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Abstract 

Digital health interventions are widely considered a highly promising solution to 

issues with access to evidence-based care. However, digital health interventions are 

limited by lower rates of engagement than are typically seen in traditional, face-to-face 

interventions. Despite the importance of engagement for intervention efficacy, 

engagement is rarely a primary outcome in intervention studies, and few studies have 

empirically tested intervention changes to improve engagement.  

 Hazel was a two-arm, randomized controlled exploratory study designed to 

investigate the impact of intervention design on engagement as a primary outcome. We 

conducted a trial of a mental health intervention, based on the Unified Protocol, delivered 

entirely online. Participants were randomized to complete the 12-week intervention self-

guided (the unsupported arm) or with 4 weeks of therapist support (the supported arm). 

We sought to measure engagement as comprehensively as possible and therefore 

collected numerous self-report, behavioral, and objective measures of multiple facets of 

engagement, including how participants felt about the intervention, how they used the 

intervention technology, and how their behavior changed over the course of the 

intervention. We collected engagement outcomes at baseline, weekly during the 

intervention, and immediately following completion of the intervention. We hypothesized 

that a low dose of therapist support would improve engagement and subsequent mental 

health outcomes while being more scalable and feasible to implement than offering 

therapist support during all intervention weeks. The aims of this small, exploratory study 

were to learn more about patterns of engagement with the intervention and identify issues 
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with the current intervention and trial design. We used descriptive statistics and 

visualizations to understand and describe trends in the data rather than p-value 

significance testing, in line with best practices for pilot studies.  

 We recruited 23 North Carolina-based adults with clinically elevated depression 

and/or anxiety symptoms. Overall, the intervention and trial design appeared acceptable 

to participants. Participants in both arms had relatively positive attitudes toward the 

intervention at all time points, and there was no evidence that the response burden of our 

outcome measures was too high. However, several of our measures showed little 

variation between participants or over time. Our findings provides guidance for future 

studies to select alternative measures and/or to administer some engagement measures 

less frequently. This represents a meaningful step forward for the field of engagement 

research, as prior to this study, there was almost no empirical guidance on how to select 

measures of engagement or how frequently to administer them.  

We observed a substantial drop in engagement for participants in the supported 

arm when video sessions began, contrary to our expectations that video sessions would 

improve engagement. Notably, video sessions began partway through the intervention 

and participants were blinded to condition until the onset of these sessions; changes to 

blinding and/or timing of video sessions might improve engagement. At the same time, 

those participants in the supported arm who did engage in video sessions (n=4) 

completed more of each weekly lesson than participants in the unsupported arm, 

indicating that there is evidence that therapist support can increase engagement. 



 

 

vi 

Secondary outcomes were sample diversity and depression and anxiety symptom 

change. Our sample was comparably diverse to other digital health studies in terms of 

race and socioeconomic status, and we overrecruited LGBTQ+-identified participants. 

Despite finding little evidence of changes in behavior or the theoretical mechanisms 

underlying the intervention, the majority of participants showed improvement in their 

symptoms. 
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Chapter 1. Background  

In recent years, healthcare interventions leveraging the widespread availability 

of sophisticated technology such as smartphone applications, websites and text 

messaging have risen as a promising potential solution to the inaccessibility of quality 

healthcare.1 As of January 2018, 77% of US residents own a smartphone and another 

18% own other mobile phones.2,3 Globally, 59% of the world’s population own 

smartphones and another 31% own other mobile phones.4,5 Rates of access are even 

higher when computers, tablets, wearable devices and community sources such as 

libraries, schools and internet cafes, are considered. This field, collectively referred to 

as digital health, has been embraced by researchers, healthcare providers and patients 

alike for the treatment of a variety of physical and mental health conditions.6 

Research has found that digital health interventions can be highly effective for a 

variety of physical and mental health issues.7–14 

Digital health interventions are particularly promising to resolve health 

disparities for people who do not have access to traditional in-person care. However, 

digital interventions (as well as in-person interventions) tend to strongly oversample 

white, highly educated, and high-income participants; findings in these populations may 

not be replicable in racially/ethnically diverse or low-SES populations. Further, few 

digital health studies report on the inclusion of sexual and gender minority participants, 

but it is well-established that these populations also struggle to access affirming care in 

in-person settings.15 In recent studies, 30.6% of LGBTQ+ participants reported accessing 

care is somewhat to very difficult; 68% of transmasculine adults and 23.98-46.66% of 

transfeminine adults (depending on setting) report experiences of mistreatment in 

healthcare settings; and 100% of non-binary and gender non-conforming individuals in a 
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2018 study reported difficulties accessing affirming care even in specific clinics for 

transgender patients.16–18  Digital health has the unique potential to connect people from 

marginalized communities with unbiased, affirming care no matter where they live, but 

this potential has thus far been underexplored.  

