 67.3 ± 12.0; SBmin/d: 

495.4 ± 87.1 

90 (78.9); 

12.1 ± 1.6 

16 

[53] 

Coats 

(2023)—CA 

G1: 9 

(100.0); 34.4 

± 13.6 (20–

64) 

G2: 6 (0.0); 

38.0 ± 14.5 

(21–58) 

DS, ID (NR); 

NR 

M1: O (ACC–

Polar Ignite) 

M2: S (LOG–

Adapted Temple 

(2003)/SELF) 

MVPAmin/wk: 602 ± 500 (M1); 

LPAmin/wk: 2342.22 ± 1281.40 

(M1G1), 3496.54 ± 2468.43 (M1G2); 

SBhr/wk: 91.4 ± 36.7; SBmin/wk: 

5457.72 ± 1753.83 (M1G1), 5524.62 

± 2940.93 (M1G2) 

M1: 15 

(100); 21.4 

± NR 

M2: 15 

(CD); NA 

17 

[102] 

Curtin 

(2013)—US 

G1: 10 

(90.0); 20.5 

± 4.1(NR) 

G1: DS (49.1 ± 

9.3 KBIT); NR 

G2: DS (44.8 ± 

6.3 KBIT); NR 

O (MS–AC MM) 

and S (LOG–

Wear/PROXY) 

MVPAmin/d: 60.7 ± 59.6 (G1), 83.1 ± 

47.7 (G2) 

21 (100.0); 

NR 
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G2: 11 

(72.7); 20.5 

± 2.4 (NR) 

18 

[54] 

Dairo 

(2017)—UK 

20 (50.0); 50 

± 16 (22–70) 

ID (NR); 

MIPR 

M1: O (ACC–AX 

AXS or AN 

GENEActiv)  

M2: S (QNR–

IPAQ-

SF/MIXED) 

MVPAmin/wk: 144.5 + 257.8 (M1), 

207.1 + 240.8 (M2) 

MVPA + walkmin/wk: 269.0 + 372.3 

(M2) 

M1: 17 

(85.0); NR 

M2: 20 

(100.0); NA 

19 

[55] 

Dixon-Ibarra 

(2013)—US 

G1: 45 

(46.0); 32.34 

± 8.43 (20–

49) 

G2: 31 

(37.0); 57.87 

± 6.88 (50–

77) 

DS, ID (NR); 

MMI 

M1: O (ACC–AG 

GT1M  

M2: O HJ 

720ITC) 

LPAmin/d: 3.84 ± 1.20 (M1G1), 3.75 ± 

1.42 (M1G2); MVPAmin/d: 21.0 ± 18.6 

(M1G1), 10.2 ± 13.8 (M1G2); 

Steps#/d: 6031 ± 2929 (M2G1), 4552 

± 3176 (M2G2); SBhr/d: 6.75 ± 1.94 

(M1G1), 7.36 ± 1.77 (M1G2) 

M1G1: 40 

(88.9), 

M1G2: 28 

(90.3), 

M2G1: 42 

(93.3), 

M2G2: 27 

(87.1); 11 ± 

NR 

20 

[126] 

Dixon-Ibarra 

(2017)—US 

18 (72.0); 

59.4 ± 7.5 

(NR) 

ID (NR); NR 

O (ACC–OM HJ-

720ITC) 

Steps#/d: 2375 ± 740 

6 (33.3); 11 

± 0.76 

21 

[119] 

Dodd 

(2023)—US 

G1: 43 

(63.0); 28.6 

± 9.4 (NR) 

G2: 36 

(44.0); 24.5 

± 8.1 (NR) 

DS (NR); NR 

O (ACC–AG 

wGT3X-BT) 

LPAmin/d: 268.8 ± 75.0 (G1), 276.3 ± 

92.6 (G2); MVPAmin/d: 12.0 ± 11.7 

(G1), 20.6 ± 28.8 (G2); SBmin/d: 495.8 

± 143.0 (G1), 474.2 ± 113.6 (G2) 

65 (82.3); 

NR 
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22 

[56] 

Draheim 

(2010)—US 

52 (51.9); 42 

± 5 (35–60) 

DS (NR); INLI 

S (QNR–PA- 

NHANES 

III/MIXED) 

MVPAmin/wk: 188.20 ± 326.50 

52 (CD); 

NA 

23 

[112] 

Finlayson 

(2009)—UK 

G1: 232 (0); 

NR (NR) 

G2: 201 

(100); NR 

(NR) 

ASD, DS, ID 

(NR); MIPR 

S (INT–

AD/SELF) 

MVPAhr/wk: 1.8 ± NR (G1), 1.5 ± NR 

(G2); PAhr/wk: 2.9 ± NR (G1), 2.5 ± 

NR (G2) 

433 (CD); 

NA 

24 

[114] 

Finlayson 

(2011)—UK 

62 (56.5); 

37.1 ± 12.8 

(18–66) 

ASD, DS, ID 

(NR); MMI 

M1: O (MS–PAL 

ActivPAL)  

M2: S (INT–

AD/SELF) 

Steps#/d: 8509 ± 4384 (M1); 

MPA30
bouts/wk: 1.7 ± 1.7 (M1), 4.3 ± 

4.5 (M2); MPAmin/wk: 169.3 ± 197.5 

(M1), 343.7 ± 278.4 (M2); SBhr/wk: 

18.71 ± 1.88 (M1) 

M1: 41 

(66.1); NR 

M2: CD 

(CD); NA 

25 

[57] 

Firkin 

(2023)—US 

9 (55.6); 26.8 

± 5.7 (21–

36) 

CP, DS, ID 

(53.8 ± 10.0 

FSIQ, 58.6 ± 

11.2 VCI, 55.0 

± 7.8 PRI, 

101.2 ± 34.3 

ROWPVT); 

INLI 

M1&2: O (MS–

AW 4) 

M3: S (LOG–

Mode/MIXED) 

Steps#/d: 6015.1 ± 2169.9 (M1), 

5261.5 ± 1479.8 (M2); TEEkcal/d: 

2371.1 ± 724.9 (M1), 2243.5 ± 672.3 

(M2); AEEkcal/d: 465.9 ± 193.7 (M1), 

395.6 ± 146.0 (M2) 

M1: 6 

(66.7); 12.1 

± 4.7  

M2: 7 

(77.8); 11.3 

± 4.8 

M3: 9 

(100); NA 

26 

[58] 

Fleming 

(2022)—US 

66 (51.5); 

37.77 ± 8.20 

(25–55) 

DS (7.67 ± 

3.30 PPVT-4); 

MISV 

O (ACC–AG 

GT9X) and S 

(LOG–

Mode/MIXED) 

MVPA%: 10.52 ± 6.79; MVPAmin/wk: 

135.00 ± 98.52; SB%: 43.81 ± 10.45; 

SBmin/d: 534.04 ± 172.19 

66 (CD); 

21.1 ± 4.2 

27 

[59] 

Frey (2004)—

US 

22 (50.0); 

34.9 ± 9.1 

(NR) 

DS, ID, OSID 

(NR); INLI 

M1: O (ACC–AG 

AM7164) 

M2: S (LOG–

Mode/MIXED) 

PACPM: 329.0 ± 115.3 (M1); 

MVPAmin/d: 19.7 ± 17.6 (M1) 

M1: 22 

(64.7); 13.1 

± 1.7 
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M2: 4 

(11.8); NA 

28 

[60] 

García-Hoyos 

(2017)—ES 

75 (48); 33 ± 

10 (18-NR) 

DS (NR); NR 

S (IPAQ–

SF/SELF) 

PAd/wk: 8.5 ± 4.0; PAmin/d: 148 ± 101; 

PAMET-min/wk: 2640 ± 2314 

CD (CD); 

NA 

29 

[61] 

Geijer 

(2014)—US 

G1: 33 (45); 

43.7 ± 5.5 

(NR) 

G2: 33 (45); 

44.2 ± 6.0 

(NR) 

G1: DS (NR); 

NR 

G2: ID (NR); 

NR 

S (QNR–PA-

NHANES 

III/MIXED) 

PAmin/wk: 335.33 ± NR (G1), 301.15 ± 

NR (G2) 

66 (100); 

NA 

30 

[62] 

Gerald 

(2014)—US 

G1: 10 (100); 

35.1 ± 14.9 

(NR) 

G2: 12 (0); 

33.9 ± 9.3 

(NR) 

ID (NR); 

“higher 

functioning” 

O (ACC–UCLA 

Wireless 

Community 

PAM)  

PAmin/d: 54.4 ± 11.6 (G1), 63.2 ± 28.3 

(G2); MPAmin/d: 6.7 ± 1.7 (G1), 13.9 

± 12.9 (G2); LPAmin/d: 45.7 ± 11.6 

(G1), 49.3 ± 23.2 (G2); SBhr/d: 23.1 ± 

0.19 (G1), 22.9 ± 0.47 (G2) 

G1: 7 

(70.0); NR 

G2: 10 

(83.3); NR 

31 

[63] 

Ghosh 

(2021)—US 

52 (51.9); 46 

± 14 (20–79) 

CP, DS, ID 

(NR); MISV  

O (ACC–AG 

wGT3X-BT) 

PASEDBreak-#/d: 13.5 ± 4.6; PASEDBreak-

min/d: 101.9 ± 61.7; SBmin/d: 513.6 ± 

139.0; SB%wear: 59.3 ± 11.8 

52 (59.8); 

14.4 ± 2.2 

32 

[64] 

Guijarro 

(2008)—ES 

39 (53.8); 26 

± 7 (18–45) 

DS (NR); NR 

S (QNR–

NR/SELF)  

PAkcal/hr/wk: 2560 ± 2144 

39 (CD); 

NA 

33 

[103] 

Harris 

(2017)—UK 

G1: 26 

(69.2); 40.6 

± 15.0 (NR) 

G2: 24 

(58.3); 43.6 

± 14.0 (NR) 

DS, FXS, ID 

(NR); MIPR 

M1: O (ACC–AG 

GT3X + ) 

M2: S (IPAQ–

SF/MIXED)  

MVPA%/d: 4.5 ± 2.7 (M1G1), 4.7 ± 

3.8 (M1G2); LPA%/d: 21.8 ± 6.2 

(M1G1), 22.3 ± 8.0 (M1G2); SB%/d: 

73.7 ± 7.6 (M1G1), 73.0 ± 9.7 

(M1G2) 

M1G1: 25 

(96.2); NR 

M1G2: 22 

(91.7); NR 

M2: 0 (0); 

NA 
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34 

[120] 

Harris 

(2019a)—UK 

143 (51.7); 

45.3 ± 13.6 

(18-NR) 

ID (NR); 

MIPR 

O (ACC–AG 

GT3X+) 

PASEDBreak-#/d: 7.0, 7.0; PASEDBreak-

min/bout: 43.2, 30.5; SBhr/d: 8.1, 4; 

SBmin/d: 491.3, 239; SB%wear: 73.0 ± 

10.4 

143 (94.1); 

11.3 ± NR 

35 

[127] 

Harris 

(2019b)—UK 

G1: 26 

(69.2); 40.6 

± 15 (NR) 

G2: 24 

(58.3); 43.6 

± 14 (NR) 

ID (NR); 

MIPR 

M1: O (ACC–AG 

GT3X+) 

M2: S (IPAQ–

SF/NR) 

PAmin/d: 176.8 ± 53.3 (M1G1), 191.2 

± 85.1 (M1G2); SBmin/d: 501.1 ± 

125.9 (M1G1), 522.3 ± 165.3 (M1G2) 

M1G1: 25 

(96.2); NR 

M1G2: 22 

(91.7); NR 

M2: 0 (0); 

NA 

36 

[65] 

Hilgenkamp 

(2012a)—NL 

257 (48.2); 

~60.0 ± NR 

(50–89) 

DS, ID (NR); 

BOSV 

O (PED–NL 

1000) and S 

(LOG–

Steps#/PROXY) 

Steps#/d: 6601 ± 3610 

257 (24.5); 

NR 

37 

[66] 

Hilgenkamp 

(2012b)—NL 

268 (48.5); 

~59.9 ± NR 

(50–84) 

DS, ID (NR); 

BOSV  

O (PED–NL 

1000) and S 

(LOG–

Steps#/PROXY) 

Steps#/2-Mons: 6946 ± 4599; Steps#/2-

Tues: 7050 ± 4532; Steps#/2-Weds: 6977 

± 4342; Steps#/2-Thus: 7099 ± 4561; 

Steps#/2-Fri: 6937 ± 4227; Steps#/2-Sat: 

6098 ± 4026; Steps#/2-Sun: 5293 ± 

4261 

135 (50); 

NR 

38 

[104] 

Højberg 

(2022)—DK 

EG: 52 

(53.8); 26.7 

± 1.2 (NR) 

CG: 14 

(35.7); 29.1 

± 1.7 (NR) 

ASD, CP, DS, 

FXS, ID, OSID 

(NR); MMI 

O (ACC–Axivity 

AX3) 

PAmin/wk: 407 ± NR (EG), NR (CG); 

Steps#/hr/wkd: 738 ± 67 (EG), NR (CG); 

Steps#/hr/wknd: 564 ± 58 (EG), NR 

(CG) 

CD (CD); 

NR 

39 

[121] 

Hsieh 

(2017)—US 

1618 (44.8); 

37.67 ± 

ASD, CP, DS, 

ID (NR); 

BOPR 

S (QNR–NR 

/MIXED) 

