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Abstract 

Digital behavior change interventions (e.g., mHealth, websites, behavior change apps) 

can be an effective way to engage groups who experience disadvantages in terms of social and 

economic attainment, with tailored health content and have potential to improve health outcomes 

and reduce health disparities. Given the importance and pervasiveness of behavior change apps, 

it is essential to evaluate their effectiveness to determine if they create change in behavior that 

improves health and well-being. Engagement, or how users interact with behavior change apps, 

is often used to quantify success. However, evaluating user engagement with behavior change 

apps is difficult. Within the field of behavioral sciences, little consensus exists on how to 

conceptualize and measure user engagement with behavior change apps. Effective measures to 

evaluate engagement are needed. This would allow for a better understanding of effectiveness 

and inform future interventions. Moreover, there is limited research on engagement with groups 

experiencing disadvantages. 

Thus, the purpose of this dissertation was to conduct exploratory research to understand 

behavioral and psychosocial (e.g., cognitive and affective) engagement with behavior change 

apps for groups experiencing disadvantages. Using a behavioral scientist lens, I employed a 

mixed-methods approach to evaluate engagement with an existing intervention, the Centers for 

Disease Control and Prevention’s (CDC) Milestone Tracker— a mobile app to help families 

identify developmental delays and disabilities in young children. Using a three article model 

approach and drawing on models of engagement that center engagement as a multidimensional 

phenomenon inclusive of behavioral (both engagement with the app and engagement with the 

health behavior), cognitive, and affective processes, this dissertation consisted of three studies: 

(1) a systematic review of the literature (N = 21 articles included) to identify existing conceptual 
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definitions, measures, and methods to measure engagement with behavior change apps for 

groups experiencing disadvantages, (2) baseline and one-month follow-up surveys and app usage 

data to understand parent and caregiver (N = 72) engagement with the CDC’s Milestone Tracker 

app, and (3) interviews to explore perceptions of engagement with CDC’s Milestone Tracker app 

from the perspective of pediatric clinicians at Federally Qualified Health Centers (N = 20). The 

findings from these three studies fill a gap in the engagement literature specific to behavior 

change apps for groups experiencing disadvantages. The culmination of this research helps to 

consolidate our understanding of engagement and can guide future intervention and evaluation 

design to develop behavior change apps that are engaging for all. 
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Chapter 1 

 

Introduction to Research Program 

 

Digital technologies have revolutionized how we consume information and hold great 

promise to improve individual and collective health and well-being (Devlin et al., 2015; Murray 

et al., 2016; Suggs, 2006). Particularly within the context of the COVID-19 pandemic and 

mitigation measures, digital tools were mobilized to support all aspects of life. These digital 

health interventions include websites, smartphone mobile applications (hereafter referred to as 

apps), wearables such as Fitbits, and social media designed to promote healthy behaviors, 

manage chronic conditions, and provide access to treatment (Aitken & Nass, 2021; Murray et al., 

2016). Digital behavior change interventions (DBCI) are digital health interventions rooted in 

behavior change theories that use digital channels to promote and maintain health via primary 

and secondary prevention and management (Yardley, Choudhury, et al., 2016). DBCI often 

include behavior change techniques (BCTs) which are intervention components designed to 

enable behavior change (Michie et al., 2013). DBCI can engage groups experiencing 

disadvantages in terms of social and economic attainment, with tailored health content and have 

potential to improve health outcomes and reduce health disparities (Kreps & Neuhauser, 2010; 

Kreuter et al., 2013; Lustria et al., 2009). 

Given the importance and pervasiveness of DBCI, it is essential to evaluate their 

effectiveness to determine if they create changes in behaviors that improve health and well-
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being. Engagement, or how users interact with DBCI, is often used to quantify success (Perski, 

Blandford, West, et al., 2017; Short et al., 2018; Yardley, Spring, et al., 2016). Existing methods 

to measure engagement include: (1) analysis of system usage data (e.g., time spent in an app and 

number of pages viewed), (2) qualitative methods, (3) ecological momentary assessments (real-

time, self-reported user data), and (4) self-report questionnaires (few of which are validated and 

specific to health; Short et al., 2018). However, little consensus exists within behavioral sciences 

on how to conceptualize and measure user engagement with DBCI, and what data currently 

associated with engagement truly represent. Effective measures to evaluate engagement with 

DBCI are needed to understand how users interact with DBCI. This would allow for a better 

understanding of effectiveness and inform future interventions (Cole-Lewis et al., 2019). 

Moreover, there is limited research on engagement behaviors and experiences among groups 

experiencing disadvantages (Cole-Lewis et al., 2019). 

This exploratory dissertation project sought to understand behavioral and psychosocial 

(e.g., cognitive and affective) engagement with DBCI for groups experiencing disadvantages 

from the perspective of the field of behavioral sciences. Building on behavioral science theories 

and practices, I conducted formative research to explore how engagement with DBCI 

(specifically behavior change apps) for groups experiencing disadvantages is conceptually 

defined, measured, and what methods are used to measure engagement, and then I explored 

engagement from the perspectives of parents and caregivers of young children and pediatric 

clinicians. I situated my dissertation in the context of developmental delays and disabilities 

among young children, a widespread issue that disproportionately affects groups experiencing 

disadvantage (e.g., people from minoritized racial and ethnic groups, people with lower levels of 

socioeconomic status, and people with disabilities), but can be improved through early 
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identification and early interventions (Adams & Tapia, 2013; Zablotsky et al., 2019). Utilizing 

the Centers for Disease Control and Prevention’s (CDC) Milestone Tracker—a mobile app to 

help families (specifically those from groups experiencing disadvantages) identify 

developmental delays and disabilities in young children—this project employed a mixed-

methods approach to explore engagement measurement. 

The purpose of this dissertation was to conduct formative research to understand how to 

better measure engagement with behavior change apps for groups experiencing disadvantages. 

The specific context in which engagement was studied for this dissertation was one behavior 

change app, the CDC’s Milestone Tracker app. Using a three-article model, this dissertation 

includes three studies. The first study, reported in the second chapter, was a systematic review of 

the literature, which aimed to synthesize existing conceptual definitions, measures, and methods 

of engagement with behavior change apps for groups experiencing disadvantages. The second 

study (Chapter 3) used a baseline and one-month follow-up survey and app usage data to 

understand parent and caregiver engagement with the CDC’s Milestone Tracker app. Finally, the 

third study (Chapter 4) used interviews to explore perceptions of engagement with CDC’s 

Milestone Tracker app from the perspective of pediatric clinicians at Federally Qualified Health 

Centers (FQHC). Together these three studies fill a gap in our understanding of engagement 

specific to behavior change apps for those experiencing disadvantages and inform the future 

development of a behavior change app engagement measurement framework. 

The remainder of this chapter details the research program and provides a roadmap for 

the three studies described in the chapters that follow. The next section provides an overview of 

the current DBCI landscape, a discussion of behavior change apps and health disparities, and an 

examination of engagement. Additionally, an overview of developmental delays and disabilities 
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among young children and the CDC’s Milestone Tracker app are presented. Finally, this chapter 

concludes with a statement on motivation and positionality, a summary of the dissertation study 

purpose, and a brief outline of each study included in this dissertation. 

Background 

Digital Health Landscape 

In 2022, Internet use is near universal (Pew Research Center, 2021a). With 93% of adults 

in the United States using the Internet, digital channels are a convenient way to increase the 

reach of health interventions to improve health outcomes (Cugelman et al., 2011; Pew Research 

Center, 2021a). As a result of the COVID-19 pandemic, investments in digital health grew 

almost 80% to more than $57 billion (Donnelly, 2022) as medicine and health promotion shifted 

to remote and virtual service delivery. As such, there has been a proliferation of eHealth 

(electronic health) and mHealth (mobile health) interventions delivered via digital platforms such 

as websites, mobile apps, wearables for fitness tracking, parameter-specific biosensors, social 

media, telemedicine, virtual home assistants (e.g., Alexa and Google Home), personal health 

records, and text messaging and email (Aitken & Nass, 2021; Labrique et al., 2013; Murray et 

al., 2016; Sinnenberg et al., 2017). DBCI draw on behavior change theories and include BCTs 

via their corresponding mechanisms of action (MoAs; the processes through which BCTs have 

their effects; Carey et al., 2018) to promote healthy behaviors like physical activity (Bennett et 

al., 2014; Glasgow et al., 2007; Molina & Sundar, 2018; Pagoto et al., 2018; Sharpe et al., 2017; 

Short et al., 2014), healthy eating (Delaney et al., 2018; Vandelanotte et al., 2016), and smoking 

cessation (Blok et al., 2019; Businelle, Ma, Kendzor, Frank, Vidrine, et al., 2016; Businelle, Ma, 

Kendzor, Frank, Wetter, et al., 2016; Coa et al., 2019; Herbst et al., 2019), manage chronic 

conditions such as diabetes (Glasgow et al., 2011; Lie et al., 2017; Sepah et al., 2017) and heart 
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disease (Anand et al., 2016; Beatty et al., 2013), support HIV testing, linkage to care, and 

treatment adherence (Cao et al., 2017; Muessig et al., 2017), and provide access to treatment for 

mental health (Firth et al., 2017; Fitzpatrick et al., 2017; Larsen et al., 2016; Mani et al., 2015; 

Mohr et al., 2017; Ng et al., 2018), and pain management (Escriva Boulley et al., 2018; Nicholl 

et al., 2017). Relevant to this dissertation project, DBCI are used to improve early identification 

of developmental delays and disabilities in young children, as discussed later in this chapter.  

Benefits of DBCI 

Compared to didactic health information found on posters and brochures, an advantage of 

DBCI is that they are intended to attract and engage users by requiring interactivity (e.g., user 

participation and input) to create two-way communication between the system and user (O’Brien 

& Toms, 2008; Sawesi et al., 2016). Further, DBCI have the potential to reach more people in 

their everyday lives, which allows for improved sustainability and reduced dissemination costs 

(Bernhardt et al., 2011; Devlin et al., 2015; Kreps & Neuhauser, 2010). Interventions can now 

reach millions of people at a fraction of the cost of delivering traditional interventions (e.g., face-

to-face; Suggs, 2006). For example, while smoking cessation interventions via phone were 

estimated to cost $150 to $250 per smoker, and tailored print interventions ranged from $5 to 

$40 per smoker, tailored online smoking cessation interventions could cost less than $1 per 

smoker, depending on the population (Cugelman et al., 2011). Other analyses further 

demonstrate the magnitude of potential healthcare cost savings. Digital health apps designed for 

five patient populations (diabetes prevention, diabetes, asthma, cardiac rehabilitation, and 

pulmonary rehabilitation) could reduce acute care utilization, saving an estimated $7 billion 

annually (Aitken et al., 2017). If savings were extended to all diseases and health conditions, an 

estimated $46 billion could be saved (Aitken et al., 2017). Further, the COVID-19 pandemic 
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highlighted the need for interventions that can be implemented remotely and asynchronously to 

improve health and well-being when in-person interventions are not an option. 

DBCI also provide more tailored messaging than interventions delivered using traditional 

channels (e.g., in-person; Lustria et al., 2009). Tailored messages are more likely to be 

persuasive because they are highly personalized based on an individual’s predispositions and 

abilities, making them relevant to priority audiences (Atkin & Rice, 2013; Kreuter et al., 2013; 

Kreuter & Wray, 2003). Utilizing targeted channels to reach intended audiences (particularly 

people from groups experiencing disadvantages; Badal et al., 2018) can boost the reach of 

messages that facilitate behavior change. As such, DBCI need to be evaluated to understand their 

reach and impact. 

Behavior Change Apps 

The expansive digital health landscape includes several types of DBCI, yet in recent 

years, mobile apps have become the most utilized digital channel for health intervention 

dissemination. Given that 85% of people in the United States own a smartphone, and 15% of 

those people use their smartphones as the primary way of accessing the Internet (Pew Research 

Center, 2021a, 2021b), it is not surprising that more than 250 health apps are added to app stores 

daily on average, resulting in more than 350,000 health apps available worldwide (Aitken & 

Nass, 2021). Additionally, a very small number of health apps account for the majority of 

downloads. Recent research indicates that only 110 apps comprise half of all downloads, and 

each of these have been downloaded over 10 million times. Conversely, the majority (83%) of 

health app have been downloaded less than 5,000 times (Aitken & Nass, 2021), potentially 

indicating a need for more appealing and engaging apps to truly capitalize on their affordances to 

change health behaviors and improve health and well-being. 
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Behavior Change Apps and Health Disparities 

Health is influenced by social determinants such as poverty, lack of access to quality 

education, unemployment, unhealthy housing, unsafe neighborhoods, incarceration and police 

brutality, and other systemic or cultural barriers (Solar & Irwin, 2007). Health disparities, or 

differences in health among groups of people, disproportionately affect those from groups 

experiencing disadvantages (e.g., people from some racial and ethnic groups, people with 

disabilities, people with lower incomes), resulting in poorer health outcomes (Kawachi et al., 

2005; Kawachi et al., 2002; Williams et al., 2016). Importantly, socioeconomic status (SES), a 

composite measure of income, education, occupation and social status (Carlson et al., 2011), is a 

key underlying risk factor for poor health (Adler & Newman, 2002). As such, innovative 

approaches to address health disparities are needed. 

Behavior change apps have expanded opportunities to disseminate health messages and 

information to groups experiencing disadvantages, who are often disproportionately affected by 

many health conditions (Gibbons et al., 2011; Kreps & Neuhauser, 2010; Swindle et al., 2014). 

For example, place-based interventions are impractical for populations experiencing 

homelessness (Barman-Adhikari et al., 2016), however highly targeted digital channels offer 

alternative ways to reach groups experiencing disadvantages (Kreuter et al., 2013). 

Unfortunately, this has not translated into significant growth in socioculturally tailored behavior 

change apps (Brewer et al., 2020). Grimes Parker, Alcaraz, and others have called for culturally 

relevant research and design in the creation of behavior change apps for more than 15 years 

(Alcaraz et al., 2017; Grimes & Grinter, 2007; Stowell et al., 2018), yet there is a paucity of 

research on behavior change apps with groups experiencing disadvantages (Brewer et al., 2020). 

The limited research that exists suggests behavior change apps can be effective for weight 
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management among Black or African American (hereafter referred to as Black) and Hispanic or 

Latinx (hereafter referred to as Latinx) persons (Bennett et al., 2014), parent training programs 

for parents experiencing poverty (Brager et al., 2019), and colorectal cancer screening among 

patients with lower incomes (Miller et al., 2018), however a systematic review found few 

improvements in health outcomes across studies (Stowell et al., 2018). Consequently, many have 

expressed concerns that if people from diverse groups are not included in the development and 

evaluation of behavior change apps (including the development of evaluation tools), there is 

potential to widen health disparities and perpetuate health inequalities (Brewer et al., 2020; 

DiMaggio et al., 2001; Lee et al., 2022; Lee & Viswanath, 2020). More (and purposeful) 

research is needed to capitalize on the high adoption and utilization rates of smartphones among 

groups experiencing disadvantages to reach these communities with interventions that facilitate 

engagement with behavior change components to improve health outcomes and achieve health 

equity (Gibbons, 2011; Gibbons et al., 2011; Lopez et al., 2011). 

Engagement 

Given the merits of behavior change apps, it is important to evaluate their effects and 

effectiveness. Program evaluation, which is a systematic method for determining overall success 

of an intervention, assesses whether or not an intervention was implemented as planned and if it 

improved health outcomes (Valente, 2002). Evaluation enables researchers and practitioners to 

measure the effectiveness and impact of an intervention to create intended behavior change (and 

antecedents to behavior change). Research on the effectiveness of behavior change apps is 

mixed, varying by health issue and intervention purpose (Hall et al., 2015). Evaluations often 

demonstrate short-term benefits, but evidence of long-term benefits and population-level impacts 

of behavior change apps is lacking (Free et al., 2013; Gordon et al., 2021; Hall et al., 2015). 
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Within the context of behavior change apps, some researchers argue evaluating behavior 

change is too complex and can be limiting for novel apps and other DBCI. Instead, they argue 

that focusing on evaluation to understand how and why behavior change apps are used would be 

more valuable to help researchers learn how and why a system works or does not work (Klasnja 

et al., 2011). Further, some behavior change app evaluations demonstrate limited effects, citing 

attrition, incorrect or suboptimal use of the app as the reason (Kelders et al., 2012; Lie et al., 

2017; Sieverink et al., 2017). For example, up to 50% of participants stop using downloaded 

health apps, noting data entry burden, loss of interest, and costs as reasons for disengaging with 

apps (Krebs & Duncan, 2015; Lie et al., 2017; Pfammatter et al., 2017). The high number of 

participants who drop out of behavior change app trials and stop using interventions makes it 

difficult to establish evidence-based apps and evaluate effects (Eysenbach, 2005). As such, there 

is a need to study the extent to which people use interventions and reasons for app nonadherence 

in order to understand how to keep users engaged (Sieverink et al., 2017). Moreover, in 

behavioral sciences it is assumed that some level of engagement is necessary for behavior change 

apps to be effective (Coa et al., 2019; Yardley, Spring, et al., 2016). Highly interactive apps may 

generate the level of exposure necessary to facilitate behavior change (Crutzen et al., 2010). 

Examining user engagement, or how people interact with digital technology, may help reduce 

attrition (Couper et al., 2010; Krebs & Duncan, 2015) and is central to understanding how and 

why behavior change apps are used. Additionally, there is no universally accepted set of 

constructs or definitions for user engagement with behavior change apps. Measuring engagement 

is essential to understanding the uses and benefits of behavior change apps, but remains elusive 

and understudied within behavioral sciences (Short et al., 2018). 

Conceptual Definitions 
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As mentioned, no single definition of engagement exists within behavioral sciences 

(Cole-Lewis et al., 2019; Yardley, Spring, et al., 2016), which makes it difficult to operationalize 

and measure. Often used interchangeably with other terms (e.g., usability and acceptability), 

increasingly behavioral scientists posit that engagement is multidimensional, comprised of 

psychosocial and behavioral constructs (Flaherty et al., 2021; Kelders, van Zyl, et al., 2020; 

Perski, Blandford, West, et al., 2017; Yardley, Spring, et al., 2016). Psychosocial constructs are 

primarily cognition and affect (Kelders, van Zyl, et al., 2020). Cognitive processes include user 

attention, interest, flow, cognitive absorption, and immersion in the app content and/or platform. 

Affective processes include user enjoyment and satisfaction with the app content and/or 

platform.  

Behavioral processes focus on how individuals use the app. Behavioral engagement is 

believed to include two forms of engagement: (1) how users interact with features of the app 

designed to encourage use, and (2) how users interact with the behavior change components of 

the app such as goal-setting, tracking tools for self-monitoring behaviors, and other BCTs. Cole-

Lewis et al (2019) argue that how users interact with the health behavior is dependent on how 

users interact with the technology because if users do not interact with or enjoy using the app, 

they will have limited exposure to important behavior change components and therefore less 

likely to change behaviors. As such, both forms of engagement are important. Further, some 

believe engagement is a process, with different stages or phases of engagement such as getting 

engaged, staying engaged, disengaging, and re-engaging that fluctuate over time (Kelders, van 

Zyl, et al., 2020; O’Brien & Toms, 2008). 

In accordance with other behavioral scientists, the conceptualization of engagement used 

in this dissertation is that engagement is multidimensional that involves behavioral (both 
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interaction with health behaviors and interaction with app features), cognitive, and affective 

processes. Combined, these three domains characterize the user experience with behavior change 

apps (Perski, Blandford, West, et al., 2017; Yardley, Spring, et al., 2016). While the presence of 

the three domains is generally agreed upon by behavioral scientists, little is known about how 

these three domains interact and which are most important to facilitate behavior change (notably, 

these research gaps are outside of the scope of this dissertation project but important to 

acknowledge nonetheless). Additionally, recent reviews highlight differences in how behavioral 

scientists weigh the behavioral, cognitive, and affective components of engagement (Kelders, 

van Zyl, et al., 2020; Perski, Blandford, West, et al., 2017; Short et al., 2018; Yardley, Spring, et 

al., 2016). As such, a recent review by Kelders et al (2020) concluded that context-specific 

definitions of engagement may be necessary, as long as conceptual definitions are clearly stated 

and accompanying measures are described. 

Methods, Measures, and Frameworks 

Existing methods and frameworks to measure digital engagement include: (1) analysis of 

system usage data (e.g., time spent in an app and number of pages viewed), (2) qualitative 

methods, (3) ecological momentary assessments (EMA; real-time, self-reported user data), and 

(4) self-report questionnaires (few of which are validated and specific to health; for a review see 

Short et al., 2018). These methods capture both objective and subjective measures of the three 

engagement domains. Each method is discussed briefly below. 

System Usage Data. System usage data is backend or log data, sometimes referred to 

paradata (Couper et al., 2010). Per Couper and colleagues (2010), paradata “capture details about 

the process of interaction with an intervention” (p. 2). System usage data includes metrics such 

as number of visits, page views, timestamp, overall time and time spent in different aspects of a 
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platform or intervention, and logins (Baltierra et al., 2016; Bauermeister et al., 2017; Morrison & 

Doherty, 2014; Short et al., 2018). These data can help us understand how users access and move 

through behavior change apps (i.e., user engagement behaviors), indicating which interventions 

components are used or viewed most often and what aspects needs to be improved (Bauermeister 

et al., 2017). System usage data are highly touted as an objective measure of engagement and are 

most often used to measure behavioral engagement. Combined with other data sources (e.g., self-

report questionnaires and EMA), usage data can provide insight into the relationship between 

usage and psychosocial aspects of engagement (Short et al., 2018). While some measures 

passively collect user activity data (Perski, Blandford, West, et al., 2017; Short et al., 2018), 

other measures are active (i.e., answering a quiz or goal-setting), and at times, burdensome for 

users, and may attribute to the high attrition and nonuse of behavior change apps discussed 

above. 

 Qualitative Methods. Qualitative methods, such as semi-structured interviews, focus 

groups and think-aloud activities, capture subjective measures of engagement and allow for an 

in-depth description of user experience as well as user perceptions about how the behavior 

change app facilitates behavior change (Short et al., 2018). Qualitative methods are useful to 

generate engagement hypotheses and explore hypotheses to understand individual-level 

engagement. Qualitative methods are beneficial to capture cognitive and affective engagement, 

but can also be used to measure subjective behavioral engagement (via questions about app use). 

Further, Short and colleagues (2018) recommend qualitative methods to explore how the 

relationship between behavior change apps features and psychosocial features relate to use (or 

nonuse). 
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Ecological Momentary Assessments. EMA assesses user behaviors, perceptions and 

experiences in real-time by pinging users (often multiple times throughout a day or other time 

frame) to respond to short surveys. EMA can provide insight into the subjective behavioral, 

cognitive, and affective aspects of engagement with behavior change apps (Short et al., 2018). 

Self-report Questionnaires. Over the past several years, several self-report 

questionnaires and scales have been developed to measure engagement with digital platforms. 

These instruments capture subjective behavioral, cognitive, and affective engagement with the 

behavior change app (Short et al., 2018). Examples of scales include the: Immersion Experience 

Questionnaire (Jennett et al., 2008); eHealth Engagement Scale (Lefebvre et al., 2010); Health 

IT Usability Evaluation Scale (Yen et al., 2010); User Engagement Scale (O’Brien & Toms, 

2010); Mobile Application Rating Scale (Stoyanov et al., 2016); and more recently, the Digital 

Behavior Change Intervention (DBCI) Engagement Scale (Perski, Blandford, et al., 2019; Perski, 

Lumsden, et al., 2019); and TWente Engagement with Ehealth Technologies Scale (TWEETS; 

Kelders & Kip, 2019; Kelders, Kip, et al., 2020). 

Many self-report scales attempt to capture different dimensions of engagement (e.g., 

involvement, affect, attention) but are somewhat limited in their application, particularly given 

the rapid advances in technology to request and collect data. With the exception of the DBCI 

Engagement Scale and TWEETS, many engagement instruments and tools were developed 

outside the context of health, fail to account for health behavior change theories that may explain 

and contextualize underlying mechanisms, and do not incorporate behavior change as a 

component of behavioral engagement. Moreover, research on the relationship between subjective 

measures of engagement and outcomes is also scarce (Graham et al., 2021). As the DBCI 
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Engagement Scale and TWEETS are rooted in the theory that engagement is multidimensional 

and are the most saliant to this dissertation, both are described in more detail below. 

Perski et al’s DBCI Engagement Scale. The DBCI Engagement Scale is a 10 item scale 

that assesses engagement using two independent subscales: (1) experiential subscale which 

includes eight items measured on a 7-point scale ranging from 1 = Not at all to 3 = Moderately to 

7 = Extremely, and (2) behavioral subscale which includes two items (“How much time [in 

minutes] do you roughly think that you spent on the app?” and “Which of the app’s components 

do you remember visiting?”). The DBCI Engagement Scale posits that for a user to be engaged, 

both experiential engagement (i.e., attention, interest, and enjoyment or what previously was 

described as psychosocial factors that comprise engagement such as cognition and affect) and 

behavioral engagement (i.e., the amount and depth of use) are necessary. Accordingly, the 

authors define engagement as “a state-like construct which occurs each time a user interacts with 

a DBCI” along these experiential and behavioral dimensions (Perski, Blandford, et al., 2019, p. 

798). Psychometric evaluations of the DBCI Engagement Scale show moderate internal 

reliability but low validity, likely a result of the combination of subjective and objective 

engagement which demonstrate weak associations between the behavioral subscale and 

behavioral engagement (Perski, Blandford, et al., 2019; Perski, Lumsden, et al., 2019). 

Kelders et al’s TWEETS. The TWEETS is a nine-item scale assessed on a 5-point scale 

ranging from 0 = Strongly disagree to 4 = Strongly agree that defines engagement as a 

combination of behavior, cognition, and affect, where behavior is engagement with the 

technology  as well as the health behavior. TWEETS theorizes that behavioral engagement is 

routine use of a technology that requires low effort to use, but that use may fluctuate to meet 

current needs. Cognitive engagement is believed to be related to the technology supporting and 
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motiving a user to reach their behavior change goals, driven by intrinsic motivation. Affective 

engagement involves user’s emotions such as enjoyment that stem from making progress 

towards behavior change goals (or not) and using the technology. TWEETS also considers 

identity as an important construct as users need to identify with the technology or the goal of the 

technology (Kelders, Kip, et al., 2020). TWEETS demonstrated good reliability and validity in a 

study of 288 student users of a step counter behavior change app (Kelders & Kip, 2019; Kelders, 

Kip, et al., 2020). Conceptually, TWEETS appears to be the most aligned with the framework 

that theorizes engagement as multidimensional (comprised of two levels of behavior, cognition, 

and affect), and the most promising given the findings of the psychometric evaluation. 

Historically, the generalizability of instruments has been called into question as there are 

notable challenges related to replication of instruments when applied to new or different samples 

(O’Brien & Toms, 2013). Relevant to this dissertation, it is worth stating that neither the DBCI 

Engagement Scale nor the TWEETS were developed with diverse populations. Engagement 

mechanisms are understudied and poorly understood for diverse populations, requiring further 

inquiry as to whether these measures are sufficient for other audiences (Brager et al., 2019; Cole-

Lewis et al., 2019; Flaherty et al., 2021; Kelders, Kip, et al., 2020; Yardley, Spring, et al., 2016). 

In summary, engagement with behavior change apps is not well understood and several 

conceptual definitions and measures exist to assess engagement, but the framework of 

engagement as multidimensional, characterized by behavioral (interaction with the technology 

and the health behavior), cognitive, and affective engagement, may provide guidance to help 

explain how and why users engage with a platform. The next section describes the health context 

for this dissertation research, developmental delays and disabilities among young children. 
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Developmental Delays and Disabilities among Young Children 

In the United States, the prevalence of developmental delays (e.g., cognitive, speech and 

language, gross and fine motor, and social delays) and disabilities (e.g., attention-

deficit/hyperactivity disorder [ADHD], autism spectrum disorder [ASD], cerebral palsy, 

blindness, hearing loss, learning and intellectual disability)—which was 15% in 2008—has 

significantly increased in the past decade (Boyle et al., 2011; Zablotsky et al., 2019). Today, 

approximately 17% of children in the United States are living with a developmental delay or 

disability (Zablotsky et al., 2019). A developmental delay is when a child is not developing (e.g., 

language or fine motor skills) within an anticipated time frame (Sices et al., 2003; Wellman & 

Davis, 2018) whereas developmental disabilities are mental and/or physical impairments that 

substantially limit functional daily activities (American Academy of Pediatrics, 2006). Despite 

the high prevalence of developmental delays and disabilities, most children are not identified as 

early as possible, with many children diagnosed after 24 months (Boyle et al., 2011; Maenner et 

al., 2021; Mann et al., 2008). Consequently, up to 90% of children with developmental delays 

and disabilities do not receive early intervention (EI) therapies or services known to improve 

functional outcomes and reduce secondary behavioral issues (Adams & Tapia, 2013; American 

Academy of Pediatrics, 2001b; Guralnick & Bricker, 1987; Rosenberg et al., 2008). 

Early Intervention 

Early identification of developmental delays and timely intervention can result in 

improved functional outcomes (Adams & Tapia, 2013; Bradshaw et al., 2015; Bruder, 2010), and 

can prevent or reduce developmental problems in children and improve long-term function and 

quality of life (American Academy of Pediatrics, 2001b; Guralnick & Bricker, 1987). 

Conversely, undetected and untreated developmental delays contribute to early school failure, 
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social, and emotional problems (American Academy of Pediatrics, 2006; Guralnick, 1991). EI 

services have economic advantages by reducing the need for long-term treatment and the 

associated long-terms costs (Adams & Tapia, 2013; Bradshaw et al., 2015). As such, the 

Individuals With Disabilities Education Act (IDEA; Public Law 101-476), mandates that states 

develop and implement coordinated, family-centered, culturally competent, community-based 

systems of care to help families with children who have suspected or diagnosed developmental 

delays and disabilities (Adams & Tapia, 2013; American Academy of Pediatrics, 2001b; Dunst, 

2007). IDEA Part C (Public Law 105-17) requires states to provide evaluations to determine if a 

child qualifies for EI and services such as occupational therapy, speech language pathology and 

audiology, physical therapy, developmental therapy, service coordination, social work, assistance 

with transportation and related costs, family training, counseling, and home visitation for 

children three years and under (American Academy of Pediatrics, 2001b, 2006). Despite this 

mandate to ensure the availability of EI services, developmental delays at early ages go largely 

undetected (Rosenberg et al., 2013). 

Barriers to Early Identification 

Delays in identification of developmental delays likely stem from several challenges in 

the identification and evaluation process. The spectrum of delays and cognitive issues—varying 

in type and severity—makes childhood development difficult to measure (American Academy of 

Pediatrics, 2001a). Thus, a single assessment is insufficient to gain insight into this dynamic 

developmental process. As such, periodic developmental and autism screening using validated 

screening instruments to detect delays is necessary (American Academy of Pediatrics, 2001a). 

The American Academy of Pediatrics (AAP) guidelines recommend developmental screening at 

9-, 18-, and 30-month well-child visits and autism screening at 18- and 24-month well-child 
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visits or when a parent or caregiver raises a concern about their child’s development (American 

Academy of Pediatrics, 2006; Lipkin, Macias, Council On Children With Disabilities, et al., 

2020). Despite these recommendations, only 63% of pediatricians reported using developmental 

screening tools, an increase of more than threefold since 2002, but still not nearly enough to 

facilitate early identification of developmental delays and disabilities (Lipkin, Macias, Baer 

Chen, et al., 2020). 

