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Background: Sleep deficiency is highly comorbid in children with Juvenile Idiopathic Arthritis 

(JIA) and associated with poorer health-related quality of life, more arthritis symptoms, and 

healthcare utilization. Despite the prevalence of sleep deficiency in JIA, little attention has been 

given to supporting children and parents in managing it by enhancing their self-efficacy, problem-

solving, and goal-setting skills. Guided by Social Cognitive Theory (SCT), Parent-Child Shared 

Management perspectives, and the Human-Centered Design (HCD) approach, we developed and 

pilot-tested the Sleep Shared-Management Intervention (SLEEPSMART) to support sleep health 

among JIA children and their families, reformulated SCT to inform future sleep interventions, and 

proposed a model to guide the design, development and evaluation of the behavioral interventions.  



 

Purpose: The overall purpose of the dissertation was to understand how a novel technology-

enabled sleep intervention RCT can better support JIA children’s sleep and promote future sleep 

intervention through theory reformulation and HCD-based evaluation framework development.   

Methods: The first part of the dissertation examined the feasibility, acceptability, and preliminary 

efficacy of SLEEPSMART among fifty 8 -13 years children with JIA and sleep deficiency and a 

parent. Forty-four parent-child dyads were randomized to the SLEEPSMART or control group: 

the SLEEPSMART group received a 6-week internet-delivered sleep coach-supported 

intervention, and the control group received routine clinical care. We used the percentage of 

eligible, enrolled, and retained dyads as feasibility, dyads who completed at least one module as 

engagement, and the Treatment Evaluation Inventory and dyads’ exit interview for usefulness and 

acceptability. Sleep (total sleep time and sleep efficiency measured by actigraphy) and shared 

management (self-efficacy, self-regulation, and belief/attitude towards sleep) outcomes were 

examined at baseline, immediately post-intervention, and one-month post-intervention using 

Generalized Estimating Equations (GEE). When using SCT to guide the development of 

SLEEPSMART, we found SCT was rarely comprehensively analyzed and evaluated in the context 

of pediatric sleep health. To further understand SCT and advance sleep research, we used Fawcett’s 

framework to analyze and evaluate SCT in the second part of the dissertation. We proposed a 

reformulation of SCT to better inform sleep research. To assess and refine the SLEEPSMART 

after pilot testing, we developed a conceptual model for evaluating technology-enabled behavioral 

intervention by integrating HCD and implementation science outcomes. 

Results: Parent-child dyads perceived SLEEPSMART as feasible, acceptable, and useful. Of the 

50 dyads enrolled, 88% completed the baseline, 80% completed all intervention modules and 

surveys, 88% achieved at least one module, 75% of children and 89% of parents reported high 



 

acceptance, and 89% of parents and 80% of children would recommend SLEEPSMART to others. 

The main themes and subthemes of satisfaction, usefulness, and improvement that emerged from 

the exit interview highlighted the strengths and areas for future refinement. SLEEPSMART also 

significantly improved dyads’ sleep, self-efficacy, and healthy sleep beliefs. In the second part of 

the dissertation, based on theory analysis and evaluation, SCT is a middle-range theory 

emphasizing the concept of cognition in executing behaviors. SCT addresses the metaparadigm 

nursing concepts of triadic determinism between people, behavior, and environment on the 

philosophical basis of human agency. The key concepts of SCT are self-efficacy, self-regulation, 

outcome expectation, and observational learning, nested within a contextualism worldview. SCT 

has overall strong theoretical foundations for explaining, predicting, and changing human 

behavior, and it has demonstrated considerable social significance and a powerful theoretical 

impact on nursing empirical research. However, SCT is individually focused and does not account 

for interdependence within relationships. We proposed reformulating SCT by integrating Parent-

Child Shared Management (PCSM). PCSM is a concept that reflects the shared responsibility and 

interdependence that parent and child have for managing child health. SCT-SM informed 

interventions that engage parents and children in active roles in managing sleep have potential 

sustainable effects in improving sleep and quality of life. To evaluate the development process of 

SLEEPSMART, informed by usability and IS outcomes, we proposed a heuristic model that can 

guide the development and evaluation of interventions: the USIS model, in which Usability and 

IS are combined. USIS has five domains: 1) User-Centeredness (empathy, engagement, and 

equity), 2) Efficiency (cost, timeliness, and rapidity), 3) Feasibility (learnability, memorability, 

error reduction, low cognitive load), 4) Satisfaction (acceptability, appropriateness), and 5) 

Fidelity (adoption, penetration, sustainability). Applying USIS to evaluate SLEEPSMART, we 



 

concluded that user-centeredness was prioritized throughout the design and development process 

using various HCD methods. The design decision based on users’ input was consistently 

maintained and consolidated. One area that needs improvement is that participants should include 

diverse populations with diverse backgrounds and represent different cultural perspectives. 

Conclusions: SLEEPSMART, the first technology-based sleep shared-management intervention 

for JIA children and their parents, is approved as feasible, acceptable, and effective in improving 

dyads’ sleep and enhancing shared-management skills. By employing HCD approaches and 

PCSM, SLEEPSMART is promising to support pediatric sleep research in larger-scale trials. The 

reformulated SCT-SM allows researchers to better understand PCSM in pediatric sleep. We expect 

a sleep intervention guided by SCT-SM will improve sleep quality, enhance communication, and 

boost the capacity to manage chronic conditions in children and parents. We also anticipate that 

the reformulated SCT-SM has the potential to generalize to other pediatric chronic conditions by 

providing a framework for a better understanding of the shifting roles/responsibilities between 

parents and children. Towards the intervention evaluation and refinement, our newly developed 

USIS model offers specific tools to design better interventions and evaluate existing interventions 

to improve health innovations’ translation into practice. We believe the USIS model offers a 

pathway for enhancing innovation advancement by incorporating the processes and tools from 

HCD and IS.
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Sleep deficiency, including inadequate quantity or quality of sleep, is highly comorbid in 

children with juvenile idiopathic arthritis (JIA), affecting an estimated 30% of children (Saidi et 

al., 2022; Tarakci et al., 2019; Ward et al., 2017). Prior studies show that sleep deficiency in 

children with JIA is associated with increased arthritis symptoms, more fatigue and pain, poorer 

health-related quality of life, and higher healthcare utilization (Allen et al., 2016; Armbrust et al., 

2016; Butbul Aviel et al., 2011; Kuhlmann et al., 2016; Tarakci et al., 2019; Tsipoura et al., 

2018; Valrie et al., 2013). Although sleep deficiency is recognized as a critical outcome for 

pediatric chronic pain management, sleep has rarely been targeted in nonpharmaceutical 

intervention studies (Palermo et al., 2021). Sleep is a missing piece in JIA management and often 

overlooked in clinical care. 

Currently, most pediatric sleep interventions focus on the parent alone versus the parent 

and child together as a dyad, and the majority of interventions do not involve parents and 

children in the design and development (Ward et al., 2020a). Less is known about shared 

management, specifically how parents and children co-manage sleep problems, problem-solve, 

set goals and work through setbacks. A better understanding of how parents and children co-

manage sleep could lead to better engagement in learning specific strategies to improve sleep 

(Sonney et al., 2020a; Tinker et al., 2020; Ward et al., 2020a). To gain a better understanding of 

how to effectively support sleep health in children with JIA and their parents, this dissertation 

involved a secondary analysis of a randomized controlled pilot study, Sleep Shared-Management 

Intervention (SLEEPSMART). SLEEPSMART was designed with a Human Centered Design 

(HCD) approach that involved children with JIA and their parents in the co-creation of the 

intervention design and development. SLEEPSMART sought to provide children with JIA and 

their parents the knowledge, motivation, and skills for setting and achieving goals, problem-



 

solving, and working through setbacks to improve their child’s sleep. SLEEPSMART embedded 

key social cognitive theory constructs, including outcome expectations, self-efficacy, and self-

regulation (Bandura, 1986). SLEEPSMART encourages child and parent activation by 

monitoring progress, setting new goals, and seeking the support they need as a team that 

provides children and parents the tools to ensure their continued success. As a result, the 

SLEEPSMART intervention sought to improve child sleep by modifying children’s and parents’ 

negative beliefs, increasing outcome expectations and self-efficacy, facilitating change in the 

social and physical environments, and encouraging the development of self-regulation.  

In Chapter 3, I comprehensively analyzed and evaluated Social Cognitive Theory (SCT) 

in the pediatric sleep context using Fawcett’s framework (Fawcett & Desanto-Madeya, 2012). 

SCT is a middle-range theory and has been a guiding framework in health promotion research as 

it helps understand people’s behaviors (Bagherniya et al., 2018; Moeini et al., 2019; Tougas et 

al., 2015; Xiang et al., 2022; Zare et al., 2020). I advanced the argument that the parent-child 

shared management (PCSM) perspective is beneficial for understanding pediatric sleep health. 

PCSM assumes that with parents’ ongoing support, children’s responsibility for their health 

management increases over time, along with developmental progression and health-related 

experiences (Kieckhefer & Trahms, 2000; Sonney et al., 2020a). I proposed reformulating SCT 

by integrating PCSM in the pediatric sleep context: SCT with Shared Management (SCT-SM). In 

the future research, we believe that interventions that guided by SCT-SM engaging parents and 

children in active roles in managing sleep have potential sustainable effects in improving sleep 

and quality of life.  

In Chapter 4, to assess and refine SLEEPSMART after pilot testing and informed by 

HCD and Implementation Science (IS) outcomes (Hermes et al., 2019; Lyon & Koerner, 2016; 



 

Maguire, 2001; E. Proctor et al., 2011), we proposed a heuristic model to guide the design, 

development and evaluation of technology-enhanced interventions: the USIS model, in which 

Usability and IS are combined. USIS has five domains: 1) User-Centeredness (empathy, 

engagement, and equity), 2) Efficiency (cost, timeliness, and rapidity), 3) Feasibility 

(learnability, memorability, error reduction, low cognitive load), 4) Satisfaction (acceptability, 

appropriateness), and 5) Fidelity (adoption, penetration, sustainability). Applying USIS to 

evaluate SLEEPSMART, we found the strengths and areas for improvement for the 

SLEEPSMART project. 

In each chapter, the study background, aims, methods, results, discussion of findings, and 

conclusion were successively presented, followed by the reference list. In the end, Figures and 

Tables were created to demonstrate the study results. In the last chapter, the main findings are 

synthesized along with a description of the implications of this work for future research and 

healthcare practice. 
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Abstract 

Objective: To evaluate the feasibility, acceptability, and preliminary efficacy of a pilot 

randomized controlled trial of internet-delivered sleep shared-management intervention 

(SLEEPSMART) for children with juvenile idiopathic arthritis (JIA) and their parents.  

Background: Sleep deficiency is highly comorbid in children with JIA and associated with 

poorer health-related quality of life, increased arthritis symptoms, and healthcare utilization. 

Despite the prevalence of sleep deficiency in JIA, little attention has been given to supporting 

children and parents in managing sleep deficiency, specifically enhancing self-efficacy, problem-

solving, and goal-setting skills. Guided by Social Cognitive Theory and parent-child shared 

management perspectives, we developed SLEEPSMART to support sleep quantity and quality 

among JIA children before transitioning to adolescence.  

Methods: We used a parallel arm pilot randomized controlled trial design to evaluate the 

feasibility, acceptability, and preliminary efficacy of SLEEPSMART. Fifty children, 8-13 years, 

with JIA and sleep deficiency, and their parents enrolled (consented) in the study. Forty-four 

parent-child dyads were randomized to the SLEEPSMART or control group. The 

SLEEPSMART group received a 6-week online intervention with sleep coach-supported weekly 

educational modules and goal setting. The control group received routine clinical care. 

Feasibility was measured by the percentage of eligible, enrolled, and retained dyads, engagement 

was measured when dyads completed at least one module, and usefulness and acceptability were 

measured with the Treatment Evaluation Inventory and exit interviews. Dyads’ sleep and self -

management outcomes were evaluated at baseline (T1), immediately post-intervention (T2), and 

one-month post-intervention (T3).  



 

Results: Of the 50 dyads enrolled, 88% completed the baseline assessment. Of 24 dyads 

assigned to the SLEEPSMART group, 80% completed all intervention modules and surveys, and 

88% completed at least one module. Of the 20 dyads in the control group, 85% completed all 

surveys. Seventy-five percent of children and 89% of parents reported high acceptance, and 89% 

of parents and 80% of children would recommend SLEEPSMART to others. The themes 

(satisfaction, usefulness, and improvement) and subthemes that emerged from the exit interview 

suggest high acceptability among parents and children. For preliminary efficacy, there were 

statistically significant differences between the SLEEPSMART and control groups on children’s 

sleep efficiency and total sleep time at post intervention and one-month follow up, beliefs and 

attitudes towards sleep at one-month follow up, and self-efficacy in managing their own chronic 

conditions at post-intervention but not one-month follow-up. For parents, there were statistically 

significant differences between the SLEEPSMART and control groups on their self-efficacy in 

managing their children’s chronic conditions and sleep at post-intervention and one-month 

follow-up. 

Conclusion:  SLEEPSMART is a feasible, acceptable, and potentially effective intervention for 

children with JIA and their parents to improve sleep and shared-management skills. It is 

promising in improving parent-child dyads’ sleep and quality of life in larger-scale trials. 

 

Key Words: Sleep, RCT, Intervention, Parent-Child Shared Management, Human-Centered 

Design, Social Cognitive Theory 

 

 

 



 

Introduction 

Sleep deficiency, including the inadequate quantity or quality of sleep, is highly 

comorbid in children with juvenile idiopathic arthritis (JIA), affecting an estimated 30% of 

children (Saidi et al., 2022; Tarakci et al., 2019; Ward et al., 2017). Prior studies show that sleep 

deficiency in children with JIA is associated with increased arthritis symptoms, more fatigue and 

pain, poorer health-related quality of life, and higher healthcare utilization (Allen et al., 2016; 

Armbrust et al., 2016; Butbul Aviel et al., 2011; Kuhlmann et al., 2016; Tarakci et al., 2019; 

Tsipoura et al., 2018; Valrie et al., 2013). Notably, sleep quality, duration, and habits are not 

routinely assessed in children with JIA. An estimated 10-15% of pediatric providers are not 

screening for sleep problems, and many have limited knowledge, skills, and confidence to 

manage sleep problems (Anwar et al., 2018; Honaker & Meltzer, 2016; Ramar et al., 2021). 

Moreover, limited access to specialty pediatric sleep centers, low provider reimbursement rates, 

and high caseloads are additional barriers to assessing and treating sleep deficiency in children 

(Honaker & Meltzer, 2016; Ramar et al., 2021). The traditional approach, such as in-person 

sessions, to manage sleep problems is a barrier for families because it is costly, time intensive, 

and requires parents and children to miss work and school.  

Despite the pervasiveness of poor sleep quality, inadequate sleep, and variability of sleep 

timing in children with JIA, few sleep interventions have focused on school-age children with 

chronic health conditions. Currently, most focus on the parent alone versus the parent and child, 

and the interventions involve parent education, relaxation, and sleep hygiene techniques (Meltzer 

et al., 2021). Less is known about management behaviors (e.g., self-efficacy, activation, 

motivation) between children and parents that could lead to better engagement in learning 

specific strategies to improve sleep (Sonney et al., 2020a; Tinker et al., 2020). Parent-child 

shared management reflects the shared responsibility and interdependence (e.g., being dependent 



 

upon one another) for parents and children to co-manage children’s health. It assumes that with 

parents’ ongoing support, children’s responsibility for their own health management increases 

along with developmental progression and health-related experiences (Buford, 2004; Kieckhefer 

& Trahms, 2000; Schilling et al., 2006; Sonney et al., 2016). Children and parents need active 

assistance in solving their child's sleep problems due to the complexity of sleep behaviors, 

problem-solving, and compromising around barriers to boost parents' and children’s self-efficacy 

(e.g., confidence). Sleep deficiency in JIA is multifactorial, including pre-bedtime activities 

(homework, media), inconsistent sleep habits (bedtime variability), and/or a lack of necessary 

skills and self-efficacy to follow recommendations. Without active support, children and parents 

may give up before reaching the tipping point where positive outcomes are readily observable.  