SBTVhr/d: 3.42 ± 2.13 

1618 (57.0); 

NA 
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14.39 (18–

86) 

40 

[67] 

Hsu (2021)—

TW 

60 (45); 

39.19 ± 

11.70 

(19.20–

70.20) 

ID (NR); MMI 

O (ACC–AG 

GT3X) 

Steps#/d: 6486 ± 2935; MVPAmin/d: 

16.67 ± 13.84; LPAmin/d: 275.25 ± 

76.86; SBmin/d: 517.69 ± 103.19 

60 (100); 

NR 

41 

[95] 

Jo (2018)—

KR 

EG: 10 (30); 

30.60 ± 

11.00 (18-

NR) 

CG: 10 (70); 

31.80 ± 

11.32 (18-

NR) 

ID (NR); NR 

O (ACC–AG 

GT3X+) 

Steps#/d: 6670 ± 2090 (EG), 5300 ± 

1260 (CG); PAkcal/d: 78.37 ± 37.18 

(EG), 67.86 ± 31.53 (CG); 

MVPAmin/d: 43.29 ± 21.59 (EG), 

29.83 ± 14.13 (CG); SBhr/d: 14.77 ± 

1.62 (EG), 13.66 ± 2.32 (CG) 

EG: 8 

(80.0); NR 

CG: 6 

(60.0); NR 

42 

[108] 

Lante 

(2011)—US 

2 (50);  

P1: 21y 

P2: 22y 

ID (NR); MI 

O (ACC–AG 

GT1M) 

LPAmin/wkd: 58.44 ± 1.18 (P1), 59.32 ± 

0.57 (P2); LPAmin/wknd: 59.60 ± 0.24 

(P1), 58.98 ± 1.59 (P2); LPA%wake/wkd: 

97.40 (P1), 98.88 (P2); LPA%wake/wknd: 

99.33 (P1), 98.30 (P2); MVPAmin/wkd: 

1.56 ± 1.18 (P1), 0.67 ± 0.57 (P2); 

MVPAmin/wknd: 0.40 ± 0.24 (P1), 1.02 

± 1.59 (P2); MVPA%wake/wkd: 2.60 

(P1), 1.22 (P2); MVPA%wake/wknd: 0.67 

(P1), 1.70 (P2); Steps#/wake/wkd: 386.04 

± 128.14 (P1), 434.24 ± 189.92 (P2); 

Steps#/wake/wknd: 208.32 ± 42.88 (P1), 

297.70 ± 241.72 (P2) 

2 (100); NR 
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43 

[109] 

Li (2019)—

US 

4 (50); 23 ± 

1.41 (21–25) 

ASD, ID (NR); 

NR 

O (ACC–FB ZIP) Steps#/d: 6935.8 ± 857.6 4 (100); NR 

44 

[128] 

Maine 

(2019)—UK 

48 (37.5); 

20.9 ± 5.02 

(18–39) 

ID (NR); MI 

M1: O (PED–YM 

SW-200) and S 

(LOG–

Steps#/SELF) 

M2: S (QNR–

IPAQ NR/SELF) 

Steps#/d: 4485.7 ± 3211 (M1); PAMET: 

598, NR (M2); PAMET-transport: 165, 

NR (M2); PAMET-household: 150.75, NR 

(M2); PAMET-recreational: 224.75, NR 

(M2) 

M1: 48 

(CD); NR 

M2: 48 

(CD); NA 

45 

[68] 

Martin 

(2011)—UK 

28 (35.9); 

NR ± NR 

(25–54) 

ID (NR); NR 

S (QNR–IPAQ 

SF/PROXY) 

PAMET-min/14d: 1066, 1670.25; 

MPAMET-min/14d: 240, 720; VPAMET-

min/14d: 0, 540 

28 (13.3); 

NA 

46 

[122] 

Matthews 

(2011)—UK 

45 (62.2); 

48.3 ± 12.01 

(23–72) 

DS, ID (NR); 

MISV 

M1: O (ACC–AG 

GT1M) and S 

(LOG–

Wear/MIXED) 

M2: S (IPAQ–

SF/MIXED) 

MPAmin/d: 12.82 ± 15.98 (M1), 7.17 ± 

12.38 (M2); SBhr/d: 10.17 ± 2.06 

(M1), 9.36 ± 3.21 (M2) 

M1 + M2: 

45 (83.3); 

NR 

47 

[129] 

Matthews 

(2016)—UK 

54 (46); 45 ± 

14 (NR) 

ID (NR); 

MISV 

O (PED–NR) and 

S (LOG–

Steps#/MIXED) 

Steps#/d: 4744 ± 2076 

54 (CD); 

NR 

48 

[105] 

McDermott 

(2012)—US 

443 (50.3); 

38.8 ± NR 

(19–70) 

EG: 216 

CG: 216 

ID (NR); MMI 

O (ACC–AG 

NR) 

MVPA%wear: 2.0 ± NR; LPA%wear: 

10.6 ± NR; SB%wear: 87.4 ± NR; 

MVPAmin/wear-min: 0.024 ± 0.025 (EG), 

0.02 ± 0.0301 (CG) 

401 (90.5); 

9.7 ± NR 

EG: 61 

(28.2); NR 

CG: 57 

(26.4); NR 

49 

[69] 

McKeon 

(2013)—IE 

17 (0); 42 ± 

NR (19–59) 

ID (NR); 

MIPR 

M1: O (ACC–

BM SWA) 

Steps#/d: 5308 ± 5502 (M1); TEEkcal/d: 

1970 ± 598 (M1); AEEkcal/d: 377 ± 

425 (M1); PAh/d: 1.24 ± 1.01 (M1); 

M1: 17 

(CD); 16 ± 

6 
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M2: S (QNR–

IPAQ NR/SELF) 

PAkcal/kg/h: 1.40 ± 0.24 (M1); MPAh/d: 

1.21 ± 1.00 (M1); VPAh/d: 0.03 ± 0.04 

(M1); SBh/d: 15.00 ± 6.00 (M1) 

M2: 17 

(CD); NA 

50 

[96] 

Melo 

(2021)—PT 

15 (40); 30.1 

± 7.5 (NR) 

ASD, DS, ID 

(NR); MMI 

O (ACC–AG 

GT1M) 

MVPAmin/wk: 270.2 ± 150.5 

15 (CD); 

NR 

51 

[124] 

Melville 

(2011)—UK 

54 (59.3); 

48.3 ± 12.01 

(23–71) 

DS, ID (NR); 

MIPR 

M1: O (ACC–AG 

GT1M) and S 

(LOG–

Wear/SELF) 

M2: S (QNR–

IPAQ-

SF/MIXED) 

PAwalk-min/wk: 48.7 ± 54.3 (M2); 

MVPAmin/d: 13.1 ± 16.2 (M1); 

MVPAmin/wk: 55.4 ± 89.0 (M2); 

MVPA%: 2.0 ± 2.7 (M1); LPAmin/d: 

69.9 ± 43.83 (M1); LPA%: 10.1 ± 6.0 

(M1); SBmin/d: 612 ± 121.75 (M1), 

557.4 ± 189.4 (M2); SB%: 87.9 ± 7.7 

(M1) 

M1: 54 

(100.0); NR 

M2: 47 

(87.0); NA 

52 

[106] 

Melville 

(2015)—UK 

EG: 54 

(46.3); 44.9 

± 13.5 (NR) 

CG: 48 

(41.7); 47.7 

± 12.3 

ID (NR); 

MISV 

M1: O (ACC–AG 

GT3X) and S 

(LOG–

Wear/MIXED) 

M2: S (QNR–

IPAQ-

SF/MIXED) 

PA%/d: 35.8 ± 10.4 (M1EG), 33.1 ± 

11.3 (M1CG); PAMET-min/wk:1367.6 ± 

1629.9 (M2EG), 1150.1 ± 1059.9 

(M2CG); MVPA%/d: 3.2 ± 2.7 

(M1EG), 3.3 ± 2.9 (M1CG); SB%/d: 

64.2 ± 10.5 (M1EG), 66.9 ± 11.3 

(M1CG); Steps#/d: 4744 ± 2076 

(M1EG), 4818 ± 2784 (M1CG) 

M1EG: 54 

(100); NR 

M1CG: 48 

(100); NR  

M2EG: 53 

(98.1); NA 

M2CG: 40 

(83.3) NA 

53 

[97] 

Merzbach 

(2023)—CA, 

DE, FI, IE, 

MM, NZ, TH, 

UK, US, ZA 

83 (48.2); 

27.1 ± 8.0 

(NR) 

DS (Raven’s 

APM–Set 1: 

4.9 ± 2.8); NR 

M1: O (ACC–FB 

Inspire 2)  

M2: S (QNR–

NR/SELF)  

PAwalkbike-min/wk: 186.4 ± 127.4 (M2, n 

= 41); MPAmin/wk: 404.6 ± 866.5 (M2, 

n = 52); VPAmin/wk: 199.3 ± 308.6 

(M2, n = 14); SBsit-min/d: 425.8 ± 214.8 

(M2, n = 83) 

M1: NR 

(NR); NR 

M2: 14–83 

(16.7–100); 

NA 

54 

[70] 

Mikulovic 

(2014a)—FR 

570 (41.0); 

38.1 ± 10.3 

(19–59) 

ID (NR); NR 

S (QNR–AD 

NA/SELF) 

PAworksport-h/wk: 4, 5; SBh/wk: 18, 16 

570 (82.5); 

NA 
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55 

[71] 

Mikulovic 

(2014b)—FR 

G1: 119 

(47.1); 41 ± 

10.10 (NR) 

G2: 171 

(47.4); 39 ± 

10.79 (NR) 

G3: 100 (30); 

41 ± 9.82 

(NR) 

G4: 119 

(37.8); 38 ± 

9.48 (NR) 

ID (NR); NR 

S (QNR–AD 

NA/SELF) 

PAmin/wk: 390 ± 450 (G1), 256 ± 233 

(G2), 386 ± 282 (G3), 276 ± 270 

(G4); SBh/wk: 20.25 ± 12.25 (G1), 

17.75 ± 12.76 (G2), 23.82 ± 14.89 

(G3), 27.20 ± 17.46 (G4); SBTV-min/d: 

218 ± 131 (G1), 180 ± 125 (G2), 220 

± 143 (G3), 225 ± 130 (G4); SBCP + 

VG-min/d: 131 ± 178 (G1), 129 ± 71 

(G2), 163 ± 116 (G3), 172 ± 130 (G4) 

509 (CD); 

NA 

56 

[72] 

Moss 

(2018)—ZA 

56 (50); 39.6 

± 9.1 (NR) 

ID (NR); NR 

M1: O (ACC–

CNT AH) 

M2: S (QNR–

IPAQ-

SF/PROXY) 

PAmin/wk: 225.6 ± 92.0 (M1), 177.1 ± 

309.2 (M2); PALscore: 1.39 ± 0.15 

(M1); TEEkcal/d: 1974 ± 385 (M1); 

AEEkcal/d: 3660 ± 215 (M1) 

M1: 56 

(93.3); 20 ± 

NR 

M2: 56 

(93.3); NA 

57 

[110] 

Nastasi 

(2020)—US 

4 (50); 37 ± 

15.17 (23–

55) 

ASD, ID (NR); 

BOMI  

O (ACC–FB 

FLEX) 

Steps#/d: 4650.3 ± 1426.7 4 (80); NR 

58 

[73] 

Nordstrøm 

(2013)—NO 

87 (62.1); 

28.5 ± 7.5 

(16–45) 

DS, PWS, 

OSID (NR); 

NR 

M1: O (ACC–AG 

GT3X+) 

M2: S (LOG–

AD/NR) 

PACPM: 294 ± 121.1; Steps#/d: 6712 ± 

3167; MVPAmin/d: 27.1 ± 21.1; 

MVPA10
min/d: 11.1 ± 13.7; LPAmin/d: 

212 ± 61.4; PAlifestyle-min/d: 71.2 ± 

33.4; SBmin/d: 522 ± 80.3 

M1: 83 

(95.4); 13.9 

± 1.4 

M2: CD 

(CD); NA 

59 

[113] 

Oppewal 

(2014)—NL 

G1: 539 

(48.4); 60.7 

± 7.8 (NR) 

DS, ID (NR); 

BOPR 

O (PED–NL 

1000) and S 

(LOG–CD)  

Steps#/d: 6830.1 ± 3772.9 (G1), 

8003.5 ± 4115.0 (G2), 5682.7 ± 

2207.8 (G3) 

191 (26.4); 

NR 
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G2: 142 

(52.1); 61.5 

± 6.8 (NR) 

G3: 43 

(58.1); 63.2 

± 8.0 (NR) 

60 

[74] 

Oreskovic 

(2020)—US 

52 (53.8); 

35.1 ± 10.8 

(18–60) 

DS (NR); NR 

O (ACC–AG 

wGT3X-BT or 

GT3X) 

Steps#/d: 3194 ± 1988; MVPAmin/d: 

11.7 ± 22.4; MPAmin/d: 10.1 ± 13.5; 

VPAmin/d: 1.7 ± 9.8; LPAmin/d: 161.0 ± 

85.5; SBmin/d: 412.7 ± 216.6 

52 (82.5); 

9.6 ± NR 

61 

[130] 

Overwijk 

(2022)—NL 

G1: 21 (NR); 

NR (NR) 

G2: 3 (NR); 

NR (NR) 

ID (NR); 