To complement developmental screening, AAP guidelines also recommend 

developmental surveillance (also known as developmental monitoring) which is the process of 

routinely eliciting parent or caregiver concerns and observing a child at every well-child visit 

(American Academy of Pediatrics, 2006; Lipkin, Macias, Council On Children With Disabilities, 

et al., 2020). While children who receive a combination of developmental surveillance and 

screening are more likely to receive EI services (Barger et al., 2018), only 19% of young 

children received both surveillance and screening (Hirai et al., 2018). Parent and caregiver 

concerns are strong predictors of developmental delays (American Academy of Pediatrics, 

2001a), yet few parents report that clinicians’ elicit their concerns during visits (Adams & Tapia, 

2013; Marshall et al., 2016) and only 30% of parents and caregivers of children under three years 

reported receiving developmental screening (Hirai et al., 2018). Parents and caregivers also 

reported feeling unheard if concerns were voiced (Woolfenden et al., 2015), resulting in delayed 

identification and intervention (American Academy of Pediatrics, 2001a). 

Finally, AAP guidelines call for administration of and timely referral to EI (American 

Academy of Pediatrics, 2006), however research indicates that anywhere from 30-40% of 

children with developmental delays are not referred to EI (Jimenez et al., 2014; Lipkin, Macias, 

Baer Chen, et al., 2020). Even upon referral, many children are not connected to EI evaluation 
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and fail to enroll in EI services, resulting in considerable loss to follow-up (Atkins et al., 2020; 

Jimenez et al., 2012; Jimenez et al., 2014; Little et al., 2015; Rosenberg et al., 2013). Moreover, 

differences in surveillance, screening, and referral to EI contribute to the significant disparities 

increasingly present in young children with developmental delays. 

Existing Health Disparities 

Racial and ethnic (Barger et al., 2022; Mandell et al., 2007; Mandell et al., 2009; 

Marshall et al., 2016; Valicenti-McDermott et al., 2012), language (Ratto et al., 2015; Stow & 

Dodd, 2003; Woolfenden et al., 2015), and socioeconomic (Bradley & Corwyn, 2002; Daniels & 

Mandell, 2013; Durkin et al., 2017; Fountain et al., 2011; Mandell et al., 2005; Marshall et al., 

2016; Mazurek et al., 2014; Wittke & Spaulding, 2018) disparities exist in prevalence, 

developmental surveillance and screening, identification, and diagnosis of delays, timely referral 

to EI, and participation in EI (Bilaver et al., 2020; Donohue et al., 2017; Zuckerman et al., 2014). 

Children from disadvantaged racial, ethnic, and socioeconomic backgrounds are more likely to 

be identified at older ages and receive fewer EI services, reducing opportunities for treatments 

that can improve cognitive, physical, and emotional outcomes (Adams & Tapia, 2013; Mandell 

et al., 2009). For example, Black and Latinx children were 30% less likely to be diagnosed with 

ASD than White children (Shaw et al., 2021). In terms of utilization of services, Black children 

were five times less likely to participate in EI services as compared to White children at 24 

months (Feinberg et al., 2011). Black and Latinx children were also more likely than White 

children to have unmet therapy needs (Magnusson & Mistry, 2017). With regard to disparities by 

language, Latinx children with Spanish-speaking mothers were diagnosed later and experienced 

longer delays between the time when mothers expressed concerns to when a child was diagnosed 

compared with White children whose mothers primarily speak English (Ratto et al., 2015). The 
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prevalence of developmental delays was higher among children living below the federal poverty 

level (20% vs. 15% for those above the federal poverty level) and among children living with 

mothers with lower educational attainment (17% for those with less than a high school degree vs. 

14% of college graduates; Zablotsky et al., 2019). A review examining factors associated with 

age at diagnosis for ASD found that children from higher income and higher education 

households were diagnosed with ASD at earlier ages (Daniels & Mandell, 2013). Further, infants 

from low income families were less likely to receive adequate EI services (Fefferman et al., 

2017). 

Multiple factors likely contribute to these racial, ethnic, and socioeconomic disparities 

including differences in trust in healthcare providers and the healthcare system, clinician 

surveillance, screening, and referral practices, parent and caregiver knowledge about 

developmental milestones, bias and discrimination, and structural racism (Bilaver et al., 2020; 

Rosenberg et al., 2008; Zuckerman et al., 2014). A retrospective chart review indicated those 

with less than a high school education may be less likely to verbally share concerns about their 

child’s development, despite marking a concern on a screening instrument (Eremita et al., 2017). 

Similarly, there are racial differences in parents and caregivers reporting concerns about 

children’s behavior prior to receiving an ASD diagnosis as Black parents reported fewer autism 

concerns compared to White parents (Donohue et al., 2017). Clinician biases also play a role as 

clinicians serving lower income families reported differences in screening (Arunyanart et al., 

2012) and not feeling confident or comfortable discussing concerns identified through screening 

with families (Moore et al., 2017). Clinicians also overestimated how often they discuss 

screening with families and make referrals for EI services (Bright et al., 2019) contributing to 

existing disparities. Notably, research suggests that racial, ethnic, and socioeconomic related 
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disparities might be attributed to differences in parent or caregiver knowledge about 

developmental milestones, as parents and caregivers of higher educational attainment and higher 

income have been found to be more knowledgeable of developmental milestones (Mandell et al., 

2009; Marshall et al., 2016; Ratto et al., 2015). Given the extensive health disparities in 

developmental delays, there is a considerable need for interventions to help identify children 

with developmental delays at earlier ages. 

Interventions to Improve Early Identification 

 Various structural, interpersonal, and individual-level interventions have been employed 

to improve timely identification of developmental delays, referral to and enrollment in EI 

services. Structural-level interventions include developing strategies to improve routine 

developmental surveillance and screening (Berry et al., 2014; Bright et al., 2019), involving early 

childhood care providers in the developmental surveillance and screening processes (Kiing et al., 

2019), and parent or caregiver completed screening instruments in clinic waiting rooms (Rydz et 

al., 2006). Interpersonal and individual-level interventions tend to focus on training and raising 

awareness. Examples include trainings for childcare providers to increase knowledge of 

developmental milestones (Abercrombie et al., 2021; Chödrön, Barger, et al., 2021; Chödrön, 

Pizur-Barnekow, et al., 2021) health coaching to empower parents and caregivers of children 

with developmental delays (Majnemer et al., 2019), video-based decision aids to help parents 

and caregivers identify delays (Jimenez et al., 2017), and training parents and caregivers to 

provide interventions to improve EI outcomes (Roberts & Kaiser, 2015). There is also 

tremendous potential for utilizing digital platforms to disseminate interventions for 

developmental delays (McClure et al., 2018). For instance, online resources and peer-support 

groups offer parents and caregivers access to much needed information and social support 
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(Majnemer et al., 2019). However there is a dearth of research about which parents and 

caregivers would access and use behavior change apps for developmental delays, and therefore 

more research is needed to understand DBCI use among parents and caregivers from groups 

experiencing disadvantages(McClure et al., 2018). 

Learn the Signs. Act Early. Program 

The CDC’s Learn the Signs. Act Early. (LTSAE) program (www.cdc.gov/ActEarly) aims 

to improve early identification of developmental delays and disabilities, so children and their 

families can get the services they need as early as possible. The program provides free, high-

quality, research-informed tools and resources to support parent-engaged developmental 

surveillance for all children (Centers for Disease Control and Prevention, 2021a). Priority 

program audiences are parents and caregivers (particularly those from groups experiencing 

disadvantages), early childhood educators and care providers, clinicians, and others who work 

with young children (Centers for Disease Control and Prevention, 2021a). Established in 2004, 

LTSAE offers free developmental milestone checklists, children’s books, brochures, posters, 

trainings, and fact sheets to support developmental surveillance and early identification 

(Abercrombie et al., 2021; Zubler et al., 2022). The 12 age-appropriate developmental milestone 

checklists align with the AAP recommended well-child visit schedule (ages 2, 4, 6, 9, 12, 15, 18, 

24, 30 months, 3, 4, and 5 years) and use milestones most children (at least 75%) would be 

expected to achieve by specific well-child visit ages. Initially developed based on AAP’s Caring 

for Your Baby and Young Child: Birth to Age 5 (fifth edition) and Bright Futures: Guideline for 

Health Supervision of Infants, Children, and Adolescents (third edition), the checklists use plain 

language, are organized by developmental domains, and are easy to observe in natural settings. 

The checklists are developmental surveillance tools intended to support (not replace) 

http://www.cdc.gov/ActEarly
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developmental screening (Zubler et al., 2022). In 2017, LTSAE turned the milestone checklists 

into an interactive mobile app called CDC’s Milestone Tracker (Figure 1). 

Figure 1 

Images of CDC’s Milestone Tracker App (Version January 2022) 

 

CDC’s Milestone Tracker App 

CDC’s Milestone Tracker (www.cdc.gov/MilestoneTracker) is a behavior change app to 

help families (particularly those from groups experiencing disadvantages) learn about child 

development, track developmental milestones, and take early action if they have concerns about 

their child’s development. The app was developed by the LTSAE program and the Computing 

for Good program at the Georgia Institute of Technology (Muñoz & Arriaga, 2015). Formative 

research to develop the app was conducted with a diverse group of parents and caregivers with 

lower incomes recruited from Special Supplemental Nutrition Program for Women, Infants, and 

Children (WIC) settings (Muñoz & Arriaga, 2015). CDC’s Milestone Tracker is free to 

download in English and Spanish from the Apple and Google Play app stores. As of January 

http://www.cdc.gov/MilestoneTracker
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2022, the app includes 10 interactive, age-appropriate developmental milestone checklists (for 

ages 2, 4, 6, 9, 12, 18 months, 2, 3, 4, and 5 years) with photos and videos for each milestone that 

can be observed in natural settings as well as space to enter notes. Users can create multiple, 

customized profiles for each child (by entering a child’s birthdate and gender) and receive 

corrected checklists for children born prematurely based on a child’s developmental age. The app 

generates a milestone summary that parents and caregivers can share with clinicians and other 

early childhood providers. There are also appointment reminders and tips and activities to 

support early development built into the app. The app sends notifications reminding users to 

complete milestone checklists, schedule appointments, and provides recommendations (e.g., 

discuss concerns with their child’s doctor and any incomplete or missing milestones). There have 

been more than 1 million times downloads of CDC’s Milestone Tracker (as of January 2022). 

The CDC’s Milestone Tracker app facilitates behavior change through seven BCTs such 

as demonstration of the behavior and prompts or cues (Figure 2) and their 14 MoAs (see Table 1 

for BCTs and their MoAs classifed using the BCT Taxonomy version 1; Carey et al., 2018; 

Michie et al., 2021; Michie et al., 2013). The BCTs are one of the processes through which 

engagement with the app occur, and the BCTs are operationalized via their corresponding MoAs. 

For example, the milestone photos and videos (app feature) use demonstration of the behavior 

and social comparison (BCTs) to influence beliefs about capabilities to conduct developmental 

surveillance, change norms and subjective norms about developmental surveillance, and enhance 

social learning/imitation related to developmental milestones (MoAs). As such, behavioral 

engagement with the app is possible due to the BCTs and their MoAs. 

Prior research and evaluations of the LTSAE materials (primarily paper versions of the 

milestone checklists) in various settings demonstrate positive outcomes including increased 



 39 
Figure 2 

Behavior Change Techniques (BCTs) within CDC’s Milestone Tracker App 

 

 

 

   

Note. App version January 2022. BCTs are classified using Michie et al (2013) BCT Taxonomy (v1). 
* BCTs 6.1 and 6.2. are embedded within the app feature Milestone Photos and Videos but since there is no menu 
option for Milestone Photos and Videos, arrow points to the Milestone Overview menu option instead. 
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Table 1 
 
CDC’s Milestone Tracker App, BCTS, and Their Mechanisms of Action 
MT app 
Feature 

Description a BCT b MoA (by strength of evidence/link) c 

Children & 
Add Child 

Add a photo and enter 
personalized information 
about your child or 
multiple children 

None N/A 

Milestone 
Checklist/ 
Milestone 
Tracker 

Track your child’s 
developmental progress by 
looking for important 
milestones using an 
interactive, illustrated 
checklist 

1.2. Problem solving 1.2. beliefs about capabilities [L], 
behavioral regulation [L], skill [I], 
environmental context and 
resources [I] 

2.1. Monitoring of 
behavior by others 
without feedback 

2.1. reinforcement [I], social 
influences [I] 

When to Act 
Early 

Know when it’s time to 
“act early” and talk with 
your child’s doctor about 
developmental concerns 

4.1. Instruction on how to 
perform a behavior 

4.1. knowledge [L], skill [L], beliefs 
about capabilities [L] 

My Child’s 
Summary/ 
Milestone 
Summary 
 

Get a summary of your 
child’s milestones to view, 
and share with or email to 
your child’s doctor and 
other important care 
providers 

4.1. Instruction on how to 
perform a behavior 

 4.1. knowledge [L], skill [L], beliefs 
about capabilities [L] 

15.1. Verbal persuasion 
about capability 

15.1. beliefs about capabilities [L] 

Tips and 
Activities 

Support your child’s 
development at every age 

4.1. Instruction on how to 
perform a behavior 

 4.1. knowledge [L], skill [L], beliefs 
about capabilities [L] 

15.1. Verbal persuasion 
about capability 

15.1. beliefs about capabilities [L] 

Milestone 
Photos and 
Videos 

Know what each 
milestone looks like so 
that you can better identify 
them in your own child 

6.1. Demonstration of the 
behavior 

6.1. beliefs about capabilities [L], 
social learning/imitation [L], skill 
[I] 

6.2. Social comparison 6.2. social influences [L], norms [L], 
subjective norms [L], feedback 
process [L], social/professional 
role and identity [I] 

Appointments Keep track of your child’s 
doctors’ appointments and 
get reminders about 
recommended 
developmental screenings 

7.1. Prompts/cues 7.1. memory, attention and decision 
processes [L], environmental 
context and resources [L], 
behavioral cueing [L], 
reinforcement [I] 

Notifications Notifications (e.g., 
reminders to complete 
checklists) 

7.1. Prompts/cues 7.1. memory, attention and decision 
processes [L], environmental 
context and resources [L], 
behavioral cueing [L], 
reinforcement [I] 

Note. BCTs = behavior change techniques; I = inconclusive link result; MoA = mechanisms of action; MT = 
CDC’s Milestone Tracker app; L = link. 
a Descriptions of app features from www.cdc.gov/MilestoneTracker. b BCTs are classified using Michie et al 
(2013) BCT Taxonomy (v1). c Theory and techniques tool for linking BCTs and their MoA available from 
https://theoryandtechniquetool.humanbehaviourchange.org/. 

 

http://www.cdc.gov/MilestoneTracker
https://theoryandtechniquetool.humanbehaviourchange.org/
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awareness and knowledge of developmental milestones, confidence in ability to discuss concerns 

with a clinician about a child’s development, and positive attitudes regarding developmental 

surveillance (Abercrombie et al., 2021; Campbell et al., 2019; Chödrön, Barger, et al., 2021; 

Chödrön, Pizur-Barnekow, et al., 2021; Daniel et al., 2009; Farmer et al., 2022; Gadomski et al., 

2018; Gallagher et al., 2019; Graybill et al., 2016; Raspa et al., 2015). The only published 

evaluation of CDC’s Milestone Tracker app was a series of usability studies during the design 

phase of app development of an initial version called “ActEarly” conducted with 23 English and 

Spanish-speaking adults (Armenta et al., 2019). The evaluation identified pain points (i.e., 

potential problems users may experience) to develop and test a redesigned prototype of the app 

(Armenta et al., 2019). Accordingly, further evaluation of CDC’s Milestone Tracker app would 

be beneficial. 

Motivation and Research Positionality Statement 

I approached this work from the perspective of a behavioral scientist and acknowledge 

there are interdisciplinary differences in how engagement is conceptually defined and measured. 

I did not attempt to reconcile these differences and do not propose that a cross-discipline 

standardized framework for measuring engagement with behavior change apps is the solution; 

rather I sought to investigate a gap I first encountered a decade ago. While working at the CDC 

conducting research to develop and evaluate national HIV health communication campaigns, I 

observed a fundamental shortcoming in how DBCI are evaluated. At the CDC, I was responsible 

for managing evaluation activities including monthly data collection for thirteen campaigns. 

While I could access a mountain of data, what these data illustrated and how to translate the 

information into recommendations for improving our campaigns was puzzling. As a team, we 

struggled to determine what data to capture and how data could inform campaign 
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implementation. Often, we could only report number of “page views” and “likes,” neither of 

which were sufficient indicators of actual engagement with our HIV prevention content. These 

metrics were of limited use for informing future communication efforts since they did not 

provide information about how or why people interact with content, both of which are important 

evaluation components. The scale of this problem reaches far beyond the projects I was involved 

in at the CDC. The development of novel methods to improve measurement and evaluation of 

DBCI are necessary to ensure intervention success and improve public health. 

As a parent of a toddler who was recently identified with a developmental delay and as 

someone committed to conducting research that examines social determinants of health, I am 

particularly invested in this dissertation project, which focuses on a tracking tool to help families 

identify developmental delays and disabilities in young children. I know firsthand the importance 

of developmental surveillance and screening to identify delays early and understand the 

significance of resources like CDC’s Milestone Tracker app to learn about developmental 

milestones and empower parents and caregivers to discuss potential concerns and seek services if 

needed. 

It is important to note that the focus of this dissertation research was to explore behavior 

change apps for groups experiencing disadvantages, as opposed to behavior change apps for 

people from certain racial, ethnic, or socioeconomic backgrounds. As others have established, 

race and ethnicity are imperfect measures that should be examined along with other 

sociodemographics (Flanagin et al., 2021). Therefore, this dissertation project aimed to study 

inequities in health, research, and behavior change app development, use, and evaluation using a 

study population that is more inclusive and does not conflate race and SES. Further, because the 

language and terminology we use have meaning and power, I use the term “groups experiencing 
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disadvantages” as opposed to vulnerable, minority, marginalized, or underserved which are all 

vague and problematic terms (American Psychological Association, 2021; Centers for Disease 

Control and Prevention, 2021b; Flanagin et al., 2021; Walker & Fox, 2018; Wrigley & Dawson, 

2016). Recent inclusive language guidance from the CDC and American Psychology Association 

recommend person-first language and being as specific as possible when describing 

subpopulations (American Psychological Association, 2021; Centers for Disease Control and 

Prevention, 2021b). See the methods sections of Chapters 2 and 3 for how I defined groups 

experiencing disadvantages for study inclusion in the systematic review and the sample to recruit 

for the surveys with parents and caregivers of young children. 

Study Purpose 

This dissertation explored how engagement with behavior change apps for groups 

experiencing disadvantages is conceptually defined and how measurement can be improved. 

Driven by gaps in the research discussed above (see Table 2 for a summary of main research 

gaps and related research questions), the goal of this dissertation was to conduct formative 

research to understand how to better measure engagement with behavior change apps for groups 

experiencing disadvantages. This was accomplished by reviewing the literature to synthesize 

existing conceptual definitions and evaluation methods and practices, followed by surveys to 

understand parent and caregiver engagement with CDC’s Milestone Tracker app and interviews 

to explore pediatric clinician perceptions of engagement with CDC’s Milestone Tracker app. The 

overarching question guiding this research was how to better measure engagement with behavior 

change apps for groups experiencing disadvantages? Related research questions include: 

RQ1: How is engagement with behavior change apps for groups experiencing 

disadvantages conceptually defined? 
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RQ2: How is engagement with behavior change apps for groups experiencing 

disadvantages measured? 

RQ3: What methods are used to measure engagement with behavior change apps for 

groups experiencing disadvantages? 

RQ4: How do parents and caregivers of young children engage with the CDC’s 

Milestone Tracker app? 

RQ5: What features of the CDC’s Milestone Tracker app are engaging for parents and 

caregivers of young children? 

RQ6: What are FQHC pediatric clinician perceptions of the potential utility of the CDC’s 

Milestone Tracker app? 

RQ7: What methods and measures should be used to evaluate engagement with the 

CDC’s Milestone Tracker app? 

Thus, the specific aims of the proposed dissertation research seek to: 

Aim 1: Synthesize existing conceptual definitions and current evaluation methods and 

practices of engagement with behavior change apps for groups experiencing 

disadvantages. 

Aim 2: Explore engagement behaviors and identify factors that influence engagement 

with CDC’s Milestone Tracker app among parents and caregivers with young children 

from groups experiencing disadvantages. 

Aim 3: Explore perceptions regarding engagement with CDC’s Milestone Tracker among 

pediatric clinicians at FQHCs.
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Table 2 
 
Research Gaps, Related Research Questions, and Potential Contributions of this Dissertation Project 

Research Gaps Related Research Questions Potential Contributions 
1 High attrition for use of behavior change apps makes it 

difficult to evaluate effects, resulting in a need to study why 
and how people use apps and reasons for nonadherence to 
understand how to keep users engaged 

RQ4, RQ5, and RQ6 Theoretical/conceptual 

2 Limited engagement research with diverse populations (e.g., 
groups experiencing disadvantages) 

RQ1, RQ2, RQ3, RQ4, RQ5, and RQ6 Empirical 

3 Little consensus on how to conceptualize and measure 
engagement with behavior change apps 

RQ1, RQ2, and RQ3 Theoretical/conceptual, 
Empirical 

4 Few engagement scales and frameworks are specific to 
health and most do not include behavior change as a 
component of behavioral engagement 

RQ4, RQ5, and RQ7 
 

Methodological 

5 Only one published evaluation of the CDC’s Milestone 
Tracker app and more research is needed to evaluate 
engagement with the app a 

RQ4, RQ5, and RQ6 Empirical 

Note. Research gaps included in this table are the main gaps relevant to this dissertation project.  
a Evaluation of CDC’s Milestone Tracker app is a secondary goal of this dissertation project. 
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Dissertation Chapter Outline 

Chapter 2 of this dissertation explores the variability in conceptual definitions of 

engagement through a systematic review of the literature to synthesize conceptual definitions, 

measures, and methods of engagement based on common features described in the literature 

specific to behavior change apps for groups experiencing disadvantages across disciplines (Aim 

1). This review of the literature on behavior change apps for groups experiencing disadvantages 

(N = 21 articles included in the review) helped to identify existing conceptual definitions of 

engagement and current evaluation practices and provided insight into the current intervention 

landscape for this specific population of interest. Conclusions from the systematic review 

provided context and informed measures and questions for the second and third studies of this 

dissertation described in Chapter 3 and Chapter 4. 

 The third chapter of this dissertation explores parent and caregiver’s perceptions of 

engagement with CDC’s Milestone Tracker to provide insight into how engagement with 

behavior change apps for groups experiencing disadvantages can be measured (Aim 2). This 

study used surveys conducted at two time points (baseline and one-month follow-up) with 

parents and caregivers of young children (birth to age five) from groups experiencing 

disadvantages (N = 72) to explore how parents and caregivers engage with the CDC’s Milestone 

Tracker app and identify the multidimensional factors (behavior, cognition, and affect) that 

influence subjective engagement. This study also included a secondary analysis of CDC’s 

Milestone Tracker app usage data as an objective measure of engagement. These data were 

integrated with the conclusions from the systematic review (Chapter 2) and interviews with 

pediatric clinicians to suggest measures to include in an engagement measurement framework to 

evaluate engagement with the CDC’s Milestone Tracker app (described in Chapter 5). 
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Chapter 4 of this dissertation explored perceptions of engagement with CDC’s Milestone 

Tracker app among pediatric clinicians at FQHCs (Aim 3). Twenty individual in-depth 

interviews were conducted using a semi-structured interview guide designed to capture 

perceptions of the three dimensions of engagement. This study was meant to complement the 

surveys conducted with parents and caregivers to understand perceptions about engagement from 

a secondary audience of CDC’s Milestone Tracker. 

Finally, Chapter 5 builds on the three studies described in Chapters 2, 3, and 4 to 

integrate findings and suggest methods and measures (i.e., metrics) to include in an engagement 

measurement framework to evaluate engagement with the CDC’s Milestone Tracker app. This 

applied research culminates in a better understanding of engagement with behavior change apps 

for groups experiencing disadvantages and recommendations for how engagement with behavior 

change apps can be evaluated. Findings from this dissertation have potential to guide subsequent 

behavior change app evaluation and design activities to advance public health initiatives. 

Significance of the Study 

Research on engagement is of great interest to many in the health behavior change 

intervention community across industry, government, and academia. Recent calls to action 

encourage interdisciplinary teams of investigators to study “a science of engagement” (Pagoto & 

Waring, 2016) by conducting research to discover effective strategies to generate “meaningful 

patient engagement” (engagement leading to “healthy changes in knowledge, attitudes, and 

behaviors”) that can be scaled for population-level implementation (Pagoto et al., 2019, p. 4). 

Additionally, this work aligns with two health equity-focused principles recommended by the 

ConNECT framework, a model to advance health equity in behavioral sciences (Alcaraz et al., 

2017). This dissertation actualizes the second principle of ConNECT (fostering a norm of 
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inclusion) by centering diverse participants in the research that meaningfully reflects the 

inequities of developmental delays and disabilities among young children. The fourth principle 

of ConNECT (harnessing communication technology) is addressed by conducting research on 

technology that can be leveraged to increase engagement through interactivity and increase 

awareness, presenting opportunities to achieve health equity (Alcaraz et al., 2017). This 

dissertation is a response to these calls and aims to explore key engagement research questions 

such as how people from groups experiencing disadvantages engage with behavior change apps 

and what factors are most effective at promoting engagement to facilitate behavior change 

(Perski et al., 2018). The answers to these questions not only improve evaluation practice, but 

have implications for how to design better and more equitable health interventions that are more 

likely to result in desired public health outcomes. 
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Chapter 2 

 

Assessing Engagement with Digital Behavior Change Interventions for Groups Experiencing 

Disadvantages: A Systematic Review 

 

Introduction 

Digital strategies are increasingly utilized to reach audiences with important health 

messages and interventions (Atkin & Rice, 2013). DBCI are used to promote healthy behaviors, 

manage chronic conditions, and provide access to treatment in everyday life. DBCI can engage 

groups experiencing disadvantages in terms of social and economic attainment with tailored 

health content and have potential to improve health outcomes (Kreps & Neuhauser, 2010; 

Kreuter et al., 2013; Lustria et al., 2009). Research has identified strategies for the development, 

utility, and usability of DBCI based on user experience and design principles (Jaspers, 2009), but 

less is known about best practices for evaluating DBCI (Perski, Blandford, West, et al., 2017; 

Short et al., 2018). Recently, the fields of public health, medicine, psychology, and human-

computer interaction (HCI) have focused on creating DBCI that are more interactive to bolster 

engagement and retain users’ attention in a crowded media climate; yet little consensus exists on 

how to conceptually define and measure engagement with DBCI and what the data currently 

associated with engagement truly represent (Cole-Lewis et al., 2019). Additionally, methods to 

measure engagement—which include analysis of system usage data, qualitative user experience 
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data, and self-report questionnaires—are applied inconsistently since there is little guidance for 

which methods are most appropriate to assess engagement (Short et al., 2018). 

Variation in engagement conceptual definitions and measurement within the DBCI 

evaluation landscape is underscored by interdisciplinary differences in how engagement is 

conceptually defined. For example, behavioral scientists view engagement as synonymous with 

acceptability, satisfaction, or intervention adherence while computer scientists perceive 

engagement as increased immersion, attention, and enjoyment with an intervention (Doherty & 

Doherty, 2018; Klasnja et al., 2011; Short et al., 2018). However where these interdisciplinary 

differences converge is in the conceptual models of DBCI engagement that suggest that 

engagement requires an interaction between behavioral and psychosocial (e.g., cognitive and 

affective) processes (Cole-Lewis et al., 2019; Kelders, van Zyl, et al., 2020; Perski, Blandford, 

West, et al., 2017; Yardley, Spring, et al., 2016); however, few models have been validated 

(Kelders, Kip, et al., 2020; Perski, Blandford, et al., 2019; Perski, Lumsden, et al., 2019; Short et 

al., 2018). Cole-Lewis et al (2019) pose an engagement definition that reflects this interaction 

behavioral and psychosocial processes. The authors describe two forms of DBCI engagement: 

(1) how users interact with features of the DBCI designed to encourage use such as quizzes, 

games, and chats, and (2) how users interact with the behavior change components within the 

DBCI such as goal-setting, tracking tools for self-monitoring behaviors, and other behavior 

change techniques. It is argued that engagement with the health behavior is dependent on 

engagement with the technology since if users do not interact with DBCI features and enjoy their 

experience, their exposure to the behavior change components will be limited and less likely to 

result in desired behavior change. This suggests that both forms of engagement are important to 
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measure with regards to evaluating engagement, but it is unclear if this occurs in DBCI 

evaluation practice. 

Recently, numerous systematic reviews have synthesized the literature to develop 

conceptual definitions of engagement (Cole-Lewis et al., 2019; Doherty & Doherty, 2018; 

Flaherty et al., 2021; Kelders, van Zyl, et al., 2020; Perski, Blandford, West, et al., 2017; Szinay 

et al., 2020; Yardley, Spring, et al., 2016), identify engagement methods and measures (Alkhaldi 

et al., 2016; Doherty & Doherty, 2018; Kelders & Kip, 2019; Kelders, Kip, et al., 2020; 

O’Connor et al., 2016; Perski, Blandford, et al., 2019; Perski, Lumsden, et al., 2019; Short et al., 

2018; Simblett et al., 2018), and examine engagement within the context of various health issues 

as it relates to health outcomes such as mental health (Baumel et al., 2019), weight loss and diet 

(Delaney et al., 2018; Patel et al., 2021; Sharpe et al., 2017), and cancer (Escriva Boulley et al., 

2018). These reviews offer insight into how engagement is conceptually defined, measured, and 

what methods are used, yet the findings are not necessarily applicable to DBCI for groups 

experiencing disadvantages, broadly defined as people from minoritized racial and ethnic groups, 

people with disabilities, people with lower incomes, people who have lower educational 

attainment, or who have lower SES. These groups may be described as marginalized, 

disadvantaged, “hard-to-reach,” minority, or vulnerable in the literature. Despite calls to explore 

engagement with diverse populations (Brager et al., 2019; Cole-Lewis et al., 2019; Flaherty et 

al., 2021), at the time of writing, there are no known reviews on DBCI engagement for groups 

experiencing disadvantages. 

The purpose of this study (Aim 1) was to generate a comprehensive review of the 

literature on mobile app DBCI (hereafter referred to as behavior change apps) for groups 

experiencing disadvantages to identify key components of engagement and current evaluation 
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methods and practices. More specifically, this review aimed to describe and synthesize how 

engagement is conceptually defined, how it is measured, and what methods are used to measure 

engagement. To narrow the scope, this review focused on one type of DBCI, mobile apps. There 

is less of a chance for potential confounding factors by studying a single platform. Additionally, 

given that 85% of adults in the United States own a smartphone, mobile apps have become the 

most utilized digital channel for health intervention dissemination (Pew Research Center, 

2021b). Mobile apps are also increasingly important to reach people who depend on smartphones 

to access the Internet (who are most often persons with lower incomes and lower educational 

attainment). Specific research questions for this systematic review are as follows: 

RQ1: How is engagement with behavior change apps for groups experiencing 

disadvantages conceptually defined? 

RQ2: How is engagement with behavior change apps for groups experiencing 

disadvantages measured? 