Dr. Teresa Ward’s team developed a health behavior change intervention: Sleep Shared-

Management Intervention (SLEEPSMART), that provides children with JIA and their parents the 

knowledge, motivation, and skills for setting and achieving goals, problem-solving, and working 

through setbacks to improve their child’s sleep (Ward et al., 2020). SLEEPSMART was guided 

by Bandura’s Social Cognitive Theory (SCT), and parent-child shared management (PCSM) 

(Bandura, 1986; Kieckhefer & Trahms, 2000; Sonney et al., 2020a). SCT views behavior choices 

as the result of reciprocal determinism between cognitive, behavioral, and environmental 

influences and integrates skill-building and behavior change that is relevant even with setbacks 

and partial successes (Bandura, 1986). For example, the SLEEPSMART intervention sought to 

improve child sleep by modifying children's and parents' negative beliefs, increasing outcome 

expectations and self-efficacy, facilitating change in the social and physical environments, and 

encouraging the development of self-regulation. Thus, the purpose of this pilot RCT was to 1) 

determine the feasibility and acceptability of SLEEPSMART and 2) examine the preliminary 



 

efficacy of SLEEPSMART on primary outcomes (sleep) and secondary outcomes (management 

behaviors) in children with JIA and their parents. 

Methods 

SLEEPSMART is registered at clinicaltrials.org (Identifier NCT04066205) and was 

approved by the University of Washington Institutional Review Board. A description of the 

design and development of SLEEPSMART is described elsewhere (Ward et al., 2020).  

Participants  

Children were included if they were 1) diagnosed with JIA; 2) 8 to 13 years, and 3) 

reported by their parent to have difficulties with sleep (e.g., difficulty falling asleep, no bedtime 

routine, waking up in the middle of the night, and struggling to fall back asleep) and/or poor 

sleep that impacted their day-to-day function (e.g., school performance, peer-relationships). 

Exclusion criteria for children included 1) being diagnosed with a sleep disorder (e.g., 

obstructive sleep apnea), 2) lack of daily access to the internet, 3) developmental delay, and 4) 

currently participating in psychological therapy. Parent eligibility criteria included 1) 18 years 

and older, 2) having access to a computer or web-based device to complete the surveys, and 3) 

residing with the child more than 50% of the time. For families in which the child routinely spent 

the night in more than one home, a primary study parent was selected based on being a primary 

caregiver who resided with the child more than 50% of the time. 

Procedures  

Recruitment and Enrollment. From July 2019 through December 2020, JIA children and 

their parents were recruited from a large urban pediatric hospital. A list of names and addresses 

of children who met the study eligibility criteria was obtained from a clinical research assistant 

(CRA). Potential subjects were mailed a letter with the study website 



 

(https://www.sleepsmartstudy.org/) and the CRA’s contact information. Interested participants 

were directed to the SLEEPSMART study website hosted by Research Electronic Data Capture 

(REDCap). REDCap is a secure web application for designing clinical research and translational 

research databases (Harris et al., 2009, 2019) and was used to collect data surveys. After consent 

and assent were obtained, each parent-child dyad was provided a REDCap link to study 

questionnaires, daily online sleep diaries, and an actiwatch to wear for fourteen consecutive days 

at the three data collection points (T1, T2, T3). 

Randomization. A randomized controlled trial (RCT) design was used and included 

assessments at baseline (T1), immediate post-treatment (T2), and one-month follow-up (T3). 

Following completion of baseline assessments, parent-child dyads were randomized to one of 

two treatment groups (treatment [SLEEPSMART] or usual care). A block randomization scheme 

was generated using an online program to derive randomization assignments. By the nature of 

the pilot feasibility, efficacy, and acceptability trial design, neither the research staff nor the 

participants were blinded to the intervention. During the intervention period, participants in the 

intervention group received access to a 6-week SLEEPSMART. SLEEPSMART included access 

to password-protected websites for children and parents to learn sleep shared management skills.  

Flow chart. Figure 2.1 shows the Consolidated Standards of Reporting Trials 

(CONSORT) flow chart. In brief, 63 dyads were screened for this study, and 13 were excluded, 

resulting in a final sample of 50 dyads. Of the 50 dyads enrolled in the study, six dropped, 24 

received access to the SLEEPSMART program, and 20 received standard care. Of those assigned 

to SLEEPSMART, 80% (n = 19/24) logged in and received the intervention. Assessment 

completion ranged from 100% at baseline (n = 24/24) to 80% (n=19/24) at follow-up.  

SLEEPSMART Intervention  

https://www.sleepsmartstudy.org/


 

SLEEPSMART Development. SLEEPSMART was developed by a team of biomedical 

informaticians, pediatric nurses, psychologists, rheumatologists, and pediatric behavioral sleep 

experts with knowledge of cognitive behavioral therapy, management of behavioral sleep 

problems, JIA management, and Human-Centered Design (HCD) (Ward et al., 2020). HCD 

represents a collaborative approach that brings stakeholders and implementation teams together 

to co-create health interventions, services, or products that prioritize and address users’ needs 

(Bazzano et al., 2017). Applying Participatory Design (PD), HCD emphasizes stakeholders' 

active engagement to improve intervention utility, uptake, sustainability, and effectiveness 

(Bazzano et al., 2017; Lyon et al., 2019). During the SLEEPSMART developmental phase, the 

content team met weekly to develop and review intervention materials, multimedia elements, the 

structure of the program, and paper-based prototypes (Ward et al., 2020). Three in-person PD 

sessions were conducted among children with JIA and their caregivers to further tailor 

intervention content to meet their needs. Based on the initial development, paper prototypes, PD 

session results, and user flows, a high-fidelity prototype of SLEEPSMART was developed. The 

finalized website design was hosted on the Wix platform. Wix is a customizable website builder 

that allows users to quickly create websites (https://www.wix.com/about/us). 

SLEEPSMART Modules and content. SLEEPSMART is a web-based intervention that 

adapted components from the Transdiagnostic Sleep and Circadian (TransS-C) intervention for 

youth that is informed by fundamental sleep and circadian principles (A. G. Harvey, 2016; A. G. 

Harvey & Buysse, 2018). As shown in Table 1, the TransS-C adopted four cross-cutting 

components (sleep complaint, education, behavior change and motivation, and goal-setting) in 

each session, four core modules (learning a wind-down and wake-up routine, improving daytime 

functioning, correcting unhelpful sleep-related beliefs, and maintaining behavior change), and 



 

seven optional modules that tailored to participants’ needs (improving sleep efficiency, reducing 

time in bed, dealing with delayed or advanced phase, reducing sleep-related worry, promoting 

compliance with the treatment, negotiating sleep in a complicated environment, and reducing 

nightmares) (A. G. Harvey & Buysse, 2018). The SLEEPSMART program is built on a 

responsive web platform and is accessible via any web-enabled device (laptop, smartphone, 

tablet). The self-guided intervention teaches sleep shared-management skills, including 

relaxation methods, cognitive sleep coping techniques, and parental operant and communication 

skills. Based on input from children with JIA and parents, the SLEEPSMART website displays a 

space theme with a soothing color palette. Each learning module consists of a 10-to-15-minute 

presentation, a brief quiz, a tailored weekly activity focused on reinforcing goal setting and skills 

practice, and extra resources for parents and children (e.g., handouts, links to sleep organizations, 

videos). Children and parents visit a different weekly module and check in with a sleep coach. 

The sleep coach reviewed the weekly assignments, provided strategies to work through goals, 

encouraged skill practice, and addressed barriers and/or setbacks to completing SLEEPSMART 

modules. The program was metered to encourage dyads’ skills practice and consolidation so that 

users spent one week practicing assigned skills before moving on to the next module. Sample 

educational modules and weekly activities are shown in Figure 2.  

Measures  

 

Participants completed standardized questionnaire measures, actigraphy and sleep diaries 

at three assessment time points: baseline (T1), after the 6-week intervention period (T2), and 

after one-month follow-up (T3). Participants were provided with gift card incentives after the 

completion of each assessment.  

Intervention Outcomes 



 

Feasibility and Acceptability Outcomes  

Feasibility: The number of eligible parent-child dyads, enrollment, retention, and 

participant attrition rate were calculated as the intervention feasibility. The percentage of 

completing at least one module in the SLEEPSMART program was considered treatment 

engagement, while the percentage of completing five or more modules was considered 

adherence.   

Treatment Evaluation Inventory Form (parent and child): an 11-item TEF measure of 

the overall acceptability of the program, including the content, the structure and format, the 

procedure, and how likely parents and children would recommend it to others (Kelley et al., 

1989). Survey items were rated on a 1-to-5-point scale (1 = strongly disagree to 5= strongly 

agree); higher scores indicate higher satisfaction and acceptability of the intervention. 

"Moderate" satisfaction and treatment acceptability is indicated by a score of "3" for each item. 

The original TEF instrument showed good internal consistency with Cronbach's α = 0.85  

(Kelley et al., 1989). In this study, the internal consistency was 0.9 among children and 0.9 for 

parents.  

Exit Interview: To assess acceptability, we conducted semi-structured exit interviews by 

phone for parent-child dyads at the end of the program. Each exit interview lasted 15-20 minutes. 

All interviews were audio recorded. The interview consisted of open-ended questions on what 

dyads liked about the SLEEPSMART intervention, what they would like to change, and their 

general feedback/suggestions. 

Preliminary intervention efficacy and management behaviors 

Total sleep time and sleep efficiency: total sleep time and sleep efficiency were 

measured by actigraphy and sleep diary. Acti-watch is a watch-like device that records sleep 



 

patterns based on movement detected by an omnidirectional sensor in the natural home 

environment. Children wore an Actiwatch for seven consecutive days (Actiwatch Spectrum, 

Philips Respironics, Pittsburgh, PA). They were instructed to press the event marker when they 

attempted to fall asleep, when they woke up in the morning, at the beginning and end of naps, 

and when the watch was removed (e.g., swimming, showering) (Ward et al., 2012). After the 

Actiwatch was returned, the data were downloaded and scored using the Actiware software 

(Actiware Version 6.1., Philips Respironics). Activity counts were scored using a weighting 

algorithm with a medium threshold (40 activity counts per epoch). This algorithm has a high 

sensitivity to detect sleep and low specificity to detect wake compared to polysomnography in 

children with and without chronic conditions (Ward et al., 2012). Two separate coders coded 15 

of the same records, when the inter-rater reliability reached over 90%, then the two coders 

continued coding all other records. Inter-rater reliability was assessed with two members who 

individually scored actigraphy data (>0.90). Variables derived from actigraphy included: (1) 

sleep onset and offset, defined as the first three consecutive minutes scored as sleep after the 

diary reported bedtime and sleep offset was defined as the last five consecutive minutes of sleep 

before the diary reported wake time (Meltzer et al., 2012);  (2) Total Sleep Time (TST), defined 

as the minutes during the sleep period; (3) Sleep Onset Latency (SOL), defined as the minutes 

from lights off until sleep onset; (4) Wake After Sleep Onset (WASO), defined as the minutes 

scored as wake during the sleep period; and (5) Sleep Efficiency (SE), defined as the ratio of total 

sleep time/time in bed.  

A web-based electronic daily sleep diary was used with actigraphy. Youth completed the 

sleep diaries every morning and every night at bedtime. Variables derived from the sleep diary 

included: (1) bedtime, defined as the time children recorded in the sleep diary as "falling asleep"; 



 

(2) wake time, defined as the time children recorded in the sleep diary as "waking up"; (3) sleep 

duration, defined as the total amount of time spent asleep between bedtime and wake time; and 

(4) sleep quality, defined as 0 = "extremely poor sleep" to 10 = "extremely good sleep" (higher 

numbers indicate better sleep quality); (e) pain on average, defined as 0 = "no pain" to 10 = "pain 

as bad as you can imagine" (higher numbers indicate greater pain). In addition, evening 

activities, medications, illnesses, and any unusual events that may have affected their sleep (e.g., 

illness, argument with a friend, worry about a test) were recorded. 

PROMIS Sleep Disturbance (parent and children): an 8-item questionnaire that 

measures self-reported perceptions of sleep quality, depth, and restoration within the past seven 

days for parents’ own sleep and children’s sleep (Forrest et al., 2018; Hanish et al., 2017). Items 

are rated on a 5-point Likert scale (1= not at all/very poor, 2 = a little bit/poor, 3=somewhat/fair, 

4=quite a bit/good, 5= very much/very good). We calculated T-scores using the online 

HealthMeasure Scoring Services program provided by the US Assessment Center 

(https://www.assessmentcenter.net/ac_scoringservice). Scoring (Forrest et al., 2014) Service is 

the most accurate scoring method because it uses IRT-based response pattern scoring. Higher 

scores indicate more significant sleep problems (S. J. Bartlett et al., 2015). Prior studies report 

Cronbach's α ranging from 0.9 to 0.99 among children aged 8-17 and adults (S. J. Bartlett et al., 

2015; Forrest et al., 2018). In this pilot study, the internal consistency was 0.72 for children and 

0.80 for parents.  

PROMIS Sleep-Related Impairment version 1.0 and 4a (parents and children): a 4-

item questionnaire that assesses self-reported sleepiness, tiredness, and functional impairments 

associated with sleep problems during waking hours within the past seven days for parents’ own 

sleep and children’s sleep (Hanish et al., 2017; Yu et al., 2011). Items are rated on a 5-point 

https://www.assessmentcenter.net/ac_scoringservice


 

Likert scale (1= never, 2= almost never, 3 = sometimes, 4 = almost always, and 5 = always). 

Similar to the above PROMIS instrument, we obtained T-scores using the online HealthMeasure 

Scoring Services programs. Higher scores indicate more significant sleep impairment. Prior 

studies report Cronbach's α = 0.97 to 0.98 among children aged 8-17 and adults (S. J. Bartlett et 

al., 2015; Forrest et al., 2018). In this pilot study, the internal consistency was 0.9 for children 

and 0.9 for parents.  

Dysfunctional Beliefs and Attitudes about Sleep (DBAS-C10) (children): a 10-item 

youth-report questionnaire that assesses children’s misconceptions about sleep that trigger sleep 

problems (Blunden, Gregory, & Crawford, 2013). Items are rated on a 5-point Likert scale (1 = 

strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree). DBAS consists of 3 

subscales: (1) beliefs about immediate negative consequences (4 items), (2) beliefs about long-

term negative consequences (4 items), and (3) need to control insomnia (2 items). A total score is 

computed by averaging the scores of all items; higher scores indicate more dysfunctional beliefs 

and attitudes about sleep. In prior studies, the internal consistency was adequate, with Cronbach's 

α being more than 0.75 (Blunden et al., 2013; Kaplan, Ali, Simpson, Britt, & McCall, 2014), and 

in this study, the Cronbach's was 0.8.  

Dysfunctional Beliefs and Attitudes about Sleep (DBAS-16) (parents): a 16-item 

parent-report questionnaire that assesses sleep/insomnia-related attitudes and beliefs (e.g., 

consequences of insomnia, worry about sleep, sleep expectations, and medication) (Morin et al., 

2007). The DBAS-16 includes four subscales: (1) perceived consequences of insomnia, (2) 

worry/helplessness about insomnia, (3) sleep expectations, and (4) medication. Items are rated on 

a Likert scale of 0 (strongly disagree) to 10 (strongly agree). A total score is computed by 

averaging the scores for all the items, with a higher score indicating more dysfunctional beliefs 



 

and attitudes about sleep. In prior studies, internal consistency was adequate, with Cronbach's α 

= 0.77 to 0.80 (Chung et al., 2016; Morin et al., 2007). In this study, Cronbach's α was 0.9 

among parents. 

Self-Efficacy Managing Chronic Disease (parents): a 9-item survey that assesses parent 

confidence to manage/control their children’s chronic conditions, emotional functioning, and 

communication with healthcare providers. Items are rated using a visual analog scale, ranging 

from 1 = not at all confident to 10 = totally confident ( Lorig et al., 2001). A mean score is 

calculated with higher values indicative of higher self‐efficacy. Reliability is well established, 

with Cronbach's alpha over 0.88 (Freund et al., 2014; Riehm et al., 2016; Ritter & Lorig, 2014). 

In this study, Cronbach was 0.8. 

Index of self-regulation (children): a 9-item scale that measures motivation and 

activation concerning changing behaviors. Items are rated on a 5-point Likert scale from 

1=strongly disagree, 2= disagree, 3= undecided, 4=agree to 5=strongly agree, with higher scores 

indicating a higher level of self-regulation for health-related behavior change. Previous studies 

show adequate internal consistency with Cronbach's alphas of 0.81 to 0.96 (Yeom et al., 2011). 

In this study, Cronbach's was 0.9 among children. 

Other Measurements used for Demographics. The below measures were used to describe the 

sample and baseline symptom characteristics. 

Demographics: Child and parent demographics (age, gender) were completed by the 

parents. 

Adolescent Sleep Wake Scale (ASWS) (children): a 28-item youth-report measure of 

sleep quality and behaviors over the past month (LeBourgeois et al., 2005). ASWS includes five 

domains (going to bed, falling asleep, maintaining sleep, reinitiating sleep, and returning to 



 

wakefulness) and items are scored on a six-point Likert scale (1 = always to 6 = never). Higher 

scores suggest better sleep quality. Prior studies show good internal consistency with Cronbach's 

alphas of 0.7 to 0.9 among adolescents (Ji & Liu, 2016; Lawless et al., 2020). The internal 

consistency was 0.76 in this pilot study. 