MOPR 

G1: O (ACC–AG 

wGT3X-BT) 

G2: O (ACC–PR 

ActiWatch)  

PA%: 41.33 ± 29.54 (G2); VVPA%: 

0.01 ± 0.04 (G1); VPA%: 0.17 ± 0.40 

(G1); MPA%: 2.46 ± 2.70 (G1); 

LPA%: 33.25 ± 14.94 (G1); SB%: 

64.11 ± 15.53 (G1), 58.67 ± 29.54 

(G2) 

G1: 14 

(58.3); NR  

G2: 3 (100); 

NR 

62 

[75] 

Oviedo 

(2017)—ES 

92 (42.39); 

44 ± 12 (NR) 

ASD, CP, DS, 

ID, MC, OSID 

(NR); MISV  

O (ACC–AG 

GT3X) 

Steps#/d: 6192 ± 2814; PACPM: 251.9 

± 123.2; MVPAmin/d: 30.8 ± 22.5; 

LPAmin/d: 128.3 ± 47.0; SBmin/d: 612.9 

± 80.1 

84 (91.3); 

12.9 ± 1.3 

63 

[76] 

Oviedo 

(2019)—ES 

G1: 37 

(40.5); 41 ± 

11 (NR) 

G2: 29 

(41.4); 46 ± 

12 (NR) 

ID (NR); MMI 

O (ACC–AG 

GT3X) 

PACPM: 306.86 ± 85.71 (G1), 236.54 

± 107.90 (G2); MVPAmin/d: 38.72 ± 

26.64 (G1), 25.95 ± 20.58 (G2); 

MPAmin/d: 37.48 ± 26.29 (G1), 25.26 

± 19.87 (G2); VPAmin/d: 1.24 ± 0.99 

(G1), 0.67 ± 0.45 (G2); LPAmin/d: 

614.98 ± 106.77 (G1), 615.04 ± 80.57 

(G2); PASEDBreak#/SEDhr: 11.64 ± 1.80 

(G1), 12.37 ± 2.15 (G2); SB1
min/d: 

G1: 35 

(94.6); 12.9 

± 1.9 

G2: 28 

(96.6); 13.0 

± 1.2 
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123.34 ± 20.13 (G1), 124.69 ± 20.79 

(G2) 

64 

[99] 

Pérez-Cruzado 

(2016)—ES 

40 (15); 

35.86 ± 9.93 

(NR) 

ID (NR); MI  

S (QNR–IPAQ 

NR/SELF) 

PAwalk-MET-min/7d: 672.62 ± NR; 

VPAMET-min/7d: 5372.57 ± NR; 

MPAMET-min/7d: 645.71 ± NR 

CD (CD); 

NA 

65 

[77] 

Pérez-Cruzado 

(2018)—ES 

33 (27.3); 

35.86 ± 9.92 

(18–60) 

ID (NR); MI 

M1: O (ACC–AG 

GT3X) 

M2: S (QNR–

IPAQ SF/SELF) 

PAmin/wk: 582.90 ± 771.24 (M1); 

PAMET-min/7d: 7014.78 ± 7509.26 

(M2); MPAmin/wk: 140.48 ± 199.69 

(M1); MPAMET-min/7d: 541.21 ± 624.41 

(M2); VPAmin/wk: 17.66 ± 56.84 (M1); 

VPAMET-min/7d: 4854.54 ± 7357.96 

(M2); LPAmin/wk:424.76 ± 756.07 

(M1); LPAMET-min/7d: 1619.03 ± 

2043.86 (M2) 

M1: 33 

(100); NR 

M2: CD 

(CD); NA 

66 

[78] 

Peterson 

(2008)—US 

131 (51.9); 

37.2 ± 11.6 

(18–60) 

DS, ID (NR); 

MMI 

O (ACC–OM HJ-

700IT) 

Steps#/d: 6621 ± 3366 

131 (86.8); 

14.5 ± 2.2 

67 

[79] 

Phillips 

(2011)—UK 

G1: 38 (100); 

NR (16–34) 

G2: 14 (100); 

NR (35–44) 

G3: 9 (100); 

NR (45–54) 

G4: 13 (100); 

NR (55–64) 

G5: 37 (0); 

NR (16–34) 

G6: 17 (0); 

NR (35–44) 

ASD, DS, ID, 

OSID (NR 

Leicester- 

shire ID tool); 

MISV 

M1: O (ACC–AG 

GT1M) 

M2: S (LOG–

Wear/MIXED) 

PACPM: 577.0 ± 138.7 (G1), 556.3 ± 

87.7 (G2), 577.7 ± 485.0 (G3), 485.0 

± 170.7 (G4), 694.7 ± 184.2 (G5), 

739.0 ± 418.3 (G6), 602.0 ± 182.7 

(G7), 585.0 ± 264.8 (G8); Steps#/d: 

5648 ± 1831 (G1), 6274 ± 2021 (G2), 

6751 ± 2090 (G3), 4649 ± 2126 (G4), 

6558 ± 2493 (G5), 7376 ± 4199 (G6), 

6682 ± 2831 (G7), 7723 ± 5168 (G8); 

MVPAmin/d: 32.1 ± 13.5 (G1), 31.8 ± 

9.9 (G2), 35.4 ± 16.5 (G3), 21.5 ± 

14.7 (G4), 42.2 ± 19.1 (G5), 45.2 ± 

M1: 152 

(88.9); ID 

w/out DS (n 

= 73): 12.5 

± 1.2, DS (n 

= 79): 12.7 

± 1.2 
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G7: 9 (0); 

NR (45–54) 

G8: 8 (0); 

NR (55–64) 

34.1 (G6), 31.3 ± 20.1 (G7), 39.0 ± 

34.2 (G8); MVPA10
min/d: 0.4 ± 1.3 

(G1), 0.8 ± 2.9 (G2), 0.0 ± 0.0 (G3), 

0.0 ± 0.0 (G4), 0.9 ± 1.9 (G5), 1.6 ± 

3.2 (G6), 0.0 ± 0.0 (G7), 1.8 ± 3.4 

(G8); MPAmin/d: 30.0 ± 12.3 (G1), 

30.8 ± 9.9 (G2), 33.5 ± 15.3 (G3), 

20.7 ± 14.8 (G4), 39.6 ± 17.3 (G5), 

42.8 ± 33.0 (G6), 29.5 ± 18.6 (G7), 

38.3 ± 33.9 (G8); VPAmin/d: 2.1 ± 3.3 

(G1), 1.0 ± 0.4 (G2), 2.0 ± 2.1 (G3), 

0.8 ± 0.4 (G4), 2.6 ± 2.8 (G5), 2.3 ± 

3.2 (G6), 1.8 ± 2.7 (G7), 0.7 ± 0.5 

(G8); LPAmin/d: 113.6 ± 27.8 (G1), 

139.9 ± 38.2 (G2), 143.2 ± 54.0 (G3), 

104.9 ± 33.2 (G4), 112.9 ± 30.5 (G5), 

121.4 ± 41.5 (G6), 131.3 ± 36.2 (G7), 

119.9 ± 52.6 (G8); SBmin/d: 644.2 ± 

40.6 (G1), 560.4 ± 84.7 (G2), 576.0 ± 

49.5 (G3), 605.1 ± 86.0 (G4), 604.0 ± 

65.2 (G5), 586.7 ± 143.8 (G6), 603.6 

± 96.7 (G7), 648.2 ± 95.1 (G8) 

68 

[115] 

Powers 

(2021)—US 

12 (58.33); 

34.67 ± 7.75 

(NR) 

ID (NR); MMI 

S (QNR–IPAQ 

SF/MIXED) 

SBh/wkd: 9.13 ± 4.6; SBh/wknd: 10.71 ± 

4.9 

12 (100.0); 

NA 

69 

[107] 

Ptomey 

(2018)—US 

149 (57.0); 

NR ± NR 

(NR) 

ASD, DS, ID 

(NR); MMI 

O (ACC–AG 

GT1X) 

MVPAmin/d: ~15 ± NR 

98 (65.8); 

NR 
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70 

[123] 

Ptomey 

(2020)—US 

DS: 21 

(66.7); 36.5 

± 9.6 (NR) 

ID: 103 

(54.4); 36.5 

± 12.5 (NR) 

DS, ID (NR); 

MMI 

O (ACC–AG 

GT1X) 

MVPA%/wear: 0.8 ± 0.9 (DS), 1.5 ± 3.8 

(ID); LPA%/wear: 34.6 ± 13.2 (DS) 

ID: 34.3 ± 29.3 (ID); SB%/wear: 64.0 ± 

13.8 (DS), 63.6 ± 30.8 (ID) 

124 (CD); 

11 ± NR 

71 

[80] 

Rodrigues 

(2019)—PT 

78 (47.4); 

30.18 ± 8.55 

(18–53) 

ID (NR); MMI 

O (PED–YM 

SW-700) and S 

(LOG–

Steps#/SELF)  

Steps#/d: 4865.21 ± 1611.04 (M1), 

3739.22 ± 1243.34 (M2) 

78 (100); 

NR 

72 

[131] 

Salomon 

(2023)—AU 

6 (33.3); 46.0 

± 13.0 (28–

62) 

ID (NR); NR 

M1: O (ACC–AG 

GT3X) 

M2: S (QNR–

IPAQ-PR 

PROXY) 

MVPAmin/d: 25.56 ± 12.98 (M1); 

MPAmin/d: 24.96 ± 13.38 (M1); 

VPAmin/d: 0.60 ± 0.97 (M1); LPAmin/d: 

108.02 ± 78.72 (M1); SBmin/d: 643.94 

± 198.07 (M1) 

M1: 5 

(83.3); NR 

M2: 2 

(33.3); NA 

73 

[81] 

Shields 

(2018)—AU 

12 (25); 25.3 

± 10.1 (NR) 

DS (NR); MMI  

O (ACC–AG 

GT3X) 

PACPM: 294.4, 151.4; MVPAmin/d: 

27.2, 39.8; MVPA10
min/d: 11.6, 24.2; 

MPAmin/d: 22.3, 27.2; MPA10
min/d: 8.1, 

21.0; VPAmin/d: 5.0, 12.2; VPA10
min/d: 

0.0, 2.0 

12 (80.0); 

12.5 ± 1.7 

74 

[82] 

Soler Marín 

(2011)—ES 

38 (39.5); 

NR ± NR 

(16–38) 

DS (NR); NR 

S (QNR–NR 

PROXY)  

PALscore: 1.3 ± NR 

38 (CD); 

NA 

75 

[98] 

Spanos 

(2016)—UK 

28 (64); NR 

± NR (NR) 

ID (NR); 

MISV 

M1: O (ACC–AG 

GT1M) 

M2: S (QNR–

IPAQ SF/SELF) 

PAwalk-min/1d: 60.3 ± 55.0 (M2); 

MVPAmin/d: 19.3 ± 17.3 (M1); 

MVPA%: 3.2 ± 3.6 (M1); LPAmin/d: 

82.6 ± 38.2 (M1); LPA%: 12.6 ± 6.2 

(M1); SBmin/d: 576.5 ± 145.9 (M1); 

SB%: 84.2 ± 8.7 (M1) 

M1: 18 

(64.3); NR  

M2: 28 

(100); NA 



 

 

 

 

230 

76 

[83] 

Stanish 

(2004)—CA 

G1: 8 (100); 

NR (NR) 

G2: 4 (100); 

NR (NR) 

G3: 3 (0); 

NR (NR) 

G4: 5 (0); 

NR (NR) 

DS, ID (NR); 

MI 

G1: ID 

G2: DS 

G3: ID 

G3: DS 

O (PED–YM 

SW-500) and S 

(LOG–Steps# 

/PROXY) 

Steps#/d: 11,809.4 ± 4652.4 (G1), 

8815.6 ± 4094.1 (G2), 11,885.3 ± 

5645.9 (G3), 5449.8 ± 2316.3 (G4) 

20 (CD); 

NR 

77 

[85] 

Stanish 

(2005a)—CA 

G1: 38 (100); 

39.7 ± 9.5 

(NR) 

G2: 65 (0); 

35.9 ± 11.2 

(NR) 

DS, ID (NR); 

MMI 

O (PED–YM 

SW-500 or SW-

700) and S 

(LOG–

Steps#/SELF) 

Steps#/wk: 53,312 ± 26,629 (G1), 

55,703 ± 27,218 (G2) 

103 (CD); 

NR 

78 

[84] 

Stanish 

(2005b)—CA 

103 (36.9); 

37.3 ± 10.7 

(19–65) 

DS, ID (NR); 

MMI 

M1: O (PED–YM 

SW-500 or SW-

700) and S 

(LOG–Steps# 

/MIXED) 

M2: S (QNR–PA 

section of the 

NHANES 

III/MIXED) 

Steps#/wk: 54,821 ± 26,896 (M1); 

PAwalk-min/wk: 55.4 ± 98.5 (M2); 

MVPAmin/wk: 209.2 ± 232.8 (M2) 

103 (CD); 

NR 

79 

[86] 

Stanish 

(2007)—US 

G1: 26 

(42.3); 37.7 

± 9.1 (NR) 

G2: 30 

(36.7); 37.1 

± 22.0 (NR) 

DS, ID (NR); 

NR 

O (PED–YM 

SW-500 or SW-

700) and S 

(LOG–

Steps#/MIXED) 

Steps#/d: 3712 ± 936 (G1), 6285 ± 746 

(G2), 8592 ± 680 (G3), 13,945 ± 2257 

(G4) 