RQ3: What methods are used to measure engagement with behavior change apps for 

groups experiencing disadvantages? 

The results from this systematic review can inform methods and measures to evaluate 

engagement with behavior change apps for groups experiencing disadvantages. 

Methods 

Search Strategy 

This systematic review was conducted in accordance with Cochrane Collaboration 

guidelines for conducting systematic reviews (Higgins, Thomas, et al., 2019) and Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for reporting 

systematic reviews (Liberati et al., 2009; Moher et al., 2009). A protocol with additional details 
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was pre-registered in the Northwestern University Institutional Repository Arch (Getachew-

Smith et al., 2020). An iterative search strategy was used to identify literature on DBCI for 

groups experiencing disadvantages published through July 2020 (no start date). To reflect the 

interdisciplinary nature of this research, a comprehensive search was performed across various 

research databases and sources. Additionally, searches were conducted in the reference lists of 

included articles for other potentially relevant articles. 

Search Terms 

A comprehensive search strategy developed in consultation with an academic librarian 

was used to identify potentially relevant articles. Search terms were informed by prior systematic 

reviews and other reviews on DBCI and engagement (Alkhaldi et al., 2016; Delaney et al., 2018; 

Escriva Boulley et al., 2018; Grady et al., 2018; Mclaughlin et al., 2018; Perski, Blandford, 

West, et al., 2017; Sawesi et al., 2016; Sharpe et al., 2017; Yang et al., 2019). Search queries 

were conducted using Boolean operators and controlled vocabulary or index terms, amended as 

necessary for each database (where applicable). Preliminary searches were conducted to refine 

search terms. Searches included six a priori concepts: “mobile apps” and “health” and 

“intervention” and “engagement” and “diverse” or “disadvantaged” (see Appendix A for 

example search query). 

Databases 

The following eight databases were queried on the same day: PubMed, Embase, 

PsycINFO, Communication Source, Web of Science, Scopus, the Association for Computing 

Machinery (ACM) Digital Library and IEEE Xplore Digital Library. These databases were 

selected because they have been used in previous systematic reviews and other reviews on DBCI 

and engagement (Alkhaldi et al., 2016; Escriva Boulley et al., 2018; Grady et al., 2018; Perski, 
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Blandford, West, et al., 2017; Sawesi et al., 2016; Sharpe et al., 2017) and are considered 

essential to conducting a systematic review (Higgins, Thomas, et al., 2019). The ACM and IEEE 

libraries were searched for HCI-related conference proceedings. Searches were repeated one day 

later for accuracy and exported as .csv, .txt, and .ris files and imported into the citation manager 

EndNote X9 (Clarivate Analytics). De-duplication was conducted using both the EndNote 

compare function and hand searching. 

Inclusion and Exclusion Criteria 

Published articles with no restriction on country of origin or publication date were 

included in this review. Articles were included that (1) described mobile app (i.e., disseminated 

via smartphone or tablet) DBCI, (2) with a specified health outcome, (3) for groups experiencing 

disadvantages (defined as priority population or population recruited included a significant 

[greater than 50%] proportion of individuals who were at least one of the following: people with 

lower incomes, people who have lower educational attainment or who are considered low SES 

[as defined by the authors of the article], people from minoritized racial and ethnic groups, or 

people with disabilities), (4) assessed user engagement or interactivity with the app, (5) 

published in English, and (6) peer-reviewed. Articles were excluded for the following reasons: 

(1) published in a language other than English, (2) not peer-reviewed (i.e., white and grey 

literature), (3) technical report, dissertation, thesis, book, or book chapter, (4) was a non-

empirical study (i.e., did not generate original data), (5) the article did not describe an 

intervention, (6) the article described an intervention to improve participant recruitment, 

participation, and retention or was a data collection tool or study protocol, (7) the intervention 

did not specify a health outcome and/or was not designed to promote healthy behaviors, manage 

chronic conditions, provide access to treatment, or improve health outcomes, (8) the intervention 
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was not disseminated via digital channels (e.g., was conducted in-person), (9) the intervention 

was not a smartphone or tablet mobile app (i.e., was a website, wearable such as Fitbits and 

Apple watch for Fitness tracking or other web-based platform), (10) was a social media-based 

intervention (e.g., disseminated via Facebook, Twitter, Instagram, Snapchat) or disseminated 

using messaging platforms (e.g., WhatsApp, GroupMe, Facebook Messenger or other SMS text 

intervention) or utilized virtual reality (VR), (11) the intervention was not explicitly for groups 

experiencing disadvantages (defined as priority population or population recruited included a 

significant [greater than 50%] proportion of individuals who were at least one of the following: 

people with lower incomes, people who have lower educational attainment or who are 

considered low SES [as defined by the authors of the article], people from minoritized racial and 

ethnic groups, or people with disabilities), or (12) the article did not assess engagement or 

interactivity with an app. While most these criteria were included in the protocol, some were 

determined post hoc and during the screening and full-text review processes. 

Screening and Review 

A multi-phased process was used to screen and review citations for inclusion. De-

duplicated citations were uploaded to Rayyan (https://rayyan.qcri.org), a free web and mobile 

application that helps collaborators quickly sort citations during the initial title and abstract 

screening process (Ouzzani et al., 2016). Inclusion and exclusion criteria keywords were entered 

into Rayyan for use during sorting. Three researchers (HGS, NA, and AB) conducted an 

independent title and abstract screening in Rayyan to pilot the screening process using a decision 

tree we created based on the inclusion and exclusion criteria (Wilson, 2009). Following this 

calibration process, the decision tree was revised, and the three researchers conducted an 

independent title and abstract screening in Rayyan by sorting citations into 12 categories based 

https://rayyan.qcri.org/
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on the exclusion criteria. At least two of the three researchers reviewed each citation included in 

the title and abstract screening process. The three researchers met to discuss discrepancies and 

resolved them using (1) a consensus-based approach (for citations that were screened by all three 

researchers) and (2) a third researcher to resolve conflicts (for citations that were screened by 

two researchers). Full-text was located and independently reviewed for eligibility by at least two 

researchers using a modified version of the decision tree used in title and abstract screening, 

noting the reason for exclusion in Rayyan. The one addition to the decision tree was to exclude 

articles that did not specify whether the intervention intended to change health behaviors (i.e., 

was not a behavior change intervention, did not describe behavior change theory or behavior 

change techniques such as goal-setting, prompts/cues, rewards based on the Behavior Change 

Techniques taxonomy; Michie et al., 2013). The three researchers met to discuss and compare 

full-text review and discrepancies were reviewed by the third researcher who did not initially 

screen the full-text, and discrepancies were resolved by consensus. 

Data Extraction and Analysis 

A data extraction form adapted from other DBCI engagement systematic reviews 

(Alkhaldi et al., 2016; Escriva Boulley et al., 2018; Grady et al., 2018; Perski, Blandford, West, 

et al., 2017; Short et al., 2018) was programmed in Qualtrics software (Version September 2020, 

Provo, UT). The data extraction form included: intervention overview (e.g., intervention or app 

name, country of study, funding agency or organization, health issue or health behavior, 

intervention duration, use of theory or framework, and use of behavior change techniques), 

details about the study (e.g., aims and objectives, study design, population characteristics, and 

total sample size), data collection methods and scales used, engagement measures, outcome 

measures, and the definition of engagement used in the article. The data extraction form was 
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piloted and refined increasing the validity of study findings (Higgins, Thomas, et al., 2019). Two 

researchers (HGS and NA) divided the articles and independently examined the full-text to 

extract relevant information. To ensure consistency, both researchers coded two articles 

independently and then discussed what information was extracted and why for one of the 

articles. The two researchers also conducted a spot check of a random selection of 10% of the 

other researcher’s set of articles. Any disagreements were resolved by discussion between the 

two researchers. 

In addition to the citations identified through the database searches, a snowball approach 

was used to identify related citations from the reference lists of articles included in the full text 

review that did not appear in the searches but met inclusion criteria. Forty related citations were 

screened for title and abstract review using the same decision tree. Among these, five duplicates 

were identified. The remaining 35 were screened for full text review following the 

aforementioned process and included in extraction. 

Extracted data were recoded for clarity and consistency. A narrative synthesis on study 

design, intervention characteristics, measures and data collection methods, and engagement 

definitions is provided and summarized statistically, where possible, in the following section. 

Results 

Search Results 

Database queries identified 1,900 citations and an additional 40 citations were identified 

from the reference lists of articles included in the full-text review. Once duplicate citations were 

removed (n = 412), titles and abstracts of 1,528 potentially relevant citations were screened and 

1,316 were excluded based on eligibility criteria. A total of 212 full-text articles were skimmed 

for eligibility using the revised decision tree, 161 of which were excluded. Fifty-one articles 
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were included in data extraction and an additional 30 articles were excluded because they did not 

meet eligibility criteria upon reading the entire article. Following the full-text examination, 21 

articles published between 2012 and 2020 met inclusion criteria and were included in this review 

(Figure 3). 

Study Characteristics 

Table 3 reports article characteristics and Table 4 reports descriptive statistics about 

studies for included articles. Most articles (n = 19, 90.5%) were published in the United States 

(Aharonovich et al., 2017; Ben-Zeev et al., 2018; Bennett et al., 2018; Chaudhry et al., 2016; 

Dillingham et al., 2018; Godino et al., 2016; Hartzler et al., 2016; Hayes et al., 2014; Khan et al., 

2012; Kim et al., 2015; Mauriello et al., 2016; Mendu et al., 2018; Pratap et al., 2018; Quante et 

al., 2019; Rung et al., 2020; Saksono et al., 2020; Schaefbauer et al., 2015; Thomson et al., 2017; 

Wang et al., 2018), in either computing conference proceedings (n = 7, 33.3%; Chaudhry et al., 

2016; Hakobyan et al., 2016; Hayes et al., 2014; Khan et al., 2012; Mendu et al., 2018; Saksono 

et al., 2020; Schaefbauer et al., 2015), medical journals (n = 5, 23.8%; Aharonovich et al., 2017; 

Ben-Zeev et al., 2018; Dillingham et al., 2018; Godino et al., 2016; Quante et al., 2019), or 

medical informatics journals (n = 4, 19.0%; Pratap et al., 2018; Rung et al., 2020; Taki et al., 

2017; Wang et al., 2018). Apps addressed several health topics including physical activity (n = 8, 

38.1%; Bennett et al., 2018; Godino et al., 2016; Hartzler et al., 2016; Khan et al., 2012; Kim et 

al., 2015; Saksono et al., 2020; Schaefbauer et al., 2015; Taki et al., 2017), mental health (n = 3, 

14.3%; Ben-Zeev et al., 2018; Pratap et al., 2018; Rung et al., 2020), pregnancy (n = 2, 9.5%; 

Hayes et al., 2014; Mauriello et al., 2016), among others (n = 8, 38.1%; Aharonovich et al., 

2017; Chaudhry et al., 2016; Dillingham et al., 2018; Hakobyan et al., 2016; Mendu et al., 2018; 

Quante et al., 2019; Thomson et al., 2017; Wang et al., 2018). 
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Figure 3 

Behavior Change Apps for Groups Experiencing Disadvantages Systematic Review Flow 
Diagram 
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Median intervention duration was 3.5 months ranging from 0.5 months (or 2 weeks) to 24 

months. Participants were predominantly Asian, Black, Latinx, or other race or ethnicity, had 

lower educational attainment, and reported lower levels of income. Only 5 (23.8%) articles 

specified disability status of participants (Ben-Zeev et al., 2018; Hakobyan et al., 2016; Hartzler 

et al., 2016; Pratap et al., 2018; Wang et al., 2018). Sample size ranged from 4 to 404 with a 

median of 36. 

Nearly two-thirds of articles (n = 13) described apps that were informed by theoretical 

frameworks or models such as Bandura’s (1986) social cognitive theory (n = 5, 23.8%; Godino 

et al., 2016; Khan et al., 2012; Mendu et al., 2018; Schaefbauer et al., 2015; Thomson et al., 

2017), Petty and Cacioppo’s (1986) elaboration likelihood model (n = 2, 9.5%; Khan et al., 

2012; Mendu et al., 2018), Green and Brock’s (2000) transportation theory (n = 2, 9.5%; Khan et 

al., 2012; Schaefbauer et al., 2015) and other behavior change theories including self-

determination theory (Ryan & Deci, 2000) and the transtheoretical model of behavior change 

(Prochaska & DiClemente, 1983). The majority of articles (n = 16, 76.2%) described specific 

BCTs or constructs used in the intervention such as goal-setting, self-monitoring of behavior, 

prompts or cues, social support, instruction on how to perform a behavior, and personalized 

feedback (Aharonovich et al., 2017; Bennett et al., 2018; Chaudhry et al., 2016; Godino et al., 

2016; Hartzler et al., 2016; Hayes et al., 2014; Khan et al., 2012; Kim et al., 2015; Mauriello et 

al., 2016; Mendu et al., 2018; Pratap et al., 2018; Quante et al., 2019; Saksono et al., 2020; 

Schaefbauer et al., 2015; Thomson et al., 2017; Wang et al., 2018). 

Conceptually Defining Engagement 

This review provided limited insight to answer the first research question: how is 

engagement with behavior change apps for groups experiencing disadvantages conceptually 
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defined? Among the 21 articles in this review, few (n = 6, 28.6%) explicitly conceptually defined 

engagement. Conceptual definitions ranged from more comprehensive to study and health-issue 

specific. For example, Taki et al (2017) use a modified version of Lalmas et al (2014) definition 

of engagement: “the quality of the user experience, the positive aspects of their interaction, and 

their desire to use the app over longer periods of time or repeatedly” (p. 2). Others conceptually 

defined it as behavior indicating interaction with the mobile app (Kim et al., 2015) or completion 

of surveys and assessments (Pratap et al., 2018). Finally, three articles simply conceptualized 

engagement as app usage (e.g., amount of use; Ben-Zeev et al., 2018; Chaudhry et al., 2016; 

Godino et al., 2016). 

Measuring Engagement 

The second research question—how is engagement with behavior change apps for groups 

experiencing disadvantages measured?—was answered by examining how articles reported on 

engagement measures and outcome measures, as well as the scales used to measure engagement. 

Like engagement conceptual definitions, there was heterogeneity in engagement measures and 

was context and health-issue-specific (Table 5). Nearly half (n = 10, 47.6%) measured 

engagement as the number and type of entries or app pages accessed (Bennett et al., 2018; 

Chaudhry et al., 2016; Dillingham et al., 2018; Godino et al., 2016; Hakobyan et al., 2016; Hayes 

et al., 2014; Kim et al., 2015; Schaefbauer et al., 2015; Thomson et al., 2017; Wang et al., 2018), 

while 42.9% (n = 9) measured perceived ease of app use and usefulness (Chaudhry et al., 2016; 

Hakobyan et al., 2016; Hartzler et al., 2016; Hayes et al., 2014; Kim et al., 2015; Mendu et al., 

2018; Quante et al., 2019; Saksono et al., 2020; Taki et al., 2017), and 38.1% (n = 8) measured 

interactions with various features of the app 
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Table 3 

Characteristics of Included Articles (N = 21) 
 

Study  Participants 

Author, Year Location Health topic 
Intervention 

duration  n 
M (SD) age 

(years) 
Age range 

(years) 
% Race, 
ethnicity 

% Low income, low 
education, or low SES 

% People w/ 
disabilities 

Aharonovich, 2017 USA Drug and 
alcohol use 

NR 
 

47 51 (7) 34-63 79% B, 17% 
L, 4% O 

93% 
unemployed/disabled/
public assistance; 81% 
HS 

NR 

Ben-Zeev, 2018 USA Mental health 3 months 
 

163 49 (NR) NR 65% B, 7% 
O/M, 27% W 

61% <HS 100% serious 
mental illness e 

Bennett, 2018 USA PA, obesity, 
and nutrition 

12 months 
 

351 51 (9) NR 52% B, 13% 
L, 5% O/NR, 
29% W  

67% income <$35k; 
30% income <FPL; 
15% <HS, 36% 
HS/GED  

NR 

Chaudhry, 2016 USA Chronic 
kidney disease 

6 weeks 
 

9 49 (8) NR 100% B 100% low income 
neighborhood; 100% 
Medicaid insured 

NR 

Dillingham, 2018 USA HIV 12 months 
 

77 36 (12) NR 1% A, 49% 
B, 8% L, 6% 
M, 1% NR, 
34% W 

58% income <50% 
FPL; 19% <HS, 35% 
HS, 10% GED; 26% 
unstable housing 

NR 

Godino, 2016 USA PA, obesity, 
and nutrition 

24 months 
 

404 23 (4) NR 2% AIAN, 
24% A, 4% 
B, 31% L, 
9% M, 20% 
O, 42% W d  

NR NR 

Hakobyan, 2016 UK Macular 
degeneration 

6 weeks 
 

9 77 (NR) 65-89 NR NR 100% age-
related 
macular 
degeneration 

Hartzler, 2016 USA PA, obesity, 
and nutrition 

Once 
 

15 67 (10) 36-77 33% A, 7% 
B, 60% W 

25% income <$50k 100% type 2 
diabetes and 
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Table 3 

Characteristics of Included Articles (N = 21) 
 

Study  Participants 

Author, Year Location Health topic 
Intervention 

duration  n 
M (SD) age 

(years) 
Age range 

(years) 
% Race, 
ethnicity 

% Low income, low 
education, or low SES 

% People w/ 
disabilities 

major 
depression 

Hayes, 2014 USA Pregnancy 4 months 
 

14 29 (6) 20-41 7% A, 7% B, 
64% L, 21% 
W 

93% income <$30k NR 

Khan, 2012 USA PA, obesity, 
and nutrition 

Once  26 1: 36 (9) a 
2: 15 (2) a 

NR 77% B, 23% 
L 

100% public housing NR 

Kim, 2015 USA PA, obesity, 
and nutrition 

6 months  34 18 (NR) 13-24 15% A, 21% 
B, 47% L, 
6% O/M, 
12% NR  

62% patients at public 
hospital in low income 
neighborhood 

NR 

Mauriello, 2016 USA Pregnancy 24 weeks  335 27 (6) 18-45 3% A, 9% B, 
65% L, 1% 
M, 1% O, 
21% W 

51% unemployed; 
28% <HS, 41% 
HS/GED 

NR 

Mendu, 2018 USA Cancer NR  66 39-47 (NR) 
b 

NR 100% L 12% income <$20k, 
88% income <$30k 

NR 

Pratap, 2018 USA Mental health 12 weeks  345 35 (11) NR 1% AIAN, 
7% A, 7% B, 
31% L, 1% 
O, 53% W 

30% income <$20k, 
26% income $20k-
$40k; 23% cannot 
make ends meet 

100% 
depression 

Quante, 2019 USA Sleep 2 weeks  27 16 (1) 14-18 67% A, 11% 
B, 22% L, 
15% O, 7% 
W d 

100% low/middle 
income neighborhood 

NR 

Rung, 2020 USA Mental health 6 weeks  236 46 (10) NR 40% 
B/L/O/M, 
60% W 

50% income <$50k; 
34% unemployed; 
61% <HS 

NR 
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Table 3 

Characteristics of Included Articles (N = 21) 
 

Study  Participants 

Author, Year Location Health topic 
Intervention 

duration  n 
M (SD) age 

(years) 
Age range 

(years) 
% Race, 
ethnicity 

% Low income, low 
education, or low SES 

% People w/ 
disabilities 

Saksono, 2020 USA PA, obesity, 
and nutrition 

3 months  36 1: 34 (7) a 

2: 6 (2) a 
NR 78% B, 22% 

O 
100% income <150% 
FPL; 100% low 
income neighborhood 
or public housing; 
33% HS 

NR 

Schaefbauer, 2015 USA PA, obesity, 
and nutrition 

12 weeks  20 1: 40-43 
(NR) a,c 

2: 14-14 
(NR) a,c 

1: 31-58 a 

2: 12-18 a 
10% A, 10% 
B, 50% L, 
30% W 

100% public housing NR 

Taki, 2017 AU PA, obesity, 
and nutrition 

9 months  225 30 (NR) NR NR 76% unemployed; 
100% low SES region 

NR 

Thomson, 2017 USA Asthma NR  4 NR NR 100% B 100% Medicaid 
insured 

NR 

Wang, 2018 USA Type 2 
diabetes 

6 months  26 56 (NR) NR 4% AIAN, 
4% A, 65% 
B, 23% L, 
27% W d 

92% income <$20k, 
8% income $20k-$30k 

31% disabled 

Note. AIAN = American Indian/Alaskan Native; A = Asian; B = Black or African American; FPL = U.S. federal poverty level; HS = High school; L = Latinx; low 
SES = low socioeconomic status; M = Multiracial; NR = Not reported; O = Other race or ethnicity; W = White. 
a Mean age or age range for two study populations (primary and secondary) reported separately. b Range for mean age provided because mean age reported 
separately for each of the three studies included in the article. c Range for mean age provided because mean age reported separately for intervention and control 
groups. d Race and ethnicity reported separately and therefore percentages sum to more than 100%. e Serious mental illness includes schizophrenia or schizoaffective 
disorder, bipolar disorder, and major depressive disorder. 
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Table 4 
 
Descriptive Statistics about Studies for Included Articles (N = 21) 
 n % 
App health topic   

Physical activity, obesity, and nutrition 8 38.1 
Mental health 3 14.3 
Pregnancy 2 9.5 
Other a 8 38.1 

Study location   
United States 19 90.5 
United Kingdom 1 4.8 
Australia 1 4.8 

Publication type   
Computing conference proceedings 7 33.3 
Medical journal 5 23.8 
Medical informatics journal 4 19.0 
Public health journal 2 9.5 
Engineering conference proceedings 2 9.5 
Computing journal 1 4.8 

Study type b   
Feasibility study 7 33.3 
Randomized control trial 7 33.3 
Usability testing 5 23.8 
Pilot or beta testing 5 23.8 
Acceptability testing 4 19.0 
Other c 10 47.6 

App informed by theory or framework (Yes) 13 61.9 
Behavior change techniques (BCTs) or constructs reported   

Yes 16 76.2 
Yes, but not specified 3 14.3 
No 2 9.5 

Conceptually define engagement (Yes) 6 28.6 
Methods used to assess engagement d   

System usage data 17 80.9 
User experience data (self-report questionnaires) 12 57.1 
User experience data (qualitative) 12 57.1 
Observation 1 4.8 

Outcome measures reported (Yes) 15 71.4 
Note. a Other health issues include asthma, cancer, chronic kidney disease, drugs and alcohol use, HIV, 
macular degeneration, sleep, and type 2 diabetes. b Study type categories are not mutually exclusive and 
therefore sum to more than 100%. c Other study types include prototype testing, participatory design, efficacy 
testing, and naturalistic evaluation. d Methods used to assess engagement are not mutually exclusive and 
therefore sum to more than 100%. 
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(Ben-Zeev et al., 2018; Godino et al., 2016; Hartzler et al., 2016; Pratap et al., 2018; Saksono et 

al., 2020; Taki et al., 2017; Thomson et al., 2017; Wang et al., 2018). 

One-third of articles (n = 7, 33.3%) measured engagement as number or proportion of 

days the app was used (Aharonovich et al., 2017; Chaudhry et al., 2016; Mauriello et al., 2016; 

Quante et al., 2019; Rung et al., 2020; Schaefbauer et al., 2015; Thomson et al., 2017), while 

seven articles (33.3%) measured engagement as level of satisfaction and enjoyment (Chaudhry et 

al., 2016; Hayes et al., 2014; Quante et al., 2019; Saksono et al., 2020; Taki et al., 2017; 

Thomson et al., 2017; Wang et al., 2018). Five articles (23.8%) measured number of assessments 

(e.g., surveys and quizzes; Ben-Zeev et al., 2018; Bennett et al., 2018; Dillingham et al., 2018; 

Mendu et al., 2018; Pratap et al., 2018), and four (19.0%) focused on facilitators and barriers to 

app use (Chaudhry et al., 2016; Kim et al., 2015; Quante et al., 2019; Saksono et al., 2020). Two 

articles (9.5%) measured each of the following: time spent in the app (Mendu et al., 2018; Taki 

et al., 2017), number of app launches or logins (Dillingham et al., 2018; Rung et al., 2020), 

number of clicks in the app (Mendu et al., 2018; Thomson et al., 2017), and general phone use 

(e.g., call time, duration, and text length; Pratap et al., 2018; Quante et al., 2019). 

Nearly 60% of articles (n = 12) measured engagement using measures that were 

categorized as other measures, since they differed from the groups of measures described above. 

These included the user’s overall experience using the app (Kim et al., 2015), participant’s or 

user’s attitudes toward the intervention (Quante et al., 2019; Wang et al., 2018), preferences for 

app features (Khan et al., 2012), acceptability of the intervention (Wang et al., 2018), perceived 

importance of the health behavior (Hayes et al., 2014), day of the week and time of day the app 

was used (Rung et al., 2020), number of push notifications opened (Taki et al., 2017), mobility 
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data (Pratap et al., 2018), and how families engage with one another as facilitated by the app 

(Schaefbauer et al., 2015). 

Table 5 
 
Engagement Measures of Included Articles (N = 21) 
 n % 

Other measures a 12 57.1 
Number and type of entries or app pages accessed 10 47.6 
Perceived ease of app use and usefulness 9 42.9 
Interaction with app features 8 38.1 
Number of days app used 7 33.3 
Level of satisfaction and enjoyment 7 33.3 
Number of assessments completed 5 23.8 
Facilitators and barriers to use 4 19.0 
Time spent in the app 2 9.5 
Number of app launches or logins 2 9.5 
Number of clicks 2 9.5 
General phone use (e.g., call time, duration, text length) 2 9.5 
Note. Engagement measures are not mutually exclusive and therefore sum to more than 100%. 
a Other measures include overall experience using the app, attitudes toward intervention, preferences for app 
features, acceptability of the intervention, perceived importance of health behavior, time of day app used, number 
of push notifications opened, mobility data, and how families engage with one another and facilitated by the app. 

 

Nearly 60% of articles (n = 12) measured engagement using measures that were 

categorized as other measures, since they differed from the groups of measures described above. 

These included the user’s overall experience using the app (Kim et al., 2015), participant’s or 

user’s attitudes toward the intervention (Quante et al., 2019; Wang et al., 2018), preferences for 

app features (Khan et al., 2012), acceptability of the intervention (Wang et al., 2018), perceived 

importance of the health behavior (Hayes et al., 2014), day of the week and time of day the app 

was used (Rung et al., 2020), number of push notifications opened (Taki et al., 2017), mobility 

data (Pratap et al., 2018), and how families engage with one another as facilitated by the app 

(Schaefbauer et al., 2015). 
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Fifteen articles (71.4%) specified primary and secondary outcome measures, reporting 

behavioral antecedents, health behavior outcomes, and clinical and health outcomes that were the 

result of the intervention or app deployment. Among these 15 articles, five reported behavioral 

antecedents such as changes in knowledge (Chaudhry et al., 2016; Hayes et al., 2014; Mendu et 

al., 2018), awareness (Hakobyan et al., 2016; Hayes et al., 2014; Schaefbauer et al., 2015), self-

efficacy (Chaudhry et al., 2016; Mendu et al., 2018), empowerment (Hayes et al., 2014), 

motivation (Hakobyan et al., 2016; Hayes et al., 2014), and behavioral intentions (Hakobyan et 

al., 2016; Mendu et al., 2018). Eight articles described health behavior change outcomes such as 

healthier diet and eating habits (Chaudhry et al., 2016; Hakobyan et al., 2016; Mauriello et al., 

2016; Rung et al., 2020; Schaefbauer et al., 2015), increased physical activity (Rung et al., 

2020), reduced drug and alcohol use (Aharonovich et al., 2017), tracking infant’s health (Hayes 

et al., 2014), adoption of stress reduction and mindfulness techniques (Mauriello et al., 2016; 

Rung et al., 2020), and improved sleep quality (Quante et al., 2019; Rung et al., 2020). Eight 

articles (38.1%) reported outcome measures based on clinical and health outcomes, including 

weight change and body mass index (measured by glucose, lipids, and HbA1c levels; Bennett et 

al., 2018; Godino et al., 2016; Rung et al., 2020; Wang et al., 2018), blood pressure and heart 

rate (Godino et al., 2016), mental health severity (primarily depression; Ben-Zeev et al., 2018; 

Pratap et al., 2018; Rung et al., 2020), urine screens for drug use and breathalyzers for alcohol 

use (Aharonovich et al., 2017), CD4 counts and viral load (Dillingham et al., 2018), and 

disability status (Pratap et al., 2018). 

Four articles (19.0%) reported measures related to app use as primary and secondary 

outcome measures. These included app use (Schaefbauer et al., 2015), app feasibility, 

acceptability, and characteristics of app utilization (Rung et al., 2020), level of engagement (i.e., 
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amount of use) with intervention components (Godino et al., 2016), and barriers to app use and 

intervention fidelity (Hayes et al., 2014). 

Finally, few articles (n = 3, 14.3%) reported measuring engagement using usability or 

engagement scales. Hartzler et al (2016) used the system usability scale (Brooke, 1996) and 

Saksono et al (2020) used the technology acceptance survey (Davis, 1989). Taki et al (2017) was 

the only article to report an engagement-specific scale which was a scale they developed called 

the engagement index adapted from the Web Analytics Demystified visitor engagement index 

(Peterson & Carrabis, 2008). 

Methods to Measure Engagement 

The final research question—what methods are used to measure engagement with 

behavior change apps for groups experiencing disadvantages?—was answered by examining 

study design, study type, and reported methods. Articles included in this review presented 

randomized control trials (n = 7, 33.3%; Aharonovich et al., 2017; Ben-Zeev et al., 2018; 

Bennett et al., 2018; Godino et al., 2016; Mauriello et al., 2016; Pratap et al., 2018; Wang et al., 

2018), feasibility studies (n = 7, 33.3%; Aharonovich et al., 2017; Chaudhry et al., 2016; Mendu 

et al., 2018; Pratap et al., 2018; Rung et al., 2020; Taki et al., 2017; Wang et al., 2018), pilot or 

beta testing  (n = 5, 23.8%; Aharonovich et al., 2017; Dillingham et al., 2018; Hartzler et al., 

2016; Schaefbauer et al., 2015; Thomson et al., 2017), usability testing (n = 5, 23.8%; Chaudhry 

et al., 2016; Hakobyan et al., 2016; Hartzler et al., 2016; Mendu et al., 2018; Rung et al., 2020), 

and acceptability testing (n = 4, 19.0%; Table 4; Hakobyan et al., 2016; Mendu et al., 2018; 

Quante et al., 2019; Rung et al., 2020). Ten articles (47.6%) presented other types of studies 

including prototype testing (Khan et al., 2012), participatory design (Kim et al., 2015), efficacy 

testing (Godino et al., 2016), and naturalistic evaluation (Saksono et al., 2020), among others. 
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All 21 articles reported methods to measure engagement; however these methods were 

heterogenous across articles (Table 4). Most (n = 17, 80.9%) reported system usage data (e.g., 

tracking time spent in the app and number of clicks) to measure engagement (Aharonovich et al., 

2017; Ben-Zeev et al., 2018; Bennett et al., 2018; Chaudhry et al., 2016; Dillingham et al., 2018; 

Godino et al., 2016; Hakobyan et al., 2016; Hartzler et al., 2016; Hayes et al., 2014; Kim et al., 

2015; Mendu et al., 2018; Pratap et al., 2018; Rung et al., 2020; Schaefbauer et al., 2015; Taki et 

al., 2017; Thomson et al., 2017; Wang et al., 2018). More than half of articles (n = 12, 57.1%) 

reported user experience data collected via self-report questionnaires and surveys implemented at 

different time points ranging from multiple times per day to once or twice during the study 

(Bennett et al., 2018; Dillingham et al., 2018; Hayes et al., 2014; Kim et al., 2015; Mauriello et 

al., 2016; Mendu et al., 2018; Pratap et al., 2018; Rung et al., 2020; Saksono et al., 2020; 

Schaefbauer et al., 2015; Taki et al., 2017; Wang et al., 2018). Twelve articles (57.1%) reported 

qualitative user experience data collected via interviews and focus groups to assess app 

satisfaction, enjoyment, facilitators, and barriers to use (Chaudhry et al., 2016; Hakobyan et al., 

2016; Hartzler et al., 2016; Hayes et al., 2014; Khan et al., 2012; Kim et al., 2015; Mendu et al., 

2018; Quante et al., 2019; Saksono et al., 2020; Schaefbauer et al., 2015; Thomson et al., 2017; 

Wang et al., 2018). Only one article (4.8%) reported using direct observation (i.e., watching the 

user) interact with features of the app to measure engagement (Mendu et al., 2018). 