PedsQL™ Multidimensional Fatigue Scale (children): an 18-item child-report scale on 

fatigue over the past month (Varni et al., 2004). Items are rated on a 5-point Likert scale (0 = 

never a problem, 1 = almost never a problem, 2 = sometimes a problem, 3 = often a problem, 4 = 

almost always a problem) and were reverse scored on a 0-100 scale (0 = 100, 1 = 75, 2 = 50, 3 = 

25, 4 = 0). A total score of less than 50 was used as a cutoff for moderate fatigue (Varni et al., 

2004). Prior studies report an internal consistency of 0.7 to 0.93 among children and adolescents 

(Panepinto et al., 2014; Smout et al., 2022; Ye et al., 2016). In this pilot study, the internal 

consistency was 0.75 for the children.  

PROMIS Pediatric Global Health (children): a 7-item child-report measure that 

assesses pain interference and fatigue in children aged 8–18 (Forrest et al., 2014). Similar to the 

above PROMIS instrument, we obtained T-scores using the online HealthMeasure Scoring 

Services programs. Higher scores indicate more significant sleep impairment. A higher T score 

indicates better overall health. Previous studies found good internal consistency with Cronbach's 

alphas of 0.8 to 0.9 (Forrest et al., 2019; Holbein et al., 2021; Kallen et al., 2022). The 

Cronbach's α was 0.78 in this pilot study.  

Data Analysis 

Deidentified data were exported from REDCap and Philips Actiware. Baseline 

characteristics were compared between the groups using the two-sample t-test for continuous 

measures and the chi-square test for categorical measures. The percentage of participants rated 



 

TEF items as “agree” or “strongly agree,” and thematic analyses of semi-structured exit 

interviews were considered intervention acceptability. All interviews were audio recorded and 

transcribed verbatim in English. Data were analyzed thematically using inductive coding, a 

coding approach that allows researchers to read and interpret raw textual data to develop themes 

without pre-defined themes (Thomas, 2006). Inductive coding included six phases (Yuwen et al., 

2017): 1) unitizing data; 2) open coding and identification of initial categories; 3) naming and 

defining initial categories; 4)  developing a codebook and 5) code all data. The qualitative 

software ATLAS.ti 9 was used for data management and analysis.  

To examine the intervention effects on parent-child dyads' sleep and shared-management 

outcomes over time, we used generalized estimating equations (GEE) models. GEE takes into 

account the dependence between repeated measurements within subjects and can deal with 

missing data as well as nonnormal distributed data (Salazar et al., 2016). Statistical analysis was 

undertaken using r within r studio (RStudio Team, 2020). We included time as a factor to 

investigate outcome (sleep and shared management) changes over time (three levels: baseline, 

immediately post-intervention, and one-month follow-up). To compare the difference in 

outcomes between groups over time, we included time, group (two levels: SLEEPSMART, usual 

care), and the interaction time x group as factors. We set the model with linear response, the 

distribution of the data at ‘gaussian’, the correlation structure at ‘AR(1)’, and with robust 

standard errors. Packages of ‘geepack’ and ‘ggeffects’ within r were used. A p-value below .05 

was considered statistically significant. Children who dropped out between T1, T2, and T3 were 

included in the analyses according to the intention-to-treat (ITT) principle (Detry & Lewis, 

2014). Multiple imputation methodology was used to accommodate missing outcome data to 

reduce potential bias due to the participants dropping out over time. Variables included in the 



 

imputation models were prespecified as variables likely to be associated with the outcome 

variables. m = 50 complete data sets were generated, and the r package “MICE” was used to 

conduct the multiple imputations.  

Results 

Participant Characteristics 

 

Table 2.2 summarizes the baseline characteristics between the control and 

SLEEPSMART groups. The baseline characteristics and self-reported sleep, multidimensional 

fatigue, pain, self-efficacy, and self-regulation were not significantly different between the 

control and intervention groups at baseline. The mean age of the children was 10.3 ± 1.7 years, 

and the majority (72%) were female. All parents were mothers with a mean age of 41.8 ± 5.7 

years.  

Feasibility and Acceptability  

Sixty-three parents completed the online eligibility screening, and 56 (89%) of the dyads 

were eligible. Of the seven dyads who were not eligible, six were due to children participating in 

psychosocial therapy, and one did not meet the cutoff score for sleep problems. Of the 56 eligible 

dyads, 50 dyads enrolled in the study, and 44 completed baseline measures (88% participation 

rate).  

Of the 24 dyads assigned to the intervention group, 19 (80%) completed all six 

intervention modules and study surveys at T1, T2, and T3, and 21 (88%) completed at least one 

module. Of the 20 dyads assigned to the control group, 17 (85%) completed study surveys at T1, 

T2, and T3. For dyads who completed six modules (n=19), the mean time spent on all modules 

was 7.1 ± 2.2 weeks.  



 

Seventy-five percent of children and 89% of parents reported high acceptance (agree and 

strongly agree) with SLEEPSMART, and 89% of parents and 80% of children would 

recommend SLEEPSMART to others.  

The exit interview findings suggested that the intervention was highly feasible, 

acceptable, and useful to dyads. Table 2.3 shows themes, subthemes, and direct quotes from 

participants’ exit interviews. Three themes emerged with respect to satisfaction, usefulness, and 

improvement. Dyads were satisfied with the flexibility of online self-paced learning, the 

trustworthy educational content, and the research team's responsiveness. They found 

SLEEPSMART was useful in empowering children to take more responsibility and reconnecting 

parents and children to achieve the same goals. Recommended improvements included more 

structured and organization if a dashboard housed everything (video, survey, and sleep diary) in 

one place, reducing the number of surveys and making intervention modules more interactive 

and gamified. 

Preliminary efficacy on sleep and management behaviors 

 

Table 2.4 shows means and standard deviations of children’s and parents’ outcomes 

across each time point by treatment condition and the GEE model’s results examining the 

treatment effects on children’s and parents’ outcomes, controlling for age and gender. For 

children’s outcomes, there was a statistically significant difference between the SLEEPSMART 

and control group on their sleep efficiency and total sleep time at post intervention (p < .01) and 

one-month follow up (p < .05), beliefs and attitudes towards sleep at one-month follow up (p < 

.05), and self-efficacy in managing their own chronic conditions at post-intervention (p < .05) 

but not one-month follow-up. For parents, there was a statistically significant difference between 



 

the SLEEPSMART and control group on their self-efficacy in managing their children’s chronic 

conditions and sleep at post-intervention (p < .01) and one-month follow-up (p < .05).  

Discussion 

The primary goal of this study was to evaluate the feasibility, acceptability, and 

preliminary efficacy of a web-based SLEEPSMART intervention for children with JIA and their 

parents. SLEEPSMART was positively received by children and parents. Findings indicated that 

the SLEEPSMART intervention was acceptable, feasible, helpful and engaging. Eighty percent 

of the families completed all the intervention modules and surveys.  Findings from the surveys 

and exit interviews indicated that SLEEPSMART was highly acceptable, with 89% of parents 

and 75% of children reporting overall acceptance, and 89% of parents and 80% of children 

would recommend SLEEPSMART to others. Three themes that emerged from the exit 

interviews (satisfaction, usefulness, and improvement) suggest high acceptability among parents 

and children. Parent-child dyads appreciated the flexibility of online learning and were satisfied 

with reliable and abundant knowledge and highly responsive and accessible research teams. 

They also reported that SLEEPSMART activated/motivated children to take more control in 

managing their sleep and reconnected parents and children to work towards the same goal. 

For intervention preliminary efficacy, our findings suggest that there was statistically 

significant difference between SLEEPSMART and control group on children’s sleep efficiency 

and total sleep time at post intervention and one-month follow up, belief and attitude towards 

sleep at one-month follow up, and self-efficacy in managing their own chronic conditions at 

post-intervention but not one-month follow-up. For parents, there was statistically significant 

difference between SLEEPSMART and control group on their self-efficacy in managing their 

children’s chronic conditions and sleep at post-intervention and one-month follow-up.  



 

Parents and children offered valuable feedback to refine SLEEPSMART in three areas: 1) 

structure-wise, organize all tasks in one dashboard so they can check out daily tasks and track 

progress; 2) reduce the number of surveys; and 3) gamify the intervention videos and develop an 

actual reward system for children. 

Our results suggest that technology-enabled sleep intervention may be a potentially 

accessible alternative to more cost/time-consuming traditional in-person interventions. Of the 

pediatric interventions developed for children with JIA, several have focused on pain symptom 

monitoring with an mHealth app (Lee et al., 2020, Lalloo et al., 2021), e-pain diaries (Stinson, 

Petroz, et al., 2008; Stinson et al., 2008; Stinson et al., 2014), web-based pain assessment tools 

(Stinson et al., 2012), web-based CBT-pain programs (Armbrust et al., 2017; Lelieveld et al., 

2010); self-management skills with online CBT programs (Connelly et al., 2019; Stinson et al., 

2010, 2020), and a web-based peer-mentoring program (Stinson et al., 2016). Among these 

interventions, only one study included sleep as one of the outcomes (Stinson, Petroz, et al., 

2008). Although sleep deficiency is recognized as a critical outcome for pediatric chronic pain 

management, sleep has been rarely targeted in nonpharmaceutical intervention studies (Palermo 

et al., 2021).  

To date, less attention has been given to engaging both parents and children in active 

roles to improve children’s sleep (Sonney et al., 2020a; Ward et al., 2020b). Our findings fill 

important gaps in the literature in that SLEEPSMART engaged parents and children throughout 

the design and development of the web-based intervention with HCD approaches through active 

engagement, co-design, and support for iterative idea refinement in response to testing and 

feedback (Beres et al., 2019; Melles et al., 2021), and integrated parent-child shared 

management. In working to change sleep behaviors in children, it is vital to account for parent-



 

child interdependence to effectively manage children's sleep. Parents play critical roles in 

shaping children's health management skills. HCD allows parents and children to provide 

valuable insights into how real-world participants interact with the planned intervention. By 

infusing intervention design with HCD principles, our team gained a deeper understanding of the 

parents' and children’s needs to improve their experience and motivate engagement.  

This pilot study has several limitations. First, our sample was relatively small, given that 

this was a pilot study. Our sample was also predominantly White and middle class, which limits 

generalizability. Our results may not generalize to diverse populations from various racial, 

socioeconomic, and geographic backgrounds. Our follow-up period was limited to one-month 

post-intervention, and some children and parents may have needed a longer time to see the 

effects of SLEEPSMART. Lastly, this study was conducted during the COVID-19 pandemic, 

and stay-at-home guidance may have altered sleep routines and patterns for children and parents.  

Implications  

SLEEPSMART is a novel web-based intervention that targets sleep shared management 

among children with JIA and their parents. The findings expand our understanding of JIA 

families’ needs by integrating HCD and parent-child shared management perspectives into the 

intervention. Further research is needed to revise SLEEPSMART based on the exit interviews 

and conduct a larger RCT to evaluate the efficacy of SLEEPSMART in a more diverse and 

larger sample.  

Drawing upon parent-child shared management, SLEEPSMART partnered up parent and 

child as a team to improve sleep. To our knowledge, only one intervention has integrated a  

shared management perspective for children with asthma and their parents (Sonney et al., 

2020a). The intervention was highly feasible and acceptable by participants, resulting in positive 



 

changes in children's and parents’ outcomes. Given the inseparable connection and 

interdependence between parent and child, sleep interventions that engage both parent and child 

and enable shared responsibility hold promise in helping build children’s lifelong self-

management skills. Healthcare professionals have a critical role in promoting parent-child shared 

management within families by encouraging and supporting the development of collaborative 

plans for parent-child dyad care in sleep management, coaching their practice, and monitoring 

progress at each appointment. 

Sleep is a missing piece in the JIA management puzzle that has been overlooked. As 

managing children with JIA involves a multidisciplinary approach, health care providers should 

conduct assessments on sleep, given the sleep-pain relationship among JIA children. In addition, 

healthcare professionals must regularly receive training on health and technology information as 

technology rapidly evolves. They can also be informative in developing an effective technology-

based intervention as they routinely engage with patients and their families to plan and treat 

symptoms (Ward et al., 2020b). SLEEPSMART will undergo revisions, and a larger scale study 

is needed to test the current findings and examine possible mechanisms connecting sleep and 

quality of life among children with JIA and their parents. 

Conclusion 

This pilot RCT addressed current gaps in the literature and provided preliminary data for a 

larger study. SLEEPSMART is a feasible, acceptable, and potentially effective intervention for 

children with JIA and their parents to improve sleep and shared-management skills. By employing 

HCD approaches and a parent-child shared-management perspective, SLEEPSMART is promising 

in improving parent-child dyads’ sleep and quality of life in larger-scale trials. 
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Figure 2.1 Consolidated Standards of Reporting Trials (CONSORT) flow chart. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 2.2 SLEEPSMART Online Educational Modules and Activities 

    
 

 

 

 

 

 

 

 

 

 



 

Table 2.1 SLEEPSMART Modules  
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Table 2.2 Demographic and Symptom Characteristics of the Sample by Group at baseline 

 Variables 

 

SLEEPSMART 

(n=24) 

M (SD) or n (%) 

Control group 

(n=20) 

M (SD) or n (%) 

p 

value  

Children  

outcomes  
Age, years  10.1 (1.7) 10.5 (1.8) .3 

Gender,  

 Female  

 

18 (62) 

 

18 (86) 

 

.4 

 Total Sleep Time 464.0 (46.1) 483.2 (25.1) .1 

 Time in Bed 631.4 (95.9) 617.6 (50.2) .8 

 Sleep Efficiency .7 (.1) .8 (.1) .1 

Wake After Sleep Onset 71.4 (22.6) 60.4 (22.7) .6 

PROMIS 

Sleep Disturbances 

 

62.1 (5.4) 

 

62.4 (7.3) 

 

.2 

PROMIS 

Sleep Impairment 

 

57.4 (8.9) 

 

56.2 (9.6) 

 

.9 

DBAS* 29.1 (6.3) 27.2 (6.7) .5 

ASWS* 2.2 (.4) 2.2 (.4) .7 

Self-Efficacy 2.5 (.8) 2.4 (.8) .8 

Self-Regulation 3.3 (.6) 2.9 (.9) .1 

PedsQL™ 

Multidimensional Fatigue 

 

63.7 (10.1) 

 

68.2 (11.6) 

 

.3 

PROMIS 

Global Health Pain  

 

52.7 (8.0) 

 

53.3 (7.7) 

 

.5 

Parents 

outcomes  
Age, years  40.7 (5.4) 43.2 (6.0) .9 

Gender, Female   

29 (100%) 

 

21 (100%) 

 

PROMIS 

Sleep Disturbances 

 

51.6 (3.7) 

 

52.6 (3.5) 

 

.7 

PROMIS 

Sleep Impairment 

 

54.9 (8.1) 

 

53.3 (7.1) 

 

.8 

DBAS* 4.2 (1.2) 4.4 (1.5) .4 

Self-Efficacy 5.8 (1.9) 6.5 (1.6) .6 

*DBAS (dysfunctional beliefs about sleep), AWSW (Adolescent Sleep Wake Scale) 



 

 

Table 2.3 Themes and Subthemes from Exit Interview 

Theme 1 Satisfaction 

Dyads were positive with SLEEPSMART flow, structure, content, and functions 

Subtheme 1 

The flexibility 

of online 

learning 

Dyads appreciated the 

flexibility of online 

learning for 

SLEEPSMART 

a. “The web-based program is convenient access 

anywhere to avoid COVID exposure.”(child) 

b. “You can replay the modules if you wanted to 

review a section or did not understand.” 

(child) 

c. “I could help my child with any questions he 

had.”(parent) 

d. “We can do the program with child and parent 

together.” (parent) 

Subtheme 2 

Intervention 

content and 

structure 

Dyads were satisfied 

with reliable and 

abundant intervention 

knowledge  

a.“I love the knowledge learned from 

SLEEPSMART modules and quizzes to 

reinforce.” (child) 

b.“I liked the mini quizzes afterward [after each 

module]. And just like you know, it was nice to 

get practical.” (child) 

Subtheme 3  

Research team 

response  

Dyads found the 

research team was 

highly responsive, 

informative, and 

accessible 

a. “Research assistants’ timely response and 

sleep coach’s regularly check-in to help us back 

on track.” (parent) 

Theme 2 Usefulness 

SLEEPSMART is valuable for participants and worth their time to use 

Theme 1 

Empowering 

children 

SLEEPSMART 

activated/motivated 

children to take control 

to improve their sleep 

a.“[the program] empowers children to control 

their sleep by learning new strategies and 

useful tips on healthy sleep.” (parent) 

b.“…it gave the kind of handle the power or the 

control of it to the kids where they realized that 

they could make changes. Instead of just mom 

saying OK, this is your new bedtime. It is more 

I think I need to do that. It was a little different, 

kind of, put them in making some decisions for 

themselves.” (parent) 

c. “You saw actual changes start to happen pretty 

quick. … it didn't take a really long time for 

something to start shifting it. It was fairly quick 

that she could start to see some changes.” 