103 (CD); 

NR 
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G3: 25 

(32.0); 37.8 

± 12.3 (NR) 

G4: 22 

(36.4); 36.4 

± 10.9 (NR) 

80 

[87] 

Sundahl 

(2016)—SE 

52 (51.9); 

18.2 ± 1.2 

(16.0–20.0) 

ID (NR); MMI 

O (PED–YM 

KW-LS2000 or 

KW-LS7000) and 

S (LOG–

Steps#/MIXED) 

Steps#/5d: 44,890 ± 20,342 

49 (94.2); 

NR 

81 

[111] 

Temple 

(2000)—AU 

6 (50); 35.5 

± 3.58 (19–

45) 

ID (NR); MMI 

M1: O (ACC–

MDFN Caltrac)  

M2: O (DO) and 

S (LOG–BCH 

NA/PROXY) 

MVPAmin/d: 38.6 ± NR (M1); LPAC4-

min/d: 3 ± NR (M2); LPAC3-stand-hr/d: 3 ± 

NR (M2); SBsitting-C2-hr/d: 6 ± NR 

(M2); SBlying-C1-hr/d: 10 ± NR (M2) 

M1: 6 

(100); NR 

M2: 6 

(100); NA 

82 

[88] 

Temple 

(2003)—AU 

37 (48.6); 

NR ± NR 

(NR) 

ID (NR); MMI 

M1: O (ACC–

MDFN Caltrac)  

M2: O (DO) and 

S (LOG–BCH 

NA/PROXY) 

TEE#/d: 2524.0 ± 502.3 (M1), 2262.9 

± 519.5 (M2); MVPAmin/d: 4.3 ± 13.2; 

VPAC9min/d: 0.0 ± 0.0 (M2); 

MPAC8min/d: 4.3 ± 13.2(M2); 

MPAC7min/d: 0.0 ± 0.0 (M2); LPAC6-

min/d: 7.3 ± 12.3 (M2); LPAC5-min/d: 

68.0 ± 63.9 (M2); LPAC4-min/d: 56.2 ± 

63.6 (M2); LPAC3-stand-hr/d: 96.6 ± 

103.3 (M2); SBsitting-C2-hr/d: 623.5 ± 

161.7 (M2); SBlying-C1-min/d: 582.8 ± 

122.0 (M2) 

M1: 37 

(94.8); NR 

M2: 37 

(94.8); NA 



 

 

 

 

232 

83 

[89] 

Temple 

(2007)—CA 

37 (51.4); 

32.6 ± 9.4 

(18–52) 

ID (NR); INET  

O (PED–YM NL 

SW-700) and S 

(LOG–

Steps#/MIXED) 

Steps#/d: 8100.5 ± 3735.4 

37 (CD); 

NR 

84 

[116] 

Temple 

(2009)—CA 

13 (53.8); 34 

± 8 (18–46) 

ID (NR); NR 

O (PED–YM NL 

SW-700) and S 

(LOG–

Steps#/SELF) 

Steps#/d: 11,928 ± 2421 

13 (100); 

NR 

85 

[90] 

Tomaszewski 

(2022)—US 

38 (28.9); 

25.79 ± 8.60 

(18–55) 

ASD, ID (60.2 

± 10.3 Leiter-

3); MI 

O (ACC–FB 

FLEX)  

Steps#/wk: 51,759 ± 24,729; Steps#/d: 

7394 ± 3533 

38 (82.6); 

NR 

86 

[117] 

Vlot-van 

Anrooij 

(2018)—NL 

40 (55.0); 

37.0 ± 15.5 

(18–76) 

ID (NR); MI 

S (QNR SBQ 

ID/SELF) 

SBh/d: 10, 9.61 

16 (40.0); 

NA 

87 

[125] 

Walsh 

(2018)—IE 

146 (42.8); 

33.01 ± 

11.09 (16–

64) 

ID (NR); 

MISV 

M1: O (ACC–AG 

GT3X) 

M2: S (QNR–

SLAN/SELF) 

MVPAmin/d: 50.9 ± 33.3 (M1), 22.3 ± 

30.6 (M2); MPAmin/d: 18.9 ± 32.3 

(M2); VPAmin/d: 5.5 ± 10.2 (M2); 

LPAmin/d: 227.2 ± 87.0 (M1), 25.6 ± 

38.4 (M2); SBmin/d: 679.5 ± 182.1 

(M1) 

M1: 80 

(54.8); NR 

M2: 136 

(93.2); NA 

88 

[91] 

Woods 

(2018)—US 

19 (57.9); 

34.5 ± 4.3 

(18–62) 

ID (NR); NR 

O (ACC–PAL 

activPAL NR) 

and S (LOG–

Wear/PROXY) 

Steps#/d: 7631.7 ± 1171 

19 (86.4); 

NR 

89 

[92] 

Xu and Choi 

(2020)—US 

58 (50.0); 44 

± 14 (20–74) 

CP, DS, ID 

(NR); 

O (ACC–AG 

wGT3X-BT) and 

S (LOG–

Wear/PROXY) 

MPAmin/d: 18.8 ± 21.0; VPAmin/d: 0.2 

± 0.6; LPAmin/d: 351.8 ± 105.1; 

SBmin/d: 492.8 ± 130.1 

58 (72.5); 

NR 
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90 

[100] 

Yan (2015)—

US 

22 (40.9); 

26.7 ± NR 

(22–34) 

ID (NR); MMI 

O (PED–YM 

SW-700) and S 

(LOG–

Steps#/PROXY) 

Steps#/h: 462.00 ± 290.05 

22 (CD); 

NR 

91 

[93] 

Zwack 

(2022)—AU 

39 (25.6); 

31.5 ± 6.6 

(NR) 

ASD, CP, DS, 

ID (NR); 

MIPR 

S (INT–AD 7-d 

Recall/MIXED) 

PAmin/wk: 172.2 ± 148.9; VPAmin/wk: 

21.5 ± 70.9; MPAmin/wk: 73.6 ± 118.6; 

LPAmin/wk: 77.8 ± 163.5 

39 (100); 

NA 

Notes. NR: not reported. CD: cannot determine. Country abbreviations follow the ISO alpha-2 coding system. ACC: 

accelerometer; AD: author derived; AEE: active energy expenditure; ASD: autism spectrum disorder; BOMI: borderline-

to-mild impairment; BOPR: borderline-to-profound impairment; BOSV: borderline-to-severe impairment; CPM: counts 

per minute; CP: cerebral palsy; DS: Down syndrome; FSIQ: Full-Scale Intelligence Quotient; INET: intermittent-to-

extensive support; INLI: intermittent-to-limited support; INT: interview; KBIT: Kaufman Brief Intelligence Test; LOG: 

log or diary; LPA: light-intensity physical activity; MC: microcephaly; MET: metabolic-equivalent-of-task; MI: mild 

impairment; MIPR: mild-to-profound impairment; MISV: mild-to-severe impairment; MMI: mild-to-moderate 

impairment; MOPR: moderate-to-profound impairment; MPA: moderate-intensity physical activity; MVPA: moderate-

to-vigorous-intensity physical activity; O: objective technique; OSID: other rare syndrome related to intellectual 

disability not including Down syndrome or Prader–Willi syndrome; PAL: physical activity level; PED: pedometer; PPVT-

III: Peabody Picture Vocabulary Test-Third Edition; PWS: Prader–Willi syndrome; QNR: questionnaire; S: subjective 

technique; SED: sedentary; TEE: total energy expenditure; #: count. 
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PAPER 1: SUPPLEMENTAL MATERIALS 

Table B-5-3. Wearable specifications to quantify physical activity and sedentary 

behavior in adults with intellectual disability, by the manufacturer. 
Model 

(Release 

Yr); Type 

(Axes, if 

applicable) 

ID Placement 

(Apparatus) 

fs (Hz), 

Epoch 

length 

(s) 

Non-wear-

time 

definition 

(Allowance, 

if 

applicable) 

Total 

days; 

Minimum: 

h/d, d/wk 

(wknd d) 

Cut-point 

Parameter

; Step-

count 

Index 

Software: 

Processing; 

Analysis 

Removal 

Instruction 

ActivInsights Ltd (Kimbolton, UK) 

GENEActi

v (CD); 

ACC (3) 

18 Wrist (Wrist 

Band) 

1000†, 

NR 

NR 7; NR, 7d 

(2d) 

Esliger 

(2011) 

[32]; NA 

GeneActiv 

v.NR; NR 

Sleep 

 

ActiGraph LLC (Pensacola, US) 

AM7164 

(1993); 

ACC (1) 

3 Waist (NR) 10†, 

10¥ 

NR 7; 8h, 4d 

(1d) 

Mod-

Freedson 

(1998) 

[31]; NA 

ActiLife 

v.NR; SAS 

v.9.2 

Sleep 

27 R Hip 

(Pouch on 

elastic belt) 

10†, 60 Log or diary 

entries 

7; 10h, 5d 

(1d) 

Freedson 

(1998) 

[31]; NA 

NR; SPSS 

v.NR 

Bathe, 

water 

activity 

GT1M 

(2005-

6 NR 

(Belt/waist 

band) 

30†, 5¥ NR 7; 8h, 3d 

(NR) 

Freedson 

(1998) 

[31]; NA 

SOLAS 

v.NR; NR 

Bathe, 

sleep, 

swim 

Appendix B 



 

 

 

 

235 

2008d); 

ACC (1-2d) 

7 Waist 

(Belt/waist 

band) 

30†, 5¥ NR 7; 8h, 3d 

(NR) 

NR SOLAS 

v.NR; 

SPSS 

v.17.0 

Bathe, 

sleep, 

swim 

19 Waistline 

over hip 

(NR) 

30†, 60 ≥60 consec 

min of 0 

CPM (1-2 

min of 1-

100) 

7; NA, 4d 

(NR) 

Troiano 

(2008) 

[133]; NA 

ActiLife 

v.5, Excel; 

STATA 

v.11.2 

Sleep 

42 Waist 

(Elastic 

belt) 

30†, 5¥ NR 28; each 

NR 

Freedson 

(1998) 

[31]; NA 

NR; NR Sleep, 

water 

activity  

46 NR (NR) 30†, 5¥ Diary entries 7; each 

NR 

Freedson 

(1998) 

[31]; NA 

ActiLife 

v.3.3.0; 

SPSS 

v.15.0 

Bathe, 

sleep 

50 R Hip near 

the iliac 

crest (NR) 

30†, 15 

reinteg

rate to 

60 

≥60 consec 

min of 0 

CPM 

7; 10hr, 

3d (1d) 

Troiano 

(2008) 

[133]; 

NA  

ActiLife 

v.3.2 & 

MAHUffe 

v.1.9.0.3; 

SPSS 

v.26.0 

Sleep, 

water 

activity 

51 Waistline on 

hip (Belt) 

30, 15 

sum to 

60 

Diary entries 7; 6h, 3d 

(NR) 

Freedson 

(1998) 

[31]; NA  

NR; SAS 

v.9.1 

Bathe, 

sleep, 

swim 

67 R Hip 

(Elastic 

waist band) 

30†, 5 ≥10 consec 

min of 0 

CPM 

7-14; 10h, 

7d (NR)  

Troiano 

(2008) 

[133]; NR 

MAHUffe 

program; 

SPSS 

v.15.0 

Bathe, 

contact 

sports, 
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sleep, 

swim  

75 Hip around 

the waist 

(Belt) 

30†, 5¥ NR 7; NR, 3d 

(NR) 

Freedson 

(1998) 

[31]; NA  

NR; SPSS 

v.18 

NR 

GT1X 

(CD); CD 

69 N-dom Hip 

(Belt) 

CD, 60 NR 7; 8h, 3d 

(NR) 

Troiano 

(2008) 

[133]; 

NA  

NR; SAS 

PROC MI 

NR 

70 N-dom Hip 

(Belt) 

CD, 60 Troiano 

(2007) 

[160] 

algorithm 

7; 8h, 1d 

(0d) 

Troiano 

(2008) 

[133]; 

NA  

SAS 

program; 

SAS v.9.4 

NR 

GT3X 

(2009); 

ACC (3) 

4 Hip (Elastic 

belt) 

NR30-

100, 

NR1-60 

NR 7; 8h, 3d 

(NR) 

Freedson 

(1998) 

[31]; NA 

NR; R 

v.3.4.3 

Sleep, 

Water 

activity 

40 R Hip  

(Elastic 

belt) 

NR30-

100, 60 

Troiano 

(2007) 

[160] 

algorithm 

7; 10h, 4d 

(NR) 

Freedson 

(1998) 

[31]; NA  

ActiLife 

v.6.12.0; 

SPSS 

v.20.0 

Bathe, 

sleep, 

swim 

52 NR (NR) NR30-

100, 

NR1-60 

Log entries 7; 6h, 3d 

(NR) 

Freedson 

(1998) 

[31], 

Atkin 

(2012) 

[146]; NR 

NR; SAS 

v.9.3 

Bathe, 

sleep, 

swim 

60 Waist 

(Elastic 

belt)  

NR30-

100, 60 

NR 5-21; 0h, 

5d (1d) 

Troiano 

(2008) 

[133]; NR 

ActiLife 

NR; NR 

Contact 

sport, 

sleep, 
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water 

activity 

62 R Hip (NR) NR30-

100, 

NR1-60 

≥60 consec 

min of 0 

CPM (≤2 

min of 1-

100) 