This promising field remains further limited by much higher rates of treatment 

drop-out than are seen in traditional in-person interventions. Among all publicly 

available health apps, recent research indicates that only 31% of users are still active the 

first day after downloading; after a month, only about 15% of downloaders are still using 

the app.19 In digital health research, intervention usage and non-usage is often referred 

to as “engagement.” 

1.1 On “Engagement” 

Efforts to interpret and understand the role of engagement in digital health are 

complicated by the multiple ways that this term has been used in the literature. Notably, 

low engagement is considered an issue in digital health across these disparate 

definitions. Among the most-cited reviews of digital health engagement, “engagement” is 

variously  defined as: a preliminary intervention stage where participants’ readiness to 

change is assessed and they are made aware of and recruited to the intervention; an 

individual state of active involvement in one’s own health and health management; the 

ways in which an individual uses and interacts with a digital health intervention; the 

progress an individual makes toward achieving behavior-change goals; and a subjective 

experience of focus and attention while interacting with an intervention.20–25  The 

findings regarding engagement are further complicated by the overlap between these 

definitions (e.g., engagement as enjoyment) and potential outcomes (e.g., engagement 
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increases enjoyment). Several of these reviews note that engagement is multiply defined, 

and two attempt to reconcile the considerable diversity of the field in their definitions. 

Yardley et al (2016) identified two prominent definitions of engagement across 

individual studies — engagement as the process of interacting with the intervention and 

engagement as the process of achieving behavior-change goals — and conceptualized 

these as micro and macro levels of engagement, respectively.24 In this model, 

engagement starts on the micro level, with interactions with the digital intervention in 

the absence of behavior change. With sufficient micro-engagement, the individual will 

begin to exhibit signs of behavior change, or macro level engagement, though this 

behavior change is still dependent on micro-level engagement with the intervention. 

Eventually, behavior change becomes normalized as part of the person’s daily routine 

and engagement with the intervention is no longer necessary to maintain behavior 

change; however, if macro-engagement begins to falter it may be necessary to return to 

the digital intervention and micro-engagement to prevent or treat relapse in behavior. 

The tipping point at which engagement with the intervention ceases to be necessary for 

health behavior change highlights the limitations of defining engagement solely on the 

micro level, as there is no way to distinguish between individuals who cease engaging 

with an intervention without achieving behavioral change (e.g., intervention drop-out 

and non-use attrition) from those who cease engaging because of behavior change (i.e., 

intervention success).  

Similarly, Perski et al (2016) identified two common definitions of engagement 

across computer science, human-computer interaction (HCI) and behavioral science 

literatures: engagement as a subjective experience marked by interest, enjoyment and a 

sense of flow, and engagement as the usage behaviors an individual shows toward the 
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digital intervention.25 The authors theorize that the subjective user experience of the 

intervention is, at least in part, responsible for the observable usage behaviors, and they 

also note that engagement may vary both between and within individuals over time. 

Perski et al’s definition of engagement as intervention usage behaviors is notably similar 

to Yardley et al.’s definition of micro-level engagement, resulting in three leading 

definitions of engagement:  

1. Experiential engagement: the subjective experience of using an intervention; 

2. Technological engagement: the specific usage of intervention 

hardware/software; and 

3. Behavioral engagement: the resultant process of behavior change toward 

health goals. 

These facets of engagement are not discrete and independent, but rather are interrelated 

processes that dynamically impact one another and subsequent health outcomes.24,25 The 

importance of behavior change in improving physical and mental health outcomes is 

well-established; it is the foundation of psychology and behavioral medicine 

interventions.26,27 The impact of technological engagement on behavior change (and 

subsequently on health outcomes) has similarly been established in the extant 

literature.24,25 Some level of exposure to the intervention is necessary to develop and 

maintain behavior change, though the exact dose necessary for behavior change or 

improved outcomes is unclear. Additionally, the point at which technology usage is no 

longer necessary to maintain behavior change is unknown. 

We theorize that there are complex, reciprocal relations between these facets of 

engagement and ultimate health outcomes (see Figure 1). We conceptualize experiential 

engagement as the most “upstream” facet of engagement, with participants’ perspectives 
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and attitudes toward the intervention being formed from the first moments of use. We 

theorize that participants who find an intervention more interesting, enjoyable, and 

immersive will show greater technological engagement, and that greater technological 

engagement will spill over into greater behavior change and subsequently greater 

improvements in health outcomes. At the same time, we expect that with greater 

technological engagement may improve experiential engagement through increased 

mastery of the intervention platform. We also theorize that greater behavior change and 

greater symptom change will improve experiential engagement, due to more positive 

outcome expectancies about the intervention as participants see target behaviors 

increasing and symptoms decreasing. Similarly, we expect that greater symptom change 

will reinforce behavior change and improve behavioral engagement. Finally, we expect 

greater behavior change and symptom change to have an inhibitory effect on 

technological engagement, as intervention usage no longer becomes necessary to 

maintain treatment progress.  