(parent) 



 

Theme 2 

Parent-Child 

shared 

management  

Dyads like how 

SLEEPSMART  

reconnected them 

together for the same 

goal 

a. “It gave us a common language to discuss sleep 

issues. It also provided an expert voice to 

common parenting issues around bedtime 

avoidance behaviors.” (parent) 

b. “Reinforcing the importance of communication 

between parent and child and child self-talk is 

so important for us to reconnect with each 

other.” (parent) 

Theme 3 Improvement 

Suggestions for future SLEEPSMART refinement 

Subtheme 1 

System  

Organize the tasks more 

structured in one 

dashboard, with tools to 

check out daily tasks 

and track the progress; 

more coaching. 

a. “I think having everything in one place 

would be helpful. Instead of having to click in 

different parts in the email for the surveys and 

then the modules would separate.” (parent) 

b. “Maybe like an in-person appointment 

just to have like face to face. A conversation 

about it and that might be helpful. ” (child) 

Subtheme 2 

Surveys 

Reduce the burden of 

too many surveys and 

provide more 

explanations for survey 

a. “Shorter surveys and fewer questions for 

younger kids.” (parent) 

b. “started that section parent questionnaire 

section with just a little paragraph that said that 

like we're asking about your sleep to see how 

your child's disease or how your child sleep 

impacts your sleep, that would have been kind 

of helpful.” (parent) 

Subtheme 3  

Intervention 

Modules 

Divide the videos into 

smaller sections, 

visualize and gamify the 

knowledge to make 

them more storytelling 

and playful, interact 

more with real person 

guides, and develop an 

actual rewarding system. 

a.“I kind of wish that they had been broken up a 

little bit more just because it was sometimes it's 

hard to get have her stay with me as far as what 

we're doing so.” (parent) 

b.“they're very sophisticated parts like some of 

the concepts are quite sophisticated. So I guess 

actually I'm breaking into two parts. The 

learning part. Yeah, like more storytelling, 

more playfulness. for younger kids, I think there 

might have to be some other way of thinking, 

like how do you ask that question in a playful 

way.” (parent) 

c. “a sticker after finishing one module, and other 

physical rewards after completing the quizzes to 

motivate children.” (child) 

 

 



 

Table 2.4. Means and standard deviation for children and outcomes by groups at the three 

assessment time points 

  Baseline  Immediately post-

intervention 

One-month post-

intervention  

Time X Group Interaction 

Effect1 

  SLEEP- 

SMART 

n=24 

Control  

Group 

n= 20 

SLEEP- 

SMART 

n=19 

Control 

Group  

n= 17 

SLEEP- 

SMART  

n=19 

Control 

Group  

n= 17 

Post-

interventi

on 

One-month 

follow up 

  M(SD) M(SD) M(SD) M(SD) M(SD) M(SD) β(SE) β(SE) 

Child

ren 

outco

mes 

Sleep 

Efficien

cy 

.7  

(.1) 

.8 

(.1) 

.8 

(.1) 

.8 

(.04) 

.8 

(.1) 

.8 

(.04) 

.08 

(.02) **  

.05 

(.02) * 

Total 

Sleep 

Time 

464.0  

(46.7) 

483.2  

(25.1) 

508.6 

(57.4) 

483.6 

(28.1) 

506.8 

(48.1) 

488.7 

(33.4) 

38.5 

(11.0) ** 

23.6 

(11.1) * 

Sleep 

Disturb

ances 

62.1  

(5.4) 

62.4  

(7.3) 

57.7 

(4.3) 

58.3 

(7.6) 

56.4 

(2.8) 

58.5 

(7.1) 

-.8 

(2.1) 

-1.4 

(2.4) 

Sleep 

Impair

ment 

57.4  

(8.9) 

56.2  

(9.6) 

52.8 

(7.8) 

54.7 

(10.2) 

51.8 

(7.7) 

52.8 

(9.2) 

-3.0 

(2.1) 

-2.6 

(2.6) 

DBAS 29.1  

(6.3) 

27.2  

(6.7) 

27.1 

(4.7) 

25.4 

(7.3) 

23.1 

(4.4) 

25.2 

(7.3) 

-1.0 

(1.8) 

-3.4 

(1.7) * 

Self-

Efficacy 

2.5  

(.8) 

2.4  

(.8) 

2.0 

(.6) 

2.3 

(.8) 

2.0 

(.8) 

2.2 

(.9) 

-.6 

(.2) * 

-.2 

(.3) 

Self-

Regulati

on  

3.3  

(.6) 

2.9  

(.9) 

3.7 

(.6) 

3.1 

(.5) 

3.6 

(.7) 

3.1 

(.8) 

.2 

(.2) 

.1 

(.2) 

Paren

ts 

outco

mes 

Sleep 

Disturb

ances 

51.6  

(3.7) 

52.6  

(3.5) 

50.5 

(3.2) 

51.5 

(5.6) 

49.5 

(3.5) 

51.5 

(5.7) 

-.8 

(1.4) 

-.7 

(1.4) 

Sleep 

Impair

ment 

54.9  

(8.1) 

53.3  

(7.1) 

50.0 

(9.4) 

50.8 

(9.6) 

49.9 

(9.4) 

48.9 

(8.4) 

-4.5 

(2.8) 

-.1 

(2.8) 

DBAS 4.2  

(1.2) 

4.4  

(1.5) 

3.4 

(1.4) 

3.2 

(2.0) 

3.1 

(1.2) 

2.9 

(1.8) 

.6 

(2.1) 

.5 

(.7) 

Self-

Efficacy 

5.8  

(1.9) 

6.5  

(1.6) 

7.1 

(1.3) 

6.6 

(1.9) 

7.5 

(1.4) 

7.2 

(1.9) 

.8 

(.5) ** 

1.3 

(.6) * 

• *<0.05, **<0.01. 

• 1Parameter estimates reflect the effect of the interaction between time and group status (treatment vs. 

control), from baseline to post-treatment and from baseline to follow-up. 

• DBAS: Dysfunctional Beliefs and Attitudes about Sleep 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Chapter 3: Analysis, Evaluation, and Reformulation of Social Cognitive Theory: Towards 

Parent-Child Shared Management in Sleep Health 

 

 

  



 

Abstract 

Objectives: Behavioral Insomnia of Childhood (BIC) is highly prevalent, affecting up to 45% of 

typically developing children and 80% of children with special healthcare needs. BIC leads to 

sleep deficiency, disrupted physical and psychological health, poor school performance, 

behavioral dysfunction, and negatively affects parental and family functioning. Social Cognitive 

Theory (SCT) is a useful framework for understanding health behaviors. We aim to analyze and 

evaluate SCT in a pediatric sleep context and propose a reformulation of SCT to better inform 

sleep research.  

Methods: Fawcett's framework was used to guide the analysis and evaluation of SCT. Theory 

analysis focuses on the theory's scope, context, and content; theory evaluation considers the 

theory's significance, internal consistency, parsimony, testability, empirical adequacy, and 

pragmatic adequacy.  

Results: SCT is a middle-range theory that was expanded and renamed after social learning 

theory, emphasizing the concept of cognition in executing and changing behaviors. SCT 

addresses the nursing metaparadigm concepts of triadic determinism between people, behavior, 

and environment on the philosophical basis of human agency. The key concepts of SCT are self-

efficacy, self-regulation, outcome expectation, and observational learning. The worldview of 

contextualism can be inferred. SCT has overall strong theoretical foundations for explaining, 

predicting, and changing human behavior. Although SCT was not derived from the nursing 

discipline, it has demonstrated considerable social significance and a powerful theoretical impact 

on nursing in empirical research. SCT can be strengthened by clarifying its relational 

propositions, enhancing semantic consistency, and improving testability and empirical adequacy. 

In addition, SCT is individually focused and does not account for interdependence within 



 

relationships. Pediatric sleep interventions have limited long-term effects and sustainability 

without considering the parent-child dyadic interdependency. We advance the argument that a 

family-centered approach is beneficial for understanding pediatric sleep health; specifically, the 

parent-child shared management (PCSM) perspective. PCSM is a concept that reflects the shared 

responsibility and interdependence that parent and child have for managing child health. It 

assumes that with parents' ongoing support, children's responsibility for their own health 

management increases over time, along with developmental progression and health-related 

experiences. We propose reformulating SCT by integrating PCSM in the pediatric sleep context: 

Social Cognitive Theory with Shared Management (SCT-SM). The proposed SCT-SM accounts 

for parent-child interdependence and role transition. Shared management interventions that 

engage parents and children in active roles in managing sleep have potential sustainable effects 

in improving sleep and quality of life. 

Conclusion: The reformulated SCT-SM allows researchers to better understand parent-child 

shared management of pediatric sleep. Our research team will soon test the SCT-SM in children 

with juvenile idiopathic arthritis (JIA) and sleep problems, including their parents. We expect 

that sleep intervention guided by SCT-SM will improve sleep quality, enhance communication, 

and boost the capacity to manage chronic conditions in children and parents. We also anticipate 

that the reformulated SCT-SM has the potential to generalize to other pediatric chronic 

conditions by providing a framework for a better understanding of the shifting 

roles/responsibilities between parent-child dyads. 

Key Words: Parent-Child Shared Management, Social Cognitive Theory, Theory Reformulation 

 

 

 



 

Introduction  

Sleep problems in childhood are highly prevalent, affecting 25% to 45% of typically-

developing children and up to 80% of children with special healthcare needs (Bruni et al., 2022; 

McLay et al., 2020; Phillips et al., 2020). Behavioral Insomnia of Childhood (BIC), including 

bedtime resistance and difficulty initiating and/or maintaining sleep, is the most common sleep 

problem (Freeman et al., 2020; Macias & Malhotra, 2021; Owens & Moore, 2017). BIC leads to 

sleep deficiency (insufficient sleep duration and poor quality), low sleep efficiency, sleep 

fragmentation, disrupted physical and psychological health, poor school performance, and 

behavioral dysfunction (Hayes & Bainton, 2020; Park et al., 2022). Sleep problems also 

negatively impact parental and family functioning (Chang et al., 2019; Nunes et al., 2020; 

Williamson et al., 2019). Parents of children with BIC are more likely to report distress, fatigue, 

and marital conflict associated with sleep deficiency resulting from their child's sleep problems 

(Martin et al., 2019; Tyler et al., 2019).  

Social Cognitive Theory (SCT) has been a guiding framework in health research as it is 

helpful for understanding people’s behaviors (Bagherniya et al., 2018; Moeini et al., 2019; 

Tougas et al., 2015; Xiang et al., 2022; Zare et al., 2020). SCT describes the influence of 

individual experiences, the actions of others, and environmental factors on individual health 

behaviors and emphasizes the primary role that cognition plays in encoding and performing 

behaviors (Bandura, 1986). A key concept is reciprocal determinism, which refers to the 

continuous interaction of personal, environmental, and behavioral factors; these three factors 

continuously interact through influencing and being influenced by each other in a triangular 

model (Bandura, 1998). The goal of SCT is to explain how people regulate their behavior 



 

through control and reinforcement to achieve and maintain the intended behavior (Luszczynska 

& Schwarzer, 2015).  

In an effort to further understand SCT, advance sleep research guided by SCT, and 

inform pediatric sleep intervention development, we aimed to report on an analysis and 

evaluation of SCT in the context of pediatric sleep and propose a reformulation of SCT. A 

comprehensive analysis and evaluation of SCT in the context of pediatric sleep health have not 

yet been conducted, and this limits understanding of SCT and its potential to inform theory-

driven sleep interventions for families experiencing BIC. 

Methods  

Theory Analysis and Evaluation Framework 

We used Fawcett's framework to guide the analysis and evaluation of SCT (Fawcett & 

Desanto-Madeya, 2012). Fawcett's framework provides a comprehensive structure for examining 

middle-range and grand theories. Theory analysis entails a non-judgmental and systematic 

examination of what the author has presented about the theory. There are three steps in theory 

analysis. These steps include investigating a theory's 1) scope, 2) context, and 3) content. The 

sources used for analysis are the author’s writings; what others have written about the theory 

generally are not used in the analysis, unless necessary (for example, if the author is unclear on a 

particular point). Theory evaluation entails making judgments about the extent to which the 

theory meets six established criteria. The six criteria are 1) significance, 2) internal consistency, 

3) parsimony, 4) testability, 5) empirical adequacy, and 6) pragmatic adequacy. Evaluation is 

based on the results of the theory analysis and may also draw on a published critique of the 

theory, research articles, and descriptions of the use of the theory in practice. 

 



 

Results 

Theory Scope 

Theory scope refers to a theory's breadth and abstractness of its concepts and propositions 

(Fawcett & Desanto-Madeya, 2012). Grand theories have the greatest breadth and abstraction, while 

middle-range theories are less abstract and more applicable to clinical/social phenomena (Fawcett & 

Desanto-Madeya, 2012). SCT is a middle-range theory because it has specific concepts and relationships 

between propositions. 

Theory Context 

Theoretical context considers the extent to which the concepts and propositions fit within the 

nursing metaparadigm, its philosophical claims (also called worldview), the conceptual model that guided 

theory development, and antecedent knowledge from which the theorist drew (Fawcett & Desanto-

Madeya, 2012).  

Metaparadigm Concepts and Metaparadigm Propositions. SCT addresses the 

metaparadigm nursing concepts of human beings, health behavior, and environment, positing 

that human behavior is the product of and influenced by the dynamic interplay across personal, 

behavioral, and environmental factors (Bandura, 1986). A metaparadigm nursing proposition of 

SCT is that the behavior of human beings is “concerned with the patterning of human health 

experiences within the context of the environment” (Fawcett & Desanto-Madeya, 2012, p. 6). 

Philosophical Claims. The philosophical basis of SCT is human agency and human 

capability. Human agency underscores that individuals can direct their own thoughts, feelings, 

and actions in specific ways to attain goals (Bandura, 1986). People are not simply acted upon by 

their environment and others’ actions, but they also shape their environment to change their 

behavior.  



 

Worldview. SCT does not explicitly state its worldview, but contextualism can be 

inferred. Contextualism originated from philosopher Stephen C. Pepper, who emphasized: "act in 

context." People continuously interact with the dynamic environment to change their behaviors 

(Morris, 1988; Zimmerman, 1983). The worldview of contextualism underpins SCT in that 

health behavior occurs within a social context, where a person's experiences, expectations, and 

perceptions are shaped.  

Conceptual Model. The conceptual model of SCT is triadic determinism between 

behavioral, environmental, and personal factors (e.g., cognitions and emotions; Bandura, 1986). 

For example, in sleep health, children who feel more confident in soothing themselves to sleep 

(high self-efficacy/personal) tend to follow a consistent bedtime routine which, in turn, supports 

good quality sleep (behavior).  

Antecedent Knowledge. Social Learning Theory (SLT), the precursor to SCT published 

in 1977 by Bandura, holds that a person's perceived self-efficacy, self-regulation, and 

observational learning significantly correlate with behavioral change (Bandura, 1977). In 1986, 

Bandura expanded and renamed SLT to SCT, emphasizing the importance of cognition in 

performing and changing behaviors (Bandura, 1986). As a result, SCT evolved from 

emphasizing behavior-oriented concepts in 1977 to cognitive concepts in 1986.  

Theory Content 

Theory content includes the concepts and propositions of a theory (Fawcett & Desanto-

Madeya, 2012). According to Fawcett, concepts give meaning, enable a theory to be interpreted, 

and structure phenomena. Propositions include statements that describe or define concepts 

(nonrelational propositions) and statements about relations between two or more concepts 

(relational propositions) 



 

 (Fawcett & Desanto-Madeya, 2012). Table 1 shows key concepts and propositions of 

SCT.  

Theory Evaluation 

Significance. The criterion of significance requires justification of the theory's importance to the 

nursing discipline through the following aspects: explicit assertion of metaparadigm concepts and 

propositions, derivative philosophical claims, conceptual models, or antecedent knowledge (Fawcett & 

Desanto-Madeya, 2012). The worldview of contextualism can be inferred from SCT. The conceptual 

model of triadic reciprocal interactions is clearly documented, as is the theory’s antecedent knowledge. 

SCT is also widely applied across diverse disciplines and areas of study, including psychology, nursing, 

medicine, and other health professions (Glanz et al., 2015). These demonstrate the solid foundation upon 

which SCT was developed and have been cited throughout other SCT publications (Bandura, 1985, 1986, 

1989, 2001, 2002, 2004).  