7-14; 10h, 

4d (0d) 

Troiano 

(2008) 

[133]; 

Tudor-

Locke 

(2008) 

[147] 

ActiLife 

v.6.12.0; 

SPSS 

v.22.0 

Bathe, 

sleep, 

swim 

63 R Hip (NR) NR30-

100, 5 

conver

t to 60 

60 consec 

min of 0 

CPM (≤2 

min of 1-

100) 

7; 10h, 4d 

(0d) 

Troiano 

(2008) 

[133]; NR 

ActiLife 

v.6.12.0; 

SPSS 

v.22.0 

Bathe, 

sleep, 

swim 

65 R Hip 

(Elastic 

belt) 

100, 1 

transfo

rm to 

60 

Cain (2017) 

[134] 

algorithm 

7; each 

NR 

Freedson 

(1998) 

[31]; NA 

ActiLife 

v.6.6.2; 

SPSS 

v.20.0 

Bathe, 

water 

activity 

72 Waist (NR) NR30-

100, 

NR1-60 

NR 5; 6h, 3d 

(NR) 

NR; NA NR; SPSS 

v.NR 

NR 

87 R Hip 

(Elastic 

belt) 

NR30-

100, 

NR1-60 

Troiano 

(2007) 

[160] 

algorithm 

7; 10h, 4d 

(NR) 

Freedson 

(1998) 

[31]; NA 

ActiLife 

v.6.11.3; 

SPSS v.21  

Bathe, 

contact 

sports, 

sleep, 

swim 

GT3X+ 

(2012) 

34 R Hip at the 

iliac crest 

NR30-

100, 15 

Troiano 

(2008) 

7; 6h, 3d 

(NR) 

Atkin 

(2012) 

[146], 

NR; SPSS 

v.24 

Bathe, 

swim 
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(Elastic 

belt) 

sum to 

60 

[160] 

algorithm 

Kim 

(2015) 

[148]; NA 

35 NR (NR) NR30-

100, 

NR1-60 

NR 7; each 

NR 

NR NR; NR NR 

41 NR (NR) NR30-

100, 

NR1-60 

≥60 consec 

min of 0 

CPM (1-2 

min of 1-

100) 

7; NR, 4d 

(NR) 

Troiano 

(2008) 

[133]; NR 

ActiLife 

NR; SPSS 

v.18 

NR 

58 R Hip 

(Elastic 

belt) 

30, 60 ≥60 consec 

min of 0 

CPM (1 min 

“interruption

”) 

7; 10h, 4d 

(NR) 

Hagstrom

er (2010) 

[149], 

Hansen 

(2012) 

[150]; NR 

NR; SPSS 

v.19 

Bathe, 

sleep, 

swim  

wGT3X-

BT (2013); 

ACC (3) 

2  N-dom Hip 

at iliac crest 

(NR) 

100, 

60 

Choi (2011) 

[133] 

algorithm 

7; 10h, 4d 

(1d) 

Agiovlasit

is (2022) 

[142]; NA 

ActiLife 

v.6.13.4; 

SPSS 

v.28.0 

Bathe, 

sleep 

(night-

time) 

14 R Hip 

(Waist belt) 

60, 60 NR 7; 10h, 1d 

(NR) 

Troiano 

(2008) 

[133]; NA 

NR; NR Bathe, 

sleep, 

water 

activity 

15 Waist 

(Elastic 

belt) 

NR30-

100, 60 

≥60 consec 

mins of 0 

CPM 

5-6; 10h, 

4d (NA) 

Freedson 

(1998) 

[31]; NA 

NR; SPSS 

v.24.0 

Bathe, 

sleep 

(bedtime) 
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21 N-dom Hip 

(Elastic 

belt) 

60, 60 ≥90 consec 

mins of 0 

CPM (1-2 

min of 0-

100) 

7; 8h, 3d 

(1d) 

Troiano 

(2008) 

[133], 

Matthews 

(2008) 

[151]; NA 

ActiLife 

v.6.13.3 & 

R package; 

R v.4.2.2 

Bathe, 

contact 

sports, 

sleep, 

swim 

31 Waistline on 

R Hip at 

iliac crest 

(Waist 

strap) 

60, 60 Troiano 

(2007) 

[160] 

algorithm 

7; 10h, 4d 

(1d) 

Atkins 

(2012) 

[146]; 

NA  

ActiLife 

v.6.13.4; 

SPSS v.26 

Bathe, 

sleep, 

swim 

33 Hip (Belt 

around the 

waist) 

NR30-

100, 15 

sum to 

60 

NR 7; 6h, 3d 

(NR) 

Atkins 

(2012) 

[146]; NA 

NR; SPSS 

v.21 

Bathe, 

sleep, 

swim 

60 Waist 

(Elastic 

belt)  

NR30-

100, 60 

NR 5-21; 0h, 

5d (1d) 

Troiano 

(2008) 

[133]; NR 

ActiLife 

v.NR; NR 

Contact 

sport, 

sleep, 

water 

activity 

61 NR (NR) 30, 60 "60 min" NR; 10h, 

4d (NR) 

Freedson 

(1998) 

[31]; NA 

 NR; R 

v.NR 

NR 

89 Dominant 

Waist 

(Elastic 

belt) 

100, 

60 

NR 7; 10h, 4d 

(NR) 

Troiano 

(2008) 

[133]; NA 

ActiLife 

v.6.13.1; 

SPSS 

v.25.0 

Bathe, 

sleep, 

swim, 

water 

activity  
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GT9X 

(2014); 

ACC (3) 

26 N-dom 

Wrist 

(Watch 

band) 

30, 60 Troiano 

(2007) 

[160] 

algorithm 

7; each 

NR 

Freedson 

(1998) 

[31]; NA 

ActiLife 

v.6.13.4; 

NR  

Water 

activity 

(long 

duration) 

NR (CD); 

CD 

48 Waist (NR) NR, 

NR 

≥20 consec 

mins of 0 

CPM  

7-10; NR, 

5d (2d) 

Modified 

Freedson 

(1998) 

[31]; NA 

From 

Wilson 

(2008); 

SAS v.9.0 

Sleep 

Apple Inc. (Los Altos, US) 

Series 4 

(2019); 

HRM/ACC 

(3) 

25 N-dom 

Wrist 

(Sports 

Band) 

NR, 

NR 

0 in hourly 

heart rate  

7d; 10h 

(M1) or 

1,703- 

24,369 

steps/d  

(M2), 4d 

(0d) 

NR; 

Tudor-

Locke 

(2004) 

[152] 

Excel; 

STATA 

v.17 

Charge 

(nightly), 

sleep, 

swim (in 

open 

waters) 

Axivity Ltd. (Newcastle upon Tyne, UK) 

AX3 

(~2013); 

ACC (3) 

18 Wrist (NR) NR12.5-

3,200, 

NR 

NR 7; NR, 7d 

(2d) 

Esliger 

(2011) 

[32]; NA 

GitHub 

(Link 

Provided); 

NR 

Sleep 

38 R Thigh 

(Medical 

tape and 

Flexifix®) 

NR12.5-

3,200, 

NR 

NR 7; NR, 0d 

(NR) 

NR; NR ACTi4; R 

v.NR 

NR 

BodyMedia Inc. (Pittsburgh, US) 

SenseWear 

Armband 

49 Upper R 

Arm 

(Elastic 

32†, 

NR 

NR 7; each 

NR 

NR Sensewear 

Pro v.6.2; 

Bathe, 

swim 
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(2007); 

ACC (2) 

Velcro® 

strap) 

SPSS 

v.18.0 

CamNtech Ltd. and Inc. (Fenstanton, UK) 

ActiHeart 

(2003); 

ACC 

(3)/HRM 

56 Chest (2 

EKG pads at 

V2 and V5) 

100†, 

30 

Activities 

≤1.49 MET-

min w/in 

sleeping HR 

zone 

7; 5h, 7d 

(2d) 

In MET-

min: SB 

(≤1.49), 

LPA (1.5-

2.99), 

MPA (3-

5.99), 

VPA (≥6); 

NA 

NR; SPSS 

v.20.0 

Bathe or 

water 

activity 

Fitbit International Limited (Dubin, IE) and LLC (Mountain View, US) 

Zip (2012); 

ACC (3) 

43 Hip/Waist 

(Clip on belt 

loop/waist 

band, or in 

pocket) 

 100†, 

NR 

NR  10-21; 

NR, NR 

(NR) 

 NR; NR NR; NR Before/aft

er school 

activities 

Flex 

(2013); 

ACC 

(3)/HRM 

57 Wrist 

(Watch 

Band) 

100†, 

NR 

NR 7 or until 

stable; 

NR, 3d 

(NR) 

NA; NR NR; NR Charge 

(every 2-

3d for 30 

min) 

Flex 2 

(2016); 

ACC 

(3)/HRM  

85 Wrist 

(Watch 

Band) 

100†, 

NR 

NR 7; each 

NR 

NA; 

Tudor-

Locke 

(2009) 

[153] 

NR; SPSS 

v.26 

Sleep 



 

 

 

 

242 

Inspire 2 

(2020); 

ACC 

(3)/HRM 

53 Wrist 

(Watch 

Band) 

100†, 

NR 

NR NR; each 

NR 

NR MATLAB 

R2023a; 

SPSS 

v.28.0.1.1 

NR 

Muscle Dynamics Fitness Networks (Torrance, US) 

Caltracs 

(CD); ACC 

(1) 

81 Hip (Small 

pouch) 

NR, 

NR 

NR 7; NR, 5d 

(2d) 

NR; NA NR; SPSS 

v.9.0.1 

Contact 

sport, 

bathe, 

sleep, 

swim 

82 Hip (Small 

pouch) 

NR, 

NR 

NR 3; each 

NR 

NR; NA NR; SPSS 

v.10.1.3 

Bathe, 

sleep, 

swim 

New Lifestyles Inc. (Lees Summit, US) 

NL-1000 

(CD); 

PED/ACC 

(1) 

36 Midway 

between 

umbilicus 

and side of 

body (Belt) 

NR, 4¥ NR 14; NR, 

4d (NR) 

NA; 

Tudor-

Locke 

(2004) 

[152] 

NR; SPSS 

v.17 

NR 

37 Midway 

between 

iliac crest 

and 

umbilicus 

(Belt) 

NR, 4¥ NR 14; each 

NA 

NA; NR NR; SPSS 

v.15 

Bath, 

sleep, 

swim, 

water 

activities 

59 NR (NR) NR, 4¥ NR NR; each 

NR 

NA; 7,500 

steps/d 

NR; SPSS 

v.21 

NR 

Omron Healthcare Inc. (Kyoto, JP) 
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HJ-700IT 

(2002); 

PED/ACC 

(1) 

66 Waist (Clip 

on pants or 

pant pocket) 

NR, 

NR  

“No 

timestamp” 

7; 10h, 5d 

(1d) 

NA; 

Tudor-

Locke 

(2004) 

[152] 

NR; SPSS 

v. 14.0 

Bathe, 

sleep 

(bedtime), 

swim 

HJ 720ITC 

(2004); 

PED/ACC 

(1) 

19 Waistline 

over hip 

(NR) 

NR, 

3,600  

NR 7; 8-9h, 

3d (NR) 

NA; NR  OMRON 

HM & 

Excel; 

STATA 

v.11.2 

Sleep 

20 NR (NR) NR, 

NR 

NR 7; 8h, 3d 

(NR) 

NA; 

Tudor-

Locke 

(2004) 

[152] 

NR; 

STATA 

v.11 

Sleep 

PAL Technologies Ltd. (Glasgow, SC) 

activPAL 

(2001); 

ACC 

(3)/INC 

24 Thigh 

(PALstickie

s™) 

20†, 

15¥ 

NR 7; NR, 5d 

(NR) 

Chastin 

(2009) 

[154] & 

Tudor-

Locke 

(2005) 

[155]; NR 

NR; SPSS 

v.16 

Bathe, 

swim 

88 R Mid-

Thigh 

(Tegaderm

®) 

20†, 

15¥ 

NR 7; NR, 4d 

(NR) 

NR; NR NR; SAS 

v.NR 

NR 

Polar Electro Oy (Kempele, FI) 



 

 

 

 

244 

Ignite 

(CD); 

HRM 

16 N-dom 

Wrist 

(Watch 

band) 

NR 

(CD), 

1 

NR 9; 24h, 4d 

(NR) 

NA; NA FlowSync 

v.6.7.0; 

SPSS 

v.27.0 

NA 

Respironics Inc. (Murrysville, US) 

Actical 

Mini-Mitter 

(2008); 

ACC (1) 

17 NR (NR) 32†, 30 Log 7; 10h, 4d 

(1d) 

Heil 

(2006) 

[157]; NA 

NR; SAS 

v.9.2 

Sleep 

ActiWatch-

NR (CD); 

ACC (1) 

61 NR (Watch 

band) 

32†, 

15¥ 

"60 min" NR; 10h, 

4d (NR) 

Van 

Alphen 

(2020) 

[157]; NA 

NR; R 

v.NR 

NR 

Stayhealthy Inc. (Monrovia, US) 

RX3 

(~2003); 

ACC (3) 

73 R Hip 

(Waist 

band) 

NR0.7-

5000, 60 

≥60 consec 

mins of ≤10 

CPM (1-2 

mins of 0-

100) 

8; 10h, 4d 

(NR) 

Peiris 

(2016) 