 
Figure 1: Theoretical relationship between facets of engagement and health outcomes. 

Triangular arrowheads represent positive impacts; flat arrowheads represent 

inhibitory relations. 
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1.2 Predictors of Engagement 

Studies have found that these three facets of engagement are associated with a 

number of participant factors (e.g., motivation to change, accurate expectations of the 

intervention, computer literacy), intervention factors (e.g., level of user control, novelty, 

complexity) and participant-intervention match factors (e.g., cultural norms, financial 

and material resource demands, time commitment).24,25 Intervention and participant-

intervention match factors are particularly promising for promoting greater engagement, 

as these factors are more easily manipulated by intervention developers.  

However, attempts to understand the impact of intervention design on any facet 

of engagement are limited by the high variability in how interventions are described — 

an issue affecting the field of behavioral medicine broadly. For this reason, Michie et al. 

(2013) developed the Behavior Change Techniques (BCT) taxonomy, an evidence-based 

list of 93 intervention components associated with behavior change.28,29 It was designed 

to improve reliability in intervention descriptions across researchers and fields of 

research, in accordance with CONSORT guidelines for precise reporting of intervention 

components. The taxonomy was developed by an international panel of behavior change 

experts who evaluated the labels and definitions of every known intervention component 

taxonomy, grouped them based on similar mechanisms of change, and performed 

reliability testing by applying the resulting taxonomy to published intervention 

descriptions. The finished taxonomy can be used at the intervention design stage or to 

code published studies for reviews or meta-analysis.  

By definition, all BCTs can impact behavioral engagement. In a recent review of 

the impact of BCTs on experiential engagement, Brooks et al. (unpublished) found the 

strongest support for 5 BCTs: self-monitoring outcomes of behavior (6 studies available), 
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feedback on outcomes of behavior (5 studies), framing/reframing (5 studies), self-

monitoring of behavior (4 studies), and behavioral practice/rehearsal (4 studies), as all 

available studies found greater experiential engagement when these BCTs were 

included.15 The more trials finding favorable effects of a BCT, the more probable it is that 

the BCT’s impact on engagement is resilient across different constellations of included 

BCTs and treatment populations. However, experiential engagement was the primary 

outcome for only two of the 43 studies included in this review, meaning than the vast 

majority of included studies were not powered to find a significant effect on engagement 

if there was one. While we can never be fully certain that non-significant results reflect a 

true lack of difference, we are especially limited in interpreting non-significant results 

for studies that lack power to find significance. 

Overall, the results of this review suggest that adding any BCT generally 

improves experiential engagement, and relatively few BCTs were harmful to experiential 

engagement. In most cases where the presence of a BCT was tied to lower engagement, it 

was relative to other — and often more — BCTs in the arm with higher engagement. For 

instance, there were few cases in which a given BCT was the only difference between 

arms and the arm with that BCT had poorer engagement. Rather, it was more often the 

case that one arm containing a small number of BCTs showed worse engagement than an 

arm with substantially more BCTs, making it inaccurate to conclude the BCTs in the less-

engaging arm caused the lower rate of engagement. This is consistent with “black box” 

effects observed in other intervention outcomes, in which simply adding more 

components can generally lead to greater observed change. Finally, it is possible that 

BCTs would have positive impacts on some measures of experiential engagement and not 

others, making it difficult to draw conclusions across studies that use different outcomes. 
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However, there are several important limits to this study. As noted above, only 

two of the 43 included studies were powered to find a difference in experiential 

engagement. Further, none of the included studies were designed to empirically evaluate 

or compare BCTs. Instead, the included studies were designed to compare different 

treatment modalities (e.g., cognitive versus behavioral treatment for depression), more 

and less intensive versions of the same treatment (e.g., treatments with and without 

support), or small differences in the implementation of a treatment (e.g., using one’s own 

phone versus a study-provided phone for the same mobile intervention). These 

differences often led to corresponding differences in BCTs, which we coded and used for 

our analyses; however, because this was not the investigators’ intention there is no 

guarantee that factors other than these BCT differences were held constant between 

arms. Similarly, most of our eligible studies added multiple BCTs to an arm 

simultaneously, making it impossible to attribute observed differences to any individual 

BCT or to interaction of multiple BCTs, substantially limiting the interpretability and 

generalizability of these results. 