Internal Consistency. Internal consistency is achieved when all theory components are 

consistent and coherent, its concepts demonstrate semantic clarity and consistency, and its propositions 

demonstrate structural consistency (Fawcett & Desanto-Madeya, 2012). Semantic clarity is evident in the 

definitions of SCT concepts (see Table 1 for SCT concepts and propositions). Some elements that limit 

internal consistency include semantic inconsistency in interchangeable terminology, such as 

"observational learning" and "social modeling." Before 2004, SCT used "observational learning." 

However, after 2004, SCT used "social modeling" and "observational learning" interchangeably. 

Additionally, the relational propositions of SCT are not clearly stated. SCT primarily depends on the 

triadic reciprocal interactions between behavior, environment, and people. SCT does not indicate how the 

concepts interact (e.g., does high self-efficacy lead to high expectations or vice versa? Does goal setting 

promote self-efficacy?) and to what extent those key concepts impact an individual’s behavior (e.g., 

whether some are more influential on behavior than others)? The structural inconsistency of the relational 

propositions of SCT reduces the internal consistency of SCT.     



 

Parsimony. Parsimony requires a theory to be comprised of as few concepts and 

propositions as necessary to convey the meaning of the theory (Fawcett & Desanto-Madeya, 

2012). SCT is a complex theoretical paradigm capable of accounting for all aspects of human 

behaviors, yet it is depicted in a simple structure. However, the theory may be oversimplified and 

wide-reaching without explicitly explaining all of the concepts in SCT. For example, SCT is not 

explicit about which concepts are contained under People, Environment, and Behavior. There is 

also a lack of clarity about how these concepts function differently in various contexts, such as 

individuals, teams, cultures, and gender. This lack of clarity diminishes parsimony and presents a 

challenge for intervention operations in future projects. 

Testability. Testability for a middle-range theory requires observable concepts and 

measurable propositions (Fawcett & Desanto-Madeya, 2012). Two elements limit SCT’s 

testability. First, SCT is unclear about which concepts are contained under People, Environment, 

and Behavior, which could lead to inappropriate applications of SCT. Second, SCT lacks a clear 

description of how the concepts interact in consistent and predictable ways toward explaining 

human behavior, which reduces testability and measurability. Nevertheless, many researchers 

have tested one or more concepts of SCT. Table 2 shows SCT concepts and instruments tested in 

pediatric sleep studies. Robust statistical methods such as regression analyses, structural equation 

modeling, and dynamic computational modeling have been employed to test the propositions of 

SCT (Dewar et al., 2013; Esmaeily et al., 2014; Kanekar et al., 2015; Lubans et al., 2012; Riley 

et al., 2016; Torkan et al., 2018). 

Empirical Adequacy. The empirical adequacy criterion assumes that the theory is 

congruent with empirical data (Fawcett & Desanto-Madeya, 2012). As shown in Table 2, SCT 

has been broadly applied across diverse disciplines. Self-efficacy, in particular, has been tested 



 

and validated in many studies. However, concepts such as observational learning, self-regulation, 

and motivation have not been as widely tested. Therefore, SCT partially meets the empirical 

adequacy criterion. 

Pragmatic Adequacy. Pragmatic adequacy refers to how the theory and research findings help 

enhance practice or solve problems arising from practice (Fawcett & Desanto-Madeya, 2012). 

SCT provides a framework for understanding and predicting behaviors, identifying and targeting 

pathways for changing those behaviors, improving health outcomes, and reducing disease burden 

(Glanz et al., 2015). Table 3 provides examples of how SCT has been applied to pediatric sleep 

intervention studies. Studies are categorized based on three types of theory utilization: 1) inform: 

SCT concepts are used to guide the development of the intervention, but the theoretical 

constructs are not described or measured; 2) applied: SCT is specified as the theoretical 

framework for developing the intervention, and the theoretical concepts are measured in the 

study; and 3) create/build: a new theory is developed based on SCT, and concepts are measured 

in the study (Painter et al., 2008). 

SCT and Parent-Child Shared Management 

Despite the utility of SCT in explaining, predicting, and changing human behavior, SCT 

is individually focused and does not account for interdependence or interaction within 

relationships. In pediatric sleep research, it is crucial to understand parent-child interdependence 

to effectively manage children's sleep. Parents play critical roles in shaping children's health 

management skills as they are essential care providers and teachers. Pediatric sleep interventions 

have limited long-term effects and sustainability without considering parent-child dyadic 

interdependency (Kieckhefer & Trahms, 2000; Sonney et al., 2020).  



 

This paper advances the argument that taking a family-centered approach, specifically a 

parent-child shared management perspective (Kieckhefer & Trahms, 2000), is beneficial for 

understanding pediatric sleep. Parent-child shared management is a concept that reflects the 

shared responsibility and interdependence (being dependent upon one another) that parent and 

child have for managing child health. It assumes that with parents’ ongoing support, children’s 

responsibility for their own health management increases along with developmental progression 

and health-related experiences (Buford, 2004; Kieckhefer & Trahms, 2000). Shared management 

theorists contend that childhood is an opportune time for children to learn health management 

responsibility in a safe environment alongside their parent(s), to maximize the child’s 

management potential (Buford, 2004; Kieckhefer & Trahms, 2000; Schilling et al., 2006; Sonney 

et al., 2016). We believe that adding parent-child shared management as a central concept in 

SCT enhances its capacity to account for this interdependence and broadens its application to 

dyads.  

Building on insights from the above SCT theory analysis and evaluation, we propose a 

reformulated Social Cognitive Theory by integrating parent-child shared management: Social 

Cognitive Theory with Shared Management (SCT-SM). Figure 1 presents a conceptual model of 

SCT-SM. This reformulated SCT-SM acknowledges empirical evidence and has the potential to 

guide future sleep research on mechanisms that facilitate sleep health among children and their 

parents.  

Reformulation  

Maintaining the structure of triadic determinism, SCT-SM includes the three factors of 

people, behavior, and the environment but adds parent-child shared management as a central 

concept that influences and is influenced by each of the three factors of triadic determinism. The 



 

sections below define parent-child shared management and the three factors of triadic 

determinism in SCT-SM, then describes relationships between people, behavior, environment, 

and parent-child shared management in the context of pediatric sleep health using the 

reformulated model.  

Parent-Child Shared Management 

Parent-child shared management is characterized by an interdependent connection, 

effective partnership, strategic collaboration, and role transition process within dyads. In early 

childhood, a child mainly depends on their parent(s) to provide care. As the child develops 

physically and cognitively, they are capable of assuming increasing responsibility for their health 

and self-management (Sonney et al., 2016). Development and capacity for self-management are 

highly variable among children; typically, developing adolescents will assume primary 

responsibility for healthy sleep behaviors, with the parent being available to consult and support 

them. Shared management is highly variable within families and dyads due to interpersonal and 

familial dynamics, the child’s developmental trajectory, and self-management capacity. 

People 

People refers to children and their parent(s) or family caregiver(s). People also refers to 

cognitive factors, including 1) the dyad's confidence to execute healthy sleep behaviors; 2) the 

dyad's self-regulation, including the ability to manage their thoughts and behaviors to meet 

healthy sleep goals; 3) the dyad's knowledge of sleep health; and 4) the dyad's beliefs and 

attitudes toward sleep. 

Environment 



 

The environment is conceptualized from a social-ecological perspective (Bronfenbrenner 

& Morris, 2007). For example, family functioning, the social-physical environment, and the 

policy environment are contained within the environment concept.  

Behavior 

Behavior is the act people conduct with or without purpose. In sleep research, behaviors 

including sleep behaviors (actions directly related to sleep: bedtime, rise time, regularity of sleep 

timing, napping habits, sleep routine) and sleep-related behaviors (a lifestyle that may influence 

sleep: avoiding caffeine, tobacco, alcohol, night light exposure, as well as engaging in stress 

management and physical activity habits) ( Hall & Nethery, 2019; McDowall et al., 2017).  

Relationships Between People, Behavior, Environment, and Parent-Child Shared 

Management in SCT-SM 

As depicted in Figure 1, the reformulated SCT-SM focuses on bidirectional and 

reciprocal relationships that explain how parent-child shared management mediates the 

multidimensional factors contributing to one's sleep health.  

People and Behavior 

Parent-child dyads and sleep outcomes reciprocally interact. Children’s health conditions 

(e.g., chronic disease, mental health conditions; Johnson et al., 2016, 2018; Koyanagi & Stickley, 

2015; Medic et al., 2017), self-efficacy (Bihlmaier & Schlarb, 2016; Schlarb et al., 2012), and 

self-regulation (Dorrian et al., 2019; Owens et al., 2016; Williams & Sciberras, 2016; Zhang & 

Wu, 2020) are strongly associated with sleep behaviors. Reciprocally, healthier sleep habits, 

sleep behaviors, and better sleep outcomes are associated with parent-child dyads’ better overall 

physical, mental health, and life satisfaction (Blackwell et al., 2020; Dong et al., 2019; Grandner, 

2017; Kaneita et al., 2009; Shanahan et al., 2014; Stranges et al., 2012), as well as sleep-related 



 

knowledge, beliefs, self-efficacy, and self-regulation (Owens et al., 2016; Przepiórka et al., 

2019). Moreover, higher maternal knowledge, beliefs, and self-efficacy about sleep are 

correlated with fewer children’s sleep problems, depressive symptoms, and fatigue, as well as 

better daytime performance (Br et al., 2016; Grandner, 2017; McDowall et al., 2017; Peltz & 

Rogge, 2019.; Thakral et al., 2020; Werner et al., 2022).  

Environment and Behavior 

Family Functioning. Family functioning includes the process of communication, 

problem-solving, division of labor, conflict management, and a sense of attachment and 

engagement among family members (El‐Sheikh & Kelly, 2017). Positive family functioning 

includes maternal sensitivity, children's secure attachment to parents, and parents' high-quality 

involvement (El-Sheikh & Kelly, 2017). Negative family functioning includes marital aggression 

and conflict, parents' hostility towards each other, aggression between parents and children, and 

parental mental health conditions (Caicedo, 2014; Lewandowski et al., 2010). Children who 

experience positive family functioning tend to sleep longer and have better sleep quality, 

whereas children who experience negative family functioning tend to have sleep deficiency 

(Bélanger et al., 2015; Bernier et al., 2017; Bordeleau et al., 2012; El-Sheikh et al., 2012; Kelly 

& El-Sheikh, 2011; Mindell et al., 2009; Ragni et al., 2019; Rhoades et al., 2012).  

Physical and Social Environment. Examples of the physical and social environment 

include housing quality and safety, noise, population density, transportation, and community 

cohesion (Billings et al., 2020; Hale et al., 2015; Hunter & Hayden, 2018; Johnson et al., 2018). 

Due to inequitable systems, predominantly live in under-resourced environments negatively 

affect minoritized and underrepresented populations’ sleep health (Bagley et al., 2018; El-Sheikh 

et al., 2013; Grimes et al., 2019; Johnson et al., 2019; Mayne et al., 2021; Rosen et al., 2003; R. 



 

Wang et al., 2017; Williams & Collins, 2001). For example, children who are living in 

environments with less green space, security and social cohesion, exposed to more noise, air 

pollution, and night light, are more likely to experience longer sleep onset latency, increased 

fragmented sleep, daytime sleepiness, and sleep disorders (Mayne et al., 2021). Furthermore, 

systemic racism has additional adverse effects on sleep health through the mechanism of 

psychosocial trauma, discrimination and micro-aggressions, and stereotype threats to sleep 

(Bailey et al., 2017). These experiences can serve as external threats and impair the ability to be 

vulnerable in sleep (Billings et al., 2021). People who experience micro-aggressions and racism 

have poorer quality sleep that result from greater racism-related vigilance and discrimination 

experiences (Alcántara et al., 2017; Gaston et al., 2020; Ong et al., 2017; Yip et al., 2020). 

Policy Environment. Policies profoundly influence sleep health, from operational issues 

in local schools to national-level legislation that governs safety and health matters related to 

sleep. As summarized by Barnes and Drake (2015), national middle and high school instructional 

hours could be delayed, work hours and schedules could be better regulated, daylight savings 

time could be eliminated, public awareness about the impact of electronic devices on sleep could 

be improved, and the access to diagnostic testing for sleep disorders needs to be enhanced.  

People and Environment   

People live in and are influenced by their environment, and they also shape the 

environment (Bandura, 1986). For example, policies regulating quiet time between 9 pm to 7 am, 

delayed school start times based on age, and cancellation of daylight savings would promote 

better sleep health (Barnes & Drake, 2015). Higher sleep-related efficacy, self-regulation, 

knowledge, and beliefs toward sleep also contribute to a better sleep environment (e.g., no TV or 



 

screen in the bedroom, quiet and dark sleep environment). Family engagement in healthy sleep 

behaviors could contribute to building communities that support sleep health. 

Parent-Child Shared Management and Behavior, People, and Environment  

Shared management is a dynamic process, given that parent and child responsibilities 

continuously evolve as the child develops. The shared management relationship could both 

influence and be influenced by the environment. Shared management relationships could foster 

positive family functioning by creating open communication channels, enhancing positive 

interaction and feedback, and strengthening family bonds by facing challenges and overcoming 

barriers as a team. In shared management relationships, parents' knowledge, awareness, attitudes, 

and beliefs toward sleep health profoundly impact how children perceive sleep and perform 

sleep-related behaviors. Partnerships within families ultimately extend to collaboration and 

participation within neighborhoods and communities. With more families realizing and 

understanding the critical role of sleep and adopting shared management in managing sleep and 

other health conditions, more people will advocate for optimizing policies and strive to make the 

community a better "healthy-sleep friendly" place. 

Discussion 

This is the first paper to comprehensively analyze and evaluate SCT and reformulate SCT 

toward parent-child shared management in pediatric sleep health. SCT provides strong 

theoretical foundations for explaining, predicting, and changing human behavior. Although SCT 

was not derived from the nursing discipline, it demonstrates the considerable social significance 

and has powerfully impacted empirical nursing research. However, SCT is individually focused 

and does not account for interdependence within relationships. Our proposed SCT-SM adds the 



 

active role of parent and child and accounts for parent-child interdependence and role transition, 

providing a promising framework for promoting children's sleep health with sustained effects.  

Implications for Sleep Research, Intervention, and Healthcare 

Most of the literature on pediatric sleep focuses on children or parents alone, which 

decontextualizes pediatric sleep research by not considering connections within parent-child 

dyads. SCT-SM reconsiders pediatric sleep from a new theoretical perspective that includes 

parent-child shared management. Additionally, given that many behaviors happen in the context 

of relationships, SCT-SM could be informative for shared management among other types of 

dyadic relationships—for example, Alzheimer's disease management within a patient-informal 

caregiver dyad.  

In addition, validated and user-friendly assessment tools need to be developed to measure 

parent-child shared management for use in healthcare and research settings. To date, only one 

known shared measurement assessment tool has been created, and it is rarely used because the 

tool was designed only for parental respondents(Kieckhefer et al., 2009). Moreover, systemic 

racism and racial discrimination significantly mediate the relationship between race and 

insomnia symptom severity (Cheng et al., 2020). Future research could explore whether SCT-

SM could mitigate sleep health disparities among children in underserved communities by 

addressing drivers of inequities including racism and discrimination.  

Parents typically receive little preparation for shared management of their child’s health. 

Guided by SCT-SM, future research interventions could add a component of parent-child shared 

management, including strategies for how to maximize children’s engagement in self-

management. Interventions could also meet families’ needs and priorities by applying 

participatory design in the development stage, allowing parents and children to provide 



 

suggestions and feedback on the intervention prototype. Leveraging mobile applications and 

other technology-enabled approaches may increase the accessibility and scalability of future 

shared management sleep health interventions. 

Furthermore, healthcare professionals are critical in promoting parent-child shared 

management within families. SCT-SM theory has the potential to guide healthcare professionals 

to encourage and support the development of collaborative plans for dyadic care by increasing 

families’ awareness of shared management, coaching their practice and monitoring their progress 

at each appointment. 

Strengths and Limitations 

This paper has some limitations. Our analysis and evaluation of SCT are limited to the 

sources we used, including Bandura’s writings about the theory (Bandura, 1986, 1997, 1998, 

2004), Glantz and colleagues' (2015) writings, and empirical research studies that have used 

SCT. We did not conduct a systematic review of all empirical research studies that used SCT, 

and the sources we used were limited to those written in English. However, the strengths of this 

manuscript include the application of an established theory analysis and evaluation framework 

(Fawcett & Desanto-Madeya, 2012), our focus on the use of SCT in pediatric sleep research, and 

the proposed reformulation. Reformulation is an accepted form of knowledge development 

(Reed & Shearer, 2017), and SCT-SM extends SCT to dyadic behavioral research concerned 

with shared management.  