[158]; NA 

NR; SPSS 

v.22.0 

Sleep, 

water 

activity 

UCLA Wireless Community (Los Angeles, US) 

PAM 

System 

(CD); ACC 

(3) 

30 R or L 

Ankle or 

Waist (NR) 

40, 60 NR 14; each 

NR 

NR; NA PAM 

Server 

System; 

SPSS 

v.19.0 

Bathe, 

water 

activity 

Yamax Corp. of Yamasa Tokei Keiki Co., Ltd. (Tokyo, JP) 

Keep 

Walking 

LS2000 / 

5 Waist, align 

w/ R knee 

NA NR 7; 500 

steps, 3d 

(NR) 

NA; NR NA; SPSS 

v.20 

NR 
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Digiwalker 

SW-200 

(2007); 

PED 

(Waist 

band) 

44 NR (NR) NA NR 7-NR; 

NR, 3d 

(NR) 

NA; NR NA; NR NR 

80 Waist, align 

w/ knee 

(Waist 

band) 

NA NR 5; NR, 3d 

(NR)  

NA; 

Tudor-

Locke 

(2008/201

1) 

[147.159] 

NA; SPSS 

v.18 

Sleep  

Digiwalker 

SW-500 

(CD); PED 

76 Hip/Waist, 

align w/ 

mid-thigh 

(Belt/waist 

band) 

NA NR 7; NR, 7d 

(2d) 

NA; NR NA; NR Sleep 

(bedtime) 

77 Hip/Waist, 

align w/ 

mid-thigh 

(Belt/waist 

band) 

NA NR 7; each 

NR 

NA; NR  NA; NR Bathe, 

sleep 

(bedtime), 

swim 

78 Hip/Waist, 

align w/ 

mid-thigh 

(Belt/waist 

band) 

NA NR 7; NR, 7d 

(2d) 

NA; NR  NA; NR Bathe, 

sleep 

(bedtime), 

swim 

79 Hip/Waist, 

align w/ 

mid-thigh 

NA NR 7; each 

NR 

NA; 

Tudor-

Locke 

NA; NR Bathe, 

sleep 
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(Belt/waist 

band) 

(2004) 

[152] 

(bedtime), 

swim 

Keep 

Walking 

LS7000 / 

Digiwalker, 

SW-700 

(CD); PED 

10 R Waist 

(NR) 

NA NR 4; NR, 

NR (0) 

NA; 

Tudor-

Locke 

(2004) 

[152] 

NA; NR Bathe, 

swim 

71 NR (NR) NA NR 2; NR, 

NR (0) 

NA; NR NA; SPSS 

v.25.0 

NR 

77 Hip/Waist, 

align w/ 

mid-thigh 

(Belt/waist 

band) 

NA NR 7; each 

NR 

NA; NR  NA; NR Bathe, 

sleep 

(bedtime), 

swim 

78 Hip/Waist, 

align w/ 

mid-thigh 

(Belt/waist 

band) 

NA NR 7; NR, 7d 

(2d) 

NA; NR  NA; NR Bathe, 

sleep 

(bedtime), 

swim 

79 Hip/Waist, 

align w/ 

mid-thigh 

(Belt/waist 

band) 

NA NR 7; each 

NR 

NA; 

Tudor-

Locke 

(2004) 

[152] 

NA; NR Bathe, 

sleep 

(bedtime), 

swim 

83 NR (NR) NA NR 7; each 

NR 

NA; 

Tudor-

Locke 

(2004) 

[152] 

NA; SPSS 

v.12.0 

Bathe, 

sleep, 

swim 
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84 NR (NR) NA NR 7; each 

NR 

NA; 

Tudor-

Locke 

(2004) 

[152] 

NA; NR NR 

90 NR (NR) NA NR 5; each 

NR 

NA; NR NA; SPSS 

v. 21.0 

Before/aft

er 

program 

NR (CD); 

PED 

9 NR (NR) NA NR 7; each 

NR 

NA; NR NA; NR NR 

47 NR (NR) NA NR NR; each 

NR 

NA; NR NA; NR NR 

Notes. fs: sampling frequency; ID: study identification number (see Table A-5-2). † Not explicitly reported in the included 

study. However, according to the manufacturer, only one sampling frequency can be set. ¥ Not explicitly reported in the 

included study. However, according to the manufacturer, only one epoch length can be set. 

 

Figure B-5-1. Subjective techniques used to quantify physical activity and sedentary 

behavior in the included studies. 
Tool Version Elicited PA/SB 

Dimensions 

ID Items Recall 

Days 

Adaptions to the Tool  Reporter(s) 

Interview 

PACI-MVPA Frequency, 

Intensity 

3 144I 1R Included 24 activities; walk, jog, 

or run only if for a sustained 

exercise/play time  

PPT 

Author-Derived Duration, 

Frequency, 

Intensity, Mode 

23 CD 28R NR PPT 

91 CD 7R NR PPT, CG 

Mode, Intensity 24 CD 7R NR PPT 

Log / Diary 

Author-Derived 36 42I 14A NR CG 
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Duration, Volume 

(Steps#) 

37 42I 14A NR CG 

Frequency 

 

58 28I 7A NR CD 

Mode, Other (e.g., 

wear times) 

1 672I 3A NR RS, CG 

25 223  7A NR PPT, CG, 

RS 

26 CD 7A NR PPT, CG 

Mode, Volume 

(Steps#) 

76 CD 7A NR CG 

Volume (Steps#) 5 7I 7A NR NR 

9 7I 7A NR PPT, CG* 

10 4I 4A NR RS 

44 7-

NRI 

7-NRA NR PPT 

47 7I 7A NR PPT, CG 

59 7I NR A NR CD 

71 2I 2A NR CD 

77 7I 7A NR PPT 

78 7I 7A NR PPT, CG 

79 7I 7A NR PPT, CG 

80 7I 7A NR PPT, CG 

83 7I  7A NR PPT, CG 

84 7I 7A NR PPT 

90 5I 5A NR CD 

Other (e.g., wear 

times) 

17 CD 7A NR CG 

46 CD 7A NR PPT, CG 

51 CD 7A NR PPT 

52 CD 7A NR PPT, CG 
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67 CD 7-14A NR PPT, CG 

88 CD 7A NR CG 

89 CD 7A NR CG 

Bouchard’s 

PAR 

Intensity, Mode 16 CD 8A Y/N items; added examples, 

room to provide more info 

PPT, CG 

81 CD 7A Used every minute each day RS 

82 CD 3A Used 10 times each day CG 

Based on 

Mâsse (1999) 

[145] 

Duration, 

Frequency, 

Intensity, Mode, 

Other 

27 CD 7A PPT: TV shows, exercise, or 

walking bouts items only 

PPT, CG, 

RS 

Questionnaire  

Author-Derived Duration  39 1I 1G NR CG, PPT 

FFAS  Duration, 

Frequency 

54 CD 7G Deleted unclear and low-

response-rate items 

PPT 

55 CD 7G Deleted unclear and low-

response-rate items 

PPT 

GLTEQ Frequency 11 3 7R NR CG 

12 3 7R NR CG 

13 3 7R NR CG 

IPAQ-SF Duration, 

Frequency 

18 7 7R Added pictures of activities and 

time 

PPT, CG 

28 7 7R NR PPT 

33 7 7R NR PPT, CG 

35 7 7R NR PPT 

45 7 7R Changed to proxy’s POV of PPT CG 

46 7 7R NR PPT, CG 

51 7 7R NR PPT, CG 

52 7 7R NR PPT, CG 
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56 7 7R NR CG 

65 7 7R NR PPT 

68 7 7R NR PPT, CG 

75 7 7R NR PPT 

IPAQ-PR Duration 72 189 7A NR CG 

IPAQ-NR Duration, 

Frequency 

8 7-12 7R NR PPT 

44 7-12 7R NR PPT 

49 7-12 7R NR PPT 

64 7-12 7R NR PPT 

NHANES-III Duration, 

Frequency 

22 CD 28-31R NR PPT, CG 

29 CD 28-31R Focused on walking activities PPT, CG 

78 CD 28-31R Added SO involvement PPT, CG 

SLÁN 2009 Duration, 

Frequency 

87 NR NR Added pictures for activities and 

intensities 

PPT 

SBQ-ID Duration 86 24 7G Rephrased questions, swapped to 

open answers, added examples, 

split weekend into each day 

PPT 

NR CD 32 CD NR NR PPT 

53 CD NR NR PPT 

Duration 74 CD 2CD NR CG 

Notes. CD: cannot determine; CG: caregiver; ID: study identification number (see Table A-5-2); FFAS: French 

Federation for Adapted Sport Survey; GLTEQ: Godin Leisure-time Exercise Questionnaire; IPAQ-SF: International 

Physical Activity Questionnaire–Short-Form; International Physical Activity Questionnaire–Proxy-Report; International 

Physical Activity Questionnaire–Unspecified Version; NHANES-III: National Health and Nutrition Examination 

Survey–Third Edition; NR: not reported; PACI-MVPA: Physical Activity Checklist Interview for Moderate-to-Vigorous 

Intensity; PAR: Physical Activity Record; POV: point of view; PPT: participant; SLÁN 2009: Survey of Lifestyle, 

Attitudes, and Nutrition in Ireland in 2009; SBQ-ID: Sedentary Behavior Questionnaire–for Adults with Intellectual 

Disability; RE: researcher. * as needed. A: Assessment timeframe. R: Recall timeframe. G: General timeframe (e.g., “a 

week,” “regularly”). I: Inferred 
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PAPER 2: TASK-ANALYZED CHECKLISTS FOR APPLE WATCH USE 

 

Appendix C 
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Figure C-5-2. Task-Analyzed Checklists for Apple Watch Use.
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PAPER 3: ADAPTED ACTIVITY LOG 

 
Figure D-5-3. Each page of the adapted activity log. 
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PAPER 3: CAREGIVER DAILY EVALUATIONS – LEVEL OF 

INDEPENDENCE 

 

Table E-5-4. Items in daily evaluation and caregiver ratings of the level of assistance 

provided to participants. 
Task ActiGraph Apple Watch Either Watch 

M±SD; Mdn, IQR (range) 

Putting on the watch 1.14±0.57; 1.0, 0.0 

(1.0-4.0) 

1.33±1.11; 1.0, 0.0 

(1.0-5.0) 

1.24±0.89; 1.0, 0.0 

(1.0-5.0) 

Wearing the watch for all of the time s/he 

was awake 

1.17±0.70; 1.0, 0.0 

(1.0-5.0) 

1.06±0.32; 1.0, 0.0 

(1.0-3.0) 

1.11±0.54; 1.0, 0.0 

(1.0-4.0) 

Taking off the watch 1.06±0.46; 1.0, 0.0 

(1.0-5.0) 

1.35±1.11; 1.0, 0.0 

(1.0-5.0) 

1.21±0.87; 1.0, 0.0 

(1.0-5.0) 

Charging the watch 1.36±0.97; 1.0, 0.0 

(1.0-5.0) 

1.13±0.44; 1.0, 0.0 

(1.0-3.0) 

1.24±0.75; 1.0, 0.0 

(1.0-5.0) 

Cleaning the watch 1.08±0.27; 1.0, 0.0 

(1.0-2.0) 

1.08±0.28; 1.0, 0.0 

(1.0-2.0) 

1.08±0.27; 1.0, 0.0 

(1.0-2.0) 

All watch tasks 1.16±0.36; 1.0, 0.1 

(1.0-2.6) 

1.13±0.46; 1.0, 0.0 

(1.0-3.0) 

1.14±0.41; 1.0, 0.0 

(1.0-3.0) 

All watch + log tasks 1.60±0.60; 1.38, 0.5 

(1.0-3.5) 

1.45±0.43; 1.38, 0.5 

(1.0-2.7) 

1.53±0.53; 1.38, 

0.56 (1.0-3.0) 

 

Task First Week  Second Week Either Week 

M+SD; Mdn, IQR (range) 

Appendix E 



 

 

 

 

257 

Taking the activity log out of her/his folder 1.41±0.89; 1.0, 0.0 

(1.0-4.0) 

1.21±0.71; 1.0, 0.0 

(1.0-5.0) 

1.32±0.81; 1.0, 0.0 

(1.0-4.0) 

Looking at the time before performing an 

activity 

1.88±1.29; 1.0, 1.0 

(1.0-5.0) 

1.96±1.45; 1.0, 2.0 

(1.0-5.0) 

1.92±1.36; 1.0, 2.0 

(1.0-5.0) 

Looking at the time after performing an 

activity 

1.91±1.31; 1.0, 1.0 

(1.0-5.0) 

1.96±1.44; 1.0, 2.0 

(1.0-5.0) 

1.94±1.37; 1.0, 2.0 

(1.0-5.0) 

Remembering the start and end times 2.02±1.36; 1.0, 2.0 

(1.0-5.0) 

2.11±1.52; 1.0, 3.0 

(1.0-5.0) 

2.07±1.44; 1.0, 2.0 

(1.0-5.0) 

Writing in the activity for the whole time it 

was performed 

2.80±1.43; 2.0, 2.0 

(1.0-5.0) 

1.75±1.48; 2.0, 3.0 

(1.0-5.0) 

2.78±1.45; 2.0, 3.0 

(1.0-5.0) 

Writing in the right name of the activity 2.68±1.37; 2.0, 2.0 

(1.0-5.0) 

2.40±1.41; 2.0, 3.0 

(1.0-5.0) 