Finally, though not all studies reported on participant demographics, the 

majority of participants were white, female, employed full-time and had at least a college 

degree. The relative non-representativeness across these studies is noteworthy, as digital 

health is often considered especially promising for populations with limited access to 

traditional in-person care. Due to these significant limitations, the findings of this study 

are best used for hypothesis generation, rather than drawing any conclusions about the 

impact of individual BCTs on engagement or providing recommendations for 

intervention design. 
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1.3 Social Support 

Social support is one particularly well-established predictor of all facets of 

engagement, as well as ultimate health outcomes. As noted above, Brooks et. al.’s 

review found preliminary evidence suggesting that social support may positively 

impact experiential engagement in at least some scenarios. In the BCT framework, 

social support includes “non-contingent praise or reward,” encouragement, and 

counseling aimed at promoting the desired behavior. There are three subtypes of social 

support: emotional support, practical support, and unspecified support (used when 

there is insufficient information to determine whether support was emotional, 

practical, or both). Below, we summarize results from the review related to all three 

types of social support. 

Social support was the most-tested BCTs in this review. There were a total of 14 

trials that included any of the three types of social support; 12 of these 14 could best be 

classified as unspecified social support. Of these 14 trials, seven found greater 

experiential engagement in the arms that included unspecified social support. Five found 

minimal differences between arms, and two found mixed results. Notably, for four of the 

14 studies, social support was the only difference between arms. For these studies, all 

differences between arms can be attributed to the presence or absence of support, 

making them particularly informative. See Table 1 for a summary of study results.  

These mixed results may be driven by other, more impactful BCTs included in 

these trials; they may reflect interaction effects with other included BCTs or simply the 

presence of more BCTs in certain arms; they may be due to different implementations of 

the BCT between trials; or they may be due to non BCT-related differences between 

arms: other intervention design features not held constant across arms, intervention 
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delivery methods, intervention effectiveness, the health condition or behavior being 

targeted, factors related to the included population, or the measure of experiential 

engagement used. 

         For one study, the inclusion of social support was the only difference between 

arms and produced significantly greater experiential engagement. Tonkin-Crine et al. 

(2013) compared arms with and without social support in a CBT-based intervention for 

irritable bowel syndrome.50 They found that participants in the arm without social 

support were more likely to describe limited engagement with all components of the 

intervention, while participants in the supported arm were more likely to describe 

engaging with the practical advice and/or psychological information. An additional six 

studies with multiple BCT differences between arms found results in favor of unspecified 

social support. Beiwinkel et al. (2017) compared an information control arm with an 

active intervention arm, which included social support, for the treatment of depression 

and workplace absence, and found that participants were significantly more satisfied 

with the intervention in the arm that included social support.30 Berger et al. (2017) found 

significantly greater experiential engagement in the arms of their social phobia 

intervention that included social support.31 Fitzpatrick et al. (2017) found greater 

experiential engagement in the arm of their depression intervention that included 

unspecified social support for treatment of depression.32 Johnston et al. (2016) found 

significantly greater experiential engagement in the arm of their behavior change 

intervention that included social support.33 Morris et al. (2015) found significantly greater 

experiential engagement in the arm of their depression intervention that included social 

support.34 In a smoking cessation intervention, Mcclure et al. (2016) found greater 

experiential engagement in the arm that included social support.35 
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On the other hand, two studies for which unspecified social support was the only 

difference between arms found no major differences in experiential engagement between 

arms. Ho et al. (2014) compared CBT treatments for insomnia with and without 

support.36 They found minimal differences between arms in treatment acceptability or 

satisfaction between arms at any time point. Similarly, in an intervention to increase 

physical activity levels, Alley et al. (2016) compared arms with and without support and 

found minimal differences between arms.37 Three additional studies found minimal 

differences between arms, though these included multiple BCT differences between 

arms, making it less clear how attributable their results are to social support versus other 

differences. In a depression treatment trial, Mira et al. (2017) compared an arm with 

automated support only to an arm with both automated and human support.38 Both 

before and after treatment, there were minimal differences between arms on perceived 

treatment logic, satisfaction, willingness to recommend, personal usefulness or 

usefulness for other problems. Similarly, Unick et al. (2016) compared weight loss 

interventions with and without practical support, and found minimal differences in 

program satisfaction between arms.39 Hales et al. (2016) compared a weight loss mobile 

application with and without emotional support; there were no significant differences in 

intervention satisfaction between arms.40   

In comparison, two studies found mixed results. For Sundstrom et al. (2016), 

social support was the only difference between arms. They compared three self-help 

arms for the treatment of problematic alcohol abuse: an arm without social support; an 

arm with asynchronous text-based support; and an arm with where participants could 

choose between synchronous and asynchronous text-based support.41 They found that 

participants in the two supported arms were more likely to say the intervention was 
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personal and effective, and they were more willing to recommend the intervention than 

participants in the unsupported arm. Participants in all arms reported similar usefulness 

for increasing insights into risks of drinking. Finally, Watson et al. (2012) found that 

more participants in the arm that included social support perceived the intervention as 

beneficial for changing exercise and dietary habits in a physical activity intervention, 

with no difference between arms on overall perceived benefit from participating in the 

intervention.42 

Table 1. Summary of findings on the impact of social support on experiential 

engagement. 