Discussion 

This systematic review summarizes current literature on evaluating engagement with 

behavior change apps for groups experiencing disadvantages. Consistent with other reviews 

(Cole-Lewis et al., 2019; Yardley, Spring, et al., 2016), among the 21 articles included, few 

articles reported engagement conceptual definitions. Further, only one conceptual definition 
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included psychosocial constructs (both cognitive and affective) of engagement and all other 

conceptual definitions focused on engagement behaviors. Other reviews have identified 

engagement as a multidimensional process (Flaherty et al., 2021; Kelders, van Zyl, et al., 2020; 

Perski, Blandford, West, et al., 2017). Therefore, only including the single dimension of 

behavioral engagement means many studies in this review may not have captured engagement in 

its entirety. Given the variation in conceptualizations of engagement, Cole-Lewis et al (2019) 

and others (e.g., O’Brien & Toms, 2008) recommend ensuring engagement is defined by 

interactions with DBCI features as well as the desired health behavior, which would enhance 

application to other interventions. All articles described how engagement was measured and 

which methods were used to measure engagement, revealing some indication of useful methods 

and measures. The sizable heterogeneity in measures, methods, and outcomes prevents 

researchers from identifying effective engagement patterns among behavior change apps for 

groups experiencing disadvantages. This finding is consistent with other reviews on DBCI 

(Alkhaldi et al., 2016; Escriva Boulley et al., 2018). Most engagement measures were 

unvalidated, illuminating the need to validate engagement measures and scales.  

Interestingly, despite rarely including psychosocial constructs in the conceptual 

definitions, articles described a fair number of psychosocial measures. These psychosocial 

measures included: perceived ease of app use and usefulness, level of satisfaction and 

enjoyment, facilitators and barriers to app use, attitudes toward the intervention, preferences for 

app features, acceptability of the intervention, and perceived importance of the health behavior. 

To truly understand engagement, it may be necessary to go beyond engagement behavior to 

include measures that assess cognitive (e.g., attention, questions, concerns, and knowledge) and 

affective processes (e.g., satisfaction and enjoyment). 
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Notably, the results of this review show most studies used system usage data, which is 

unsurprising given that it is an objective measure of engagement that is readily available. 

However, while system usage data may be a beneficial form of passive data collection in that it 

reduces participant burden (Short et al., 2018), it also can drain device battery and use a great 

deal of cellular data, which can be detrimental for those with lower income since cellular data is 

expensive and stable and consistent Internet connection may be limited (Lee et al., 2022). These 

barriers, known as “connection maintenance costs” or the hidden costs (e.g., financial, time, and 

energy resources) that are associated with using digital health tools, can widen existing 

inequalities (Lee & Viswanath, 2020). It will be important to identify the most effective 

combination of engagement measures while maintaining reduced user burden and accounting for 

differences in data access. Notably, a systematic review on factors that influence uptake and 

engagement with smartphone apps for health and well-being found substantial heterogeneity in 

factors related to engagement (Szinay et al., 2020). Given that only 19% of articles (n = 4) 

reported app use or engagement as a primary or secondary outcome, there is a need for more 

research in this area. Finally, what qualifies as “meaningful engagement” may be dependent on 

the priority audience, health issue, setting, and outcome(s) of interest. 

Future Directions 

This review identified gaps in evaluating engagement with behavior change apps for 

groups experiencing disadvantages. While it is important to conduct controlled trials to develop 

and evaluate interventions, there is a need to conduct more practical evaluations to understand 

how users from groups experiencing disadvantages engage with behavior change apps in an 

ecological way (i.e., outside of controlled settings with researcher oversight and where they are 

incentivized to use an app). Extending the Mohr et al (2015) trials of intervention principles 
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framework, which tests theoretical constructs of DBCI, may help to increase generalizability of 

findings across studies and provide more accurate assessments of engagement. Similar to Li et al 

(2022), it is necessary to explore dose-response effects of engagement on outcomes of interest 

(particularly behavioral antecedents, health behaviors, and health and clinical outcomes). It is 

crucial to know how much engagement is necessary to produce desired changes in health 

behavior and health outcomes and for which groups of people or types of users. Studying the 

relationship between engagement and desired intervention outcomes will increase the likelihood 

that DBCI are beneficial to improving the health and well-being of those disproportionately 

affected by health inequities. 

Implications for Dissertation Research 

Conclusions from this review provided context and informed survey measures and 

interview questions for the second study described in Chapter 3 (Aim 2) and third study 

described in Chapter 4 (Aim 3). Connections to each chapter are described below in more detail. 

Chapter 3: Exploring Parent and Caregiver Engagement with CDC’s Milestone Tracker App 

Methods and measures that were most frequently reported in the articles included in the 

systematic review were selected for the second study of this dissertation, exploring engagement 

with CDC’s Milestone Tracker app. I considered methods that were frequently used, described in 

enough detail to replicate, and feasible to implement given logistical constraints. Using this 

approach, two findings emerged: (1) the proposed mixed methods procedure was likely 

unnecessary and (2) the second study should generate user experience data to assess the 

psychosocial aspects of engagement. Originally, the proposed methods for this study included 

two surveys, an individual in-depth interview, eye tracking assessment, and retroactive think-

aloud session. While some of these planned methods were restricted by the COVID-19 
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pandemic, the in-person eye-tracking assessment and retrospective think-aloud session were 

deemed unnecessary since only one article included in the systematic review used direct 

observation to assess engagement. Instead, the study was designed to collect user experience data 

via self-report surveys conducted at two time points (baseline and one-month follow-up) similar 

to Rung et al (2020), Taki et al (2017), Thomson et al (2017), and nine others articles included in 

the systematic review. The eye tracking assessment was replaced with heat maps in the Qualtrics 

survey and the some of the interview and think aloud questions were added into the surveys as 

open-ended response items. 

To determine the measures used in the second study, I used the final data extraction 

spreadsheet to sort the various engagement measures reported from articles in the systematic 

review and identify constructs that should be measured (e.g., perceived ease of use and 

usefulness and level of satisfaction and enjoyment). Then I revisited the full-text (or 

supplemental materials to the full-text) to generate a list of potential survey items that articles in 

the review used to measure the constructs deemed most salient to my study. Thus, many of the 

measures included on the two surveys were derived from studies included in this review and 

modified for CDC’s Milestone Tracker app. For example “This app is easy to use” (Hakobyan et 

al., 2016; Hartzler et al., 2016; Saksono et al., 2020; Taki et al., 2017) and “I was concerned 

about the Internet data usage on my phone when using the app” (Quante et al., 2019; Taki et al., 

2017) were modified versions of items from the review that I added to the follow-up survey to 

assess perceived ease of use and barriers to use. 

Similar to the majority (80.9%) of articles in this review, the second study also examined 

system usage data from the CDC’s Milestone Tracker app to assess engagement. I mapped the 

list of available metrics from the LTSAE team to the different ways engagement was measured 
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by articles in the review to determine which app usage data to analyze. For example, the number 

of milestone checklist ages viewed and completed served as a proxy for intervention dose and 

interactions with app features (Hartzler et al., 2016; Mauriello et al., 2016; Pratap et al., 2018). 

The number of app launches represents frequency of app use similar to the total and average 

number of days used (Rung et al., 2020). Data included in Taki et al (2017) engagement index 

were particularly helpful to inform data examined in the second study. Unfortunately, it was not 

possible to apply the full index to CDC’s Milestone Tracker due to the limited data LTSAE 

currently has access to and the way the data are aggregated. However, individual indices such as 

interaction index (number of push notifications opened) were explored. 

Chapter 4: Pediatric Clinician Perceptions Regarding Engagement with CDC’s Milestone 

Tracker App 

Building on the twelve articles that employed qualitative methods to measure 

engagement, the third study of this dissertation was designed to collect qualitative user 

experience data via individual in-depth interviews to assess awareness, attention, perceived use, 

and facilitators, and barriers to use. Using a similar process described above to identify salient 

constructs, measures that were most frequently reported, detailed, and feasible were incorporated 

into the interview guide. Some of the interview questions (e.g., “Would you recommend this app 

to parents and caregivers? Why or why not?”; Taki et al., 2017) measure satisfaction, an 

indication of affective processing, which was a prevalent construct among articles included in 

this review. Similarly, the coding scheme used to analyze transcripts reflected the behavioral, 

cognitive, and affective constructs that arose from pediatric clinician’s perspectives and 

experiences with CDC’s Milestone Tracker. 
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Study Limitations 

Only peer-reviewed, English language published articles were included in this review 

resulting in potential publication bias. Despite efforts to apply an inclusive search strategy, 

articles may have been excluded from if they were published as white papers or in the gray 

literature, as searching the gray literature for this topic with the specified inclusion and exclusion 

criteria was not recommended by the librarian consulted for this study. Future reviews should 

include relevant unpublished work. It was not possible to determine the most effective measures 

and methods to evaluate engagement because of the variation in measurement and methods. 

Several articles did not report desired information and therefore data extraction was limited. In 

some instances, the researchers were left to infer study population using the definition developed 

for this study when it was not explicitly stated as being designed with or for groups experiencing 

disadvantages. There is likely recency bias as conceptualizations of engagement that predate the 

release of the iPhone and other smartphones in 2007 may be different from how we currently 

think about engagement and how users engage with technology. Finally, it was not possible to 

assess risk of bias because not enough information was provided for most studies, however 

article quality (i.e., the elements attributable to reporting and study design) was accounted for in 

this review (Higgins, Savović, et al., 2019). 

Conclusions 

This chapter discussed a systematic review of the literature to synthesize existing 

conceptual definitions of engagement and current evaluation practices (Aim 1). While few 

articles reported engagement definitions, all described how engagement was measured and the 

methods used to measure engagement. Engagement measurement may depend on the health 

issue, context of the intervention, as well as related outcomes. In addition to examining 
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engagement behavior, it may be necessary to assess the cognitive and affective processes that 

comprise engagement. This would allow for a better understanding of app effectiveness and 

inform future interventions. Conclusions from this review are revisited in Chapter 5 of this 

dissertation. 
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Chapter 3 

 

Exploring Parent and Caregiver Engagement with CDC’s Milestone Tracker App 

 

Introduction 

Developmental delays (e.g., cognitive, speech and language, gross and fine motor, and 

social delays) and disabilities (e.g., ASD, ADHD, blindness, hearing loss, learning and 

intellectual disability) are common in young children (Zablotsky et al., 2019) but if identified 

early, delays can be improved through EI services (Adams & Tapia, 2013; Bruder, 2010). Early 

identification and timely referral to EI can result in improved outcomes and reduce long-term 

costs associated with developmental delays and disabilities (Adams & Tapia, 2013; American 

Academy of Pediatrics, 2001b; Bradshaw et al., 2015). However, racial, ethnic, and 

socioeconomic disparities persist in knowledge of child development, developmental 

surveillance and screening, timely referral to early identification, and participation in EI (Barger 

et al., 2022; Bilaver et al., 2020; Bradley & Corwyn, 2002; Daniels & Mandell, 2013; Donohue 

et al., 2017; Durkin et al., 2017; Shaw et al., 2021; Wittke & Spaulding, 2018; Zuckerman et al., 

2014). Children from disadvantaged racial, ethnic, and socioeconomic backgrounds are more 

likely to be identified later and therefore receive fewer EI services than their counterparts 

(Daniels & Mandell, 2013; Feinberg et al., 2011; Magnusson & Mistry, 2017; Ratto et al., 2015). 

Since children develop at different rates, mild delays are often difficult to detect, 

resulting in delayed identification. The AAP guidelines recommend developmental surveillance 
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(also known as developmental monitoring) and developmental screening for early detection of 

developmental delays and disabilities, which when implemented together, improve early 

identification (Barger et al., 2018). While no single tool is appropriate for all children (American 

Academy of Pediatrics, 2006), many tools exist to monitor developmental milestones, and 

identify those at risk for developmental delays and disabilities (American Academy of Pediatrics, 

2001a). One such tool is CDC’s Milestone Tracker (www.cdc.gov/MilestoneTracker) from the 

CDC’s LTSAE program. 

CDC’s Milestone Tracker is a behavior change app with seven BCTs to help families 

(particularly those from groups experiencing disadvantages) learn about child development, track 

developmental milestones, and act early if they have concerns about their child’s development. 

CDC’s Milestone Tracker is free to download and available in English and Spanish. Following 

its release in 2017, the app has undergone several updates to improve functionality and content. 

As of January 2022, the app includes 10 interactive, age-appropriate developmental milestone 

checklists (for ages 2, 4, 6, 9, 12, 18 months, 2, 3, 4, and 5 years) with photos and videos for 

each milestone that can be observed in natural settings as well as space to enter notes. The app 

generates a milestone summary that parents and caregivers can share with clinicians and other 

early childhood providers. Also built into the app are appointment reminders and tips and 

activities to support early development. 

CDC recently announced that the CDC’s Milestone Tracker app surpassed one million 

downloads (as of January 2022). Evaluations of the paper versions of the LTSAE milestone 

checklists demonstrate positive outcomes (e.g., increased knowledge and awareness of 

developmental milestones, confidence to discuss concerns, and positive attitudes toward 

developmental surveillance; Abercrombie et al., 2021; Daniel et al., 2009; Farmer et al., 2022; 

http://www.cdc.gov/MilestoneTracker
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Gadomski et al., 2018; Graybill et al., 2016), however the only published evaluation of the app 

was a series of usability studies during the design phase of app development of an initial version 

called “ActEarly” (Armenta et al., 2019). User testing was conducted with 23 English and 

Spanish-speaking adults—less than half of which were parents or caregivers of young children—

and identified pain points (i.e., potential problems users may experience) to develop and test a 

redesigned prototype of the app (Armenta et al., 2019). Thus, more research is needed to 

evaluate current versions of the app to understand how parents and caregivers use and interact 

with CDC’s Milestone Tracker app content and features. 

As discussed in Chapters 1 and 2, engagement, comprised of cognitive (e.g., attention, 

interest, and immersion in the behavior change app), affective (e.g., enjoyment and satisfaction), 

and behavioral (e.g., behavior change app usage) processes that characterize the user experience 

(Cole-Lewis et al., 2019; Flaherty et al., 2021; Kelders, van Zyl, et al., 2020; Perski, Blandford, 

West, et al., 2017; Yardley, Spring, et al., 2016), is an important component of intervention 

evaluation. This multidimensional concept functions as the interplay between behavioral, 

cognitive, and affective factors and is believed to be a determinant of health behaviors (Kelders, 

van Zyl, et al., 2020; Perski, Blandford, et al., 2019; Short et al., 2018). How users interact with 

the behavior change components of the app is dependent on how users interact with app features, 

and it is important to measure both aspects (Cole-Lewis et al., 2019). With the increase in 

resources invested in developing and disseminating behavior change apps, it is important to 

identify a clear conceptualization of engagement and corresponding measures. For interventions 

delivered using traditional channels (e.g., in-person health education classes for smoking 

cessation), a higher level of engagement is an indicator of effectiveness, however this does not 

necessarily translate to digital spaces where users must actively participate in the exchange of 
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information, thoughts, and ideas. Thus, measures to understand the complexities of user 

engagement with behavior change apps are needed. 

As demonstrated in Chapter 2, engagement with behavior change apps is rarely explored 

among groups experiencing disadvantages. Recent recommendations support assessing 

engagement with diverse populations (Brager et al., 2019; Cole-Lewis et al., 2019; Flaherty et 

al., 2021; Yardley, Spring, et al., 2016). Within the realm of early child development, McClure et 

al (2018) suggest more research is needed to assess how families from groups experiencing 

disadvantages—whose children experience the burden of disparities related to developmental 

delays and disabilities—access and use behavior change apps. Further, the authors highlight the 

need for a better understanding of how specific behavior change app features or elements 

increase engagement and promote behavior change to support early development. Therefore, the 

primary purpose of this study (Aim 2) was to explore engagement behaviors and identify factors 

that influence engagement with CDC’s Milestone Tracker app among parents and caregivers 

with young children from groups experiencing disadvantages (defined in the following section). 

A secondary purpose was to evaluate the CDC’s Milestone Tracker app. This study was guided 

by the following research questions: 

RQ1: How do parents and caregivers of young children engage with the CDC’s 

Milestone Tracker app? 

RQ2: What features of the CDC’s Milestone Tracker app are engaging for parents and 

caregivers of young children? 

This research builds on the models of engagement proposed by Kelders et al (2020) and Cole-

Lewis et al (2019) and much of the emerging engagement literature that positions engagement as 

multidimensional consisting of behavioral (interaction with the technology and health behavior), 
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cognitive, and affective processes. This chapter reports on an evaluation of engagement with 

CDC’s Milestone Tracker and serves as a complement to findings presented in Chapter 4 to 

provide insight into how engagement with behavior change apps for groups experiencing 

disadvantages can be measured. 

Methods 

Study Design 

This study employed both a within-subjects and a between-subjects design. Data were 

collected through two self-administered online (accessible via desktop or mobile) surveys 

(baseline and one-month follow-up) conducted November 5, 2021 through January 27, 2022 

using Qualtrics software (Version October 2021, Provo, UT). Survey research is used to obtain 

information from a sample of individuals (Fowler Jr, 2013) and is considered an accessible way 

to assess subjective measures of engagement (Short et al., 2018). There are many benefits to 

using survey research methods including that surveys enable systematic data collection from 

individual responses to questions that can be compared within or across samples and aggregated 

to make generalizations about the sample or population (Fowler Jr, 2013). Further, because 

surveys can be self-administered and respondents can complete them on their own time, they 

tend to be a low-cost/low-investment option for data collection, helping to minimize the burden 

on study participants. 

This study was designed to evaluate engagement in real-world settings. As others (e.g., 

Roberts et al., 2019) have noted, research that involves participants’ experiences using an app 

likely provides increased ecological validity and a better understanding of perceptions and 

preferences while reducing trail bias (Baumel et al., 2019). Further, as a somewhat natural 

experiment, there was no requirement for participants to download and use the CDC’s Milestone 
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Tracker at any point during the study period. This mimics real-world application, where 

individuals are exposed to behavior change apps, but exposure may (or may not) lead to 

downloading the app and intervention uptake. Although it is challenging to study engagement in 

real-world settings (Perski, Blandford, et al., 2019), this study was designed to mitigate 

participation bias (where more highly engaged users participate in engagement research) by not 

recruiting a sample based on prior use of the app, however since potential respondents might 

know about the app from other sources, familiarity with the app was captured at baseline. 

Respondents were introduced to the app via a heat map task embedded within the baseline 

survey instrument and received pre-use engagement measures followed by post-use items on the 

one-month follow-up survey, reducing the potential for participation bias. 

Additionally, aggregated CDC’s Milestone Tracker app usage data from January 1, 2019 

through November 30, 2021 were provided by the LTSAE program to examine general 

engagement patterns (e.g., number of app downloads, number of app launches, and number of 

milestone checklists are completed; see Measures section below for complete list). The 

timeframe for these data is inclusive of a major app update that occurred in March 2021 where 

new features and analytics were added to improve the app. Data were de-identified and not 

directly connected to any participants in this study. 

Sample 

A non-probability based purposive sampling strategy combined with snowball sampling 

was used to recruit potential participants. The intended sample size was 70 to 80 respondents to 

complete both the baseline and follow-up survey. This sample size was tailored to certain 

logistical limitations including time and funding available for this study. As this was an 

exploratory pilot study that included a repeated measures design, 70 to 80 respondents across 
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two time points would provide sufficient data about engagement measurement (Hertzog, 2008). 

Similar sample sizes have been used in other studies to assess user engagement (Mendu et al., 

2018; Pagoto et al., 2018). 

To be eligible for this study, respondents had to be 18 years of age or older, a United 

States resident (including United States territories), a parent or caregiver of young children (birth 

to age five) who had not been identified with a developmental delay or disability (broadly 

defined as any speech and language, motor, hearing, or cognitive delay or diagnosed with ASD, 

ADHD, Cerebral Palsy, Down Syndrome, etc.), self-report their child had not received therapies 

or services for developmental delays and disabilities, comfortable speaking and reading English, 

and identify as someone from groups experiencing disadvantages. For the purpose of this study, 

groups experiencing disadvantages included people from minoritized racial and ethnic groups, 

persons with lower levels of income, and/or persons with disabilities (based on self-report 

disability status). This study population is one of the priority audiences for CDC’s Milestone 

Tracker, and is consistent with calls for additional research with diverse populations to better 

understand engagement (Brager et al., 2019; Cole-Lewis et al., 2019; Yardley, Spring, et al., 

2016). 

Parents and caregivers of children with identified developmental delays and disabilities 

were ineligible for the study because they are not the intended audience for the CDC’s Milestone 

Tracker app. Similar to a study that evaluated paper versions of the LTSAE developmental 

milestone checklists (Gallagher et al., 2019), respondents were excluded if any child in their 

family receive (or received in the past) any of the following therapies or services: (1) speech, 

occupational, physical, or other therapy provided by a county or state EI or special education 

program (such as Part C or EI services or therapy, (2) speech, occupational, physical, or other 
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therapy provided by other agencies or organizations, or (3) other therapies or services for 

developmental delays or disabilities. 

Procedures 

Potential respondents were recruited via flyers and posts (Appendix B) to email listservs 

for families (e.g., members of the Northwestern University Early Intervention Research Group 

Parent Registry who met eligibility criteria, FamTech Founders Collaborative and their parent 

test market, and Illinois Medical Professionals Action Collaborative Team among others), posts 

shared via Instagram, and closed (i.e., private, members only) Facebook groups for parents and 

caregivers. After the baseline survey was launched and inadvertently posted to a Facebook group 

that was not closed, the survey received fraudulent, invalid responses (n = 49; duplicate 

responses, odd responses to open-ended items, implausible referrals, suspicious email addresses, 

did not pass Qualtrics quality check and flagged as bots). The survey was immediately closed 

(i.e., de-activated) to new responses per the recommendation of Qualtrics support and other 

researchers (Ballard et al., 2019; Pratt-Chapman et al., 2021; Storozuk et al., 2020). A second 

baseline survey (with a new URL and updated recruitment flyer) was launched and shared with 

my personal network of parents via email as well as posted to a listserv, however this survey was 

also attacked by additional bots and fraudulent responses and promptly closed. Among the 216 

responses, only four (1.9%) were valid (see Appendix C for process used to detect fraudulent 

responses). For the third version of the baseline survey, a new strategy was used to recruit 

participants via email, text message, and direct messaging on Instagram to my personal network 

of parents of young children. Several Instagram followers then reposted the study flyer and direct 

URL to the baseline survey to share with their networks. 

https://ei.northwestern.edu/
https://www.famtechcollaborative.org/
https://www.impact4hc.com/
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Potential participants who clicked the baseline survey were directed to the to the consent 

and if they agreed (by clicking the “I Agree” button), continued to the screening instrument 

which included 13 questions to screen for eligibility (see Appendix D for baseline survey 

instrument). The screening questions assessed age, smartphone ownership, language most 

comfortable speaking and reading, number of children and if any were under six years of age, if 

they had ever been told any of their children has a developmental delay or disability, whether 

any of their children were receiving or previously received therapies or services (see full list of 

excluded services in the Sample section above), state or territory of residence, self-reported race, 

self-reported ethnicity, level of difficulty paying monthly bills (Hanmer & Cherepanov, 2016), 

and self-reported disability status (Ipsen et al., 2021). Eligible participants were then 

automatically sent to complete the 20 to 25 minute baseline survey. Respondents who completed 

the baseline survey and provided a valid email address were sent an email, text message, or 

Instagram direct message with a personalized URL for the 15 to 20 minute follow-up survey 

approximately one month after they completed the baseline survey (see Appendix E for follow-

up survey instrument). Non-responders received reminders via different channels and were 

contacted up to four times. Respondents received an incentive up to $50 for their time and 

participation ($25 gift card for completing the screener and baseline survey and an additional $25 

gift card for completing the follow-up survey). This study was deemed exempt by the 

Institutional Review Board at Northwestern University (IRB STU00215896). 

Due to the high number of bots and fraudulent responses on the first and second versions 

of the baseline survey, it was not possible to calculate the total number of valid responses. The 

third version of the baseline survey garnered 162 responses, 149 (92.0%) of which completed a 

screener. Among those, 85 (57.0%) were eligible and 71 (47.7%) completed the entire baseline 
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survey. No other records were excluded. The four valid survey responses from the second 

version of the baseline survey were added to the responses from the third version of the baseline 

survey, resulting in 75 baseline surveys completed. All 75 respondents were sent the follow-up 

survey URL and among them, 72 (96.0%) completed the follow-up survey. The three 

respondents who did not complete the follow-up survey were excluded resulting in a final 

analytic sample of 72 parents and caregivers of young children. 

Measures 

The survey instruments were developed in collaboration with the LTSAE team, who 

requested certain items to pretest for inclusion in an in-app survey for a future version of the 

CDC’s Milestone Tracker. Both surveys were pilot tested (baseline survey: n = 4; follow-up 

survey: n = 4) and revised, as necessary. Measures were informed by findings from the 

systematic review discussed in Chapter 2 as well as other studies evaluating engagement, app 

use, and early childhood development. The analyses reported in this chapter utilized several 

types of measures with task-based activities, closed-ended items, and open-ended items. The 

following sections organized by survey instrument describe each measure in detail. 

Baseline Survey Measures 

The baseline survey assessed child development, CDC’s Milestone Tracker app 

perceived use, acceptability, behavioral intentions, media use, and demographics. Measures 

pertinent to the current analysis are described below. 

Child Development. Respondents were asked to indicate their level of familiarity with 

(or awareness of) five early childhood development concepts, tools, and resources: (1) 

developmental milestones, (2) EI services (i.e., Part C of IDEA), (3) special education services 

for children three years and older (i.e., Part B 619 of IDEA), (4) CDC milestone checklists and 
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other LTSAE resources, and (5) CDC’s Milestone Tracker app using a 5-point scale ranging 

from 1 = Not familiar at all to 5 = Extremely familiar. A similar open-ended item about 

awareness of LTSAE was asked in the interviews with pediatric clinicians discussed in Chapter 4 

(adapted from Gerndt & Mitchell, Forthcoming 2022). Respondents were also asked how 

concerned they are about their child’s development on a scale ranging from 1 = Not at all 

concerned to 5 = Extremely concerned. 

Heat Map Analysis. In lieu of the proposed eye-tracking assessment with a retrospective 

think-aloud, a heat map analysis was performed within the Qualtrics platform to serve as a proxy 

for eye-tracking. Heat map items in Qualtrics have been successfully used for message testing to 

understand which features capture respondent’s attention (Hoek et al., 2016) and heat maps have 

been used in studies to demonstrate behavior change app engagement (Bell et al., 2020). First, 

respondents were presented with a new survey page with three different images of CDC’s 

Milestone Tracker app and received the instructions “Click as fast as you can on the image of the 

app that catches your attention. Please click only one spot.” The three images were presented 

together on the same page and selected because they collectively depict all features of the app. 

The images of the app were divided into 13 regions (similar to areas of interest used in eye-

tracking) based on different app features (Appendix F). These regions were hidden to 

respondents and clicks or touches outside of those designated areas were captured as “other.” 

Following the heat map task was an open-ended item asking respondents to explain why they 

clicked on that spot, an approach often used when conducting retrospective think-aloud studies 

(Short et al., 2018). 

The heat map task and open-ended item was repeated using the same three images of the 

app for five additional sets of questions (with different instructions) assessing cognitive and 
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affective processing: (1) most interesting part of the app (“Click on the most interesting image of 

the app.”), (2) app feature respondents would go to first if using the app for the first time (“Click 

the image of the app that you would you go to first if you were using the app for the first time.”), 

(3) likes (“Click the images of the app that you like.”), (4) dislikes (“Click the images of the app 

that you do not like.”), and (5) images that are unclear (“Click the parts of the app that are 

unclear.”). Only one click or touch was recorded for most interesting part of the app and features 

respondents would go when first using the app whereas respondents could click or touch as many 

areas as they wanted for likes, dislikes, and confusing images (although only 10 clicks or touches 

were recorded). Respondents’ click or touch behavior for each heat map task were aggregated to 

create visual depictions of popular and unpopular areas of the app (i.e., heat maps). While it was 

not possible for the Qualtrics survey to capture proper eye-tracking measures such as fixation-

based gaze metrics and point-of-gaze metrics most often used to operationalize attention and 

depth of cognitive processing (King et al., 2019), timing items were added to each of the six heat 

map task pages to capture time to first click (as a proxy for reaction time) and total time spent on 

the page (as a proxy for total time looking at the whole screen; Cho et al., 2019; Holmqvist et al., 

2011). 

CDC’s Milestone Tracker App: Engagement and Related Constructs. Following the 

heat map task, respondents were asked a series of questions about engagement and related 

constructs including acceptability and satisfaction with CDC’s Milestone Tracker app. 

Respondents were asked to indicate their level of agreement with 10 statements assessing 

engagement dimensions and related constructs including behavioral antecedents (e.g., “I would 

use this app to help me talk about my child’s development with a doctor or healthcare provider”), 

trustworthiness of the app (e.g., “I trust this app to help me identify concerns about my child’s 
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development”), and relatability of the app (e.g., “This app was designed for someone like me”) 

which measures identity. Assessing behavioral antecedents (e.g., self-efficacy and behavioral 

intentions) is beneficial because they demonstrate engagement in the behavior change process 

(i.e., engagement with the health behavior; Short et al., 2018). These items were selected because 

they represent multidimensional constructs from the existing engagement scales such as 

TWEETS (see Appendix G for comparison of items; Kelders & Kip, 2019; Kelders, Kip, et al., 

2020) and uMARS (Stoyanov et al., 2016) and were of interest to the LTSAE team. Response 

options ranged from 1 = Strongly disagree to 5 = Strongly agree. 

Perceptions of acceptability (referred to as “pre-use acceptability” or “prospective 

acceptability,” see Perski and Short 2021 for review) was assessed using the single star rating 

item (“How would you rate this app? 1-5 stars with 5 being the highest”) paired with an open-

ended item asking respondents to explain their response as suggested by Perski and Short (2021). 