2.54±1.39; 2.0, 3.0 

(1.0-5.0) 

Remembering who the activity was 

performed with 

1.44±0.85; 1.0, 1.0 

(1.0-5.0) 

1.44±0.85; 1.0, 1.0 

(1.0-5.0) 

1.44±0.85; 1.0, 1.0 

(1.0-5.0) 

Writing in who the activity was performed 

with  

1.72±0.99; 1.0, 1.0 

(1.0-5.0) 

1.78±1.13; 1.0, 1.0 

(1.0-5.0) 

1.75±1.06; 1.0, 1.0 

(1.0-5.0) 

Remembering or developing an opinion on 

why the activity was performed 

1.55±0.97; 1.0, 1.0 

(1.0-5.0) 

1.51±0.89; 1.0, 1.0 

(1.0-5.0) 

1.53±0.93; 1.0, 1.0 

(1.0-5.0) 

Checking the box for why the activity was 

performed 

1.69±0.94; 1.0, 1.0 

(1.0-5.0) 

1.61±0.94; 1.0, 1.0 

(1.0-5.0) 

1.65±0.94; 1.0, 1.0 

(1.0-5.0) 

Putting the activity log back into the folder 1.37±0.93; 1.0, 0.0 

(1.0-5.0) 

1.18±0.78; 1.0, 0.0 

(1.0-5.0) 

1.28±0.86; 1.0, 0.0 

(1.0-5.0) 

All log tasks 1.82±0.74; 1.64, 

0.64 (1.0-4.18) 

1.66±0.81; 1.36, 

0.55 (1.0-5.0) 

1.75±0.77; 1.55, 

0.82 (1.0-4.18) 

All log + watch tasks 1.69±0.53; 1.5, 0.5 

(1.0-3.5) 

1.47±0.52; 1.36, 

0.56 (1.0-3.0) 

1.53±0.53; 1.38, 

0.56 (1.0-3.0) 

 

Note. 1 = none, 2 = supervision, 3 = minimal, 4 = moderate, and 5 = maximal or total. 
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Figure E.5-4.a-d. Caregiver-rated level of assistance provided to participants for each 

assessment task per day, where 1 = none and 5 = total/maximal.
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PAPER 3: SELF-EFFICACY INSTRUMENT AND SCORES 

 

Table F-5-5. Self-Efficacy Instrument Items.  
Task 

Put on the watch How sure are you that you can put on as soon as you wake up? 

How sure are you that you can put on as soon as the watch is charged enough? 

How sure are you that you can put on the watch without any help? 

Wear the watch How sure are you that you can wear the watch all day long? 

How sure are you that you can wear the watch while doing all your activities? 

How sure are you that you can wear the watch if you go swimming in a pool or lake? 

How sure are you that you can wear the watch without any help? 

Take off the 

watch 

How sure are you that you can take off the watch right before going to sleep at night? 

How sure are you that you can take off the watch without any help? 

Charge the watch How sure are you that you can charge the watch right before going to sleep at night? 

How sure are you that you can charge the watch when the battery is too low? 

How sure are you that you can charge the watch when the battery is dead? 

How sure are you that you can charge the watch without any help? 

Clean the watch How sure are you that you can clean the watch when the watch gets messy? 

How sure are you that you can clean the watch without any help? 

Use the activity 

log 

How sure are you that you can write today's date, the time you woke up, and the time you put 

on the watch in the log? 

How sure are you that you can use the log after you eat? 

How sure are you that you can use the log before you go to sleep? 

How sure are you that you can look at the time before you start all your activities? 

Appendix F 



 

 

 

 

260 

How sure are you that you can look at the time after you finish all your activities? 

How sure are you that you can write all the activities that you did in the log? 

How sure are you that you can write all the people that you did your activities with or check 

the boxes for 'No one' in the log? 

How sure are you that you can choose all of the reasons why you did your activities? 

How sure are you that you can write the time when you lay down in bed to fall asleep and the 

time when you placed the watch on the charger in the log? 

How sure are you that you can use your activity log without any help? 

 

 
Figure F.5-5. Example of visual enhancements made to the self-efficacy scale to aid in 

comprehension. 

 

Table F-5-6. Self-Efficacy Scores Before and After Each Week. 
Tool Before Week Period After Week Period Difference¥ 

M±SD; Mdn, IQR (range) Z, p-value; r 

AG Tasks (of 40) 36.9±4.9; 40.0, 5.0 (25.0-

40.0) 

38.9±2.0; 40.0, 1.5 (34.0-

40.0) 

-0.973, 0.344; -

0.28 

AW Tasks (of 40) 37.7±3.1; 39.0, 4.5 (31.0-

40.0) 

38.8±2.0; 40.0, 2.0 (34.0-

40.0) 

-1.693, 0.125; -

0.49 
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Either Watch Tasks (of 40) 37.3±3.6; 39.0, 5.3 (29.5-

40.0) 

38.9±1.3; 39.3, 2.5 (37.0-

40.0) 

-1.169, 0.281; -

0.34 

AG Tasks with No Help (of 20) 17.3±2.9; 17.5, 5.0 (12.0-

20.0) 

18.2±2.5; 19.0, 3.0 (12.0-

20.0) 

-1.029, 0.391; -

0.30 

AW Tasks with No Help (of 20) 16.7±4.8; 19.0, 5.0 (6.0-

20.0) 

17.3±5.3; 20.0, 3.0 (4.0-

20.0) 

-1.398, 0.219; -

0.40 

Either Watch Tasks with No Help (of 

20) 

17.0±2.9; 17.0, 5.0 (11.5-

20.0) 

17.7±3.4; 18.5, 2.0 (8.0-

20.0) 

-1.248, 0.242; -

0.36 

Log Tasks – Week 1 (of 36) 32.0±7.3; 36.0, 6.0 (14.0-

36.0) 

33.0±4.4; 35.0, 5.0 (22.0-

36.0) 

-0.169, 0.844; -

0.05 

Log Tasks – Week 2 (of 36) 34.7±3.0; 36.0, 1.0 (26.0-

36.0) 

35.3±1.3; 36.0, 1.5 (32.0-

36.0) 

-0.680, 0.500; -

0.20 

Log Tasks – Either Week (of 36) 33.3±4.4; 36.0, 3.5 (24.0-

36.0) 

34.1±2.0; 34.5, 2.3 (29.0-

36.0) 

-0.241, 0.852; -

0.07 

Log Tasks with No Help – Week 1 

(of 4) 

2.5±1.6; 2.5, 2.5 (0.0-4.0) 2.4±1.8; 3.0, 3.5 (0.0-4.0) 0.128, 0.898; 

0.04 

Log Tasks with No Help – Week 2 

(of 4) 

3.2±1.3; 4.0, 1.5 (0.0-4.0) 3.2±1.3; 4.0, 2.0 (0.0-4.0) 0.471, 0.637; 

0.14 

Log Tasks with No Help – Either 

Week (of 4) 

2.8±1.2; 2.8, 2.0 (1.0-4.0) 2.8±1.3; 3.0, 1.8 (0.0-4.0) 0.162, 0.871; 

0.05 

Notes. ¥ Wilcoxon signed rank test.  
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Figure E-5-6.a-d. Participant self-efficacy for doing each wearable assessment task and 

for doing each wearable assessment task no help. 
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Figure 5-7.a-d. Participant self-efficacy for doing each wearable assessment task and for 

doing each wearable assessment task no help. 
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PAPER 3: DEVELOPED TOOLS  

 

Appendix G 
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Figure G-5-8. Task-Analyzed Checklists for Apple Watch Use. 
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(a) ActiGraph 

 
(b) Apple Watch 

 
Figure G.5-9. Compensation Charts. 
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(a) ActiGraph 

 
(b) Apple Watch 

 
Figure G-5-10. Laminated reminder notes were cut out and collected with a small paperclip. 

 

.  

 
(a) Using the ActiGraph and log for one day or Apple Watch and log for one day.  
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b) Filling out one row in the activity log 
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Figure G-5-11. Social stories were originally displayed via a slide deck presentation, each slide 

containing one image and its corresponding text. These were also print outs taken home via the study 

materials folder. 
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PAPER 3: CODEBOOK MANUALS 

 

Table H-5-7. Codebook for Watch Barriers. 
SCT Domain Category Definition Example Subcategories 

Behavioral 

 

Help-Seeking Behavior 

Barrier 

Obstacles in seeking or receiving 

necessary assistance for using or 

maintaining the watch. 

- Dependence on others  

- Lack timely assistance 

Maintenance Behavior 

Barrier 

Difficulties in keeping the watch in 

usable condition due to improper 

storage or fear of damage. 

- Accidental misplacement  

- Fear of device damage 

Routine Behavior 

Barrier 

Challenges in forming and maintaining 

habits for regular watch usage due to 

forgetfulness or inconsistency. 

- Forgetting to clean, wear, or take off 

and charge 

- Irregular routine 

Environmental Aesthetic and Physical 

Watch Feature Barrier 

Issues with the watch’s aesthetic or 

physical external hardware design that 

affect its usability and comfort. 

- Aesthetic preference mismatch (e.g., 

do not like style or color) 

- Hardware constraints (e.g., 

detachable screen, buckle, watch 

size, adjustment loops, excess band) 

- Uncomfortable or inflexible band 

Charger-Related 

Barrier 

Issues with the watch’s charger or 

charging feedback that affect its 

usability.  

- Limited user feedback (e.g., no 

lights or sounds upon connection to 

the charger) 

- Limited efficiency (e.g., didn’t 

charge quickly) 
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- Hardware Constraints -- USB 

Charger (no box) 

External Logistics 

Barrier 

Problems with the surroundings or 

study requirements that complicate the 

use of the watch. 

- Daily Usage Requirement (for 

research) 

- Work Restriction (e.g., program or 

work rules/restrictions against watch 

use)  

- Not paired with personal phone 

External Supplies 

Barrier  

Issues with external supplies (e.g., 

watch case) that affect the watch’s 

upkeep and longevity. 

- Maintenance Tool Malfunction 

(e.g., watch case holding in water) 

External Support 

Barrier 

Interference of others, discouraging 

watch usage. 

- Told to remove watch 

Interface Barrier Difficulties with the watch’s interface 

or display that confuse the user or do 

not meet their needs. 

- Missing or hidden information 

- Missing time display 

- Unclear symbols or changes 

- Unfamiliar time display 

- Unresponsive to User Input 

Mechanical Failures Internal or software or firmware-

related mechanical issues preventing 

the watch from operating correctly. 

- Battery not holding charge  

- Unresponsive to User Input (e.g., 

frozen screen) 

Personal Knowledge/Skill 

Barrier 

Lack of understanding or physical 

skills needed for operating the watch 

effectively. 

- Coordination / dexterity challenges  

- Limited proficiency 

- Limited cognitive understanding of 

watch functions (e.g., how to mute 

notifications)  

Personal Preference 

Barrier 

Participants’ desire for personal watch 

or to not wear a watch on non-

- For personal watch 

- Unfamiliarity with wearing watch 
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dominant wrist that discourage watch 

usage. 

 

Table H-5-8. Codebook for Watch Facilitators. 
SCT 

Dimension 

Category Definition Example Subcategories 

Behavioral External 

Guidance 

Receiving proactive, non-physical support or 

resources (e.g., tutorials, checklists) provided by 

others without explicitly requesting it, to facilitate 

watch usage. 

- Caregiver-initiated knowledge, 

ongoing reminders, or 

“doublechecks” 

- Investigator-initiated knowledge 

Help-Seeking 

Behavior 

Actively requesting help, instruction, or support 

from others to address a watch-related challenge 

or need. 

- Participant-led requests 

Maintenance 

Behavior 

Actions that keep the watch operational and in 

good shape—charging, cleaning, storing—

ensuring ongoing functionality. 

- Ensuring watch is charged enough 

during the day 

Routine 

Establishment 

Forming consistent usage patterns or habits to 

ensure the watch is worn or utilized regularly at 

set times or in set contexts. 

- Habit formation 

- Remembering steps to use watch 

properly 

- Routine for putting on and taking 

off watch  

Skill-Related 

Behavior 

Learning or improving specific techniques for 

using the watch, often involving practice, self-

directed learning, or instruction. 

- Engaging in trial-and-error or 

figuring out techniques  

- Self-initiated practice  

Environmental Aesthetic & 

Physical Features 

The watch’s design and feel (e.g., color, comfort, 

strap design) that affect user satisfaction and 

willingness to wear it. 

- Aesthetic match (e.g., like color 

or style) 

- Comfort and fit of band 

- Hardware features (e.g., 

adjustment loops, band material, 
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large watch, buckle or Velcro 

band) 

Battery-Related 

Features 

Battery-related attributes (e.g., quick charging, 

direct plug design, indicator lights) that simplify 

powering the watch. 

- Charging efficiency (e.g., charges 

quickly or fully) 

- User feedback (e.g., has lights on 

charger) 

- Hardware features (e.g., unique 

charging cord, magnetic 

connection) 

External Logistics  Accessible surroundings or set-up that promote 

the use of the watch. 

- Unrestricted use at work or other 

settings 

- Environment-centered changes or 

physical supports (e.g., 

convenient charging set-ups) 

- Access to another charger 

External Support Tangible, hands-on assistance provided by others, 

enabling the participant to overcome mechanical 

or logistical challenges with the watch. 