Study Type of 

Support 

Only Difference 

Between Arms? 

Result 

Tonkin-Crine 2013 Unspecified Yes Increased engagement 

Beiwinkel 2017 Unspecified No Increased engagement 

Berger 2017 Unspecified No Increased engagement 

Fitzpatrick 2017 Unspecified No Increased engagement 

Johnston 2016 Unspecified No Increased engagement 

Morris 2015 Unspecified No Increased engagement 

Mcclure 2016 Unspecified No Increased engagement 

Ho 2014 Unspecified Yes Minimal differences 

Alley 2016 Unspecified Yes Minimal differences 

Mira 2017 Unspecified No Minimal differences 

Unick 2016 Practical No Minimal differences 

Hales 2016 Emotional No Minimal differences 



 

 

13 

Sundstrom 2016 Unspecified Yes Mixed  

Watson et al. (2012) Unspecified No Mixed 

 

The considerable variation in the findings of these studies suggests that the 

impact of unspecified social support may be moderated by the population or the other 

BCTs that are included in the intervention. There is also mounting evidence that 

interventions with social support may increase rates of technological engagement, and a 

substantial body of research indicates that digital health interventions with social 

support produce greater changes in health behaviors and outcomes than unsupported or 

“standalone” interventions.15,43–45 

Notably, almost all of this research has compared arms with no support to arms 

with frequent, high doses of support throughout the entire intervention period. 

However, there are substantial dissemination issues when including continuous 

support in digital interventions. Many digital health interventions developed by 

researchers include a human counseling component; however, these interventions are 

rarely made available to the public after testing and there are significant limitations to 

doing so as typically designed. Conversely, most publicly available digital health 

treatments are standalone interventions created by tech companies with limited 

empirical evidence for their efficacy, often including intervention elements that are 

actively contraindicated by best practices for the condition being targeted.44,46,47  

1.4 Present Study 

In an effort to find a compromise between the competing issues of scalability and 

efficacy, this study sought to compare the impact of a low dose support versus no support 



 

 

14 

on engagement and health outcomes in a digital health intervention. Further, we collected 

measures of all three facets of engagement as primary outcomes. Our primary aims for 

this study were to begin exploring the impact of our intervention on engagement and 

health outcomes and to determine the feasibility and acceptability of the trial design in a 

small sample.  

1.5 Theoretical Constructs 

The Model of Supportive Accountability theorizes that human inclusion improves 

outcomes through the emotional connection between the user and provider, the 

provider’s ability to hold the user accountable, and the perceived legitimacy of the 

provider.48 In this model, accountability can be further attributed to the social presence 

of another person, clear expectations for the user, collaborative and flexible goal-setting, 

and benevolent performance monitoring; legitimacy includes the user’s sense that the 

provider is trustworthy, well-intentioned, and holds expertise, as well as clearly-defined 

roles for both the provider and the user. Our conceptual model (Figure 2) draws on the 

Model of Supportive Accountability to explain the relationship between the dose of 

human support, engagement, and symptom change. For the present study, we theorized 

that the presence of a low dose of support would affect all three facets of engagement, 

compared to no support. Specifically, we anticipated that the perceived legitimacy of the 

provider would have a positive effect on all three facets of engagement, while the bond 

between provider and participant would have a positive effect on experiential and 

technological engagement and the accountability of a provider would have a positive 

effect on technological and behavioral engagement.  
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Figure 2: Conceptual Model. 
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Chapter 2. Methods 

            This exploratory trial aimed to investigate how a low dose of human support 

impacts engagement and health outcomes in a digital mental health intervention. We  

collected measures of experiential, technological and behavioral engagement as primary 

outcomes. Each of these facets of engagement was operationalized through multiple 

measures, including self-report and objective behavioral data, at multiple timepoints 

throughout the intervention. The goals of this study were 1) to assess the feasibility and 

acceptability of our intervention design and the feasibility of our trial methods in a small 

sample to inform the design of a larger, fully powered trial and 2) to begin to better 

understand and generate data-informed hypotheses about the impact of a low dose 

of support on engagement and health outcomes.  

2.1 Design Overview 

We conducted a 16-week, randomized controlled trial comparing an 

intervention for depression and anxiety symptoms with two different levels of support. 

Eligible participants were randomized to receive: 1) a 12-week, online mental health 

intervention (“Hazel”) with a low dose of human support (the "supported" arm); or 2) 

the Hazel intervention without human support at any point (the “unsupported” arm). 