This measure may be useful for capturing respondents’ reactions to the app and identifying 

influencing factors (Perski & Short, 2021). Satisfaction was assessed by asking “Would you 

recommend this app to friends and family?” (with response options No, Yes, and Maybe recoded 

into a binary variable for analysis where 0 = No and 1 = Yes and Maybe) followed by an open-

ended item asking respondents to explain why or why not. This item—also asked of pediatric 

clinicians during the interviews described in Chapter 4—was adapted from the feedback index of 

the engagement index (Taki et al., 2017; an article from the systematic review in Chapter 1). 

Media Use. Survey items to assess media use included app use, frequency of use, and if 

respondents have ever used an app for their health or their child’s health (adapted from Perski, 

Blandford, Ubhi, et al., 2017). 



 91 
Sociodemographics. Sociodemographic items included self-reported gender, children’s 

age (in months or years), relationship status, educational attainment, household income, 

employment status, health insurance status and type of coverage. Contact information (first and 

last name, email address, and phone number) was also collected to provide the incentive, check 

for fraudulent responses, and recontact respondents to complete the follow-up survey. 

Follow-up Survey Measures 

Many of the items on the baseline survey were repeated on the follow-up survey to 

measure changes from baseline to one-month follow-up. The follow-up survey assessed child 

development, CDC’s Milestone Tracker app engagement and related constructs and behavioral 

outcomes. Measures specific to this analysis are described below. 

Child Development. Respondents received the same items about child development that 

were asked on the baseline survey to measure knowledge acquisition. 

CDC’s Milestone Tracker App: Engagement and Related Constructs. The 10 items 

assessing behavioral antecedents, trustworthiness, and relatability/identity were also asked again, 

however six new items were added to the follow-up survey and assessed using the same 5-point 

scale. These items evaluated satisfaction (e.g., “I like using this app to track my child’s 

development”), perceived ease of use (e.g., “The app is easy to use”), and barriers to use (e.g., “I 

couldn’t find all of the answers I needed in the app” and “I was concerned about the Internet data 

usage on my phone when using the app”). Perceived ease of use emerged as an important 

engagement measure from the articles included in the systematic review in Chapter 2 (Hakobyan 

et al., 2016; Hartzler et al., 2016; Hayes et al., 2014; Saksono et al., 2020; Taki et al., 2017) and 

is included in several DBCI evaluation models such as the TWEETS, uMARS, and technology 

acceptance models (Davis, 1989; Holden & Karsh, 2010). Likewise, barriers to use were 
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measured by several articles included in the systematic review (e.g., Quante et al., 2019; Taki et 

al., 2017) and have been used to capture user burden (Suh et al., 2016). 

Two items believed to be “best bets” for short measures of engagement were added to the 

follow-up survey (Perski, Blandford, et al., 2019; Perski, Lumsden, et al., 2019). Respondents 

were asked to indicate their level of agreement with the statement “I like using this app to track 

my child’s development.” using a 5-point scale ranging from 1 = Strongly disagree to 5 = 

Strongly agree (see Table G1 for comparison of items). They were also asked “How engaging is 

the CDC’s Milestone Tracker app?” using a 5-point scale ranging from 1 = Not at all engaging 

to 5 = Extremely engaging followed by two open-ended items to explain their answer and what 

would make the app more engaging. The same questions about acceptability (app rating scale) 

and satisfaction (if respondents would recommend the app) were asked on the follow-up survey. 

CDC’s Milestone Tracker App: Subjective Use and Behavioral Outcomes. The survey 

asked respondents if they downloaded CDC’s Milestone Tracker app and those that responded 

affirmatively received a series of questions to measure subjective usage of the app. Given that 

CDC’s Milestone Tracker app data is not collected at the individual user level, it was not 

possible to gather objective usage data (a similar challenge encountered by Kelders, Kip, et al., 

2020). Therefore, subjective usage was assessed using items from the DBCI Engagement Scale 

about how they used the app, including how much time they spent in the app (Perski, Blandford, 

et al., 2019; Perski, Blandford, Ubhi, et al., 2017), which features of the app they used (Perski, 

Blandford, et al., 2019), and what prompted them to use the app. Respondents who downloaded 

the app were also asked two behavioral outcome items: (1) who they shared their child’s 

milestone summary with and (2) if the app helped identify any possible concerns about their 

child’s development. 
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CDC’s Milestone Tracker App Usage Data 

A secondary analysis of CDC’s Milestone Tracker app data was conducted to explore 

engagement behaviors. De-identified data with aggregated totals by month were not directly 

linked to any of the participants in this study. Data in this analysis included: app downloads, app 

launches (i.e., each time a user opens the app from their device), average minutes spent per app 

launch, visitors to the app (unique visitors, returning unique visitors, and average daily users), 

visitors to specific features (e.g., tips and activities, milestone overview, show doctor, email 

doctor, appointments, notifications), milestone checklists started and completed by age, 

milestone checklist videos played, and child profiles added (i.e., ages and gender of children 

added to the app). 

Data Analysis 

This study was designed with the intention of collecting data to identify factors that 

predict engagement with the app features (e.g., frequency of use, type of use), engagement with 

the behavior change components of the app (e.g., behaviors such as completion of milestone 

checklists, identifying any potential concerns, acting early by talking to a clinician or early 

childhood care provider about concerns), cognitive engagement, affective engagement, and 

facilitators and barriers to use. The plan was to assess changes within-subjects from baseline to 

follow-up for behavioral antecedents (e.g., awareness, self-efficacy, etc.) and skip logic was built 

into the survey so that respondents who downloaded and used the app received the questions 

necessary to perform this exploratory analysis. Unfortunately, only about half of respondents in 

this sample downloaded the app, resulting in limited data about engagement with app features 

and most of the behavioral items to assess engagement related to behavior change. 
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Consequently, an alternate analytic plan was developed to create a new behavior change 

app engagement scale to measure subjective engagement with apps for groups experiencing 

disadvantages. Given that  engagement is multidimensional, comprised of behavior, cognition, 

and affect (Kelders, van Zyl, et al., 2020), a single item to measure engagement may not be 

reliable and a composite measure is necessary to capture the different dimensions and the 

interaction between them. As such, the new goal for analysis was to use the items that 

theoretically encompass the multidimensional properties of engagement—behavior, cognition, 

and affect, which for the purposes of this study were categorized according to similar items on 

the TWEETS (Kelders & Kip, 2019; Kelders, Kip, et al., 2020)—to create a new behavior 

change app engagement scale (see Table G2 for comparison of survey items to items on the 

TWEETS). This new scale was used to explore engagement with the CDC’s Milestone Tracker 

app among parents and caregivers from groups that experiencing disadvantages. 

Data from the baseline survey and one-month follow-up survey were cleaned and then 

merged into a final dataset (Van den Broeck et al., 2005). Aggregated, de-identified data were 

analyzed using SPSS 28 statistical software (IBM Corp., Armonk, New York). Since the only 

engagement scale identified in the systematic review discussed in Chapter 2 required the use of 

both objective and subjective user data (Taki et al., 2017), the new behavior change app 

engagement scale drew on constructs from some of the articles about behavior change apps for 

groups experiencing disadvantages included in the review but was primarily derived from the 

TWEETS. Given that the TWEETS is a scale comprised of all three engagement dimensions and 

has demonstrated good validity and reliability, it seemed reasonable to employ a similar scale. 

Items that were asked on both the baseline and follow-up surveys were mapped to the TWEETS 

to determine which items should be included on the initial version of a behavior change app 
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engagement scale. The new scale was comprised of behavioral antecedents (behavior 

engagement), trustworthiness of the app (cognitive engagement), and relatability/identity 

(affective engagement). Internal consistency was calculated using Cronbach alpha, where a 

coefficient greater than .70 indicated good item covariance and high internal consistency 

(Tavakol & Dennick, 2011). Test-retest reliability (i.e., degree to which the scales are related) 

was calculated using Pearson correlations between the behavior change app engagement scale at 

baseline and follow-up, where the effect size greater than .5 indicated strong reliability 

(Ferguson, 2016). 

Descriptive statistics were used to assess engagement scores, app ratings, and 

recommendations among the total sample. Other baseline sample characteristics (e.g., 

sociodemographics and level of concern about child’s development) were examined 

descriptively. McNemar’s tests were used to compare changes in awareness of early childhood 

development, tools and resources from baseline to follow-up among respondents that 

downloaded the app. Statistical significance was determined as p < .05. As a preliminary step, 

open-ended survey response options were examined to provide examples to support quantitative 

findings, however more in-depth qualitative analyses are warranted. Finally, aggregated usage 

data from CDC’s Milestone Tracker were analyzed to report descriptive statistics for the app and 

provide context for how current users engage with the app. 

Results 

Sample Characteristics 

Among the 72 respondents, most were women (n = 55, 76.4%), non-Latinx Black (n = 

40, 55.6%) with reported annual income greater than $90,000 (n = 54, 75.0%), although little 

more than one third of the sample reported difficulty meeting monthly bills (n = 26, 36.1%). On 
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average, respondents were 34.6 years (SD = 5.1, range 28-66) with 1.6 children (SD = 0.8, range 

1-5) who were mean age of 43.2 months (SD = 60.1, range 0-300). Table 6 provides full 

sociodemographic information about the sample. 

More than half of respondents (n = 39, 54.2%) had at least some concerns about their 

child’s development at baseline, which mostly remained consistent on the one-month follow-up 

(n = 35, 48.6%). Concerns about child development did not differ by those who downloaded 

CDC’s Milestone Tracker compared to those who did not (p = .984). While all respondents 

reported that they use apps they currently had on their phones daily, fewer reported using apps 

for their health (n = 61, 84.7%) or their child’s health (n = 36, 50.0%). 

Behavior Change App Engagement Scale Internal Consistency and Reliability 

 Descriptive statistics for the behavior change app engagement scale items are reported in 

Table 7. The Cronbach alpha of the behavior change app engagement scale at baseline and 

follow-up was .92 and .90, respectively, indicating high internal consistency. Pearson correlation 

of the behavior change app engagement scale at baseline and follow-up was significant (r = .69, 

p <.001), showing strong test-retest reliability. 

Engagement with CDC’s Milestone Tracker App 

An exploratory analysis was used to answer the first research question: How do parents 

and caregivers of young children engage with the CDC’s Milestone Tracker app? Mean scores 

on the behavior change app engagement scale were higher at baseline (M = 27.3, SD = 5.4) than 

at one-month follow-up (M = 26.0, SD = 5.1). Constructs related to engagement were similar at 

baseline and follow-up, with the median app rating of 4.0 for both baseline (IQR 3.0-4.0) and 

follow-up (IQR 3.0-5.0). Nearly the entire sample said they would recommend the app to friends 

and family at both baseline (n = 69, 95.8%) and follow-up (n = 70, 97.2%; Table 8). 
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Table 6 
 
Sample Characteristics (N = 72) 
Sociodemographics N % 
Age (M, SD) a 34.6 5.1 
Gender   

Woman 55 76.4 
Man 15 20.8 
Non-binary 2 2.8 

Race and Ethnicity   
Non-Latinx Asian 4 5.6 
Non-Latinx Black or African American 40 55.6 
Latinx 12 16.7 
Non-Latinx Multiracial 5 6.9 
Non-Latinx other 3 4.2 
Non-Latinx White 8 11.1 

Relationship Status   
Married/domestic partner/civil union 62 86.1 
Living with partner 6 8.3 
Single 4 5.6 

Education   
High school graduate or GED 3 4.2 
Some college or certificate 3 4.2 
Associate’s degree 1 1.4 
Bachelor’s degree (BA, BS) 22 30.6 
Post graduate degree (MA, JD, MD, PhD) 43 59.7 

Income   
< $89,999 11 15.3 
$90,000-$199,999 33 45.8 
> $200,000 21 29.2 
Prefer not to answer 7 9.7 

Difficult to meet monthly bills b 26 36.1 
People with disabilities b 7 9.7 
Health insurance type   

Private through workplace 62 86.1 
Private through the ACA 4 5.6 
Medicaid 2 2.8 
Medicare 1 1.4 
Prefer not to answer 3 4.2 

Number of children (M, SD) c 1.6 0.8 
Child age in months (M, SD) d 43.2 60.1 
Note. MT = CDC’s Milestone Tracker app; ACA = Affordable Care Act Health Insurance Marketplace. 
a Sample age range 28-66.b Reflects the number and percentage of respondents answering “yes” to this question. c 
Sample number of children range 1-5. d Sample child age in months range 0-300. 
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App Engagement Among Respondents who Downloaded CDC’s Milestone Tracker 

An evaluation of app engagement with CDC’s Milestone Tracker among those who 

downloaded the app was also used to answer the first research question. On the baseline survey, 

62.5% (n = 45) of respondents indicated they plan to use CDC’s Milestone Tracker. Among the 

35 respondents (48.6% of total sample) who downloaded the CDC’s Milestone Tracker, 74.3% 

(n = 26) completed a milestone checklist (Table 9). While one third of respondents (n = 12) 

shared their child’s milestone summary with family or friends, only three (8.6%) shared the 

summary with their child’s doctor or health care provider. Another one third did not share their 

child’s summary with anyone, citing that “there was nothing to share” because their child met 

milestones and they did not have any concerns. Average ratings for the two statements 

measuring barriers to use—“I couldn’t find all of the answer I needed in the app” (M = 2.8, SD = 

1.2) and “I was concern about Internet data usage when using the app” (M = 1.7, SD = 1.1)—

were both low. Less agreement with the statements suggests respondents in this study 

encountered few barriers that might result in less engagement. Additional descriptive statistics 

are reported in Table 9. 

Respondents also received the two short measures of engagement. The mean rating of the 

single item engagement measure “How engaging is the app?” was 3.8 (SD = 0.9 out of 5) while 

the mean rating for the item asking respondents how much they like using the app was lower (M 

= 3.6, SD = 0.9 out of 5), indicating a medium-to-high level of engagement with the app. Open-

ended responses for why respondents found the app engaging primarily focused on the videos 

and ease of use (e.g., “straight-forward and informative,” “easy to navigate,” and “Checklist is 

helpful and the videos are engaging”). Others pointed out that the app does not necessarily need 

to be more engaging since it is a health tracking tool and not a social media platform explaining, 
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“While I enjoy using the app, I don’t find a reason to utilize it for too long” and “It feels like if 

I’m not at a milestone, there’s no push to use it.” Respondents noted push notifications with 

recommended tips and activities between milestone checklists could make the app more 

engaging.  

There were statistically significant differences in changes of awareness from baseline to 

one-month follow-up among parents and caregivers who downloaded the app for awareness of 

LTSAE, χ2(1) = 7.692, exact p = .003, and awareness of CDC’s Milestone Tracker app, χ2(1) = 

14.087, exact p = < .001 (Figure 4). There were no changes in awareness of developmental 

milestones (p = .500), EI (p = .683), or Part B 619 (special education; p = .219). 

Heat Map Analysis: Engaging App Features 

A heat map analysis was used to answer the second research question: What features of 

the CDC’s Milestone Tracker app are engaging for parents and caregivers of young children? 

The heat map task captured the features of CDC’s Milestone Tracker app respondents found 

engaging along two engagement dimensions: cognition and affect. The frequency and percentage 

of respondents who clicked or touched an area with exemplary responses from the open-ended 

items that accompanied the heat map tasks are summarized below. Time to first click and total 

time spent on page, which serve as proxies for fixation-based gaze metrics typically captured in 

eye-tracking assessments are included in Table 10. 
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Table 7 
 
Descriptive Statistics for Behavior Change App Engagement Scale Items at Baseline (N = 72) 
 Range Mean (SD) Variance Skewness Kurtosis 
Behavioral Engagement      

1. “I plan to use this app to track my child’s development in the 
future.” 

1-5 3.8 (1.0) 1.02 -0.59 0.01 

2. “I would use this app to learn more about tips and activities that can 
help my child learn and grow.” 

2-5 4.2 (0.8) 0.65 -0.82 0.37 

3. “I would use this app to share concerns about my child’s 
development with my doctor or healthcare provider.” 

2-5 3.9 (1.0) 0.92 -0.57 -0.61 

Cognitive Engagement      
4. “I trust this app to help me track my child’s development.” 1-5 3.9 (0.9) 0.86 -0.77 0.90 
5. “I trust this app to help me identify concerns about my child’s 

development.” 
1-5 3.9 (0.8) 0.69 -0.69 1.04 

6. “I trust this app to provide accurate information about what 
milestones my child should be reaching for their age.” 

1-5 4.0 (0.9) 0.84 -1.06 1.63 

Affective Engagement      
7. “This app was designed for someone like me.” 1-5 3.7 (1.1) 1.13 -0.90 0.60 

Note. Respondents asked to indicate their level of agreement on a scale ranging from 1 (strongly disagree) to 5 (strongly agree). 
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Table 8 
 
Behavior Change App Engagement Scale and Related Constructs (N = 72) 
Behavior Change App Engagement Scale a M (SD) 

Baseline b 27.3 (5.4) 
Follow-up c 26.0 (5.1) 

“How would you rate this app?” d Mdn (IQR) 
Baseline 4.0 (3.0-4.0) 
Follow-up 4.0 (3.0-5.0) 

“Would you recommend this app to friends and family?” e n (%) 
Baseline (Yes) 69 (95.8%) 
Follow-up (Yes) 70 (97.2%) 

Note. IQR = Interquartile range; MT = CDC’s Milestone Tracker app. Follow-up survey administered at one-month post baseline survey. 
a Behavior change app engagement scale includes 7-items. b Behavior change app engagement scale at baseline range 10-35. c Behavior change app 
engagement scale at follow-up range 12-35. d App rating is on a scale from 1 to 5 stars, with 5 being the highest. e Reflects the number and percentage of 
respondents answering “yes” or “maybe” to this question.  
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Table 9 
 
Descriptive Statistics for App Engagement Among Respondents who Downloaded MT (n = 35) 
 n %  
Use MT monthly 11 31.4  
Completed milestone checklist (Yes) 26 74.3  
“What typically prompts you to use the MT app?” a    

When I have a possible concern 16 45.7  
Preparing for doctor’s appointment (e.g., well-child visit) 13 37.1  
Other b 8 22.9  
Notifications from the app 5 14.3  

“Who did you share your child’s milestone summary with?” c    
Family or friends 12 34.3  
Doctor or healthcare provider 3 8.6  
Did not share summary 12 34.3  

“Did the MT app help you identify any possible concerns related 
to your child’s development?” (Yes) 

5 14.3  

 M SD Range 
How much time spent (in minutes) d 21.8 25.7 0-120 
“I couldn’t find all of the answers I needed in the app.” e 2.8 1.2 1-5 
“I was concerned about the Internet data usage on my phone 

when using the app.” e 
1.7 1.1 1-4 

“The app is easy to use.” e 4.2 0.7 3-5 
“I like using this app to track my child’s development.” e 3.6 1.2 1-5 
“How engaging is the MT app?” f 3.8 0.9 1-5 
Note. MT = CDC’s Milestone Tracker app.  
a Respondents could select all prompts that apply therefore percentages do not add up to 100%. b Other prompts to 
use MT included “Going through phone at night,” “When I think of it,” and “When I’m trying to plan our days.”  
c Respondents could select all that apply for who they shared their child’s milestone summary with and therefore 
percentages do not add up to 100%. d How much time spent over past two weeks in minutes. e Respondents asked 
to indicate their level of agreement on a scale ranging from 1 (strongly disagree) to 5 (strongly agree). f How 
engaging is the MT app is on a scale ranging from 1 (not engaging at all) to 5 (extremely engaging). 
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Figure 4 
 
Changes in Awareness of Early Childhood Development, Tools, and Resources from Baseline to 
One-Month Follow-up Among Respondents who Downloaded MT (n = 35) 
 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

Note. MT = CDC’s Milestone Tracker app. Counts represent the frequency of respondents who reported at least 
some familiarity with each item. Respondents were asked “Please indicate how familiar you are with each of the 
following” on a scale ranging from 1 (not at all familiar) to 5 (extremely familiar). Response options were collapsed 
into not familiar (1) and familiar (2-5). 
a McNemar’s test deteremined statistically significant differences between baseline and one-month follow-up, χ2(1) 
= 7.692, exact p = .003. b McNemar’s test deteremined statistically significant differences between baseline and one-
month follow-up, χ2(1) = 14.087, exact p = < .001. 
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Table 10 
 
Descriptive Statistics for Heat Map Time to First Click and Total Time Spent on Page (N = 72) 
 

 
Time to 

First Click 
 Total Time 

Spent on Page 
Construct Directions M (SD)  M (SD) 

Attention a “Click as fast as you can on the 
image of the app that catches 
your attention.” 

8.9 (5.7)  43.2 (29.3) 

Most Interesting a “Click on the most interesting 
image of the app.” 

11.0 (16.7)  48.3 (70.2) 

First Use a “Click on the image of the app 
that you would go to first if you 
were using the app for the first 
time.” 

9.5 (13.8)  38.8 (37.7) 

Confusion a “Click on the images of the app 
that are unclear.” 

10.7 (13.5)  44.8 (73.1) 

Satisfaction (Like) b “Click on the images of the app 
that you like.” 

11.6 (21.8)  50.2 (36.4) 

Dissatisfaction (Dislike) b “Click on the images of the app 
that you do not like.” 

8.4 (12.3)  40.0 (33.9) 

Note. Time in seconds. 
a Assesses cognitive engagement. b Assesses affective engagement. 

Cognitive Engagement 

Four heat map tasks evaluated cognitive engagement: attention, most interesting, first 

use, and confusion. Figure 5 depicts respondent’s selections of features of the CDC’s Milestone 

Tracker that caught their attention. The bright areas in the heat map indicate the app features that 

received clicks or touches, where the brighter the spot, the greater the number of clicks or 

touches. As the figure shows, the video in the milestone checklist was the region most clicked on 

(n = 30, 41.7%), followed by the milestone checklist feature (n = 16, 22.2%) and child name and 

age (n = 12, 16.7%). A similar trend was observed for the part of the app respondents found most 

interesting, where more than half of the sample (n = 39, 54.2%) selected the video in the 

milestone checklists and another 15.3% (n = 11) selected the milestone checklist (see Figures H1 

through H5 for remaining heat maps). They cited visual appeal of the app (e.g., “simple, clean 
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look” and “bright colors”) and images and pictures of a “real-life cute baby” as being inviting 

and relatable for reasons why they found these features most interesting. 

A third of parents and caregivers in this sample selected the milestone checklist as the 

first feature they would use if using the app for the first time (n = 25, 34.7%). Respondents 

explained this was because it looked like the starting place for the app and they would want to 

see what information the app provides, noting that milestones are the main purpose of the app. 

The final cognition heat map task sought to identify areas of the app that were confusing. 

Respondents indicated that the summary (n = 18, 25.0%), show doctor (n = 6, 8.3%), and child 

name and age (n = 6, 8.3%) features were most unclear; however it should be noted that some 

respondents skipped this item or only provided one click or touch even though they could select 

as many spots as they wanted (up to 10). Respondents found these features to be unclear because 

they were not sure what the summary was referring to, what ‘act early’ meant, and why they 

would need to show the summary to a doctor. 

Affective Engagement 

Two heat map tasks—where respondents could click or touch up to 10 areas—evaluated 

affective engagement: likes and dislikes. Unsurprisingly the respondents preferred videos and 

images over features that relied mostly on text (e.g., child’s summary). Most liked features 

included the video in the milestone checklists (n = 41, 56.9%), milestone checklist (n = 38, 

52.8%), and child name and age (n = 30, 41.7%). Respondents liked that the app looked easy to 

use and navigate and that the videos and images made understanding milestones simple, without 

requiring the user to read a lot of text. Accordingly, the summary feature (n = 39, 54.2%) was the 

most frequently disliked app feature  because it was text heavy (e.g., “comes off as intimidating” 

and “too busy and too wordy”). 
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Figure 5 
 
Heat Map of Clicks or Touches on MT App Assessing Attention 

    

Note. Respondents were asked “Click as fast as you can on the image of the app that catches your attention. Please 
click only one spot.” The bright spots of the heat map represent the relative intensity of total clicks or touches on 
each part of the MT app image. Red indicates the part of the app that received the highest number of clicks or 
touches. 

CDC’s Milestone Tracker App Aggregated Usage Data 

Usage data from the CDC’s Milestone Tracker app was used to answer both research 

questions (how parents and caregivers engage with the app and which features they find 

engaging). Between January 2019 and November 2021, the CDC’s Milestone Tracker app was 

downloaded nearly 800,000 times (975,063 total downloads since launch in 2017). On average, 

there were 86,675.7 unique users per month (56,268.5 returning users) and 2,904.2 active users 

per day. The app was launched more than 3.3 million times and users spent an average of 3.4 

minutes on the app per visit. More than one million children profiles were created (n = 
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1,087,093, M = 31,059.8 per month, SD = 18,255.9), 54.4% of which were for male children. 

Expectedly, the app features used most were the milestone checklists. Among the 1,281,338 

milestone checklists started, 1,089,730 were completed (85.0% completion rate), with an average 

of 31,135.1 (SD = 16,011.8) checklists completed per month. The 6 month, 4 month, and 2 

month milestone checklists have been completed the most, accounting for 45.3% of all 

completed checklists since 2019. The videos embedded within the milestone checklists were 

played more than 5.3 million times (M = 154,256.3 plays per month, SD = 219,640.2). After 

milestone checklists, tips and activities (546,719 unique users), milestone overview (521,057 

unique users), and appointments (323,405 unique users) were the most frequently visited features 

of the app (Figure 6). Users opened a total of 858,824 push notifications (M = 24537.8 

notifications per month, SD = 19271.0), however data on the total number of notifications sent 

were unavailable prior to June 2021 and therefore data were not included in this analysis. 

Figure 6 
 
Most Frequently Visited Features of MT (January 2019-November 2021) 
 

    
 
Note. MT = CDC’s Milestone Tracker app. Data from 5/24/21 through 6/23/21 is incomplete and missing some data 
due to an error in the app configuration. 
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Discussion 

This study explored engagement with the CDC’s Milestone Tracker app among parents 

and caregivers with young children from groups experiencing disadvantages. Very little is 

known about engagement with behavior change apps among diverse communities, and this  

study provides insight to how parents and caregivers who primarily self-identify as non-White 

and/or people with disabilities use behavior change apps and which features they find engaging. 

Findings underscore the importance of using a measurement scale that positions engagement as 

both multidimensional and temporal to understand parent and caregiver engagement with the 

app. Understanding how users engage with behavior change apps and identifying factors that 

facilitate engagement is particularly important within the context of the COVID-19 pandemic. At 

a time when there have been significant decreases in developmental screening, referrals, and 

service provision for young children due to the COVID-19 pandemic and COVID-19 mitigation 

strategies (Wong et al., 2020; Yoshikawa et al., 2020), tools like CDC’s Milestone Tracker app 

that allow for asynchronous intervention and education have considerable potential to change 

behaviors and improve health outcomes, particularly among groups experiencing disadvantages. 

Two online surveys (baseline and follow-up) administered one month apart and a 

secondary analysis of system usage data produced evidence to answer the two research 

questions: (1) How do parents and caregivers of young children engage with the CDC’s 

Milestone Tracker app? and (2) What features of the CDC’s Milestone Tracker app are engaging 

for parents and caregivers of young children? Overall, pre-use ratings of CDC’s Milestone 

Tracker app were relatively high which demonstrates that upon being introduced to the app, 

parents and caregivers had positive reactions toward the app. This aligns with other evaluations 

of LTSAE print materials and further substantiates the LTSAE suite of materials as valuable 
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tools to improve early identification of developmental delays and disabilities (Abercrombie et al., 

2021; Bright et al., 2019; Chödrön, Pizur-Barnekow, et al., 2021; Daniel et al., 2009; Gallagher 

et al., 2019; Graybill et al., 2016). From heat map analysis and system usage data it is clear that 

cognitive and affective engagement are driven (at least in part) by parents’ and caregivers’ 

satisfaction with the videos included in the milestone checklists and that the visual appeal of the 

app, which make it inviting and relatable. The incredibly high checklist completion rate 

(85.0%)—reflective of behavioral engagement—is a good indication that users find the 

checklists easy to use and complete in one sitting. 

Among the 45 respondents who said they planned to use the app at baseline, 77.8% (n = 

35) downloaded the app, which is considerably higher than the median conversion rate of 18.5% 

for health and fitness apps (Knotko, 2019). Respondents felt the app was easy to use, which was 

also reflected in the pre-use heat map tasks and accompanying open-ended responses. Notably, 

respondents in this sample did not report encountering barriers known to reduce app use and 

engagement (Brager et al., 2019), as evidenced by being able to find the answer they needed in 

the app and not being concerned about Internet data usage. A concern voiced by pediatric 

clinicians discussed in Chapter 4 was that parents and caregivers are too busy to use the CDC’s 

Milestone Tracker app, however this was not a barrier mentioned by the parents and caregivers 

in this study. This is likely a function of this sample being both digitally savvy and relatively 

affluent, reducing financial burdens that other less affluent groups may experience when using 

apps (Suh et al., 2016). There is a future opportunity to explore barriers to use with groups who 

may struggle with technology and/or are less affluent users. 

 This study sought to identify factors that influence engagement among groups 

experiencing disadvantages using a conceptualization of engagement as multidimensional as 
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suggested by Kelders et al (2020) and others. Given some of the limitations of the data, the 

analysis plan changed post hoc to develop a new subjective engagement scale for behavior 

change apps. The new behavior change app engagement scale created for this study drew on 

constructs identified in the systematic review of behavior change apps for groups experiencing 

disadvantages (discussed in Chapter 2) and the TWEETS. This new behavior change app 

engagement scale—which includes the behavioral, cognitive, and affective processes that 

characterize engagement—demonstrated high internal consistency, an indication that the scale 

items are measuring the same construct (i.e., engagement with the app). Further there was a 

positive correlation between the scale at baseline and follow-up. These findings add support to 

the argument that engagement is indeed multidimensional and as such, measurement should go 

beyond system usage data to examine all three dimensions of behavior, cognition, and affect 

(Kelders & Kip, 2019; Kelders, Kip, et al., 2020; Kelders, van Zyl, et al., 2020; Perski, 

Blandford, West, et al., 2017; Yardley, Spring, et al., 2016). While the initial scale demonstrated 

good internal consistency and decent test-retest reliability, the sample was too small to perform 

the necessary tests to evaluate the validity of the scale, which would require at least 200-300 

respondents to develop a stable and generalizable scale (Boateng et al., 2018). As such, the scale 

should be re-examined with a larger sample of parents and caregivers from groups experiencing 

disadvantages to perform an exploratory factor analysis and evaluate the internal consistency, 

reliability, and validity (convergent, divergent, and predictive) of the behavior change app 

engagement scale. 

Participants in this study scored relatively highly on the behavior change app engagement 

scale, an indication that they found the CDC’s Milestone Tracker app engaging, largely based on 

the apps’ clean aesthetic and the videos included in the milestone checklists. While average app 
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rating were relatively high and most of the sample said they would recommend the app to friends 

and family, these measure of satisfaction should be explored in future studies to understand how 

they relate to engagement and app use. 

As the two “best bet” items assessing respondents’ perceptions of engagement (how 

engaging the app is and if they like using the app) were only asked on the follow-up survey, they 

were not included in the behavior change app engagement scale. While Perski et al (2019) found 

that the item asking users how engaging an app is was not a significant predictor of app logins, 

they did find that asking users how much they liked the app predicted future behavioral 

engagement. There is value in exploring the relationship between these engagement items and 

other objective measures of app use (e.g., time spent in the app or number of tasks completed). 