Conclusion 

The reformulated SCT-SM allows researchers to better understand parent-child shared 

management of pediatric sleep. Our research team will soon test SCT-SM in children with 

juvenile idiopathic arthritis (JIA) and sleep problems, including their parents. We expect a sleep 



 

intervention guided by SCT-SM will improve sleep quality, enhance communication, and boost 

the capacity to manage chronic conditions in children and parents. We also anticipate that the 

reformulated SCT-SM could extend to other pediatric chronic conditions by providing a 

framework for a better understanding of shifting roles/responsibilities between parents and 

children. 
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Figure 3.1 SCT-SM towards Sleep Health 

 

 

 

 

 

 

 



 

Table 3.1 Social Cognitive Theory Concepts 

Concept Nonrelational 

Proposition 

Example in Pediatric Sleep 

Health 

Relational Proposition 

with Respect to Health 

Behaviors 

Reciprocal 

determinis

m 

Environmental 

factors impact 

people. People 

also influence 

their 

environment and 

adjust their 

behavior 

(Bandura, 1977, 

1986) 

Children's sleep is a product of and 

reciprocally influences their own 

and their parents' knowledge, 

attitudes, and beliefs about sleep; 

parents' rewards or incentives for 

their child’s sleep behaviors; and 

parental modeling of sleep 

behaviors.  

Dynamic, mutual, and 

continuous interaction 

among the person (an 

individual with learned 

experiences), environment, 

and behavior factors 

(Glanz et al., 2015). 

Self-efficacy “Self-efficacy is 

the belief in the 

personal ability 

to perform 

behaviors that 

bring desired 

outcomes.” 

(Bandura, 1986) 

 

People base their self-efficacy upon 

mastery experiences (e.g., 

interpretation of actual daily sleep 

behavior), vicarious (modeled) 

experiences (e.g., sibling 

modeling), forms of social 

persuasion by others (e.g., "I know 

you can sleep really well through 

the night"), and physiological index 

(e.g., "I am feeling relaxed when I 

think about sleep"; Bandura, 1997) 

Within a social cognitive 

system of triadic 

reciprocity, self-efficacy is 

hypothesized to influence 

behaviors and 

environments and, in turn, 

is affected by them. Higher 

self-efficacy is likely to 

result in better outcomes 

(Bandura, 1986, 1997) 

Outcome 

expectation 

Outcome 

expectation is 

the belief about 

the likelihood 

and value of the 

consequences of 

behavioral 

choices 

(Bandura, 1986)  

 

 

Outcome expectation is a source of 

motivation. It includes external 

outcomes (e.g., "if I have a 

consistent sleep routine, I will sleep 

better") and internal outcomes (e.g., 

"If I had a good night's sleep, I 

would feel great"). People form 

outcome expectations about the 

likely results of given actions based 

on experience and observations of a 

model. 

Outcome expectations 

sustain behaviors for a long 

time when people believe 

their actions will bring 

preferred outcomes. Higher 

outcome expectation is 

associated with better 

outcomes (Aardoom et al., 

2020; Gunn et al., 2019; 

Khor et al., 2021). 

Observation

al learning 

People learn to 

perform new 

behaviors that 

they had not 

learned 

previously by 

modeling the 

behaviors of 

Observational learning takes four 

component processes: attention 

(observe the model, e.g., observe 

sibling/parent going to bed 

consistently each day and waking 

up refreshed), retention (cognitively 

organizing and transforming 

information for storage in memory, 

e.g., observing behavior daily and 

Observational learning is a 

process of learning by 

watching the behavior of 

others. The targeted 

behavior is observed and 

mimicked. For example, 

children learn to respond to 

others by observing how 

their caregivers interact 



 

others (Bandura, 

1986)  

 

 

cognitively accepting the behavior), 

production (translating cognitive 

conceptions into behavior, e.g., 

establishing consistent sleep 

routines and schedules), and 

motivation (choosing to learn 

actions believed to result in the 

desired outcome, e.g., believing 

that consistent sleep routines and 

sufficient sleep will lead to physical 

and mental health; Bandura, 1986). 

with others (Carcea & 

Froemke, 2019; Qiu et al., 

2021). 

 

 

Self-

regulation 

Refers to the 

processes people 

use to activate 

and sustain 

behaviors, 

cognitions, and 

affects, which 

are 

systematically 

oriented toward 

attaining goals 

(Bandura, 1986)  

 

 

People motivated to attain goals 

(e.g., healthy sleep) will likely 

engage in effective self-regulatory 

activities (e.g., maintaining 

consistent sleep routines, recording 

sleep time, modifying the bedroom 

environment). Throughout the self-

regulatory process, people's 

cognition (personal influences) 

directs their behaviors, and external 

feedback (behavior and 

environmental factors) can affect 

their cognition. 

People regulate their 

behaviors through self-

control, small attainable 

goal-setting, problem-

solving, feedback, self-

reward, self-reflection, and 

enlisting social support. 

Effective self-regulatory 

activities (e.g., 

implementing a strategy, 

monitoring performance, 

adjusting one's approach as 

needed, reflecting on 

progress, and sustaining 

motivation) enhance self-

efficacy of learning and 

support self-regulation 

(Panadero, 2017). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 3.2 Tests and Measures of Key Social Cognitive Theory Concepts 

Concept Studies  Target Area Instruments 

Self-efficacy • Bihlmaier & 

Schlarb, 2016 

• ten Brink et 

al., 2021 

• Brandhorst & 

Hautzinger, 

2016 

• Haraldstad & 

Stea, 2021 

• Kim et al., 

2017 

 
• Hammersley 

et al., 2019 

• Children with chronic 

insomnia  

• Adolescent sleep 

 
• Parents of children 

with sleep 

disturbances  

• Adolescents with pain 

and sleep problems 

• Parents of children 

with sleep 

disturbances 

• Childhood Obesity 

Prevention 

• Bandura's General Self-Efficacy 

Scale (Chen et al., 2001) 

• Coping Self-Efficacy(Yeager et 

al., 2016). 

• General Self-Efficacy Scale 

(Schwarzer & Renner, 2000) 

• General Self-Efficacy Scale 

(Schwarzer & Renner, 2000) 

• Parenting Self-Efficacy Scale 

Questionnaire (Choe & Chung, 

2010) 

Self-regulation  • Bub et al., 2016 

 
• Children and 

adolescents 

• Self-imposed waiting task 

(Mischel, 1974) 

• Children's Stroop Task (Gerstadt 

et al., 1994) 

• Continuous Performance Task 

(Beck et al., 1956) 

• Child Behavior 

Questionnaire(Rothbart et al., 

2001) 

Outcome 

expectation 

• Robinson & 

Knobloch-

Westerwick, 

2020 

• Mothers of children 

with sleep problems 

• Participants were asked to 

indicate their agreement that the 

five sleep assertions placed in a 

story would improve sleep 

hygiene on a scale from 1 = 

totally incorrect to 7 = totally 

correct (Robinson & Knobloch-

Westerwick, 2017) 

Observational 

learning 

• Golem et al., 

2019 

• School-age children 

and their parents 

• Focus group interview 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 3.3 Examples of SCT Related Interventions 

Pediatric 

Sleep 

Research 

Employed 

Concepts 

Use of 

the 

Theory 

Population of 

Research 

Sample 

size  

Findings  

Sleep health 

in 

preschoolers 

intervention 

(Tinker et 

al., 2020) 

• Self-efficacy 

• Self-regulation 

• Outcome 

expectation 

 

Inform  Parents of 

preschool-age 

children (2.5 

to 5 years) 

with a 

behavioral 

sleep problem 

433 

parent-

child 

dyads 

Ongoing    

Sleep 

education 

(Wilson et 

al., 2014) 

• Self-efficacy  

• Knowledge and 

attitude  

Applied  Parents of 

preschool 

children with 

sleep 

problems  

152 

parents  

Parents’ 

knowledge, 

attitudes, and self-

efficacy improved 

after the 

intervention; 

children in the 

intervention group 

significantly 

improved their 

weeknight sleep 

duration 

Sleep health 

and 

academic 

functioning 

(Wang et 

al., 2020)  

• Reciprocal 

determinism  

• Self-efficacy 

• Behavior 

capacity 

• Outcome 

expectation 

• Expectancies 

• Observational 

learning 

• Reinforcement  

Applied High school 

students  

144  

high 

school 

students  

Students in the 

intervention group 

had decreased 

daytime sleepiness, 

less insomnia, and 

higher academic 

achievements  

Sleep health 

in children 

with asthma 

(Sonney et 

al., 2020) 

• Goal setting 

• Action planning  

• Self-monitoring  

Inform  Children and 

their parents 

25  

parent-

child 

dyads 

(children 

6-11 

years of 

age)  

The sleep 

intervention was 

feasible, acceptable, 

and effective in 

improving the 

child’s and parent’s 

sleep outcomes, 

except for total 

sleep time  

Sleep 

behavior 

and media 

• Environment  

• Observational 

learning  

Inform  Parents of 

preschoolers 

278 

parents 

Quantity of media 

use, screen media in 

the bedroom, and 



 

use 

(Moorman 

& Harrison, 

2019) 

sneaky media use 

associated with 

shorter nightly 

sleep and longer 

daily napping 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Chapter 4: Evaluating Behavioral Intervention Technologies: Integrating Human-

Centered Design and Implementation Science Outcomes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Abstract 

Background: Behavioral intervention technologies (BITs) have been the tools for advanced 

health solutions by increasing access to cost-effective care by reducing barriers. However, BITs 

often show reduced impacts in community settings and are rarely sustained, limiting the capacity 

to fulfill their promising benefit. Human-Centered Design (HCD) is an approach that can address 

these implementation challenges by incorporating the stakeholders’ needs, making the content 

and functionality contextually appropriate. Implementation Science (IS) helps researchers to 

understand barriers and facilitators, develop strategies that overcome obstacles, and enhance the 

uptake and sustainability of BITs in real-world settings. HCD and IS shared common goals to 

improve BITs’ usability and implementation by applying iterative and contextual design 

processes, engaging stakeholders as the design partner, involving a multidisciplinary design 

team, and conducting iterative testing and evaluation as early and frequently as possible. In this 

study, we proposed a heuristic model that can maximize the potential of BITs’ success. We 

aimed to 1) synthesize the HCD and IS outcomes, integrate them into an evaluation model for 

BITs’ design, development, and testing process; 2) apply the integrated evaluation model to a 

case study, Sleep Shared-Management Intervention for Children with Juvenile Idiopathic 

Arthritis and Their Parents.  

Methods: We conducted a narrative literature review centered on HCD and implementation 

outcomes on BITs from the PubMed, CINAHL, and Web of Science databases (2000-2023). 

Article inclusion criteria are as follows: 1) published through the search date of January 11, 



 

2023, 2) focused on usability constructs or implementation outcomes, and 3) related to evidence-

based practices (e.g., intervention, services, policy) in healthcare.  

Results: Informed by evolved frameworks of HCD and IS outcomes, we proposed a heuristic 

model that can guide the development and evaluation of BITs: USIS model, in which Usability 

and IS are combined. We categorized the outcomes into five domains 1) User-Centeredness 

(empathy, engagement, and equity), 2) Efficiency (cost, timeliness, and rapidity), 3) Feasibility 

(learnability, memorability, error reduction, and low cognitive load), 4) Satisfaction 

(acceptability, appropriateness), and 5) Fidelity (adoption, penetration, sustainability). USIS 

conceptualized constructs to reflect key outcomes of BIT’s usability and implementation, address 

the missing piece of user-focused outcomes like equity, accessibility, empathy, and engagement, 

and implementation outcomes such as timeliness and rapidity. Guided by the USIS model, we 

found the strengths and areas for improvement for the SLEEPSMART project.  

Conclusion: USIS model offers specific tools to design better BITs and evaluate existing BITs 

to improve health innovations’ translation into practice. With the USIS model, HCD and IS 

practitioners can use a common language to enhance implementation and health outcomes for 

broader communities, support researchers in identifying multilevel barriers to implementation, 

and guide evaluating the BITs. We believe the USIS model offers a pathway for improving 

innovation advancement by incorporating the processes and tools from HCD and IS. 

Key words: Behavioral intervention technologies, Human-Centered Design, usability, 

Implementation Science 

 

 

 

 



 

 

 

 

Introduction 

Behavioral intervention technologies (BITs) refer to evidence-based behavioral and 

psychological interventions delivered via various technology media, including smartphone 

applications, computer programs, virtual reality, wearable technology, and electronic messaging 

(Michie et al., 2017; Wray et al., 2019). In the past few decades, BITs have been the tools for 

advanced health solutions by increasing accessibility by reducing barriers such as transportation, 

scheduling, stigma, and high healthcare costs (Bausback & Bunge, 2021; Hermes et al., 2019; 

Lee et al., 2018; Mohr et al., 2013; Mohr et al., 2014; Stiles-Shields et al., 2019; Wray et al., 

2019). However, the research-practice gap remains (Bauer & Kirchner, 2020; Onken, 2022). 

BITs often show reduced impacts in community settings and are rarely sustained once 

implementation support ends, thus limiting the capacity to fulfill their promising benefit for the 

populations of interest (Hermes et al., 2019; Onken, 2022).  

Human-Centered Design (HCD) is an increasingly recognized approach that can address 

these implementation challenges early in development by incorporating the stakeholders’ needs, 

and learning styles. HCD is an iterative and non-linear design process to make the services 

highly usable by centering users’ needs (ISO, 1999). HCD includes multiple steps: 1) empathize: 

also referred to as user research, where designers and researchers conduct comprehensive 

observation, communication, and investigation with users on their needs, behavior, habits, and 

why. 2) Define: based on the information gathering in the first stage, this is where designers 

synthesize findings, define users’ problems, and formulate the problem statement. 3) Ideate: with 

a solid understanding of the users and a clear problem statement, this phase is where creative 



 

solutions are generated by thinking outside of the box. 4) Prototype: the transition from ideas 

into tangible actions that will be tested on real users. A prototype can be low fidelity (e.g., a 

sketch) or high fidelity (e.g., a model). 5) Test: in this stage, real users will try the prototype and 

report their perceptions on what works and what needs to change/improve to function better. The 

testing results often inform the designers and researchers about whether they need to return to the 

first stage and undergo several rounds of ideation before testing again. The “trial-and-error” 

application is unique to HCD, with each iteration resulting in a more usable, contextually 

appropriate, and innovative solution (Melles et al., 2021; Norman et al., 2021).  

One ultimate goal of HCD is to achieve the usability of the solution. Usability was 

initially defined only as “ease of use” (Hartson, 1998) and was modified to “usefulness, ease of 

learning, and satisfaction” (Lund, 2001). Usability considers the extent to which the target users 

can adopt a product to reach their goals with effectiveness, efficiency, and satisfaction (ISO, 

1998; Lyon & Koerner, 2016). Maximizing usability ensures new products, tools, or processes 

have intuitive interfaces, require little learning, and can be easily adopted by users for ease of use 

and align with the contextualized needs of the users (Lyon, Brewer, et al., 2020). 

Even though HCD can enhance content and functionality, there is still a challenge in 

implementing BIT in real-world situations in terms of adoption and sustainability. Thus, 

Implementation Science (IS) can be a powerful tool to fill the gap. IS helps researchers to 

understand barriers (what hinders the implementation) and facilitators (what supports the 

implementation) across multiple levels of context and determinants, develop strategies that 

overcome obstacles, and enhance the uptake and sustainability of innovations in real-world 

settings (Bauer & Kirchner, 2020).  Emerging studies have paid more attention to BITs’ design 

characteristics strongly influence interventions’ adoption, implementation, and sustainability in 



 

healthcare settings (Hooley et al., 2020; Klaic et al., 2022; Powell et al., 2012, 2017; Waltz et al., 

2015, 2019). For example, the design problems that affect implementation success could be too 

complicated to use (e.g., low learnability and memorability), too challenging to understand and 

navigate (e.g., high cognitive burden and low flexibility), and not fit for delivery context (e.g., 

not consider context factors) (Dopp et al., 2019a; Hermes et al., 2019; Wray et al., 2019). 