Data were collected at baseline, weekly during the intervention period, and at 1-month 

follow-up. This study was approved by the Duke University Campus Institutional 

Review Board (protocol number 2021-0292) and registered at ClinicalTrials.gov 

(NCT04810988).  

The Hazel intervention was based on the Unified Protocol, an empirically 

supported, transdiagnostic treatment for emotion disorders.49 We operationalized 
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human support according to the BCT taxonomy definition of social support, including 

“non-contingent praise or reward,” encouragement, and counseling aimed at 

promoting the desired behavior. We chose to operationalize our low dose of human 

support as four weeks based on the specifics of the Hazel intervention, as described in 

greater detail below.   

Our primary outcomes of interest were engagement with the intervention, 

operationalized in a number of different ways and measured repeatedly throughout the 

course of the intervention, in order to capture the complexity of “engagement” as a 

construct (see “Outcomes” for more details). Our secondary outcomes were depression 

and anxiety symptoms, measured at baseline, weekly during the intervention, and 1-

month follow up.  

2.2 Intervention Design 

The Hazel intervention was based on the Unified Protocol, an empirically 

supported, transdiagnostic treatment for emotion disorders based on principles of 

cognitive behavioral therapy.49 The Unified Protocol was initially developed and tested as 

a face-to-face, individual therapy which could be delivered by a trained therapist via 

weekly one-hour sessions over the course of 12 to 18 weeks. The Unified Protocol 

focuses on increasing awareness of maladaptive thoughts and behaviors while decreasing 

avoidance of emotions and physiological sensations. Each session starts with self-

monitoring of depression and anxiety symptoms using a symptom survey, followed by 

provision of psychoeducation and in-session practice exercises related to that week’s 

topic. At the end of each session, patients are assigned a home practice assignment to 

increase adaptive coping and generalize skill use outside of the therapy room. Their 

experiences of the home practice are reviewed at the start of the next session. The Unified 
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Protocol is broken down into 8 content modules, six of which are considered mandatory 

and two of which are considered optional.  

Module 1 is focused on increasing motivation, readiness and self-efficacy for 

change. During this module, participants set short-, medium- and long-term goals and 

explored the pros and cons of change. Module 2 focuses on increasing understanding and 

awareness of emotions. Participants received psychoeducation about emotions and began 

self-monitoring their emotions. Module 3 is focused on further expanding awareness of 

emotions. Participants used multimedia sources to induce emotion and mindfully 

observed the interplay of thoughts, physical sensations, behavior and emotions. Module 4 

focuses on the role of thoughts in emotional disorders. In the first week of this module, 

participants learned about common cognitive distortions and how those distortions can 

impact emotions, and then practiced identifying their own distorted thinking in the 

moment. In the second week, participants learned ways of challenging distorted thoughts 

and thinking more flexibly. Module 5 is focused on the role of behaviors in emotional 

disorders. Participants identified their maladaptive, emotion-driven behaviors in order to 

change them. Module 6 focuses on the role of physical sensations in emotional disorders. 

Participants completed interoceptive exposure exercises to observe the relation between 

physical sensations, thoughts and behavior. Module 7 focuses on exposure to 

interoceptive and situational triggers for emotions. Participants created an exposure 

hierarchy to identify specific triggers and then completed exposure exercises to 

increasingly difficult items from the hierarchy. Module 8 is focused on maintenance of 

treatment progress and relapse prevention.  
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The Hazel intervention included all eight modules of the Unified Protocol; there 

were no substantive changes to module content between the Unified Protocol and the 

Hazel intervention. All materials for the Hazel intervention were based on the Unified 

Protocol Workbook, a publicly available workbook including all psychoeducation, 

practice exercises, symptom self-monitoring surveys, and home practice assignments for 

the Unified Protocol.50 This workbook was designed to be used either as a standalone, 

self-guided tool or in conjunction with a therapist. The Hazel intervention modified the 

Unified Protocol Workbook in two ways. First, we edited the vocabulary and sentence 

structure to be as close to a fifth grade reading level as possible, based on evidence that 

52% of US residents read English at a 5th-grade level or below.51 Second, we replaced the 

examples in the Unified Protocol Workbook with more diverse examples. We edited 

content to include names that are more commonly associated with BIPOC communities, 

to include a variety of gender identities and sexual orientations, and to include scenarios 

which would be more familiar to people from lower socioeconomic backgrounds (e.g., an 

example of a man who is worried about the cost of fixing a flat tire). All materials for the 

Hazel intervention were reviewed by one of the authors of the Unified Protocol manual 

to ensure fidelity to the Unified Protocol.  