Findings from this study highlight the temporal nature of engagement. Interestingly, 

some parents and caregivers noted that they do not think an app used for periodic health tracking 

(e.g., CDC’s Milestone Tracker) necessarily needs to be engaging. Compared to some behavior 

change apps for tracking diet, exercise, and sleep that require active user participation on a more 

frequent basis to be effective (McVay et al., 2019), the CDC’s Milestone Tracker app was 

designed to correspond with the schedule for well-child visits for children birth to five years 

(Zubler et al., 2022). Similar to other studies of “just in time” resources (Taki et al., 2017), 

engagement with the app seemingly fluctuates with the timing of the milestone checklists. This 

finding supports the idea that engagement encompasses different stages or phases (O’Brien & 

Toms, 2008) that are dependent on the needs of the user, the purpose of the app, and the behavior 

the app is designed to change. Users may move from initial engagement (e.g., creating a child 

profile and completing their first milestone checklist) to periods of disengagement (e.g., when 

there are no new checklists to complete) to re-engagement (e.g., when a well-child visit is 
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approaching and there are checklists available for their child’s age), which suggests that the 

quality of the behavior may be more important for engagement than quantity (or frequency) of 

the behavior (Kelders & Kip, 2019). While developmental surveillance is a continuous process, 

the number of logins per day or number of minutes used per week are not relevant or necessary 

for this type of behavior change app and checklist completions may be a better indicator of 

engagement. 

The question then becomes how to encourage initial engagement and re-engagement with 

the app so that parents and caregivers complete the milestone checklists and act early when 

concerns are identified. Respondents’ suggestions for timely push notifications as prompts to 

remind users to revisit incomplete checklists may help to address this issue. For example, 

incorporating GPS-based notifications to remind users to share any potential concerns while they 

are at a well-child visit might increase the number of families with concerns who raise those 

concerns to their clinician. Notably, prompts or cues are a BCT with strong evidence of links to 

three MoAs: (1) memory, attention, and decision processes, (2) environmental context and 

resources, and (3) behavioral cueing (Carey et al., 2018). Given that parents and caregivers who 

downloaded the app showed no changed in awareness of developmental milestones from 

baseline to follow-up, more information about child development within the app would be 

beneficial. One option might be to incorporate features like digital versions of LTSAE’s 

children’s books to support early development. Additional content embedded within the app 

might remind parents and caregivers that developmental surveillance is an ongoing process and 

bolster re-engagement. 

A strength of this study was that it was conducted with the intended users of the app— 

parents and caregivers of young children who experience disadvantages—rather than university 

https://www.cdc.gov/ncbddd/actearly/amazingme.html
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students or the general population. This provides a more authentic depiction of engagement 

among this audience. Another strength of this study was that it was designed to explore 

engagement as it might naturally occur, whereby participants were introduced to CDC’s 

Milestone Tracker through the activities within the baseline survey. A link to download the app 

was included in the closing screens of both the baseline and follow-up surveys but participants 

were not instructed to download the app. Much app evaluation research has limited external 

validity (Baumel et al., 2019), since studies often employ designs that incentivize participants to 

download and use an app (or in some cases, equip participants with devices and data to use 

throughout the duration of the intervention). This essentially eliminates some of the major 

barriers to engagement, including high attrition of apps (Eysenbach, 2005). While these research 

methods are useful to inform app development and design, observing and assessing engagement 

in an ecologically valid way likely provides more accurate translation to everyday settings 

because it provides deeper insight into how people actually use an app and the reasons for non-

use (Baumel et al., 2019; Roberts et al., 2019). The combination of pre-use questions to 

understand subjective perceptions of engagement and questions at one-month follow-up to 

explore actual engagement with the app enhanced the findings of the current study. This might 

be a good approach for apps that have already been developed and deployed and have at least 

some system usage data to inform updates to see how they could be improved and what might 

make them more engaging. 

Future Directions 

This study assessed engagement with CDC’s Milestone Tracker app among parents and 

caregivers of young children from groups experiencing disadvantages. Utilizing a 

conceptualization of engagement as a multidimensional process involving behavioral, cognitive, 
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and affective factors was useful to understand parent and caregiver engagement with CDC’s 

Milestone Tracker app. Given the promising findings using the initial version of the behavior 

change app engagement scale developed for this study, more research is needed to further refine 

the scale and use it to explore engagement with this and other health apps. The features of the 

app that parents and caregivers find the most engaging are the milestone checklists, particularly 

the videos embedded in the checklists, but a closer examination of which checklists are preferred 

and why would be helpful to increase the already high checklist completion rate. Many open-

ended items included in the two surveys were not fully analyzed due to time constraints, and 

more in-depth qualitative analyses might help more deeply understand parent and caregiver 

engagement with the app. Finally, some of the recommendations parents and caregivers provided 

on the follow-up survey are important to revisit to inform future updates to the app. 

Implications for Dissertation Research 

Findings from this study add to results from the first study presented in Chapter 2 (Aim 

1) and the third study discussed in Chapter 4 (Aim 3). Connections to each chapter are described 

below and explore in more depth in Chapter 5. 

Chapter 2: Assessing Engagement with Digital Behavior Change Interventions for Groups 

Experiencing Disadvantages: A Systematic Review 

The findings from the systematic review helped to inform the design and direction of the 

study discussed in this chapter. Many of the measures included on the two surveys conducted 

with parents and caregivers were derived from studies included in the systematic review and 

modified for CDC’s Milestone Tracker app. For example, constructs identified in the review 

were used to inform items to include in the initial behavior change app engagement scale. 

Additionally, the number of milestone checklist ages viewed and completed served as a proxy 
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for intervention dosage and interactions with app features (Hartzler et al., 2016; Mauriello et al., 

2016; Pratap et al., 2018). Given that most articles included in the systematic review examined 

system usage data, it was important to include CDC’s Milestone Tracker app as a secondary data 

source. While individual usage data would have been preferable, the aggregated data was still 

informative to answer the study research questions. 

Chapter 4: Pediatric Clinician Perceptions Regarding Engagement with CDC’s Milestone 

Tracker App 

Many of the findings from this chapter converge with the findings reported in Chapter 4. 

As previously mentioned, awareness of LTSAE, initial reactions to CDC’s Milestone Tracker 

app, and if participants would recommend the app was asked of both parents and caregivers and 

pediatric clinicians. Across the two studies, participants’ responses related to affective 

engagement can be attributed to the videos, images, and colors that create a visually appealing 

and inviting app. Further, within the context of cognitive engagement, some of the concerns 

raised by the pediatric clinicians who participated in the interviews described in Chapter 4 were 

negated by the parents and caregivers in this sample, highlighting the importance of including 

the perspectives of both families and those who provide care to families in research about 

behavior change apps. 

Study Limitations 

This study had several limitations. First, while most participants self-identified as non-

White and/or people with disabilities, I intended for a more economically diverse sample by 

recruiting via a wider range of channels but because the survey was attacked by bots (twice) the 

recruitment strategy relied on my personal network which the sample is a reflection of in terms 

of sociodemographics (e.g., highly educated, more affluent). This convenience sample limits 
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generalizability of the findings. Second, there were flaws in the study design where there was 

likely too short of a time frame between the baseline and follow-up survey to truly assess 

engagement with CDC’s Milestone Tracker and anticipated outcomes of using the app. 

Milestone checklists are only available for certain ages and as children get older, well-child visits 

are less frequent meaning there was less time for parents and caregivers to (1) complete 

milestone checklists, (2) identify concerns, and (3) take early action by raising those concerns 

with a clinician or other early childhood care provider. With the known delays in initiating EI 

services (Scherr et al., 2020), one month would not have been enough time to initiate services 

based on concerns identified within the study period. While beyond the scope of this study, re-

evaluating behavioral outcomes six months after parents and caregivers start using the app might 

provide better insight into engagement behaviors and preferences and would be a better indicator 

if respondents continue to use and engage with the app. 

Finally, the CDC’s Milestone Tracker app data was only shared at the aggregate level 

which made it impossible to compare the subjective measures of engagement assessed in this 

study with objective measures of engagement. System usage data linked directly to participants 

combined with self-report engagement and perceptions of engagement would have been 

preferable and would have strengthened the findings from this exploratory study. Future research 

should collect data exploring behavioral, cognitive, and affective processes via surveys, 

questionnaires, or interviews in conjunction with system usage data at the individual level to 

examine engagement preferences and behaviors. 

Conclusions 

This chapter explored parent and caregiver engagement behaviors and attempted to 

identify factors that influence engagement with the CDC’s Milestone Tracker app (Aim 2). 
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Parents and caregivers rated the app highly and found it easy to use and engaging. Considering 

engagement as multidimensional (inclusive of behaviors, cognition, and affect) is a helpful 

framework to understand engagement within the context of behavior change apps. Results from 

this study can assist with informing best practices in evaluating the CDC’s Milestone Tracker 

app and may help to inform the development of an engagement measurement framework. 

Findings from this study are revisited in Chapter 5 of this dissertation. 
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Chapter 4 

 

 Pediatric Clinician Perceptions Regarding Engagement with CDC’s Milestone Tracker App 

 

Introduction 

One in six children has a developmental delay or disability (Zablotsky et al., 2019), yet 

most are not identified as early as possible (Maenner et al., 2021; Rosenberg et al., 2008; van ’t 

Hof et al., 2020). Early identification of developmental delays and disabilities is necessary to 

initiate EI that can improve language, physical, cognitive, social-emotional, and educational 

outcomes for young children and families (Adams & Tapia, 2013; Bruder, 2010). Children with 

identified delays who receive interventions at younger ages are more likely to benefit from EI 

services (Bradshaw et al., 2015). Yet children from lower socioeconomic backgrounds 

experience disparities in terms of screening and identification of delays, and participation in EI 

(Barger et al., 2022; Shaw et al., 2021; Zuckerman et al., 2014). Current AAP guidelines 

recommend periodic developmental and autism screening using validated screening instruments 

(e.g., Ages and Stages Questionnaire [ASQ], Parents’ Evaluation of Developmental Status 

[PEDS], and Modified Checklist for Autism in Toddlers [M-CHAT]) at specific intervals during 

well-child visits or when a parent or caregiver raises a concern about their child’s development 

(Lipkin, Macias, Council On Children With Disabilities, et al., 2020). Further, AAP guidelines 

recommend developmental surveillance (also known as developmental monitoring) which 

includes routinely eliciting parent or caregiver concerns and observing the child at every well-
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child visit (Lipkin, Macias, Council On Children With Disabilities, et al., 2020). As such, 

developmental surveillance requires participation from parents and caregivers as well as the early 

childhood providers and clinicians that care for and interact with young children. While the use 

of developmental screening tools has tripled since 2002 (Lipkin, Macias, Baer Chen, et al., 

2020), more than 20 years after the AAP’s recommendations, only 37% of parents and caregivers 

of children under three years report receiving developmental surveillance (Hirai et al., 2018). 

Children who receive a combination of developmental surveillance and screening are more likely 

to receive EI services (Barger et al., 2018), yet only 1 in 5 children under age three received both 

surveillance and screening (Hirai et al., 2018). Additionally, clinicians may overestimate how 

often they discuss screening with families and make referrals for EI services, indicating that 

strategies to improve these practices are needed (Bright et al., 2019). 

The CDC’s Milestone Tracker is a behavior change app with seven BCTs that was 

designed to help families (particularly those from groups experiencing disadvantages) learn 

about child development, track developmental milestones, and take early action if they have a 

concern about their child’s development. Part of a suite of materials from the LTSAE program 

(www.cdc.gov/ActEarly), the interactive app allows users to complete age-appropriate milestone 

checklists, which include photos and videos of developmental milestones, written descriptions of 

developmental milestones, and space to enter notes. The app also includes appointment 

reminders and tips and activities to support early childhood development. While the app was 

designed to meet the needs of parents and caregivers, secondary audiences are early childhood 

providers and clinicians to support developmental surveillance. Notably, the app encourages 

parents and caregivers to share the summary of their child’s development with their doctor or 

other clinician. While previous research demonstrates positive outcomes associated with LTSAE 

http://www.cdc.gov/ActEarly
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materials and resources (e.g., increased knowledge and awareness of developmental milestones, 

confidence to discuss concerns, and positive attitudes toward developmental surveillance; 

Abercrombie et al., 2021; Campbell et al., 2019; Chödrön, Barger, et al., 2021; Daniel et al., 

2009; Gadomski et al., 2018; Graybill et al., 2016), there has only been one published evaluation 

of CDC’s Milestone Tracker (Armenta et al., 2019), which assessed the initial version of the app 

(released in 2017). Further, formative research to develop the app was primarily conducted with 

parents and caregivers, with limited input from clinicians (Muñoz & Arriaga, 2015). As such, it 

is unknown how clinicians view the app and what role the app might play in how developmental 

surveillance and screening is conducted. 

Engagement is comprised of cognitive (e.g., attention, interest, and immersion in the 

behavior change app), affective (e.g., enjoyment and satisfaction), and behavioral (e.g., behavior 

change app usage) processes that characterize the user experience with behavior change apps 

(Cole-Lewis et al., 2019; Flaherty et al., 2021; Kelders, van Zyl, et al., 2020; Perski, Blandford, 

West, et al., 2017; Yardley, Spring, et al., 2016). This multidimensional concept functions as the 

interplay between behavioral, cognitive, and affective factors and is believed to be a facilitator of 

health behaviors (Kelders, van Zyl, et al., 2020; Perski, Blandford, et al., 2019; Short et al., 

2018). To date, engagement with CDC’s Milestone Tracker app has not been evaluated but might 

help to provide insight to how the app can improve early identification of developmental delays 

and disabilities. 

Historically, clinicians have been considered trusted sources of health information 

(Pearson & Raeke, 2000), although the current sociopolitical climate has seemingly eroded some 

of that trust (Arora et al., 2020). Nevertheless, clinicians play a key role in disseminating 

information (particularly about child development). As such, clinician’s recommendations may 
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have implications for behavior change app adoption and effectiveness (Womack et al., 2018). 

For example, a systematic review of engagement and recruitment to digital health interventions 

found patients more likely to sign up for DBCI if supported by clinicians and trusted healthcare 

organizations, whereas lack of clinical endorsement was a barrier to DBCI uptake (O’Connor et 

al., 2016). Similarly, Taki et al (2017) found that mothers referred by their health practitioner to 

an infant feeding app had higher engagement scores compared to participants recruited via other 

channels (e.g., the web). The authors hypothesize that this is likely a result of mother’s 

perception of health practitioners as a trustworthy source of information and suggest that they are 

important “referral pathways” to evidence-based apps (Taki et al., 2017). 

Accordingly, it can be reasoned that clinicians might influence adoption, use of, and 

engagement with CDC’s Milestone Tracker. The purpose of this study was to explore 

perceptions regarding engagement with CDC’s Milestone Tracker among pediatric clinicians at 

FQHCs. FQHCs serve nearly 29 million people, primarily from groups experiencing 

disadvantages, including 1 in 3 people experiencing poverty and 1 in 5 people who are uninsured 

(Health Resources and Services Administration, 2021). This study aimed to answer the following 

research question: What are FQHC pediatric clinician perceptions of the potential utility of the 

CDC’s Milestone Tracker app? Given the weight of clinician referrals and that clinicians are a 

secondary audience for the app, this chapter reports preliminary results on engagement with 

CDC’s Milestone Tracker from clinician’s perspective as a complement to findings presented in 

Chapter 3. 
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Methods 

Study Design and Sample 

This study was a sub-study of a research project to understand how pediatric clinicians 

assess social-emotional development during well-child visits with toddlers (ages 2 to 3 years). A 

non-purposive sampling strategy was used to recruit participants from Alliance Community 

Health Centers (AllianceChicago), a network of more than 50 FQHCs in 20 states that serve 

more than 3.5 million people from diverse communities including from urban and rural 

communities, people who are low income and uninsured, people experiencing homelessness, 

people from minoritized racial and ethnic groups, LGBTQ community, and refugee populations 

(AllianceChicago, 2022). Potential participants were recruited via email between June and 

November 2021 by a co-investigator who works at AllianceChicago. To be eligible, participants 

needed to be a United States-based practicing primary care clinician (e.g., pediatrician, family 

medicine physician, advanced nurse practitioner) who provides care for toddlers (ages 2 to 3 

years) at an FQHC and can communicate in English. If a potential participant agreed to learn 

more about the study, a member of the research team contacted the participant to schedule an 

interview and share the informed consent document. Clinicians received $100 in compensation 

for their time. This research received approval from the Institutional Review Board at 

Northwestern University (IRB STU00214600). 

Two researchers (HGS and CLS) trained in qualitative methods conducted individual in-

depth interviews using a semi-structured interview guide that was piloted with two pediatric 

clinicians (Appendix I). During the interview, the interviewer shared their screen to present a 

visual demonstration of CDC’s Milestone Tracker. The demonstration consisted of a 45-second 

screen capture video of the app to show different features including the ability for a parent or 
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caregiver to email or show a summary of their child’s progress to a clinician for any milestones a 

child is missing or where they have concerns. After the video, participants saw the CDC’s 

Milestone Tracker promotional flyer and two screenshots of the app that displayed different 

features of the app in two languages (one in English and one in Spanish; see Figure 7). During 

the demonstration, the interviewer gave a verbal description of app features. Interviews were 

conducted via Zoom and lasted between 33 and 55 minutes. Saturation, or the point when little to 

no new information relative to the study was identified (Guest et al., 2006), was reached after the 

first eight interviews, however additional interviews were conducted with clinicians at different 

clinics. After providing verbal consent, all interviews were recorded, professionally transcribed, 

and transcripts were reviewed for accuracy. 

Measures 

The interview aimed to understand if and how clinicians assess toddler development, 

including social-emotional well-being, how they discuss developmental and behavioral concerns 

with families, what resources they use to assess development, and their perceptions of the utility 

of CDC’s Milestone Tracker. The sections of the interview guide that asked questions about 

general descriptions of well-child visits, assessing child development, resources, and 

sociodemographics were pertinent to this sub-study. 

Descriptions of Well-child Visits and Assessing Child Development 

The interview started with participant’s describing their process for a well-child office 

visit with a toddler. Questions to understand processes for assessing child development were 

adapted from an AAP and CDC study to understand developmental surveillance in pediatric 

practice conducted by Gerndt and Mitchell (Forthcoming 2022). Participants were asked “Do 

you typically perform developmental surveillance (i.e., monitoring) or screening during routine 
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Figure 7 

Visual Aids used for Demonstration of CDC’s Milestone Tracker App 
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well-child visits?” and if they responded yes, were probed on how they practice developmental 

surveillance or screening and what tools and resources they use. 

Resources 

Constructs identified in the systematic review (described in Chapter 2) such as 

awareness, attention, perceived use, and facilitators, and barriers to use were asked in the 

resources section of the interview guide. For awareness, participants were asked questions 

adapted from Gerndt and Mitchell (Forthcoming 2022): “Are you familiar with the Centers for 

Disease Control and Prevention’s (or CDC) Learn the Signs. Act Early. materials/resources?” 

and “If yes, do you use any of these materials/resources during well-child visits? Which ones?” 

After the demonstration of CDC’s Milestone Tracker, participants were asked a question to 

gauge attention modified from Short et al (2018): “I’d like you to please share your initial 

reactions to this feature and the app in general. Do you see any components that might catch your 

attention? If so, which components? What would you do if a parent or caregiver shared this 

information with you?” Participants were also asked questions about expectations (“What impact 

do you think this app might have on how you conduct developmental surveillance during well-

child visits?) and perceived use (“How do you think this app would help you discuss a parent or 

caregiver’s concerns about their child’s development?). Finally, participants were asked, “Would 

you recommend this app to parents and caregivers? Why or why not?,” an item modified from 

the satisfaction questionnaire in the engagement index by Taki et al (2017) and the app 

subjective quality (section E) of the Mobile Application Rating Scale: user version (uMARS) by 

Stoyanov et al (2016). A similar question was also asked of parents and caregivers on the 

baseline and follow-up surveys described in Chapter 3. 

Sociodemographics 
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Sociodemographics included self-reported gender, race and ethnicity, number of years 

practicing medicine, practice type, insurance type for patients served, and geographic area of 

practice. 

Data Analysis 

Qualitative data analysis of the individual in-depth interviews consisted of two processes. 

The first process used applied thematic analysis to identify and recognize patterns within the 

data, which in turn, became common themes within the different experiences of participants 

(Guest et al., 2012). Applied thematic analysis, which draws on features of grounded theory and 

phenomenology, was appropriate for this study because it offers a systematic, transparent, and 

efficient way to identify key themes within the text that were transformed into codes. Further it is 

useful to find solutions to real-world problems (Guest et al., 2012). To become familiar with the 

data, the interview transcripts were reviewed for accuracy. A codebook was developed using 

open coding through an inductive approach based on 10% (n = 2) transcripts. Two researchers 

(HGS and CLS) independently applied the codebook to 15% (n = 3) of transcripts and made 

revisions to the codebook after meeting to discuss each coded transcript. 

The second process to analyze the data utilized a content analysis using a directed 

approach. Directed content analysis can offer supporting evidence to prior research, theories, or 

frameworks (Hsieh & Shannon, 2005). Using a deductive approach, a codebook was developed 

with predetermined categories that consisted of primary (or parent) codes based on the 

behavioral and psychosocial dimensions believed to constitute engagement (behavior, cognition, 

and affect; introduced in Chapter 1 and discussed further in the systematic review in Chapter 2; 

Kelders, van Zyl, et al., 2020). Sub codes that arose from pediatric clinicians’ perceptions of and 

experiences with CDC’s Milestone Tracker were added to each of the three primary codes. Two 
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additional primary codes were added to capture the reasons participants would or would not 

recommend CDC’s Milestone Tracker app and their suggestions for how to improve the app (see 

Table 11 for coding scheme). This coding scheme was piloted and refined along with the applied 

thematic coding described above. 

Once a functional codebook was established, two researchers (HGS and SM) 

systematically review transcripts to assign codes using qualitative data management software 

MAXQDA Analytics Pro 2020 (VERBI GmbH Software, Berlin, Germany; Guest et al., 2012). 

The researchers coded 15% (n = 3) transcript together, 10% (n = 2) of transcripts independently, 

and then met to resolve discrepancies. Intercoder agreement was assessed on three (15%) 

additional transcripts coded independently using ReCal software (Freelon, 2010), achieving an 

acceptable level of agreement for a Krippendorff’s alpha (α = .77; Krippendorff, 2004). 

Additionally, to increase transparency, an audit trail was used to keep track of and document the 

entire data analysis process (e.g., analytic activities, data included and excluded in analysis and 

rationale for decisions, methods used to find themes and apply codes, changes to the codebook, 

and any coding checks; Guest et al., 2012). Sociodemographic data were analyzed using 

descriptive statistics showing distributions in SPSS 28 statistical software (IBM Corp., Armonk, 

New York). 
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Table 11 
 
Qualitative Data Analysis Coding Scheme 
Theme Subtheme Operational Definition 
Behavioral 
engagement 

Use (clinicians) Descriptions of how participants (clinicians) would use the CDC’s Milestone Tracker 
app and/or what impact they think it might have on developmental surveillance. 

 Use (parents and 
caregivers) 

Participants’ perceptions of how parents and caregivers might use the CDC’s 
Milestone Tracker app. This code includes both how clinicians view parent and 
caregiver use or non-use or their perceptions based on experiences (for those who 
currently recommend the app). 

 Perceived audience Perceptions of who would use the app (i.e., what type of parent or caregiver) or who 
the intended audience is of the app. Can also include which audiences they think 
would not use the app. Includes personality traits and demographics. 

Cognitive 
engagement 

Questions about the 
app 

Any questions participants ask about the app, including questions about app features, 
intended audiences, app development, app utility, and app integration into processes 
and workflows.  

 Concerns about the 
app 

Any concerns raised by participants about the app, app features, app development, and 
app utility. This includes potential barriers to use and challenges related to 
recommending the app, using the app, and integrating the app into workflow. 

Affective 
engagement 

Satisfaction with the 
app 

Participant comments about what they like about the app, including positive reactions 
to app features, look and feel, intended audiences, app development, app utility, and 
app integration into processes and workflows. 

 Perceived usability 
of the app 

Participant comments about how easy or difficult it would be to use the app, either 
from their perspective or the perspective of parents and caregivers. 

Reasons would 
recommend or not 
recommend MT 

--- Any reasons provided for why providers would or would not recommend the app to 
parents and caregivers. If they already recommend the app, capture reasons for why 
they currently recommend the app. 

Areas for 
improvement 

--- Provider’s specific recommendations for how the app could be improved, including 
recommendations for app features, look and feel, integration into process and 
workflows, and promotion. 

Note. MT = CDC’s Milestone Tracker app. 
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Results 

Sample Characteristics 

All 20 pediatric clinicians who were contacted about this study completed an interview. 

The majority self-identified as non-Latinx White (n = 14, 70.0%) and as women (n = 15, 75.0%). 

The sample consisted of doctors of medicine/doctors of osteopathic medicine (n = 14, 70.0%), 

advanced nurse practitioners/nurse practitioners (n = 3, 25.0%), and physician assistants (n = 1, 

5.0%) who have practiced medicine for 12.6 years on average (SD = 8.0). All 20 were affiliated 

with one of seven Chicago-area FQHCs, all of which primarily serve patients enrolled in 

Medicaid, however some were also affiliated with a university or medical school (n = 3, 15.0%), 

hospital (n = 3, 15.0%), and an independent practice (n = 1, 5.0%; Table 12). 

Assessing Child Development 

All participants (n = 20, 100.0%) reported performing developmental surveillance or 

screening during routine well-child visits with toddlers. Most (n = 17, 85.0%) reported regularly 

performing social-emotional surveillance or screening during routine well-child visits with 

toddlers (findings on social-emotional development discussed elsewhere; Scherr et al., In 

preparation). Most use the ASQ (n = 17, 85.0%;) to conduct developmental screening  and the 

M-CHAT (n = 18, 90.0%) to conduct screening for autism. Participants also reported using other 

tools to conduct developmental surveillance and screening. Other tools to perform developmental 

surveillance and screening included: Ages & Stages Questionnaires: Social-Emotional 

(ASQ:SE), Screening Tool for Autism in Toddlers and Young Children (STAT), Survey of Well-

being of Young Children (SWYC), CDC’s LTSAE, books from Reach Out and Read 

(reachoutandread.org), blocks and toys from Prescription for Play by the LEGO Foundation

https://reachoutandread.org/
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Table 12 
 
Sample Characteristics (N = 20) 
 n % 
Gender   

Woman 15 75.0 
Man 5 25.0 

Race and Ethnicity    
Non-Latinx Asian 3 15.0 
Latinx 2 10.0 
Non-Latinx Multiracial 1 5.0 
Non-Latinx White 14 70.0 

Clinician Type   
MD/DO 14 70.0 
APN/NP/FNP/PNP 5 25.0 
PA 1 5.0 

Number of Years Practiced Medicine (M, SD) a 12.8 8.0 
Practice Type b   

Federally Qualified Health Center (FQHC) 20 100.0 
Affiliated with University or Medical School  3 15.0 
Hospital-affiliated Practice  3 15.0 
Independent Practice 1 5.0 

Insurance Type of Patients Served   
% Enrolled in Medicaid (M, SD) 86.3 9.9 
% Enrolled in Medicare (M, SD) 0.4 1.1 
% Private Insurance (M, SD) 7.1 5.4 
% Self-Pay or Uninsured (M, SD) 6.5 8.6 

Perform Developmental Surveillance or Screening (Yes) 20 100.0 
Perform Social-Emotional Surveillance or Screening (Yes) 17 85.0 
Use Ages & Stages Questionnaires (ASQ; Yes) 17 85.0 
Use Modified Checklist for Autism in Toddlers (M-CHAT; Yes) 18 90.0 
Use Other Tools to Perform Surveillance or Screening (Yes) c 17 85.0 
Note. APN = Advanced nurse practitioner; DO = Doctor of osteopathic medicine; FNP = Family nurse 
practitioner; MD = Doctor of medicine; NP = Nurse practitioner; PA = Physician Assistant; PNP = Pediatric nurse 
practitioner. 
a Number of years practiced medicine at time of interview range 2-30. b Participants could select all practice types 
that apply therefore percentages do not add up to 100%. c Other tools to perform developmental and social-
emotional surveillance and screening include: Ages & Stages Questionnaires: Social-Emotional (ASQ:SE), 
Screening Tool for Autism in Toddlers and Young Children (STAT), Survey of Well-being of Young Children 
(SWYC), CDC’s Learn the Signs. Act Early., books from Reach Out and Read, blocks and toys from Prescription 
for Play by the LEGO Foundation, and developmental questions built into electronic medical record (often based 
on Bright Futures). 
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(www.rx4play.org), and developmental questions built into the electronic medical record, often 

based on AAP’s Bright Futures (brightfutures.aap.org; Table 12). 

Awareness of Resources and Tools to Support Developmental Surveillance 

A quarter of participants (n = 5, 25.0%) were aware of LTSAE materials and resources 

and 15.0% (n = 3) currently use CDC’s Milestone Tracker as an additional developmental 

surveillance resource for families. Those who currently use CDC’s Milestone Tracker explained 

they occasionally recommend the app to parents and caregivers, mostly informing them that it 

exists or in situations where they have identified some concerns and think the parent or caregiver 

might be reluctant to self-identifying developmental differences. As one participant explained: 

I just keep it on my phone, and then I’ll just show them. I’ll be like “Oh, if you have 

questions or concerns, it’s a good thing.” I include it, usually, in the patient handouts, and 

then just I don’t... I keep them [milestone checklists] up-to-date on my own children. So 

I’ll just show them like, “Oh, this can be really helpful for just going through and seeing 

what they’re doing.” (P10, nurse practitioner) 

Participants noted that parents and caregivers who received information about the app have not 

mentioned it in subsequent appointments and therefore the clinicians were not sure how much 

they used the app. One participant reported that they have shared the app with the fellows they 

work with to increase awareness of developmental milestones among trainees. When asked how 

they learned about the app, participants explained that they came across it while looking for 

resources on the CDC’s website or that they were introduced to it through a state-level early 

identification task force. One additional participant was aware of CDC’s Milestone Tracker but 

explained they had not yet figured out how to integrate the app into their workflow. 

https://www.rx4play.org/
https://brightfutures.aap.org/Pages/default.aspx
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Given that engagement is theorized to be comprised of behavioral, cognitive, and 

affective processes (Cole-Lewis et al., 2019; Kelders, Kip, et al., 2020; Kelders, van Zyl, et al., 

2020; Perski, Blandford, West, et al., 2017; Yardley, Spring, et al., 2016), the results in the 

following sections are organized by each of the three dimensions and include illustrative 

quotations by clinician type. 

Perceptions about Behavioral Engagement 

Behavioral engagement focuses on how individuals use an app. A handful of participants 

used the terms “engage” and “engagement” when describing perceptions about anticipated 

behaviors. Some discussed how parents and caregivers might engage in the intended behavior 

(i.e., engage in developmental surveillance), stating that the app can “engage the parent or 

caregiver” in their child’s health and development. However there was a sentiment that these 

developmental surveillance behaviors were mediated by the clinician, as explained by a nurse 

practitioner, “there has to be some engagement with the provider I think in order for it to work” 

(P16). Others described engagement with features of the app. One participant remarked, “I guess 

really anything that can sort of engage the parent has probably really high value” (P20, 

physician), attributing these benefits to the fact that “apps is where a lot of their [parent and 

caregiver] engagement and learning happens” (P12, physician). 

Participants in this sample also described their perceptions about behaviors related to 

engagement for clinicians’ use, parents and caregivers use, the perceived audience for CDC’s 

Milestone Tracker, and intentions to recommend the app to parents and caregivers. Each is 

described in more detail in the following sections. 