HCD and IS contributed to enhancing BIT’s effectiveness differently and complement 

each other. They shared common goals to improve intervention usability and implementation by 

applying iterative and contextual design processes, engaging stakeholders as the design partner, 

involving a multidisciplinary design team, and conducting iterative testing and evaluation as 

early and frequently as possible. HCD considers primarily the content and functionality, with the 

rationale that a well-designed and compelling innovation is much more likely to be adopted and 

sustained, whereas IS focuses mainly on the context, including the organizations and settings, to 

ensure it is more conducive to the innovations. Integrating HCD and IS in designing, developing, 

and evaluating BITs has promising outcomes in the following ways. Implementation 

practitioners could incorporate HCD principles in existing leadership and collaboration 

strategies, incorporate the HCD process to identify barriers/facilitators and co-create solutions 

with stakeholders. HCD practitioners may integrate IS outcomes into each design iteration and 

make designs more feasible and sustainable for complex and large-scale health needs in the long 

run (Lyon, Brewer, et al., 2020; Norman et al., 2021).  

Despite the potential to improve effectiveness and adoption in BITs using HCD and IS, 

little work has been done to conceptualize and apply the integration of HCD and IS in a step-by-

step guide to do so. In this study, we propose a heuristic model (Moustakas, 1990) that can guide 

the design, development, and evaluation efforts to maximize the potential of success in BITs’ 



 

implementation. To develop the model, we will 1) synthesize the HCD and IS outcomes, 

integrate them into an evaluation model for BITs’ design, development, and testing process; 2) 

apply the integrated evaluation model to a case study - SLEEPSMART – Sleep Shared-

Management Intervention for Children with Juvenile Idiopathic Arthritis and Their Parents.  

Methods 

We conducted a narrative literature review (Grant & Booth, 2009) centered on usability 

constructs and implementation outcomes on BITs from the PubMed, CINAHL, and Web of 

Science databases (2000-2023). Article inclusion criteria are as follows: 1) published through the 

search date of January 11, 2023, 2) focused on usability constructs or implementation outcomes, 

and 3) related to evidence-based practices (e.g., intervention, services, policy) in healthcare. 

Articles were excluded if they did not include conceptualization of usability or if they described 

implementation strategies to improve specific outcomes on products outside the healthcare field. 

With the evidence we gathered, we summarized the key constructs of usability and 

implementation outcomes, synthesized the shared principles outcomes, and incorporated 

outcomes into the HCD stage evaluation model. We then applied the newly developed model to a 

sleep BIT to illustrate how it works.  

Results 

Usability Outcomes 

Usability was initially conceptualized as learnability, efficiency, memorability, error 

frequency/severity, and satisfaction (Nielsen, 1994). Later, more factors were identified and 

added, including functional minimalism, low cognitive load, less training required, exploitation 

of the natural constraints, and clear feedback to users (Maguire, 2001; Tognazzini, 2014). In 



 

2016, Lyon and his team redefined and broadened the usability constructs specific to behavioral 

and psychological science and offered a comprehensive guideline on designing and evaluating 

the BITs (Lyon & Koerner, 2016). The seven principles include 1) Learnability: Intervention 

design should have high learnability, which means users should be able to understand and learn 

to use the intervention fast; 2) Efficiency: Users should spend minimal time, cost, and effort in 

using the intervention to solve their problems; 3) Memorability: the design of the intervention 

should allow users to remember and successfully operate in the interface and conduct the 

function of the intervention without much support; 4) Error Reduction: users can be prevented or 

allowed quick recovery from error clicks to reduce mishandling the process; 5) Satisfaction: high 

acceptability and value to users, even after comparing other existing intervention or tools within 

a similar context; 6) Low Cognitive Load: the design only requires users’ minimal thinking to 

complete the intervention tasks, and usually is associated with the simplified structure of the 

intervention; 7) Exploit Natural Constraints: a successful intervention should address the 

destination context’s static properties that limit intervention use. The primary goal of applying 

HCD in BIT is to improve BIT’s usability, which is theorized to be one determinant of 

implementation outcomes and influence BITs’ adoption and penetration (Lyon & Bruns, 2019). 

Implementation Outcomes  

Numerous frameworks in IS can be categorized into three types: Process (Chinman et al., 

2008; Graham et al., 2006), Determinant (Aarons et al., 2011; Damschroder et al., 2009; G. 

Harvey & Kitson, 2015; Stirman et al., 2013; Wiltsey Stirman et al., 2019), and Evaluation 

(Glasgow et al., 1999; Proctor et al., 2011). This paper focuses on the evaluation framework 

where all outcomes come together to affect the ultimate implementation.  



 

Proctor’s team was one of the first to develop a conceptual model of implementation 

research that encompasses three distinct but interrelated domains: implementation outcomes 

(acceptability, adoption, appropriateness, costs, feasibility, fidelity, penetration, and 

sustainability), service outcomes (efficiency, safety, effectiveness, equity, patient-centeredness, 

and timeliness) and client outcomes (satisfaction, function, and symptomatology) (Proctor et al., 

2009). Later, Proctor et al. further explored and defined eight outcomes for implementation 

science that have been broadly adopted (Proctor et al., 2011). In 2019, Hermes and colleagues re-

characterized the implementation outcomes specific to BIT study use (Hermes et al., 2019). 

Eight BIT implementation outcomes were recharacterized to better meet the unique aspects of 

BITs and include 1) Acceptability: how agreeable or satisfactory to users on the BITs; 2) 

Adoption: users’ intention or initiation for using the BITs; 3) Appropriateness: users’ perception 

of fit of BITs; 4) Feasibility: the extent in which BITs can be successfully used or conducted 

within a context; 5) Fidelity: the extent of BITs being delivered as intended; 6) Implementation 

Cost: cost associated with implementing BITs; 7) Penetration: the incorporation of the BIT 

within any services setting (organization or family); 8) Sustainability: the degree in which a BIT 

practice is maintained and integrated into a setting for a long-term and stable operations. The 

recharacterized outcomes expanded our understanding of factors related to successful 

implementation and enabled us to identify the areas that need more work.  

A conceptual evaluation model in BITs: USIS model 

Informed by these evolved frameworks of usability and IS outcomes, we propose a 

heuristic model that can guide the development and evaluation of BITs: USIS model, in which 

Usability and IS are combined. We analyzed HCD and IS outcomes and summarized the 

conceptual similarities with overlapping goals. Moreover, we added additional components to 



 

make USIS more comprehensive and practical in healthcare settings. We seek to advance BIT’s 

effectiveness, adoption, and sustainability by synthesizing the HCD and IS outcomes and 

integrating them into one evaluation model in the continuous BIT design, development, and 

testing process. 

We categorized the outcomes into five domains 1) User-Centeredness (empathy, 

engagement, and equity), 2) Efficiency (cost, timeliness, and rapidity), 3) Feasibility 

(learnability, memorability, error reduction, and low cognitive load), 4) Satisfaction 

(acceptability, appropriateness), and 5) Fidelity (adoption, penetration, sustainability). USIS 

conceptualized constructs to reflect key outcomes of BIT’s usability and implementation, address 

the missing piece of user-focused outcomes like equity, accessibility, empathy, and engagement, 

and implementation outcomes such as timeliness and rapidity. Table 4.1 shows the proposed 

USIS constructs and definitions.  

Domain 1. User-Centeredness. Focusing on the users’ needs throughout the whole design 

process is the foundation of HCD and the premise of the success of IS. We propose empathy, 

user engagement, and equity fall under this domain. 1) Empathy is the most critical element in 

the human-centric design as we can see the world through users’ eyes, feel what they feel, and 

experience things as they do as close as possible (Norman et al., 2021; Surma-aho & Hölttä-Otto, 

2022). Empathy can be achieved by putting our preconceptions aside and choosing to understand 

users’ ideas, thoughts, and needs. 2) User engagement is another method to stay connected to 

users’ interests, motivations, and goals. Active, enabled, and engaged users are the foundation of 

every successful product, and improved user engagement enables building better products, 

optimizing user communication, and retaining users (Birnbaum et al., 2015; Göttgens & Oertelt-

Prigione, 2021). 3) Equity allows the voices of minoritized or disadvantaged communities to 



 

directly impact how the solution will address the inequity by purposefully involving them 

throughout a design process (Kwak, 2020). The equitable design acknowledges that equity 

doesn’t happen by chance but with intent and focus (Kwak, 2020). It includes teams (users and 

researchers), content, and implementation (Liu et al., 2019). The users need to be diverse and 

representative of the target user. The research team needs to involve collaboration among 

multidisciplinary teams. Carefully identifying representative user needs can correct this bias and 

enhance product quality (Lyon, Dopp, et al., 2020). The content of the intervention needs to be 

contextually appropriate and culturally relevant. A successful intervention should address and fit 

the destination context’s static properties that limit intervention use. For the implementation 

aspect, equity was considered with accessibility, uptake, adherence, and effectiveness (Lyon, 

Dopp, et al., 2020; Richardson et al., 2022; Veinot et al., 2018). Accessibility is for those with 

disabilities and low digital health literacy. Design with accessibility enables people with various 

abilities and disabilities to perceive, understand, navigate, interact, and contribute to the 

products/services. Uptake considers those who are not computer savvy, do not trust technology, 

or are exposed through informal social networks. Adherence considers intervention usability, 

literacy burden, access to money, time, and coping skills. Finally, effectiveness considers 

different groups of people and their access (Veinot et al., 2018). 

Domain 2. Efficiency. Efficiency reflects that users should spend minimal time, cost, and 

effort using the intervention to solve their problems. Efficiency can be realized by rapid iteration 

and prototyping, making ideas tangible to quickly test and improve based on feedback. 

Timeliness refers to designing technology-enabled services that must account for ongoing 

iteration, evolving, and fast updating of the technology and service over time (Graham et al., 

2019; Mohr et al., 2018).  



 

Domain 3. Feasibility is constructed with learnability, memorability, error reduction, and 

low cognitive load. Feasibility refers to the extent in which the intervention can be done or 

carried out as designed. A product with low-complex functions and user-friendly interfaces 

enhances learnability, memorability, and error reduction. It lowers users’ cognitive load, 

increasing the chance of adoption of the innovation among target users (Munson et al., 2022).  

Domain 4. Satisfaction. Satisfaction refers to users perceiving it as highly acceptable, 

helpful, and valuable for solving problems, including appropriateness and acceptability. 

Appropriateness is the innovation’s perceived fit, relevance, or compatibility (Hermes et al., 

2019; E. Proctor et al., 2011). Acceptability is how well an intervention being received by the 

target population and the extent to which the new intervention meet the needs of the target 

population (Hermes et al., 2019; Proctor et al., 2011). 

Domain 5. Fidelity. Fidelity refers to the extent to which the protocols deliver core 

components of interventions as intended (Proctor et al., 2011). Intervention adoption, 

penetration, and sustainability can be advanced via adherence and enhancing intervention 

fidelity, which can be achieved by developing intervention manuals or protocols and training 

interventionists (Toomey et al., 2020; Walton et al., 2020). Adoption is the actual use of the 

intervention by users, penetration is the extent of integration of intervention within a context, and 

a sustainability is the extent of the intervention’s practice and effect is maintained and long 

lasting (Hermes et al., 2019; Proctor et al., 2011). 

USIS Model in HCD Process  

When developing and evaluating the BITs guided by the HCD approach, having a clear 

road map of which particular outcomes occur in which HCD stage is beneficial for researchers 

and designers. We propose a USIS model by locating specific USIS outcomes to each HCD stage 



 

to maximize the potential of success in BITs’ implementation. Table 4.2 shows the USIS stage 

model in the context of BITs design, development, and evaluation. 1) Throughout the HCD 

process, as the foundation and core element, user-centeredness constructed with empathy, 

engagement, and equity should be prioritized and penetrated in each operation. 2) In stages of 

ideate & prototype, usability testing, and pilot testing, designers and researchers’ teams should 

focus primarily on efficiency, including cost, timeliness, and rapidity. The mantra, “fail early and 

often,” conveys the spirit of rapid prototyping and iteration, the inexpensive exploration of novel 

ideas, and making ideas tangible to quickly test and improve. Additionally, feasibility should be 

taken into account during these stages. When generating new ideas, it is helpful to create a “low-

fidelity” version of a product to model the innovation. Low-fidelity prototyping is a simple and 

quick way to translate design ideas to testable artifacts, such as paper sketch. 3) During the 

stages of usability testing and pilot testing, users’ satisfaction is a vital indicator. The designer 

and researcher team take the opportunity to refine and adjust the BIT in response to users’ 

perception of if the products are acceptable, useful, and enjoyable to use in terms of their 

content, complexity level, delivery method, and credibility. 4) In the pilot testing and future 

testing in community/clinical settings, fidelity must be considered. Further improvement and 

refinement of the intervention may be needed based on users’ feedback.  

Case Study: The Sleep Intervention for Children and Their Parents 

This case study is based on an internet-delivered Sleep Shared-Management Intervention 

(SLEEPSMART) for children with juvenile idiopathic arthritis (JIA) and their parents. The 

research team used the HCD approach for intervention development and pilot testing. We 

demonstrate how to use the USIS model to evaluate SLEEPSMART.  



 

About SLEEPSMART. Sleep deficiency, which includes insufficient sleep duration and 

poor sleep quality, is highly comorbid in children with JIA. A multidisciplinary research team 

developed and pilot-tested SLEEPSMART for children with JIA and their parents (Ward et al., 

2020b). SLEEPSMART was designed to improve a child’s sleep by modifying the child/parent’s 

negative beliefs, increasing outcome expectations and self-efficacy, facilitating change in the 

social and physical environments, and encouraging child/parent activation. In the 

SLEEPSMART program, children partnered with their parents. They learned through six 

interactive educational modules (voice-over slide show), completed quizzes and activities after 

each module, and were supported by a sleep coach throughout the program.  

SLEEPSMART development with HCD. The evaluation was based on the data collected 

in the SLEEPSMART development process at each HCD stage.  

Stage I. Discover & define. The research team conducted in-depth interviews with six 

parent-child dyads. Designers and researchers partnered together and developed an interview 

protocol. Data were collected on JIA children’s and their parent’s perceptions, needs, 

preferences, and daily behaviors regarding sleep habits, routines and perceptions, JIA 

management, mobile/web habits, and information-seeking behaviors. All interview questions 

were user-centered and aimed to identify the users’ true needs and preferences. Based on users’ 

feedback, designers made the design decisions in SLEEPSMART in the following ways. For 

content, used age-appropriate language (4th-grade reading level or above) with simple and 

sufficient information and avoided overwhelming amounts of texts. For design, the interface is 

engaging (themes in space, animal, or sports), easy to navigate, and interactive; the learning 

module has fun interaction and rewards, incorporating accessibility functionality – fonts are easy 

to read for individuals with dyslexia.  



 

Stage II. Ideate & prototype. Four parent and child dyads were invited to participate in 

the participatory design (PD) session. PD is an approach to actively design collaboratively via a 

think-aloud protocol, which is method that participants verbally describing what they are doing 

while they work through the product flow (Ward, 2020). The components of the PD sessions 

included brainstorming to generate ideas about the intervention design, iterative ideation phases, 

design activities to brainstorm, and group discussions to generate and evaluate ideas (Kang et al., 

2015). In the PD session, designers used generative and evaluative techniques to better 

understand: 1) What content types are most engaging for and appealing for 9 to 11-year-old 

children (as well as to their parents), 2) What theme/design is most engaging for and appealing to 

9 to11-year-old children, 3) What will help motivate 9 to 11-year-old children (with arthritis and 

sleep issues) to go through a sequence of learning modules. In addition, low-cost and rapid 

iterative user personas and wireframes were used to model users’ behaviors before usability 

testing. Persona is an approach to model and synthesis from observation of many targeting 

people (Bhattacharyya et al., 2019); Wireframe refers to a illustration of a interface’s space 

location and content layout(Göttgens & Oertelt-Prigione, 2021). Based on users’ input, the 

design and contents featured in SLEEPSMART include numerous aspects. For content, 

explanations are detailed; children take a quiz after each learning module; digital rewards are be 

provided upon quiz completion; portals are provided for file upload; balanced number of images, 

texts, and videos are incorporated; and information on arthritis. For designs, SLEEPSMART 

used many visuals, separated text with images, used bright colors, enabled audio playing to 

improve accessibility, used an empathetic tone, and ensured multiple ways for assignment 

submission.  



 

Stage III. Usability testing & refinement. Two usability testing sessions were conducted 

with two parent-child dyads between June and August 2019. The goals of the usability testing 

focused on 1) assessing the overall usability of each of the three platforms that the user must 

navigate in the learning module process (email, SLEEPSMART website, REDCap Site); 2) 

assessing the overall usability of navigating between the three platforms in the learning module 

process (email → SLEEPSMART website → REDCap site); 3) assess task comprehension of the 

first learning module; 4) determine the level of ease in completing the core tasks required by 

each platform in the learning module; 5) identify obstacles to completing key tasks. The research 

and design teams identified what worked well and opportunities for improvement, repeated the 

iterative process, discussed potential solutions to the problems, and revised the design for the 

intervention website, the content of the email, and REDCap. Based on users’ feedback in this 

stage, designers kept the succinct text in the SLEEPSMART website and included each of the 

steps at the beginning of the website. For example, in step 1, review the overview of the weekly 

lesson; in step 2, listen to the slide show; in step 3, take a quiz; and in step 4, complete your 

weekly activities and have your parent upload it to REDCap. For the design, designers used Use 

bold/underlining to highlight the essential information in the email; created sub-sections within 

each step; resized the slideshow (or video) to fit within the screen size; added a play button or 

arrow for the slideshow.  