- Physical assistance 

- Practical, task-oriented aid  

External Supplies  External supplies (e.g., wipes, cleaning kits) that 

support the watch’s upkeep, longevity, or use.  

- Cleaning wipes 

- Paired phone 

External Rewards Environmentally provided incentives or 

reinforcement systems (e.g., compensation charts, 

prizes) that encourage consistent watch usage. 

- Reinforcement (e.g., money, 

stars) 

- Tracking mechanism (e.g., chart) 

Functional 

Features 

Practical aspects of the watch’s design (e.g., 

multiple applications, durability) that enhance 

usability and fit into daily life. 

- Practical utility  

- Performance-oriented  

- Versatility 

Interactive 

Features 

Engaging design elements—like animations or 

reactive characters—that respond to user input 

and enhance the user’s experience. 

- User interface engagement  

- Immediate feedback to user inputs  
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Interface Features Screen layout, familiarity, and customization 

options that shape the participant’s interaction 

with the watch. 

- Customization of visual design or 

to a familiar time format 

- Clear battery icon or font size  

Mechanical 

Functioning 

Mechanical functions promoting the watch from 

operating correctly. 

 

Personal Knowledge / Skill 

Proficiencies 

Understanding or physical skills that promote 

operating the watch effectively. 

- Cognitive understanding of watch 

functions 

- Self-directed or guided mastery 

- Technical or dexterity skills 

- Translatable past experiences 

Positive 

Perception 

Participants’ positive perception of the watch - Liking or loving the watch 

- Thinking the watch is generally 

good 

 

Table H-5-9. Outcome Expectations for Using Watch 
Code Definition Example Subcategories  

Practical Benefits The watch is expected to offer practical, task-based advantages. - Activity Prompts  

- Communication (texts, 

calls) 

- Date keeping 

- Timekeeping 

- Weather 

Health Data Benefits The watch is expected to track or provide accurate health metrics for 

personal use or research purposes. 

- Personal Health 

Tracking  

- Research Contribution 

Health 

Encouragement 

The watch is expected to motivate participants to adopt healthier 

behaviors. 

- General Health 

Motivation  

- Hydration Motivation 

- Movement Motivation 
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Learning Benefit Using the watch to develop or enhance knowledge—understanding 

time. 

- Understanding military 

time 

Positive Emotional 

Reactions 

Uplifting emotional responses (e.g., happiness, excitement, 

inspiration) that motivate and reinforce the participant’s use of the 

watch. 

- Motivation and 

engagement 

- Personal connection 

(value) 

- Positive Affect with 

Device Use 

Negative Emotional 

Reaction 

Emotional discomforts that discourage watch usage. - Anxiety 

- Frustration / 

Annoyance  

- Sadness  

Physical Discomfort Physical discomfort or pain that discourage watch usage. - Itchiness or sweatiness 

- Physical pain  

Social Connectivity The watch is expected to provide global or community connection. - Extended Social 

Engagement 

 

 

Table H-5-10. Log Barriers Codebook. 
SCT 

Dimension 

Category Definition Example Subcategories 

Behavioral Maintenance 

Behavior Barriers 

Difficulties in keeping the log in usable condition 

due to improper storage or fear of damage. 

- Fear of Damage 

Behavioral Routine Behavior 

Barriers 

Challenges in forming and maintaining a habit of 

logging activities regularly due to forgetfulness 

or inconsistency. 

- Forgetting to log entries in-

the-moment 

- Irregular logging habits 

Environmental Aesthetic and 

Format Barriers 

Issues with the aesthetics or structural design or 

layout of the log that make it difficult to use. 

- Excessive papers or boxes 

- Inconvenient layout 

- Repetitive information 
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- Time format mismatched 

with watch time format 

- Unclear number of the day or 

missing day of the week 

External Logistic 

Barriers 

Problems with the surroundings or study 

requirements that complicate the use of the log. 

- Busy schedule 

- Missing pages 

- Inconvenient log location 

(e.g., always at home) 

- Daylight savings time 

- Work restriction 

External Support 

Barriers 

Interference of others, discouraging log usage. - Excessive assistance 

External Supplies 

Barriers 

Issues with external supplies that affect the log’s 

upkeep. 

- Inaccessible calendar 

- Inconvenient pen location  

Log Material 

Barriers 

Problems with the physical properties of the log 

that affect its durability and ease of use. 

- Paper-only format 

Personal Knowledge/Skill 

Barriers 

Difficulties related to the lack of necessary 

cognitive skills or technical proficiency for using 

the log effectively. 

- Dexterity challenges with 

writing  

- Learning gap with labeling or 

naming activities, picking 

time slots, or reading 

directions 

Memory and Recall 

Barriers 

Refers to challenges in the participant's internal 

capacity to effectively process, encode, store, and 

retrieve information, hindering their ability to 

recall and accurately log activities. 

- Forgetting past activities  

- Forgetting who activities 

were performed with 

Personal Preference 

Barrier 

Participants’ desire for personal calendar or 

unfamiliarity with using a log. 

- Unfamiliarity with logging 
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Table H-5-11. Log Facilitators Codebook. 
SCT 

Dimension 

Category Definition Example Behaviors 

Behavioral External Guidance Non-physical instructional or informational aid 

provided proactively by others that helps 

participants learn or maintain proper use of the 

activity log. 

- Caregiver-initiated 

knowledge, ongoing 

reminders, or “doublechecks” 

- Investigator-initiated 

knowledge 

Help-Seeking 

Behavior 

Participants actively initiate seeking out or 

requesting help to overcome challenges or learn 

how to use the activity log effectively. 

- Participant-led requests 

Maintenance 

Behavior 

Involves ongoing actions that keep the activity 

log functional, accessible, and in good condition. 

- Wrinkle Upkeep 

Routine 

Establishment 

Participants create and adhere to a schedule or 

habit that promotes regular use of the activity log. 

- Habit formation 

- Remembering to use log 

- Routine for log usage  

Environmental Aesthetic and 

Format Features 

Involves visual design, colors, layout, 

customization, and user-friendly design aspects 

of the activity log. 

- Aesthetic visual design (e.g., 

like the colors) 

- Familiar layout 

- Temporal cues 

- User-friendly picture cues 

External Logistics  Accessible surroundings or set-up that promote 

the use of the log. 

- Environment-centered 

changes (e.g., log placement) 

External Rewards Involves external incentives that encourage and 

reinforce the participants' usage of the logging 

system through tangible rewards. 

- Reinforcement (e.g., money, 

stickers) 

- Tracking mechanisms (e.g., 

chart)  
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External Supplies Includes external supplies or methods that help 

participants keep their logs organized, clean, and 

readily accessible. 

- Folder 

- Watch or phone 

External Support Tangible, hands-on assistance provided by others, 

enabling the participant to overcome logistical 

challenges with the log. 

- Physical assistance 

- Practical, task-oriented aid  

Log Material 

Features 

Involves the physical aspect of the activity log 

being a paper format, enabling ease of use.  

- Paper format  

Personal 

Factors 

Knowledge / Skill 

Proficiencies 

Refers to the participant's internal capacity to 

understand and perform essential tasks related to 

activity logging effectively. 

- Cognitive understanding of 

logging 

- Self-directed or guided 

mastery 

- Dexterity skills 

- Translatable past experiences 

Memory and 

Recall 

Proficiencies 

Refers to the participant’s internal capacity to 

mentally process, encode, store, and retrieve 

information to recall for logging effectively.  

- Remembering past activities  

- Remembering who activities 

were performed with 

Positive 

Perception 

Participants’ positive perception of the log - Liking or loving logging 

- Thinking the log is generally 

good 

 

Table H-5-12. Outcome Expectations for Using Log. 
Main Category Definition Subordinate Codes 

Practical Benefits The log is expected to offer practical, task-based advantages 

that support organization and preparation.  

- Date-keeping (Tracking specific 

dates of activities) 

- Timekeeping (Monitoring time 

spent on activities) 

- Preparing for activities (Using the 

log as a planning tool) 
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-  

Communication 

Benefits 

The log facilitates conversations or shared reflections with 

caregivers or others, fostering social interaction and 

engagement. 

- Talking about my day or activities 

Health Data Benefit The log is expected to track or provide accurate health 

metrics for personal use or research purposes. 

- Accurate Personal Tracking  

- Research Contribution 

Learning and 

Memory Benefits 

The log helps develop or reinforce knowledge related to 

remembering activities, understanding activity patterns or 

learning or developing skills around time management.  

- Remembering Activities 

(Recalling and reinforcing past 

activities) 

- Understanding Activity Patterns 

(Recognizing trends in daily 

routines) 

- Learning About Time 

(Developing time awareness and 

management skills) 

Negative Emotional 

Reactions 

Emotional discomfort, uncertainty, or personal preferences 

that create barriers to using the log effectively. 

- Anxiety about using the log 

correctly 

Positive Emotional 

Reactions 

Positive emotions that enhance motivation and reinforce 

continued use of the activity log. 

- Motivation and engagement 

- Personal connection (value) 

Reflective Benefits The log encourages deeper thinking about the social and 

personal significance of activities, leading to positive 

emotional responses. 

- Reflecting on Day’s Activities 

- Thinking About Social Context 

(Reflecting on social interactions 

during activities) 

- Considering Activity Purpose 

(Reflecting on why certain 

activities are performed) 

Reflective Costs The log prompts deeper contemplation of activities, leading 

to negative emotional responses or increased self-awareness 

that feels discouraging. 

- Critical reflection of self (e.g., 

feeling unproductive or lazy upon 

reflection) 
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PAPER 3: CORRELATIONS 

 

Table I-5-13. Correlations Between Wearable and Log Use and Participant 

Characteristics and SCT Factors. 
Tool Variables rpb ρ  p-value Expected  

AG Independent use & total barriers -0.58 
 

0.05 Y 

Support to put on & environmental barriers  0.59 0.04 Y 

Support to put on & benefits  -0.67 0.02 Y 

Support to wear & age  -0.63 0.05 N 

Support to wear & VAB-3 daily living score  0.69 0.02 N 

Support to wear & total wear time  0.68 0.02 - 

Support to wear & personal facilitators  0.71 0.01 N 

Support to take off & self-efficacy after use  -0.59 < 0.001 Y 

Support to charge & age  -0.70 0.03 N 

Support to charge & benefits  0.56 0.02 N 

Support to clean & KBIT-2 non-verbal scores  -0.66 0.04 Y 

Sufficient use & age 0.70  0.01 N 

Sufficient use & overall support needed -0.82  0.001 Y 

Sufficient use & support to wear -0.66  0.02 Y 

Sufficient use & support to charge -0.67  0.02 Y 

Wear time & personal facilitators  -0.66 0.03 N 

AW Support to wear & personal barriers  0.50 < 0.001 Y 

Support to clean & non-dominant UPST  -0.67 0.02 Y 

Support to clean & total facilitators  -0.62 0.04 Y 

Wear time & VAB-3 socialization score  0.76 0.01 Y 

Appendix I 
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Log -

Week 

1 

Support for taking log out & behavioral barriers  0.74 0.01 Y 

Support for returning log to folder & behavioral barriers   0.75 0.01 Y 

Support for matching activities to times & total barriers  0.70 0.03 Y 

Support for entering activity names & total barriers  0.72 0.02 Y 

Support for remembering activities were with & costs  -0.64 0.05 Y 

Support for remembering why activities performed & costs  -0.70 0.03 Y 

Sufficient log use & 6MWD -0.58  0.05 N 

Percentage of log completion & 6MWD  -0.78 0.01 N 

Percentage of log completion & personal barriers  -0.59 0.05 Y 

Percentage of log completion & support to check time before 

activities 

 -0.67 0.04 Y 

Percentage of log completion & support to check time after 

activities 

 -0.67 0.04 Y 

Log -

Week 

2 

Independent log use & VAB-3 composite 0.62  0.03 Y 

Independent log use & VAB-3 socialization score 0.57  0.05 Y 

Independent log use & KBIT-2 verbal scores -0.60  0.04 N 

Support for log use & dominant UPST  -0.63 0.05 Y 

Support for log use & VAB-3 composite  -0.79 0.02 Y 

Support for log use & VAB-3 communication  -0.72 0.05 Y 

Support for log use & VAB-3 daily living  -0.63 0.01 Y 

Support for log use & self-efficacy before log tasks  -0.79 0.01 Y 

Support for log use & self-efficacy after log tasks  -0.71 0.02 Y 

Support for log use & self-efficacy after log tasks  -0.71 0.02 Y 

Support for taking log out folder & environmental facilitators  -0.75 0.01 N 

Support for taking log out folder & benefits  0.67 0.03 N 

Support for checking time before activities & personal facilitators  -0.81 0.01 N 

Support for checking time after activities & personal facilitators  -0.81 0.01 N 

Support for remembering when activities occurred & personal 

facilitators 

 -0.76 0.02 N 
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Support for matching activities to times & total barriers  0.73 0.02 Y 

Support for matching activities to times & behavioral facilitators  0.69 0.03 Y 

Support for entering activity names & total barriers  0.76 0.01 Y 

Support for inputting reasons for activities & environmental 

facilitators 

 -0.67 0.04 N 

Sufficient log use & support to check time before activities during 

Week 1 

-0.63  0.03 Y 

Sufficient log use & support to check time after activities during 

Week 1 

-0.62  0.03 Y 

Sufficient log use & overall support needed during Week 2 -0.68  0.03 Y 

Sufficient log use & support for choosing reasons for activities -0.58  0.05 Y 
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