Utility for Clinicians 
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Nearly all participants (n = 19, 95.0%) described how they would use CDC’s Milestone 

Tracker. Participants described hypothetical scenarios about how the app could help provide 

additional information about the patient, serving as a useful talking point to elicit more from the 

parent or caregiver. Several explained that they could potentially integrate data from the app with 

information gained from developmental assessments, observations, and a patient’s medical 

history. They emphasized that if families were to use the app it would save time during the visit: 

It would be great if parents would already come with…already going through this on 

their own before coming in. And it might save me some time too with providing 

education because there’s great deal of the well-check is providing education to parents. 

So they if already have this tool, they have the resources kind of at their hands. (P14, 

physician assistant) 

Additionally, participants discussed the impact the app might have on developmental 

surveillance and screening, sharing ideas of how it could be introduced to patients and their 

families: 

I think again, bringing anything to the family is always helpful, and if it’s something that 

they could do prior to the visit, with an email from our office that says, “Hey, make sure 

you fill this out before your visit,” that definitely eliminates some barriers of filling out 

more paperwork. And if it’s more interactive like that, I think it’s always a hook for a 

family. (P17, physician) 

Participants expanded on how parents and caregivers might use CDC’s Milestone Tracker in the 

following section. 

Utility for Parents and Caregivers 
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All 20 participants discussed their perceptions about how parents and caregivers would 

use CDC’s Milestone Tracker. Participants believed parents and caregivers could use the app as 

a resource to learn about developmental milestones at their convenience, track their child’s 

development, get concrete ideas for activities to help with development, and pay closer attention 

to their child’s development. They explained how the app might help to facilitate parent and 

caregiver-engaged developmental surveillance which would, in turn, prepare families to fill out 

developmental screening forms in clinic, resulting in a more effective and productive visit. Some 

felt the app could empower parents and caregivers by giving them the language they need to 

raise concerns. As a nurse practitioner explained: 

I think it will validate them, right? So, if a [parent] is concerned and then they do this, 

and then this also shows that there’s a concern, I think that just gives weight to the 

parents’ thoughts. “Oh, I thought something was wrong here. Now I really am going to 

speak up about it.” And I think that can be a valuable tool, right? Because I think if a 

provider isn’t prodding about development or really asking some targeted questions about 

development, then a parent might not necessarily bring it up. So, while I can say, “Oh, 

what are your concerns today?” That doesn’t always mean that a parent is going to bring 

it up proactively unless I say, “Is your child talking? Do you have concerns about your 

child’s speech or about how your child is behaving or processing emotion?” If I don’t ask 

this specifically and a parent does have concerns, they don’t always bring it up. So, this is 

another way to potentially help them bring it forward to their provider, and that’s where I 

think it would be most applied. (P01) 

Several participants indicated that the CDC’s Milestone Tracker would be useful for families 

given that phones are how many people get information and are connected to the world as 
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evidenced by statements such as “most people are already on their phone all the time anyways” 

(P19, physician). This suggests there are certain audiences who they deem more likely to use 

CDC’s Milestone Tracker, as described below. 

Perceived Audience 

Without prompting, most participants (n = 17, 85.0%) explained who they believe is the 

intended audience for CDC’s Milestone Tracker, often explicitly describing the characteristics of 

parents and caregivers (e.g., personality traits, demographics, and life circumstances) who would 

or would not use the app (see Table 13 for examples). In general, participants in this sample 

believed there would be low engagement with CDC’s Milestone Tracker among their patient 

population. They thought the app is for digitally savvy parents and caregivers who are interested 

in their child’s development or already have concerns. One participant explained the perceived 

audience as: 

Parents that have the time for it…And I’m not inferring that the parents don’t necessarily 

care. I just think it’s a matter of there are some parents that have the bandwidth that this 

is something that they are concerned about. And I think other parents have bigger 

struggles, and this is not on their radar…Like social life struggles, daycare, employment, 

jobs, financial struggles, transportation. (P20, physician) 

While participants had many positive reactions the app, they were skeptical if the app would be 

appropriate for the families they work with, citing concerns about health literacy, competing 

priorities, and overall less interest in and familiarity with early childhood development and 

developmental milestones.
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Table 13 
 
Examples of Clinician’s Perceptions of the Intended Audience for CDC’s Milestone Tracker 
MT app is for parents and caregivers who: MT app is not for parents and caregivers who: 

• are motivated, engaged, and interested 
in child development 

• are digitally savvy 
• have more time on their hands 
• have fewer competing priorities (i.e., 

more financially stable) 
• are visual learners 
• have concerns about their child’s 

development (i.e., are worried) 
• are unfamiliar with developmental 

milestones 

• are unmotivated or unengaged 
• do not have a smartphone or tablet 
• are struggling financially 
• have limited or unreliable Internet 

access and cellular data plans 
• do not speak English or Spanish 
• have low-literacy skills 
• do not trust the federal government 

Note. MT = CDC’s Milestone Tracker app. 
 

Intentions to Recommend CDC’s Milestone Tracker 

Nearly all participants (n = 17, 85.0%) said they would recommend CDC’s Milestone 

Tracker to the families seen in clinic, particularly those who raise concerns about their child’s 

development. Some participants were hesitant to say they would recommend it outright and 

would need to test the app first themselves or would want to review data about the validity of the 

app before recommending it to parents and caregivers. As noted: 

I’m going to have to download it, review it because I tend to be very watchful of what I 

recommend to parents. But because it’s from the CDC almost certainly the answer would 

be yes, but I still want to play with it a little bit before. (P13, physician) 

A few seemed to understand the power they hold in influencing patient’s behaviors, imagining 

that if someone shared completed checklists they would congratulate and thank the parent or 

caregiver for taking initiative in hopes of encouraging them to continue to use the app. Those 

who said they would not recommend CDC’s Milestone Tracker explained they were concerned 

that no one would use it and would only recommend it if it were required by their clinic. 
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Cognitive Engagement 

Cognitive engagement is presumed to include attention, interest, and immersion in the 

app. Since participants did not have an opportunity to use the app, perception about cognition 

was conceptualized as how clinicians process information and their perceptions about how 

parents and caregivers process information. Participants in this sample described the features that 

caught their attention, concerns about the app, and questions about the app, all of which are 

discussed below. 

Attention and Initial Reactions to CDC’s Milestone Tracker 

Participants were asked to share their initial reactions to CDC’s Milestone Tracker and 

identify specific features that caught their attention. Responses varied, but comments were 

primarily positive about the app and its capabilities. They liked the colors and thought the app 

was visually appealing. Initial reactions most often mentioned the videos of developmental 

milestones embedded in the milestone checklists and the benefits of watching and learning about 

age-appropriate milestones, as one physician explained: 

I think it would prompt parents a little bit more to be like, “oh, he’s not doing this. Or, oh, 

he is doing this.” I think sometimes they’re like, “Yeah, I think they do that.” And I think 

it’s harder, but if they’re actively tracking it at home, then they’re clearly paying a little 

bit more attention to it. (P06) 

There were mixed reactions to the app feature where a user could email or share a child’s 

summary with their clinician. While some said it would be “great,” others felt it would be 

burdensome for clinicians since email does not sync with a patient’s electronic medical record 

(EMR), and some worried about privacy and security related to emails. Even those with secure 
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email said they do not want patients constantly emailing them and would prefer direct integration 

with the EMR. Additional concerns about the app are described in the following section. 

Concerns about CDC’s Milestone Tracker 

Although participants were not asked directly about potential concerns, 85.0% (n = 17) of 

participants expressed some concerns about CDC’s Milestone Tracker. Concerns largely focused 

on logistics, especially related to documentation and integration with current workflows and 

processes, including outdated EMR and software. Limited time to explain the app to patients was 

often mentioned as a potential barrier to use in clinic, with some expressing concerns about how 

self-explanatory the app is and the amount of time it would take to introduce the app, help 

families download, and learn how to use it. Interestingly, two participants described concerns 

related to attrition with health apps, where users often download and forget about an app, 

resulting in non-use. As one participant explained: 

I think some families would use this and follow through and some people would 

download it and then never use it. I think if they’re motivated, they’ll use it, but also, just 

like with any app, if they’re not really concerned or not really interested, then they won’t. 

(P18, physician) 

Participants recommended push notifications to remind users to complete milestone checklists—

a feature that currently exists in the app but was not described in the demonstration during the 

interview—as a strategy to increase engagement with the app. 

Some voiced concerns related to their patient population, explaining there are potential 

access issues since some families do not have data, high-speed Internet, or a compatible device. 

They also worried about parents and caregivers who struggle with literacy and those who have 

limited time and competing priorities and felt they probably would not use the app. One 
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participant felt that the families they work with would not use the app because of mistrust of the 

federal government, stating “They’re going to believe what their grandma says on Facebook 

more than they’re going to believe what the CDC says” (P05, nurse practitioner). More than one 

clinician noted concerns about the lack of diversity in the images of children, parents, and 

caregivers in the app: 

Are there pictures of diverse kids in there?...think it is really important. Especially if you 

click on the Spanish option, not all kids who speak Spanish look the same. But I think 

having images of the kids that I serve I think is always really helpful. (P04, physician) 

Finally, while participants repeatedly mentioned that they believe “smart people at CDC created 

the app,” participants expressed concerns about the validity of CDC’s Milestone Tracker and 

wanted to review the research used to inform app content and research on the effectiveness of the 

app. 

Questions about CDC’s Milestone Tracker 

Fewer participants (n = 9, 45.0%) asked questions about CDC’s Milestone Tracker. 

Questions were primarily about what languages the app is available in, if it could replace 

developmental screening tools such as the ASQ, compatibility with the EMR, and if the app 

would be able to notify the clinician automatically about any red flags of where a patient is 

missing developmental milestones. Some speculated if and how the app could be integrated into 

their workflow and hinted they might ask their medical directors if there are opportunities to 

bring the app to their clinic. 
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Affective Engagement 

Affective engagement includes user satisfaction and enjoyment with the app. Participants 

in this sample described what they liked or did not like about CDC’s Milestone Tracker and 

perceptions of the usability of the app. 

Satisfaction and Enjoyment with CDC’s Milestone Tracker 

Overall, satisfaction and enjoyment with CDC’s Milestone Tracker was high. Participants 

reported that they enjoyed the overall look and feel of CDC’s Milestone Tracker, appreciating 

that the app is available in two languages and that there are options for both visual and auditory 

learners. Many stressed the advantages of an app over paper screening tools and handouts, using 

terms such as “interactive” and “engaging” to describe CDC’s Milestone Tracker. As one 

clinician explained: 

I do like the videos. Because a lot of times I think, some of the questions we ask and 

some of the skills can be a little challenging. So if they could see a video of like, “Oh 

yeah, my kid does that.” Some people aren’t audio learners, maybe [for] visual learners 

seeing a video of a child doing something might jog their memory more so than just 

asking a question about it. (P19, physician) 

They also liked that the app included more updated pictures and examples compared to other 

screening tools that reference “toys from the 1980s” (P06, physician). 

Perceptions of the Usability of CDC’s Milestone Tracker 

Clinicians’ perceptions about usability focused mostly on ease of using the app, 

considering themselves or patients who receive care at other clinics (in different neighborhoods 

of Chicago) who might be more digitally savvy as the end users. Participants noted the app 
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looked user-friendly, readily accessible, and does not require much effort on behalf of the user. 

As one clinician described: 

I think just because it seems to be a more...How do I say it? A more friendly way to bring 

these things up. I do think it’s more user-friendly. A lot of things in medicine are very not 

patient-friendly or user-friendly. This seems to be more like the color scheme is very 

user-friendly, so I can see how this is less scary than a doctor telling you. (P08, 

physician) 

While some clinicians in this study worried about their patient population not having enough 

time to use the app, others speculated that it would be quick for users to complete the checklists 

within the app, especially since so many parents and caregivers spend a lot of time on their 

phones. 

Suggestions to Improve CDC’s Milestone Tracker 

A little more than one third of participants (n = 7) suggested how CDC’s Milestone 

Tracker could be improved. Suggestions primarily centered on incorporating the app into their 

workflow and the EMR to notify the clinician of any areas of concern, however others made 

more specific suggestions. One such suggestion was to use more inclusive language since other 

types of clinicians provide care to young children: 

It says click show doctor to share summary during your child’s doctor visit. A lot of 

pediatric providers now are nurse practitioners or physician assistants, so I think it would 

be really nice if we could change that to show provider or something like that to 

recognize that some people’s primaries aren’t always doctors. (P01, nurse practitioner) 

Addressing clinicians concerns and suggestions for improvement may help to increase uptake of 

CDC’s Milestone Tracker among pediatric clinicians and the families they serve. 
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Discussion 

This study is the first to evaluate CDC’s Milestone Tracker with clinicians at FQHCs, 

who primarily serve people from groups experiencing disadvantages. The ways clinicians 

speculated they and the families they work with would use CDC’s Milestone Tracker highlights 

the potential utility and benefits of the app. For example, several participants noted that the app 

would provide visual examples of the written questions asked on developmental screening tools, 

which can be difficult for parents and caregivers to answer in clinic. They also believed the app 

would give parents and caregivers necessary language to talk about concerns and empower them 

to raise those concerns with their clinician, a deep-rooted barrier to early identification of 

developmental delays and disabilities (Scherr et al., 2020). 

This is also the only study known to explore perceptions about app engagement from the 

perspective of clinicians, a secondary audience of the app. By eliciting feedback on CDC’s 

Milestone Tracker, it is evident that the way clinicians conceptualize app engagement aligns with 

the definitions posited by Cole-Lewis et al (2019) and others. Many participants comments were 

related to behavioral engagement with the technology when describing perceptions about 

behaviors, concerns, and satisfaction with app features. Others described the potential for 

engagement with the behavior change components of the app when describing the potential for 

the app to encourage parent and caregiver-engaged developmental surveillance to assess child 

development. A few clinicians in this sample also keyed into the reason why there is increased 

interest in studying DBCI engagement when they voiced concerns about high attrition of health 

apps, where users download and forget about an app thus resulting in non-use (and limited 

effects and behavior change). Clinicians in this study recognized the same challenges that 

behavioral scientists and researchers from the computing community grapple with, which further 
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confirms that engagement is an important concept that is of interest to a variety of audiences. 

This critical issue could be addressed by determining which factors help to facilitate engagement. 

One such idea was raised by a clinician in this study who suggested reminders and push 

notifications as a way to increase engagement with the app. While this is already a feature of 

CDC’s Milestone Tracker, push notifications are an example of the BCT ‘prompts and cues’ and 

have been demonstrated to be effective at increasing medical adherence and intervention uptake 

among parents (Sardi et al., 2020) and should be revisited for CDC’s Milestone Tracker. 

All 20 pediatric clinicians in this sample reported performing developmental surveillance 

and screening during routine well-child visits with toddlers, which is considerably higher 

compared with the national average (63%; Lipkin, Macias, Baer Chen, et al., 2020). As 

previously mentioned, other studies have found that clinicians overestimate how often they 

discuss screening with families (Bright et al., 2019). Consistent with previous literature (Bright 

et al., 2019; Gerndt & Mitchell, Forthcoming 2022), findings from this study indicate that 

additional tools to facilitate developmental surveillance (and support more efficient 

developmental screening) are both needed and desired. The CDC’s Milestone Tracker app could 

help to fill the gap, but more research is needed to understand optimal integration into existing 

workflows. 

Currently, healthcare providers represent about 2.0% (n = 5,983/292,518) of all CDC’s 

Milestone Tracker users, however it should be noted that the CDC only started collecting self-

report user profile information in the updated version of the app released March 2021. As 

evidenced by the relatively small number of clinicians familiar with LTSAE and/or using CDC’s 

Milestone Tracker, there is a need to increase awareness. Outreach efforts to clinicians should 

focus on the benefits of the app to enhance developmental surveillance and how it 
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complements—not replaces—formal developmental screening. Importantly, when 

communicating with clinicians it is necessary to share information on app development and 

evidence related to outcomes to generate clinician buy-in. For example, emphasizing that CDC 

applied plain language principles to develop the milestones (Zubler et al., 2022) may help to ease 

clinician’s concerns. Further, given that other studies have identified a relationship between 

clinicians as the referral source and app uptake and engagement (O’Connor et al., 2016; Taki et 

al., 2017), it is important to examine this potential causal link between clinician 

recommendations and engagement with DBCI. While some clinicians in this sample recognized 

the influence they have on intervention uptake, an explicit reminder about the influence of their 

endorsement on adoption and use might be helpful. 

A benefit of DBCI is that they mimic the experience of interpersonal communication for 

the user, however, participants in this study echoed what others have noted as a potential 

limitation of DBCI—that they may be most useful for younger users with higher levels of 

educational attainment, and those who are already in the “action stage” of behavior change 

(Carroll et al., 2017; Kontos et al., 2014; Krebs & Duncan, 2015). The pediatric clinicians in this 

study thought CDC’s Milestone Tracker was a good idea, but not necessarily for the families 

they work with, even going as far as pathologizing parents and caregivers with lower incomes 

and lower literacy levels who receive care at FQHCs. Some of the descriptions about perceived 

users of the app demonstrated biases about who “cares” about child development. Clinicians 

seem to be making assumptions about parent and caregiver’s interest and motivation to attend to 

their children’s development. Counter to clinician’s biases and beliefs that parents and caregivers 

with lower incomes are not interested in child development, results from a study conducted to 

integrate LTSAE developmental monitoring checklists (i.e., the paper versions of the milestone 
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checklists in CDC’s Milestone Tracker) in WIC)—which serve a similar population as FQHCs—

demonstrated that overwhelmingly, families were willing to complete checklists (Farmer et al., 

2022). Only 20% of WIC staff reported lack of interest from families as a barrier to integration. 

Further, 95% of WIC staff reported that the checklists were easy for families to understand 

(Farmer et al., 2022), and the content in the app was written at or below a 7th grade reading level 

(Zubler et al., 2022), refuting another concern voiced by the pediatric clinicians in the current 

study. Nonetheless, this raises an important design question about how the app (and other 

behavior change apps like the CDC’s Milestone Tracker) can be redesigned for users with lower 

incomes and lower literacy levels. 

The emphasis on time as a potential benefit of the app but also as a barrier to use was 

particularly noticeable in clinician’s discussion about perceptions regarding engagement with 

CDC’s Milestone Tracker. Participants in this sample mentioned that the app could save time 

during well-child visits but also expressed concerns about it potentially requiring additional time 

(that they do not have) to introduce and explain it to parents and caregivers. This finding echoes 

other research that has identified lack of time as a major barrier to use. For example, Thies et al 

(2017) found that asking patients to download an app while in clinic was challenging and 

burdensome for clinic staff and patients alike, and did not integrate into existing workflows. 

Some also stated that due to competing priorities, they believed the families they work with 

would not have time to complete the milestone checklists within CDC’s Milestone Tracker. 

Other studies have demonstrated that parents and caregivers from lower income communities do 

not complete DBCI when they struggle to balance their caregiver responsibilities (Brager et al., 

2019). Relevantly, recent research demonstrates that within WIC settings, the paper-based 

milestone checklists are easy to use, easy to integrate into workflow, and took less than five 
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minutes to complete (Farmer et al., 2022), which is promising for FQHCs. To integrate CDC’s 

Milestone Tracker in FQHCs, it might be useful to consider principles from Implementation 

Science—a field dedicated to identifying methods to translate research into practice and promote 

successful uptake of evidence-based and empirically-supported interventions (Bauer et al., 2015; 

Koh et al., 2018). Proctor et al (2011) suggest a focus on eight specific outcomes including 

acceptability, adoption, appropriateness, feasibility, fidelity, implementation cost, penetration, 

and sustainability. Examining each of these within the context of integrating CDC’s Milestone 

Tracker in FQHCs might help to improve developmental surveillance and screening among 

young children from families experiencing social and economic disadvantages. 

Future Directions 

This study demonstrated that pediatric clinicians at FQHCs expect low engagement with 

CDC’s Milestone Tracker among families but hypothesize that it would likely improve 

developmental surveillance and screening in clinic, and therefore it has utility and could be 

helpful. Yet much more research is needed to understand the underlying mechanisms influencing 

engagement with behavior change apps, particularly among secondary audiences such as 

clinicians, who often serve as gatekeepers and trusted sources of information for patients. It is 

important to explore the relationship between behaviors (e.g., perceptions about use and intended 

audiences), psychosocial processes (e.g., cognition and affect) and referrals or recommendations 

for behavior change apps. Additionally, research to assess the outcomes and impact of clinician 

referrals on user engagement with behavior change apps are necessary. 



 147 
Implications for Dissertation Research 

Findings from this study build on conclusions from the first study described in Chapter 2 

(Aim 1) and the second study described in Chapter 3 (Aim 2). Connections to each article are 

described below in more detail. 

Chapter 2: Assessing Engagement with Digital Behavior Change Interventions for Groups 

Experiencing Disadvantages: A Systematic Review 

The study design and concepts investigated in the interview guide for the current study 

were informed by findings from the systematic review presented in Chapter 2. Additionally, the 

coding scheme used to analyze the interviews with pediatric clinicians was based on gaps 

identified in the existing literature on behavior change app engagement for groups experiencing 

disadvantages, which failed to produce multiple articles that conceptualized, operationalized, and 

assessed engagement as multidimensional. While the interaction between behavioral and 

psychosocial (e.g., cognitive and affective) processes was not the focus of this research, a 

strength is that all three constructs were embedded and assessed throughout the design and 

analysis of the study. 

Chapter 3: Exploring Parent and Caregiver Engagement with CDC’s Milestone Tracker App 

Several concepts explored in this chapter were also examined via the parent and caregiver 

surveys reported in Chapter 3. Items to assess awareness of LTSAE were asked of pediatric 

clinicians as described in this chapter and of parents and caregivers on the surveys discussed in 

Chapter 3. Across the two studies, 51.1% (n = 47/92) were aware of LTSAE materials and 

resources. Initial reactions to the CDC’s Milestone Tracker app were evaluated via the surveys 

with parents and caregivers and the interviews with pediatric clinicians. Videos, images, and 

colors were most frequently noted as features that caught the attention of participants across the 
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two studies. The question about whether or not participants would recommend CDC’s Milestone 

Tracker to parents and caregivers was asked on surveys with parents and caregivers and of 

pediatric clinicians during the interviews described in this chapter. Of the 92 participants across 

the two studies, 94.6% (n = 87/92) indicated they would recommend CDC’s Milestone Tracker 

to other parents and caregivers, suggesting high overall satisfaction with the app among 

participants. 

Some of the concerns expressed by clinicians this study differed from the findings from 

the surveys with parents and caregivers. For example, while clinicians thought parents and 

caregivers might be too busy to use CDC’s Milestone Tracker, respondents in the study reported 

in Chapter 3 did not mention time as a perceived barrier to use. This divergence may be the 

result of the differences in populations, where the sample of parents and caregivers was more 

affluent and had high educational attainment as compared to the patients who receive care at 

FQHCs (a point revisited in Chapter 5), further underscoring that research about behavior change 

apps needs to be more inclusive of diverse populations. 

Study Limitations 

This study had some limitations. Given safety measures resulting from the COVID-19 

pandemic, all interviews were conducted remotely. Participants did not have an opportunity to 

use CDC’s Milestone Tracker, and therefore their responses are limited to what they were 

exposed to in the demonstration during the interview (as selected by the researcher) rather than 

self-exploration of the app. With the exception of the few clinicians who already use CDC’s 

Milestone Tracker with patients, the results focused on clinicians perceptions as opposed to their 

experiences with the app. This study explored engagement from clinician’s perspectives and is 

missing the perspectives of families who receive care at FQHCs. Future research should examine 
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engagement with CDC’s Milestone Tracker with a sample of parents and caregivers who receive 

care at FQHCs to compare findings. There is likely participation bias given that all 20 clinicians 

who expressed interest in the study completed an interview. Participants in this sample might be 

more likely to adhere to AAP guidelines for developmental surveillance and screening, and 

consequently were motivated to share their experiences, indicated by their enthusiasm to 

participate in an interview about how they perform developmental surveillance and screening. 

This sample was also mostly non-Latinx White and women. It is unclear what other themes 

would have emerged from a more diverse sample of clinicians. Consequently, more research 

with clinicians who do not self-identify as non-Latinx White (specifically Asian, Black, Latinx, 

and Native American or Alaskan Native clinicians) is warranted. 

Conclusions 

This chapter examined perceptions regarding engagement with CDC’s Milestone Tracker 

from the perspective of pediatric clinicians at FQHCs (Aim 3). Findings indicate that while 

pediatric clinicians hold positive perceptions about the app, they believe adoption and 

engagement would be low among families who receive care at FQHCs. Despite expectations 

about low engagement and use, most clinicians in this study indicated they would recommend 

the app to parents and caregivers, and described potential utility and benefits of the app. More 

work is needed to address identified concerns and increase awareness about CDC’s Milestone 

Tracker as a tool to support early identification of developmental delays and disabilities, 

particularly among families with lower incomes and those who care for them. Findings from this 

study are revisited and summarized in the context of this broader dissertation project in Chapter 

5 of this dissertation. 
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Chapter 5 

 

Discussion, Future Directions, and Conclusion 

 

Dissertation Research Summary 

In recent years, there has been a proliferation of health interventions disseminated using 

digital technologies. DBCI—with wide reach and tailored content specific to audiences—have 

potential to improve health outcomes. Responding to calls for more inclusive engagement 

research, I set out to answer the following guiding research question: How to better measure 

engagement with behavior change apps for groups experiencing disadvantages? Using a three 

article model approach and drawing on models of engagement that center engagement as a 

multidimensional phenomenon inclusive of behavioral, cognitive, and affective processes, this 

dissertation consisted of three studies: (1) a systematic review of the literature (N = 21 articles 

included) to identify existing conceptual definitions, measures, and methods to measure 

engagement with behavior change apps for groups experiencing disadvantages (Aim 1), (2) 

baseline and one-month follow-up surveys and app usage data to understand parent and caregiver 

(N = 72) engagement with the CDC’s Milestone Tracker app (Aim 2), and (3) interviews to 

explore perceptions of engagement with CDC’s Milestone Tracker app from the perspective of 

pediatric clinicians at FQHCs (N = 20; Aim 3).  

In answering the first six research questions posed in Chapter 1, the three studies 

described in the aforementioned chapters attempted to fill a gap in our understanding of 



 151 
engagement specific to behavior change apps for groups experiencing disadvantages and inform 

the potential methods and measures that could be used to measures engagement with behavior 

change apps. The primary contributions of this work are theoretical (or conceptual). Theoretical 

contributions include an improved conceptual definition of engagement as (1) multidimensional, 

where the dimension of behavioral engagement encompasses both engagement with the 

technology and the health behavior, and (2) temporal, which ebbs and flows depending on the 

needs of the user and the health behaviors the app is intended to change. Further, theoretical 

contributions of this research illuminate how and why parents and caregivers from groups 

experiencing disadvantages engage with and use a behavior change app (the CDC’s Milestone 

Tracker), which can help to inform app design to improve the quality of app engagement. 

Secondary contributions of this work are empirical and methodological. Empirical 

contributions include a synthesis of measures and methods used to measure engagement with 

behavior change apps for groups experiencing disadvantages that emerged from the systematic 

review, which help us understand the different contexts to use these engagement methods and 

measures. Importantly, another empirical contribution is the fact that each of these three studies 

on engagement centered people from groups experiencing disadvantages. Additionally, the 

studies described in Chapters 3 and 4 add to the few evaluations of the CDC’s Milestone Tracker 

app as the first research to evaluate engagement with the app. Finally, a methodological 

contribution of this research is the development of a new behavior change app engagement scale, 

which while not validated, is a step toward improved measures to evaluate engagement with 

behavior change apps. 

Given the importance and pervasiveness of DBCI and behavior change apps, it is 

essential to evaluate their effectiveness to understand if they create change and improve health 
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and well-being. The alarming disparities that exist and overall poor rates of early identification 

of developmental delays and disabilities in young children affirm the necessity of tools like 

CDC’s Milestone Tracker app that support developmental surveillance using BCTs with known 

MoAs. Yet limited evaluations of CDC’s Milestone Tracker have been conducted to date, and it 

is unknown how and why families from groups experiencing disadvantages engage with the app. 

As such, a secondary goal of this study was to evaluate the CDC’s Milestone Tracker app. 

Parents and caregivers and pediatric clinicians all responded favorably to CDC’s Milestone 

Tracker app, with 95% reporting that they would recommend the app to others. 

The final research question posed in Chapter 1 was what methods or measures should be 

used to evaluate engagement with the CDC’s Milestone Tracker app? To answer this question, I 

used a working definition of engagement as multidimensional (discussed further in detail below) 

to create a data integration matrix (organized with the dimensions of engagement along the y-

axis and each of the three dissertation studies along the x-axis) that was populated with results 

from this dissertation. For quantitative findings, a threshold of at least 25% of articles, 

respondents, or participants and survey items with Likert scale response options that had an 

average rating of 3.5 or higher were used for inclusion in the matrix. Key qualitative findings 

were included as they were inherently the most prevalent themes identified in the data. Based on 

the data integration matrix, I selected measures that could be used to evaluate engagement with 

CDC’s Milestone Tracker (Table 14). Using a combination of system usage data (objective 

measurement) and an in-app survey (subjective measurement), behavioral engagement with 

CDC’s Milestone Tracker can be measured by assessing (1) how users use the app (engagement 

with the technology) and (2) what the outcomes of using the app are (engagement with the health 

behavior). Cognitive engagement with the app can be measured by assessing attention
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Table 14 
 
Proposed Measures and Methods to Evaluate Engagement with CDC’s Milestone Tracker App 
Engagement 
Dimension Measures (Example Survey Items) Method 
Behavioral 
engagement 
(interaction 

with the 
technology 

and the 
health 

behavior) 

• Child profiles created 
• Type and number of age-appropriate milestone checklists completed 
• Milestone checklists return rate (return to complete subsequent milestone checklists calculated as the 

proportion of checklists completed divided by checklists available) 
• Checklists updated if selected “No” or “Not yet” for a child who is initially missing a milestone 
• Use/interact with other non-checklist app features (e.g., tips and activities) 
• Notification response rate (calculated as the proportion of notifications opened divided by notifications 

sent) 

System 
usage data a 

• Perceived ease of use (e.g., “The app is easy to use.”) 
• Behavioral antecedents (e.g., “I plan to use this app to track my child’s development in the future.” and 

“I would use this app to share concerns about my child’s development with my doctor or healthcare 
provider.”) 

• Behavioral outcomes: Act early if concerns about a child’s development are identified (e.g., “Who did 
you share your child’s milestone summary with?”, “Did CDC’s Milestone Tracker app help you 
identify any possible concerns related to your child’s development?” and “Who did you share these 
possible concerns with?”) 

In-app 
survey b 

Cognitive 
engagement 

• Use/interact with other non-checklist app features (e.g., number of videos within milestone checklists 
watched) 

System 
usage data a 

• Attention (e.g., “What is the most interesting part of the app?”) 
• Trust in the app (e.g., “I trust this app to help me track my child’s development.” and “I trust this app to 

provide accurate information about what milestones my child should be reaching for their age”) 

In-app 
survey b 

Affective 
engagement 

• Satisfaction and enjoyment (e.g., “I like using this app to track my child’s development.” and “What 
features of the app do you like most?”) 

• Relatability and identity (e.g., “This app was designed for someone like me.”) 
• Recommendation (e.g., “Would you recommend this app to friends and family?”) 