Stage IV. Pilot testing. From 2019 to 2021, to evaluate the feasibility, acceptability, and 

efficacy of SLEEPSMART, we enrolled 50 children, 8 to13 years, with JIA and sleep deficiency, 

and their parents in the SLEEPSMART study. They were randomized to either the 

SLEEPSMART group or the control group. Data were collected on their perception of the 

feasibility and acceptability of SLEEPSMART and outcomes in sleep and shared management. 



 

After intervention completion, researchers conducted exit interviews with 12 parent-child dyads 

to understand their perceptions of what they liked and found useful/acceptable/helpful in the 

SLEEPSMART intervention and identify the areas/gaps they did not like and need to change for 

refinement. In summary, based on users’ feedback, parent-child dyads found the following five 

aspects most satisfied: 1) learning modality: the flexibility of self-paced online access learning; 

2) intervention content and structure: the content was informative and reliable; 3) research team: 

research team was highly responsive, informative and accessible; 4) empowered children: 

children could assume responsibility and take control to improve their sleep; 5) parent-child 

shared management: the intervention partnered parent and child together toward the same goal. 

Dyads also reported their suggestions for SLEEPSMART, which is reported in the evaluation 

section.  

Data analysis. All sessions were audiotaped after the families provided consents and 

assents. To evaluate SLEEPSMART, we analyzed and coded SLEEPSMART development 

process data in deductive coding methods using the USIS model. According to each USIS 

outcome, we coded the SLEEPSMART design data under each HCD process as the research 

questions, user feedback, and design decisions. For example, for the user-centeredness outcome, 

under the discover and define stage, we summarized the design/research questions on parent-

child dyads’ sleep, JIA, mobile/web behaviors, dyads’ feedback to these questions, and the 

design decisions around dyads’ input including content and design features.  

Evaluation. Guided by the USIS model, we found the strengths and areas for 

improvement for the SLEEPSMART project. The strengths include 1) the intervention content 

was well structured: a clear and purposeful structure consisting of must-have milestones with the 

right direction throughout the design and development life cycle, ensuring the final high-quality 



 

delivery (design and product), and solving the right problem.  2) user-centeredness was 

prioritized throughout the HCD process. Research questions were comprehensively explorative 

and closely tied to identify users’ needs, users’ feedback was fully transcribed and documented, 

and each design decision was based on users’ input and needs. 3) The researcher and designer 

team applied various HCD methods that enhanced USIS outcomes. Specifically, the team used 

in-depth interviews to empathize with users, applied participatory design methods (stickies and 

big picture activity) to empower “co-design” and users’ engagement, and adopted user persona 

and wireframe to model users’ behaviors in a low-cost and rapid iterative way. They applied two 

usability testing sessions as opportunities to improve the intervention’s learnability, 

memorability, error reduction, and cognitive burden and examine users’ satisfaction with the 

intervention. The research team also pilot-tested the intervention to assess the feasibility, 

acceptability, and preliminary efficacy and identified areas for refinement. 4) the design decision 

was consistently maintained and consolidated across the HCD process. For example, design 

decisions made in the discover & define stage were well preserved and expanded in the ideate & 

prototype stage, and the decision became more concrete in the test & refine stage.  

We also found several areas for further improvement. First, the participants were not 

diversely representative. All participants were White with middle to high social-economic status. 

Future studies should include diverse participants with diverse population with various 

socioeconomic, cultural, ethnic, and geographic background backgrounds to reflect the equity 

principle. Moreover, building on the current long video presentation mode module, multiple 

methods could enhance learnability. The interventional module video could be divided into 

smaller sections. Indeed, accounting for JIA children’s physical symptoms and age-appropriate 

short-time attention span, each learning module needs to be shortened (e.g., less than 7 minutes) 



 

and gamified with more interactive features (e.g., learning through play-based activity). The 

knowledge needs to be delivered in a more storytelling way and develop an actual rewarding 

system (e.g., children will receive physical awards after completing each milestone). 

Furthermore, the concept of error reduction could be further improved. Currently, participants 

must always go back to email to find the next steps and have multiple platforms to complete the 

tasks (e.g., intervention website for intervention, REDCap for surveys, and a separate link for 

online sleep diary), which increases the chance of operational error. Instead, participants will 

find it more convenient and easier to follow through if structurally organizing all tasks in one 

dashboard. Participants only need to go to this dashboard, check out daily tasks and track their 

progress with tools. Participants will stay on track quickly and self-monitor their completion 

status, potentially motivating them to follow through with the intervention program. Lastly, 

fidelity (Adoption, Penetration, and sustainability) should be considered in the early stages of 

BIT development to maximize the program implementation success. Several strategies to 

maintain fidelity (Toomey et al., 2020; Walton et al., 2020): 1) develop the intervention standard 

operating protocols (SOP); 2) provide training sessions to research teams; 3) establish an 

implementation team to support research team; 4) ensure implementational problems could be 

discussed regularly and solved in time; and 5) build a system for monitoring implementation.  

Discussion 

To date, little work has been done to directly integrate HCD and IS in designing, 

developing and evaluating BITs to maximize the potential of success in BITs’ implementation. 

Our work is one of the first to dissect and incorporate usability and IS outcomes into a next-level 

practical guiding framework for evidence-based practices (e.g., intervention, services, policy). In 

this initial exploratory model development study, 1) our work builds on the existing work for 



 

HCD-focused implementation: the usability constructs (Lyon & Koerner, 2016; Maguire, 2001; 

Nielsen, 1994; Tognazzini, 2014) and IS outcomes (Hermes et al., 2019) that adapted from 

previous works (Proctor et al., 2011; Proctor et al., 2009). We found usability was considered 

primarily in the program design and development phases but had conceptual and functional 

overlap with the early stages of implementation. Usability is regarded as a key determinant of 

implementation outcomes, as less complex innovations with lower cognitive burdens are more 

likely to be well-adopted and sustained (Dopp et al., 2020; Lyon, Dopp, et al., 2020). 2) We 

incorporated IS outcomes into the HCD stage evaluation model. HCD offers theoretically based, 

robustly mapped processes that seek to improve outcomes through active engagement, respect 

for end-user views, and support for iterative idea refinement in response to testing and feedback 

(Beres et al., 2019; Melles et al., 2021). 3) We proposed the USIS model as a new conceptual 

framework based on the interlinkages and partnerships among key outcomes of HCD and IS. 

Integration of usability and IS allow researchers to embed implementation research earlier in the 

pipeline and expand the resources that increase evidence uptake (e.g., change design features, 

context, and culturally appropriate considerations, diverse stakeholders). And 4) We offered a 

“how-to” guide to the framework with a case study.  

Some pioneer works include formally introducing HCD language and strategies to IS 

research field to build the collaboration foundation via shared languages (Dopp et al., 2019a), 

reframed implementation outcomes specifically for BITs (Graham et al., 2020; Hermes et al. 

2019),  applied HCD to enhance intervention design (R. Bartlett et al., 2021; Beres et al., 2019; 

Göttgens & Oertelt-Prigione, 2021; Norman et al., 2021; Pillsbury et al., 2021), redefined HCD 

usability constructs and proposed usability is a fundamental determinant of implementation 

research (Lyon et al., 2019; Lyon & Koerner, 2016), characterized the potential for collaboration 



 

between HCD and implementation research (Dopp et al., 2019b, 2020; Lyon, Brewer, et al., 

2020; Lyon, Dopp, et al., 2020; Lyon et al., 2019; Lyon & Bruns, 2019). While these studies are 

foundational, our study made a substantial and concrete step toward integrating HCD and IS into 

the HCD process model and locating which outcomes need to focus on which stage.  

Limitation 

As a preliminary study, this study has limitations and left unanswered questions for future 

exploration. First, we did not systematically review all empirical research studies that focused on 

HCD and implementation research, and the sources we used were limited to those written in 

English. Second, when analyzing the core elements of usability and implementation research 

outcomes, we only rely on the published work, which can be heterogeneous. We conducted 

several peer discussions and debriefing rounds to ensure the best interpretation. Third, this model 

remains largely conceptual and heuristic, and we need more empirical evidence to test it. Finally, 

applying the USIS model can be challenging for HCD and IS scientists to shoulder the learning 

efforts of incorporating two disciplines into one new research approach. However, we must 

leverage key insights from the new area and surmount roadblocks to advance the knowledge. 

We believe the current USIS model will inform other researchers about another 

possibility of HCD-IS research, stimulate more collaboration between HCD and IS fields and 

offer a new perspective to advance BITs and healthcare innovations. The USIS model draws on 

the strengths of the HCD process, usability constructs, and IS outcomes and offers significant 

insights into developing streamlined and effective BITs and implementation strategies. 

Integrating usability constructs into IS outcomes has strong potential to improve the degree to 

which innovations are compelling, learnable, and implementable. 

 Implications 



 

Additional research will be necessary to understand better the potential for increasingly 

interdisciplinary collaborations in applying the USIS model to best support BITs innovations and 

disseminate the USIS model to broader research communities. First, good design is a prerequisite 

for effective science. Health technologies and practices must be better designed to be applied and 

contribute to a broad population. Second, we urge researchers and developers to consider and 

blend the HCD approach early in research planning. For example, building long-term 

collaboration with developers, researchers, and user experience designers. Additionally, 

including the end-user’s input from the beginning through to the whole design and development 

process. Third, strengthen the infrastructure supporting the application of HCD approaches by 

partnering with HCD and implementation professionals (Dopp et al. 2019b). In future research, 

our next research agenda is bridging the gap between implementation research and design 

approach. The USIS model should be tested empirically and tried in development and evaluation, 

determining what and how to adjust to better advance the innovations.  

Conclusion 

In sum, the USIS model offers specific tools to design better BITs and evaluate existing 

BITs to improve health innovations’ translation into practice. With the USIS model, HCD and IS 

practitioners can use a common language to enhance implementation and health outcomes for 

broader communities, support researchers in identifying multilevel barriers to implementation, 

and guide evaluating the BITs. We believe the USIS model offers a pathway for improving 

innovation advancement by incorporating the processes and tools from HCD and IS.  
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Table 4.1 USIS Constructs and Definition 

Constructs Concepts Definition 

User 

centeredness 

Empathy 

Engagement 

Equity 

Equity: the practice of purposefully involving minoritized or 

disadvantaged communities throughout a design; it 

acknowledges that equity happens with intent and focus. It 

includes teams (users and researchers), content, and 

implementation.  

- Team and Content: 1) diverse and inclusive users, 

multidisciplinary researcher team; 2) contextually appropriate 

and culturally relevant to fit users and their context of the use 

- Implementation: 1) accessibility for those with disabilities and 

low digital health literacy; 2) uptake: users who are not computer 

savvy, do not trust technology, or who are exposed through 

informal social networks; 3) adherence: intervention usability, 

literacy burden, access of money, time and coping skills; 4) 

effectiveness: different groups of people, focus on groups of 

people, and access.  

Empathy: the efforts to understand the users without judgment: 

their behavior and why, physical and emotional needs, and what 

is meaningful to them.  

Engagement: users’ involvement in BIT development to equip, 

enable and empower user-centered design decisions 

Efficiency Cost 

Timeliness 

Rapidity 

Cost: the cost related to user spend and BIT implementation. 

Rapidity: rapid iteration and prototyping to quickly test and 

make improvements. 

Timeliness: accounts for ongoing iteration, evolving and fast 

updates over time.  

Feasibility Learnability 

Memorability 

error reduction 

low cognitive 

load 

Learnability: users can rapidly understand and use BITs. 

Memorability: users can remember and successfully operate. 

Error reduction: prevent or rapid recovery from errors 

Low cognitive load: users only need minimum efforts to 

complete learning and task with simplified functions. 

Satisfaction Acceptability 

Appropriateness  

Acceptability: how well the intervention being received by 

target populations and the extent to which the intervention meet 

the needs of the target populations 

Appropriateness: fit and relevance to users’ problems 

Fidelity Adoption 

Penetration 

Sustainability 

Adoption: actual use (e.g., log-in timestamp) of the BIT by 

users  

Penetration: the extent of integration of BITs within a context. 

Sustainability: The extent of BIT's practice and effect is 

maintained and long lasting. 

 

 

 



 

Table 4.2 USIS HCD Stage Model 

USIS 

Constructs 
Concepts  

HCD Process  

Discover 

& define 

Ideate & 

Prototype 

Test & 

refine 

Pilot testing 

User 

centeredness 

Empathy 

Engagement 

Equity 
X X X X 

Efficiency Cost 

Timeliness 

Rapidity 

 

    X X X 

Feasibility Learnability 

Memorability 

error reduction  

low cognitive load 

 

X X X 

Satisfaction Acceptability 

Appropriateness  

 
      X X   X 

Fidelity Adoption 

Penetration 

Sustainability 

 

      X       X X 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 5: Conclusions and Implications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Contributions of the Three Studies 

 

This dissertation comprised three innovative pieces of work that advance pediatric sleep 

health research. SLEEPSMART is the first technology-enabled pilot randomized controlled trial 

that targeted sleep as a primary outcome among children with JIA and their parents. The 

preliminary findings suggest SLEEPSMART to be highly feasible and acceptable by children 

with JIA and their parents, and improved children’s and parents’ sleep and shared management 

skills. It is an example for future behavioral pediatric sleep interventions to consider in the 

context of engaging children and parents as a team and targeting self-efficacy, motivation, 

problem solving and working through setbacks. Additionally, SLEEPSMART is unique in that 

the HCD method was applied to center stakeholders (parents and children) throughout the design 

and development that enhanced their satisfaction and intervention adoption. Furthermore, it is 

crucial to account for parent-child interdependence to effectively manage children’s sleep in 

pediatric sleep research. Parents play critical roles in shaping children’s health management 

skills as they are essential caregivers and teachers.  

In Study 2, SCT was comprehensively analyzed and evaluated in the context of pediatric 

sleep. With a deeper understanding of SCT, we reformulated SCT by integrating the PCSM 

concept. The reformulated SCT-SM accounts for parent-child interdependence and role 

transition, providing a promising framework to support children’s sleep health with sustained 

effects. SCT-SM also offers the opportunity of reconsidering pediatric sleep from new 

theoretical perspectives.  

In Study 3, given that intervention design characteristics strongly influence 

implementation, adoption, and sustainability in healthcare settings, we integrated HCD and 

Implementation Science (IS) outcomes into a next-level practical evaluation framework for 



 

evidence-based practices (e.g., intervention, services, policy). We recognized that HCD and IS 

shared common goals to improve intervention usability and implementation by applying iterative 

and contextual design processes, engaging stakeholders, involving a multidisciplinary design 

team, and conducting iterative testing and evaluation as early and frequently as possible. Our 

proposed USIS model can guide the design, development, and evaluation of interventions. The 

USIS model generates the opportunity for researchers to embed implementation research earlier 

in the pipeline and expand the various resources that increase the uptake of evidence (e.g., 

change design features, context, culturally appropriate considerations, and diverse stakeholders) 

and maximize the potential of BITs’ success in implementation.  

Study Limitations and Implications for Future Research 

 

The overall limitations including the sample size in was relatively small and limited to 

the participants mainly living in greater Seattle area, predominantly White and middle class 

(Study 1), did not include a systematic review of all related empirical research studies, and our 

sources were limited to those written in English (Study 2 and 3).  

Drawing from the three papers of this dissertation, my future research focuses on 

pediatric sleep health disparities among socially marginalized and historically underrepresented 

populations. Sleep health disparities are critical but often underrecognized contributors to health 

inequities as people with minoritized ethnic and racial backgrounds and from low-income 

households experience a disproportionately greater burden of sleep-related chronic illnesses 

(Billings et al., 2021; Grandner et al., 2016). Pediatric sleep disparities require innovative and 

urgent interventions to establish a foundation of lifelong healthy sleep (Billings et al., 2021). 

Specifically, my goals are to 1) understand the mechanisms of socioeconomic status, racism, 

discrimination, neighborhood segregation, geography, social patterns, and access to health care 



 

as well as by cultural beliefs that contribute to sleep health disparities; 2) use the SCT-SM model 

to guide the development of a culturally- and language-tailored sleep intervention for dyads; and 

3) design and develop sleep intervention with the USIS model, leverage digital health tools and 

other technology-enabled solutions to increase the accessibility and scalability of future sleep 

health interventions to improve sleep health equity among marginalized populations.  
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