2.3 Experimental Manipulation 

Participants were randomized to receive the Hazel intervention either with or 

without four weeks of social support. For participants in the supported arm, support was 

provided during the emotion exposure module (weeks 8-11). Participants were blinded to 

condition until Week 7, when those in the supported arm received an email introducing 

their assigned study therapist. This module involves systematically engaging in activities 

that produce significant distress, with the goal of learning to tolerate distress and 

decreasing avoidance of valued activities. We chose this time period to provide support, 
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rather than the start of the intervention, because the emotion exposure module is one of 

the most emotionally challenging and complex parts of the intervention. We 

hypothesized that unsupported attempts at complex tasks may present particularly high 

risks of negative attitudes, non-adherence, incorrect practice, or non-use attrition, and 

that the therapist support may therefore be particularly beneficial during such tasks. 

Similarly, we decided to operationalize a “low dose” of support as four out of 12 weeks to 

align with this four-week-long module.  

2.3.1 Similar Components Across Treatment Arms  

Participants in both arms received the 12-week Hazel intervention delivered via 

the same web platform (RedCap). Every week, participants received an emailed 

message with a link to that week’s lesson. Starting in the second week, participants 

who had not completed the previous week’s lesson received a reminder email 

including a link to that week’s lesson. These emails were delivered by a 

depersonalized study email account. The weekly links directed participants to 

complete the following intervention components, in order: 

1.   depression symptom survey, 

2.  anxiety symptom survey, 

3.  psychoeducational reading, 

4.  practice exercises, 

5.  home practice instructions, and 

6.  home practice monitoring logs. 

Each week’s psychoeducational reading, practice exercises and homework assignments 

were based on the weekly topic, as described above. Following completion of each week’s 

intervention content, participants were prompted to complete measures related to 

engagement outcomes. The psychoeducational reading, in-session practice exercises, and 



 

21 

home practice assignment for each week of the Hazel intervention are summarized in 

Table 2, below.  

Table 2. Content of the Hazel intervention, by week. 

Mod. Wk. Psychoeducation Practice Exercises Homework 

1 1 -Motivation & 
ambivalence 
about change 
-How to set 
effective goals 

-Pros/cons of change 
-Treatment goals 

 

2 2 -Function of emotions 
-Three component 
model of emotions 
-Emotion-driven 
behavior & 
learned responses 
-The ARC of emotions 

-Describe a time 
when negative 
emotions were 
helpful 
-Identify three 
components of 
current emotion 
-ARC of emotions 
example 

-Three 
Component 
Model of 
Emotions 
worksheet 
-EDBs in 
Context 
worksheet 

3 3 -Present-focused 
 awareness 
-Nonjudgmental 
awareness of emotions 
-Primary versus 
secondary 
emotions (check 
the facts) 

-mindfulness exercise 
-reaction to own 
emotions 
versus reaction to 
friend’s 
emotions 
-emotion induction 

-2x daily 
mindfulness 
exercises 
-EDBs in context 
worksheet 
-non-
judgmental, 
present-
focused 
awareness 
worksheet 
-Anchoring in the 
present worksheet 
-mood induction 
recording worksheet 

  

  

  

  

  

   

   

   

   

4 4 -Automatic appraisals 
-thinking traps 

-ambiguous 
picture 
exercise 
-downward arrow 
technique 

-downward 
arrow technique 
-identifying 
automatic 
appraisals 
worksheet 

   

   

 5 -reappraisal and 
cognitive flexibility 
-workability 
versus “rightness” 

-generating alternative 
interpretations 
exercise 

-identifying and 
evaluating automatic 
appraisals 
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  5   6 -short & long-
term 
consequences of 
emotion 
avoidance 
-types of avoidance 
-adaptive versus 
non- adaptive 
emotion- driven 
behaviors 
-countering 
maladaptive 
behaviors 

-identify predictors of 
avoidance, short- and 
long- term 
consequences 
-thought 
suppression 
exercise 
-imaginal avoidance 
-identify maladaptive 
EDBs 

  -generate alternatives 
to maladaptive EDBs 

-list of emotion 
avoidance 
strategies 
-practice countering 
maladaptive EDBs 

  6   7 -avoidance of 
physical 
sensations 

-identify 
avoided/distr
essing 
physical 
sensations 

  -induce symptoms &   
  practice non-
judgmental   
  awareness 

-symptom induction 
practice worksheet 

  7   8 -introduce & 
orient to emotion 
exposures 

  -develop exposure 
hierarchy 

 

  9    -emotion exposure &  
  processing 

-in vivo exposure 

  10    -emotion exposure &  
  processing 

-in vivo exposure 
-design future 
exposures 

  11    -emotion exposure &  
  processing 

-in vivo exposure 
-design future 
exposures 

  8   12 -relapse 
prevention and 
maintenance 
-warning signs 
-skill 
generalization 

-review skills, 
triggers, 
treatment 
progress 

  -goal setting 
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2.3.2 Unsupported Arm  

Participants randomized to the unsupported arm received the intervention exactly 

as described above, with no additional components. Completion of all weeks was entirely 

self-guided, to emulate a publicly available, standalone intervention. 