In-app 
survey b 

Note. Survey items are examples and not necessarily comprehensive. 
a Measures objective engagement. b Measures subjective engagement. 
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and trust in the app to help accomplish the goal of learning about and tracking child 

development. Affective engagement can be measured by evaluating satisfaction and enjoyment, 

relatability/identity, and recommendation. If system usage data were to become available at the 

individual user level, then adding elements of the objective measures may help to strengthen the 

behavior change app engagement scale (described and developed in Chapter 3) as a tool to 

measure engagement with CDC’s Milestone Tracker app. Developers and evaluators of apps 

with similar app features and BCTs that allow for periods of app engagement, disengagement, 

and re-engagement, could adapt these measures to evaluate engagement with other behavior 

change apps. 

Theoretical Implications 

Based on the systematic review (Chapter 2), surveys with parents and caregivers (Chapter 

3), and interviews with pediatric clinicians (Chapter 4), the conceptual definition of engagement 

with behavior change apps that emerged from this work is as follows: engagement is a 

multidimensional process—consisting of behavioral (e.g., health behaviors and app use and 

interaction with app features), cognitive (e.g., attention, trust), and affective (e.g., satisfaction, 

enjoyment, and relatability/identity) factors—which fluctuates based on the needs of the user and 

the health behavior(s) the app is designed to change. This conceptual definition of engagement 

expands the conceptualizations offered by Kelders et al (2020), Perski et al (2017), and others by 

adopting Cole-Lewis et al’s (2019) theory that behavioral engagement is multifaceted, comprised 

of both engagement with the behavior change components of the app and engagement with the 

features designed to encourage use.  

In conceptualizing engagement as permutable, this conceptual definition recognizes the 

different stages or phases of engagement (O’Brien & Toms, 2008) that users move between 
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when using behavior change apps, which are dependent on their needs and the purpose of the app 

(a finding that emerged from the surveys with parents and caregivers). Using CDC’s Milestone 

Tracker app as an example, engagement may be ephemeral, with spurts of high levels of 

engagement during infancy (where there are more milestone checklists available) and when a 

well-child visit approaches. As long as users download the app (point of engagement or initial 

engagement), create a child profile and complete the age-appropriate milestone checklists (stay 

engaged), return to the app to complete future checklists when available (re-engagement), know 

what to do if they have concerns, are empowered to act early if concerns are identified, 

continuous app engagement is not necessary for the app to be effective. Periods of 

disengagement can be expected, whereas apps for tracking sleep or exercise may require a user 

to stay engaged to produce desired outcomes. 

As such, engagement evaluation of behavior change apps must take all three dimensions 

into account. This requires measuring both objective and subjective engagement, as suggested by 

Graham et al (2021) and others. This can be accomplished by using methods such as system 

usage data to capture objective measures of behavioral engagement combined with surveys or 

questionnaires to capture subjective measures of the behavioral and psychosocial aspects of 

engagement. The frequency with which to collect these data was not a finding that emerged from 

this study but should be studied further to identify ideal timing to gather data to assess 

engagement. Additionally, while there may be a potential interaction between the three 

dimensions of engagement, examining this interaction was outside of the scope of this 

dissertation project but should be explored in future studies. 

Moreover, this dissertation centered populations often excluded from app development 

and evaluation research. In accordance with the ConNECT framework (Alcaraz et al., 2017)— 
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which provides valuable guiding principles to help researchers ensure health equity is at the core 

of intervention design and evaluation and not an afterthought—the studies described in this 

dissertation approached engagement research from the perspective of groups experiencing 

disadvantages (and those who work with them). It is possible that different populations exhibit 

different patterns of engagement (Kelders, Kip, et al., 2020), but a finding from this dissertation 

is that engagement must be conceptualized as both multidimensional and temporal. The weight 

of the three dimensions may differ by population, but additional research is needed to explore 

engagement dimensions and the individual constructs that constitute each dimension among 

different populations. The culmination of this research helps to consolidate our understanding of 

engagement and guide future intervention and evaluation design to develop behavior change 

apps that are engaging for all. 

Societal and Practical Implications 

Findings from this applied research project have immediate real-world impact. Findings 

may have implications for not only improving existing interventions, but also for informing 

future efforts by offering an analysis of factors that influence engagement from the perspectives 

of populations often excluded from the intervention development and evaluation process. The 

conceptual definition used in this research can be modified and used by others, which could help 

to normalize the inclusion of conceptual definitions when reporting on engagement with 

behavior change apps. Similarly, measures used to evaluate engagement must be reported to 

improve replicability and comparability across studies. This research did not attempt to create a 

single measurement framework to be applied to all types of DBCI platforms or behavior change 

apps for groups experiencing disadvantages. Given that users engage with various forms of 

technology in different ways, that platforms produce channel-specific metrics, and require 
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different levels of engagement to facilitate behavior change, it is unrealistic to develop a set of 

measures that can be used across platforms (Saunders, 2015). Nonetheless, understanding the 

behavioral, cognitive, and affective factors influencing engagement for one platform may 

provide insight to how users will engage with other behavior change apps. Conclusions drawn 

from the evaluation studies described in Chapters 3 and 4 will also be presented to the LTSAE 

team at CDC to inform the development of an in-app survey to evaluate CDC’s Milestone 

Tracker app and other updates to the app. Ultimately, those designing behavior change apps for 

groups experiencing disadvantages should be able to use my work to inform evaluation practices 

to improve interventions and positively impact health outcomes. 

Limitations 

While individual study limitations are discussed within each chapter, there were some 

collective limitations of this dissertation. The intention was to include a sample of parents and 

caregivers from groups experiencing disadvantages that was at socioeconomically diverse and 

least somewhat comparable to the patients served by the pediatric clinicians at FQHCs. Instead, 

the parents and caregivers who participated in the surveys held high educational attainment, 

higher incomes, and had private health insurance whereas the pediatric clinicians primarily serve 

families who are insured by Medicaid. Although falling under the umbrella category of groups 

experiencing disadvantages, it is possible that these two groups of parents and caregivers use and 

engage with CDC’s Milestone Tracker app in different ways, which limits the ability to draw 

comparisons between clinicians perceptions and parents and caregiver’s perceptions and 

experiences. 

The inability to evaluate individual user level app usage data was a major setback. Given 

that 81% of articles included in the systematic review used objective data to measure 
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engagement, it would have been preferable to explore engagement using a combination of 

objective and subjective data. Further, the LTSAE team noted several limitations to the quality 

and reliability of the CDC’s Milestone Tracker app usage data, including missing data resulting 

from app updates and issues related to app functionality. In February 2022, the CDC released 

updated developmental milestones to assign milestones most (at least 75%) of children would 

reach in an attempt to reduce the “wait and see” approach to taking action on missed milestones 

(Zubler et al., 2022). Accordingly, CDC’s Milestone Tracker app was also updated to include 

new milestone checklists for 15 and 30 months, remove some milestones, recategorize others, 

and revise other app features (including tips and activities and adding open-ended questions to 

help facilitate conversations between parents and caregivers, clinicians, and others). While the 

surveys described in Chapter 3 were implemented prior to this update, some of the findings may 

be moot after the app updates. 

Future Research Directions 

This initial exploration of engagement with behavior change apps for groups 

experiencing disadvantages should be viewed as a starting point. Much more research is needed 

to fully understand how to evaluate engagement with behavior change apps. While scale 

validation is outside the scope of this dissertation study, future research should evaluate the 

internal consistency of the engagement measurement framework developed as part of this 

dissertation. Additionally, similar to Perski et al (2019) and Kelders, Kip, et al (2020), it will be 

necessary to evaluate the content, construct, criterion and predictive validity of the engagement 

framework with CDC’s Milestone Tracker app users. It would also be beneficial to validate this 

framework with other priority audiences of the app and to test the engagement framework with 

non-priority audiences. Finally, this dissertation was never intended to explore the relationship 
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between engagement and behavioral outcomes, but this would be an important next step to 

understand how engagement with behavior change apps helps to facilitate behavior change, 

improve health outcomes, and reduce health disparities. 
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Appendices 

Appendix A 

Example Search Strategy: Embase 

1. mobile:ab,ti 

2. 'mobile application':ab,ti 

3. 'mobile app':ab,ti 

4. 'smartphone application':ab,ti 

5. 'smartphone app':ab,ti 

6. 'mobile application'/exp 

7. 'smartphone application'/exp 

8. 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 

9. 'health'/exp 

10. health:ti,ab 

11. 9 OR 10 

12. intervention:ti,ab 

13. 'engagement'/exp 

14. interactive:ti,ab 

15. 13 OR 14 

16. diverse:ti,ab 

17. disadvantaged:ti,ab 

18. marginalized:ti,ab 

19. 'vulnerable population'/exp 

20. underserved:ti,ab 

21. 'social status'/exp 

22. 'economically disadvantaged':ti,ab 

23. 'economically vulnerable':ti,ab 

24. 'socioeconomic status':ti,ab 

25. 'socio-economic status':ti,ab 

26. 16 OR 17 OR 18 OR 19 OR 20 OR 21 OR 22 OR 23 OR 24 OR 25 
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27. 'social media'/exp 

28. 'facebook'/exp 

29. 'twitter'/exp 

30. 'instagram'/exp 

31. snapchat:ti,ab 

32. 'whatsapp'/exp 

33. 'text message'/exp 

34. groupme:ti,ab 

35. 27 OR 28 OR 29 OR 30 OR 31 OR 32 OR 33 OR 34 

36. 8 AND 11 AND 12 AND 15 AND 26 NOT 35 
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Appendix B 

Recruitment Materials 

This appendix includes the recruitment materials used to recruit parents and caregivers of 

young children to complete the two surveys (as reported in Chapter 3). The introductory 

recruitment blurb for email and social media and recruitment flyer are below. 

 

Research Survey Opportunity (up to $50 gift card) for Parents and Caregivers of Young 

Children: 

The Health Communication Interaction Design Lab at Northwestern University is looking for 

families with young children (ages 0-5) to share their opinions and experiences with children’s 

health mobile apps. The study includes 2 online surveys which will take no more than 25 

minutes each to complete. You will receive a $25 gift card for completing each survey ($50 

total). To participate in this study and complete the online survey, please click this link: 

https://bit.ly/kidsappsurvey. If you have any questions about this study, please email 

hcid@northwestern.edu. 

https://bit.ly/kidsappsurvey
https://bit.ly/kidsappsurvey
mailto:hcid@northwestern.edu
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Appendix C 

Detecting Fraudulent Responses 

A combination of strategies to dissuade fraud used successfully in other online surveys (Ballard et al., 2019; Pratt-Chapman et 

al., 2021; Storozuk et al., 2020) were built into the survey prior to launch. Fraud detection strategies are outlined in Table C1 and 

included system-generated tactics (e.g., selecting the fraud deterrent options in Qualtrics built into the survey design) and user-

generated tactics (i.e., required participants to enter pairs of items that could be compared for consistency). A fraud detection protocol 

was created and the survey was continuously monitored for signs of unusual responses indicating fraudulent responses. Embedded in 

the study compensation protocol (Figure C1), the fraud detection checklist (Table C2) was completed in real-time for every eligible 

survey response. Responses received points and were categorized as “no fraud,” “low fraud,” or “high fraud,” where both low and 

high indicated suspected fraud. Those identified as suspicious received emails (Figure C2) that their responses did not pass quality 

checks. Responses flagged as low fraud received the low fraud email and responses flagged as high fraud received the high fraud 

email, which differed in tone, the amount of information provided, and contact information to confirm their response. Respondents 

who replied and confirmed personal information to validate their survey were included in the dataset and received the incentive. 

Respondents who did not respond were considered fraudulent (invalid) and did not receive the incentive. Despite these efforts to 

prevent survey fraud, two different versions of the baseline survey were still attacked by bots, however both were caught early due to 

continuous monitoring. 210 
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Table C1 
 
Strategies to Deter Fraud 

System-Generated User-Generated 
1. Included language in the consent informing 

potential participants that duplicate responses would 
forfeit compensation: “You can only take this 
survey one time. If you take this survey more than 
one time you will not receive any incentive.” 

2. Included language in the consent informing 
potential participants that the investigators reserve 
the right to confirm eligibility: “Our study team 
reserves the right to confirm eligibility by email, 
telephone, or text.” 

3. Added Completely Automated Public Turing test to 
tell Computers and Humans Apart (CAPTCHA) 
question 

4. Selected “prevent ballot box stuffing” option in 
Qualtrics 

5. Selected “prevent indexing” option in Qualtrics 
6. Added time stamps, calculate total duration as 

embedded data items 
7. Collected geolocation to compare with response to 

state or territory question (within-subjects 
comparison) 

8. Collected IP address (between-subjects comparison) 
9. Collected contact information at the end of the 

survey to make the process to receive the incentive 
more time consuming 

10. Required eligible participants to confirm their understanding 
that fraudulent responses would not be compensated 

11. Required eligible participants to retype a word: “By entering 
“Yes” below and continuing this survey, you are 
acknowledging that responses from ineligible respondents or 
those who respond multiple times will not receive the 
incentive. Please type “Yes” in the box below.” 

12. Required respondents to select their state or territory to 
compare with geolocation (within-subjects comparison) 

13. Collected personal information e.g., name and email address 
(both within-subjects and between-subjects comparison) 

14. Included question asking how the respondent heard about the 
survey: “How did you hear about this study?” 

Note. Fraud deterrent strategies adapted from Ballard et al., 2019; Pratt-Chapman et al., 2021; Storozuk et al., 2020. Some strategies were used in tandem to 
detect fraudulent responses and invalidate responses. 211 
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Figure C1 

Compensation Protocol for Surveys with Parents and Caregivers 

Compensation Checklist 

1. For completed and eligible responses, enter the following into the tracker [variable name in brackets] 
a. ResponseID [ResponseId] 
b. Name [name] 
c. Email [email] 
d. Phone [phone] 
e. Date baseline complete [RecordedDate] 

2. Complete fraud detection checklist 
a. If 3 or more points, categorize as HIGH fraud 
b. If less 1-2 points, categorize as LOW fraud 
c. If 0 points, categorize as NO fraud 

3. Update tracker with date fraud checklist complete and fraud type (HIGH, LOW, or NO) 
4. Update tracker for estimated date to send follow-up 
5. For LOW fraud 

a. Check phone numbers using whitepages.com to see if invalid phone number or business. If invalid or business phone 
number, add 1 point for possible fraud 

6. After survey closes, compare name, email, address, phone, age variables. If 2 personal information items match, add 1 point 
for possible fraud 

7. For LOW fraud send LOW fraud email 
a. If participant calls, confirm personal information (name, age, number of and/or ages of children, or email address) to 

validate their survey. If personal information is confirmed, then include response in dataset and process compensation 
b. If participant does not respond, survey should be considered fraudulent (invalid) and they will not receive 

compensation 
8. For HIGH fraud send HIGH fraud email 

212 
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a. If participant responds, ask them to call (404) XXX-XXXX and confirm personal information (name, age, number of 

and/or ages of children, or email address) to validate their survey. If personal information is confirmed, then include 
response in dataset and process compensation 

b. If participant does not respond, survey should be considered fraudulent (invalid) and they will not receive 
compensation 

9. If emails bounce back for either HIGH fraud or LOW fraud, send text message (using Google number) 
10. Update tracker with validity (Valid or Invalid) 
11. If valid (= NO fraud or those who confirm personal information), order Visa egift card 
12. Update tracker with date baseline gift card sent 
13. Update Family Survey Compensation Orders sheet with date, order number, number of gift cards, and amount 
14. Send baseline survey thank you email to respondents 
15. Generate personalized link in Qualtrics 
16. Send follow-up survey invitation email with personalized link 
17. Once follow-up survey sent, update tracker with date follow-up link sent 
18. Send reminder email if follow-up survey not completed by 1 week after invite sent, update tracker 
19. Once follow-up survey complete, update tracker with date follow-up complete 
20. Repeat process to order Visa egift card and update tracker  
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Table C2 

Fraud Detection Checklist 
 Criteria 0 point 1 points 

1 If flagged as bot by Qualtrics, 1 point   

2 If survey duration less than 5 minutes, 1 point   

3 If entered anything other than “Yes” on fraudcheck, 1 point   

4 If response to referral implausible, 1 point   

5 If geolocation (IP address) and state selected are different, 1 point   

6 If email address is suspicious (e.g., alternating letters and numbers a12bcd34e@email.com), 1 point   

7 If email address contains name and is different from name entered, 1 point   

8 If responses to children_age not entered in order (e.g., 1 child entered for Child 4), 1 point   

9 If responses to open-ended Heat Map questions are exactly the same, 1 point   

10 If responses to matrix items exactly the same (straight-line), 1 point   

11 If odd responses to open-ended items, 1 point   

12 If missing data on more than 35% of survey questions, categorize as HIGH fraud   

 TOTAL  
 
0 points = NO fraud 
1-2 points = LOW fraud 
3+ points = HIGH fraud 
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Figure C2 

Email and Text Templates for Possible Fraud 

HIGH Fraud Email 

SUBJECT: Health Study Follow-up 
 
Hello,  
 
You recently completed a survey for a health study online. However, we detected that your survey entry was fraudulent. If you think 
this is a mistake, please contact us at xxxx@northwestern.edu 
 
Thank you, 
Health Communication Interaction Design Lab 
 
 
LOW Fraud Email 

SUBJECT: Health Study Follow-up 
 
Hello,  
 
Thank you for completing the children’s health app study online survey. We have been experiencing fraud in the study and your 
survey entry did not pass a quality check. We sincerely apologize for the inconvenience if this was an error. Please contact us by 
calling incentive.  $25XXXX to confirm that you did indeed complete a survey and we will send your -) XXX404(  
 
Thank you, 
Health Communication Interaction Design Lab 
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Appendix D 

Baseline Survey Instrument
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Appendix E 

Follow-up Survey Instrument 
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Appendix F 

 

Note. In addition to the 13 designated heat map regions, the Qualtrics survey platform also captured “other” as any 
click or touch outside of the 13 pre-specified areas. 
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Appendix G 

Comparison of Survey Items to Other Engagement Scales and Items 

Table G1 
 
Comparison of Short Measures of Engagement to Survey Items 
Short Measure of Engagement a Survey Item b 
How much did you like the app? I like using this app to track my child’s 

development. c 
How engaging was the app? How engaging is the CDC’s Milestone 

Tracker app? d 
Note. Short measures of engagement developed by Perki et al (2019a) and Perski et al (2019b).  
a Items asked on 7-point scale ranging from 1 (not at all) to 3 (moderately) to 7 (extremely). b Items asked on 
follow-up survey. c Respondents asked to indicate their level of agreement on a scale ranging from 1 (strongly 
disagree) to 5 (strongly agree). d How engaging is the CDC’s Milestone Tracker app is on a scale ranging from 1 
(not engaging at all) to 5 (extremely engaging). 
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Table G2 
 
Comparison of TWente Engagement with Ehealth Technologies Scale (TWEETS) to Survey 
Items 
Construct TWEETS Item a Survey Item b, c 
Behavioral 
engagement 

1. [this technology] is part of my daily 
routine 

1. I plan to use this app to track my 
child’s development in the future. 

2. [this technology] is easy to use 2. The app is easy to use. d 
3. I'm able to use [this technology] as 

often as needed (to achieve my 
goals) 

3a. I would use this app to share 
concerns about my child’s 
development with my doctor or 
healthcare provider. 

3b. I would use this app to learn more 
about tips and activities that can 
help my child learn and grow. 

Cognitive 
engagement 

4. [this technology] makes it easier for 
me to work on [my goal] 

4. I trust this app to help me track my 
child’s development.  

5. [this technology] motivates me to 
[reach my goal] 

5. N/A 

6. [this technology] helps me to get 
more insight into [my behavior 
relating to the goal] 

6a. I trust this app to help me identify 
concerns about my child’s 
development. 

6b. I trust this app to provide accurate 
information about what milestones 
my child should be reaching for 
their age.  

Affective 
engagement 

7. I enjoy using [this technology] 7. N/A 
8. I enjoy seeing the progress I make 

in [this technology] 
8. I like using this app to track my 9. 

child’s development. d 
9. [This technology] fits me as a 

person 
9. This app was designed for someone 

like me. 
Note. TWEETS developed by Kelders and Kip (2019) and Kelders et al (2020).  
a TWEETS on a 5-point scale ranging from 0 (strongly disagree) to 4 (strongly agree). b Respondents asked to 
indicate their level of agreement on a scale ranging from 1 (strongly disagree) to 5 (strongly agree). c Items asked 
on baseline and one-month follow-up surveys unless otherwise noted. d Item only asked on follow-up survey. 
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Appendix H 

Figure H1 
 
Heat Map of Clicks or Touches on MT App Assessing Most Interesting Image 

 
 
Note. Respondents were asked “Click on the most interesting image of the app. Please click only one spot.” The 
bright spots of the heat map represent the relative intensity of total clicks or touches on each part of the MT app 
image. Red indicates the part of the app that received the highest number of clicks or touches. 
 
Figure H2 
 
Heat Map of Clicks or Touches on MT App Assessing First Use 

 
 
Note. Respondents were asked “Click on the image of the app that you would go to first if you were using the app 
for the first time. Please click only one spot.” The bright spots of the heat map represent the relative intensity of total 
clicks or touches on each part of the MT app image. Red indicates the part of the app that received the highest 
number of clicks or touches. 
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Figure H3 
 
Heat Map of Clicks or Touches on MT App Assessing Confusion 

 
 
Note. Respondents were asked “Click on the images of the app that are unclear. Please click as many spots as you’d 
like.” The bright spots of the heat map represent the relative intensity of total clicks or touches on each part of the 
MT app image. Red indicates the part of the app that received the highest number of clicks or touches. 
 
Figure H4 
 
Heat Map of Clicks or Touches on MT App Assessing Satisfaction (Like) 

 
 
Note. Respondents were asked “Click on the images of the app that you like. Please click as many spots as you’d 
like.” The bright spots of the heat map represent the relative intensity of total clicks or touches on each part of the 
MT app image. Red indicates the part of the app that received the highest number of clicks or touches. 
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Figure H5 
 
Heat Map of Clicks or Touches on MT App Assessing Dissatisfaction (Dislike) 

 
 
Note. Respondents were asked “Click on the images of the app that you do not like. Please click as many spots as 
you’d like.” The bright spots of the heat map represent the relative intensity of total clicks or touches on each part of 
the MT app image. Red indicates the part of the app that received the highest number of clicks or touches. 
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Appendix I 

Interview Guide 

 
Semi-Structured Individual Interview Guide: Pediatric Primary Care 

 
Welcome and overview of the interview: Thank you for agreeing to participate in our research 
study today. My name is [interviewer name], and I want to confirm that now is still a good time 
to talk for about 60 minutes [offer to reschedule if this is no longer a good time]. Great, I 
appreciate your time. Before we get started, I would like to review the informed consent 
document with you to make sure that you understand the study and to confirm your interest in 
participating. [Review verbal informed consent document. If consent, start recording]. 
 
To begin, I will explain a little bit about what we hope to accomplish today. The goal of this 
interview is for us to learn more about how you conduct well-child office visits with toddlers 
ages 2-3, and hear more about your interactions with their parents or caregivers. The most 
important thing to keep in mind is that there is not a single right answer to our questions, we 
are most interested in understanding your process and strategies. Please feel free to share 
information as it comes to mind. Before we get started, do you have any questions for me? 
 
SECTION I: GENERAL DESCRIPTION OF WELL-CHILD VISITS  

1. To begin, I would like you to think about a well-child office visit with a toddler (ages 2-3). 
Can you please briefly walk me through your process for a routine visit? 
 

2. I know that you have limited time during an office visit. Can you tell me about your 
priorities during a well-child visit with a toddler (ages 2-3)?  

a. What things are the most important for you to assess? (Why?) 
b. What things are less important for you to assess? (Why?) 

SECTION II: SOCIAL-EMOTIONAL WELLBEING 
Next, I would like you to think specifically about toddler’s development.  

3. Do you typically perform developmental surveillance (i.e., monitoring) or screening 
during routine well-child visits? 

a. If yes, how do you practice developmental surveillance or screening?  
i. What tools/resources do you use? 

b. If no, why not? 
 

4. How would you define or describe what social-emotional wellbeing in a toddler is to a 
student or resident?  

Semi-Structured Individual Interview Guide                Study ID#: 
Version #2 
Date/Time of Interview: 
Interviewer: 
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a. How would you define or describe social-emotional challenges in a toddler to a 

student or resident? 

To make sure we are on the same page, for this interview, we define social-emotional wellbeing 
as toddler’s ability to manage emotions and behaviors in a manner that allows them to engage 
in age-appropriate behaviors like sharing, going to the park, participating in daily routines. The 
opposite of that is what we consider challenges. In other words, social-emotional wellbeing is 
how they are doing in terms of emotions and behavior.  

5. Based on the definition we provided above, would you say that you conduct social-
emotional surveillance (monitoring) or screening? 

SECTION III: ASSESSING CHILD SOCIAL-EMOTIONAL DEVELOPMENT  
[If the interviewee does NOT perform social-emotional surveillance (monitoring) or screening, 
skip to Section IV] 

6. How do you identify toddlers who are experiencing a challenge with social-emotional 
development? 
 

7. Do you typically perform social-emotional surveillance (i.e., monitoring) or screening 
during routine well-child visits? 

a. If yes, how do you practice social-emotional surveillance or screening?  
i. What tools/resources do you use? 

b. If no, why not? 
 

8. What do you do if you are concerned about a child’s social-emotional wellbeing? 
  

9. Do you talk with parents/caregivers about everything that you observe related to their 
toddler’s development, including social-emotional well-being, or do you only talk with 
parents/caregivers about some things that you observe during their visit? In other 
words, is there a threshold for what you bring up and when? (If Yes) Can you tell me 
more about that?  

a. What do you say to parents/caregivers when you have concerns about their 
child’s social-emotional wellbeing? 

i. How do those conversations typically go? 
b. What strategies do you use if they do not share your concern or disagree with 

you? 
 

10. What concerns do you have about identifying and/or labeling a child who needs extra 
behavioral or social-emotional support or resources?  

a. Is stigma a potential concern when identifying and/or labeling a toddler who 
need support?  

i. If so, in what context? (i.e., certain communities or for certain challenges 
or supports?)  
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11. We know that you acquire a lot of information during a single visit. How do you 

integrate all the information to inform your assessment of a toddler’s social-emotional 
wellbeing and make decisions about what to do?  

SECTION IV: ASSESSING CHILD DEVELOPMENT  
[If the interviewee DOES perform social-emotional surveillance (monitoring) or screening, 
skip to Section V] 

12. How do you identify toddlers who are experiencing a challenge with development?  
 

13. What do you do if you are concerned about a child’s development? 
  

14. Do you talk with parents/caregivers about everything that you observe related to their 
toddler’s development, or do you only talk with parents/caregivers about some things 
that you observe during their visit? In other words, is there a threshold for what you 
bring up and when? (If Yes) Can you tell me more about that?  

a. What do you say to parents/caregivers when you have concerns about their 
child’s development? 

i. How do those conversations typically go? 
b. What strategies do you use if they do not share your concern or disagree with 

you? 
 

15. What concerns do you have about identifying and/or labeling a child who needs extra 
developmental support or resources?  

a. Is stigma a potential concern when identifying and/or labeling a toddler who 
need support?  

i. If so, in what context? (i.e., certain communities or for certain challenges 
or supports?)  
 

16. We know that you acquire a lot of information during a single visit. How do you 
integrate all the information to inform your assessment of a toddler’s development and 
make decisions about what to do?  

SECTION V: RESOURCES  
Thank you for that discussion. Now, I would like to shift gears a little bit. This next set of 
questions asks about available tools and resources to help with developmental surveillance. 

17. Are you familiar with the Centers for Disease Control and Prevention’s (or CDC) Learn 
the Signs. Act Early. materials/resources? 

a. If yes, do you use any of these materials/resources during well-child visits? 
Which ones? 
 

18. [Show Milestone Tracker app slides] One CDC resource is the Milestone Tracker, a 
mobile application for parents/caregivers. On your screen, you can see a snapshot of the 
app. The app’s features include interactive milestone checklists for ages 2 months 
through 5 years, photos and videos to help parents/caregivers recognize milestones, tips 
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and activities for supporting early development, and appointment and developmental 
screening reminders. During visits, parents/caregivers can use the app to quickly share 
their child’s progress with healthcare providers. Another feature of the app is that a 
parent/caregiver can email or show a summary of their child’s progress to a provider for 
any milestones a child is missing or where they have concerns.  

a. I’d like you to please share your initial reactions to this feature and the app in 
general. 

i. Do you see any components that might catch your attention? If so, which 
components? 

ii. What would you do if a parent or caregiver shared this information with 
you? 

b. What impact do you think this might have on how you conduct developmental 
surveillance during well-child visits? 

c.  How do you think this app would help you discuss a parent or caregiver’s 
concerns about their child’s development? 

d. Would you recommend this app to parents and caregivers? Why or why not? 
 

19. [Skip to 19.a. if interviewee mentions Bright Futures earlier in the interview] Are you 
familiar with Bright Futures from the American Academy of Pediatrics (AAP)/Health 
Resources and Services Administration (HRSA)? 

a. If yes, do you use any Bright Futures resources during well-child visits? Which 
ones? 

i. How do you use the information from Bright Futures during visits? 
ii. Do you find it useful? Why or why not? 

How do you integrate Bright Futures with other sources of information 
about a child’s developmental or social-emotional wellbeing? 
 

20. The purpose of this interview was to gather information about how clinicians integrate 
social-emotional screening and surveillance in practice. Is there anything else you would 
like to share or that might be helpful for me to know before we wrap our interview 
today? Do you have any comments or anything else to add? 

SECTION VI: SOCIODEMOGRAPHICS 
Thank you for answering the questions so far. This last set of questions asks about you and your 
practice. 

1. To which gender identity do you most identify? 
a. Woman 
b. Man 
c. Transgender man/trans man 
d. Transgender woman/trans woman 
e. Genderqueer 
f. Don’t know 
g. Prefer not to answer 
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h. Other (please specify): 

2. Are you of Hispanic, Latino, or of Spanish origin? 
a. Yes 
b. No 

3. How would you describe yourself?  
a. American Indian or Alaska Native 
b. Asian 
c. Black or African American 
d. Native Hawaiian or Other Pacific Islander 
e. White 
f. Other 

4. How many years have you practiced medicine? _________ 
5. Practice type (select all that apply) 

a. Independent practice 
b. Hospital-affiliated practice  
c. Affiliated with university or medical school  
d. Federally Qualified Health Center (FQHC)  
e. Other (please specify)  

6. Percent patients served (best estimate) 
a. % patients Medicaid ________ 
b. % patients Medicare ________ 
c. % patients private ________ 
d. % patients self-pay or uninsured ________ 

7. What geographic area does your practice primarily serve? 
a. Urban  
b. Suburban 
c. Rural 

 
CLOSING 
 
Thank you so much, those are all of the questions that I have for you. Do you have any other 
questions or comments for me?  
If I have any follow-up up questions in the future, would it be okay for me to re-contact you? 
 
Thank you for taking the time to participate in the interview. I am going to stop the recording 
now. [Stop recording interview] 
 
In terms of compensation, please provide your name, preferred email, and postal address. We 
will use this information to provide you with $100 virtual gift card in appreciation of your time, 
which will be emailed to you within 2 weeks.  
 
Thank you again, and hope you have a wonderful day. 
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