2.3.3 Supported Arm  

Participants randomized to the supported arm received all aspects of the 

intervention described above, with no differences between arms for the first seven weeks 

of the intervention (Modules 1-6). Participants in this arm were introduced to their 

assigned study therapist in week 8, at the start of Module 7, via email. During Module 7 

(exposure; weeks 8-11), participants in this arm received synchronous, video-call contact 

with their assigned study therapist for live demonstration of exposure exercises, 

monitoring and feedback of participant exposure exercises, and post-exposure 

processing. These video sessions lasted approximately 50 minutes per participant per 

week. For Module 8 (relapse prevention; week 12) participants in the Supported arm 

completed the intervention independently, without any therapist support. 

Table 3. Unique intervention components by module and arm. 

Module Unsupported Supported 

1 

 
  

2     

3     

4     

5     

6 
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7 self-guided development of 
exposure hierarchy, exposure 
exercises and post-exposure 
processing 

live video demonstration, 
monitoring, feedback and 
support of exposure exercises 

8     

 

2.3.4 Study Therapists 

Support was provided by trained study therapists. Study therapists were 

students enrolled in Duke’s clinical psychology Ph.D. program. All therapists were 

trained in the study protocol, the Unified Protocol, and exposure therapy. Study 

therapists also attended weekly group supervision for the duration of the 

intervention. Trainings and supervision were led by the primary investigator (JB), 

with umbrella supervision provided by licensed clinical psychologists at Duke 

University. One of the study supervisors was a coauthor of the Unified Protocol 

manual.  

2.4 Participants 

We recruited participants meeting the inclusion and exclusion criteria listed in 

Table 4. To be eligible, individuals needed to be adults living in North Carolina, with 

access to the Internet and a computer, smartphone and/or tablet for the duration of the 

study. They needed to be fluent in reading and writing in English and have moderately 

severe or impairing symptoms of depression (operationalized as an Overall Depression 

Severity and Impairment Scale score of 8 or higher) and/or anxiety (operationalized as 

an Overall Anxiety Severity and Impairment Scale score of 8 or higher).  

Individuals were excluded if they were experiencing current suicidality 

(operationalized as a positive result on the Ask Suicide-Screening Questions tool); 
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current psychosis (measured by the SCID-5 psychotic disorders subsection); current 

substance abuse disorders other than nicotine, cannabis or caffeine (measured by 

SCID-5 substance use disorders subsection); were clinically underweight 

(operationalized as a BMI of 18.5 or lower); or had engaged in self-harm behaviors in 

the past 12 months. Individuals who were receiving other psychotherapy or taking 

psychiatric medications, or who planned to start other therapy or psychiatric 

medications during the course of the intervention, were also excluded, as were any 

individuals who had received 8 or more sessions of any cognitive behavioral therapy in 

the past 12 months.  

  We sought to over-recruit participants of minoritized backgrounds who tend to 

be underrepresented in digital health research; we used targeted recruitment strategies 

to increase racial/ethnic diversity and LGBTQ+ inclusion in our sample. We further used 

inclusive language and examples on all measures and intervention materials, as 

described above.  

2.5 Recruitment 

We used a multi-pronged recruitment strategy, consisting of (1) social media; (2) 

community organizations; (3) professional organizations; and (4) snowball recruitment. 

We recruited throughout the state of North Carolina, as the intervention included no in-

person elements and could be completed from anywhere. To assist in recruiting a diverse 

sample, we included both broadly used social media (Twitter, Instagram, and Reddit) 

and platforms that cater to LGBTQ+ populations (Scruff and Lex). We also shared 

recruitment materials with providers at community health clinics in the area and local 

organizations that serve primarily BIPOC and LGBTQ+ communities. Lastly, we posted 

recruitment materials with professional organizations such as the Duke Clinical Trials 

Registry, the National Clinical Trials Registry, and ResearchMatch. Advertisements 
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included a brief description of the study and eligibility criteria and a link to the study 

website, where more information was available. Participants were enrolled in the study 

on a rolling basis through our recruitment window (April 2021 through December 2021), 

with a plan to cap enrollment at a maximum of 50 participants for feasibility reasons.  

Table 4. Inclusion/Exclusion Criteria. 

Inclusion Criteria 

 18+ years old 

 Live in North Carolina 

 Fluent in reading and writing English 

 Access to Internet/data plan and Internet-capable device throughout 

intervention 

 Overall Depression Severity and Impairment Scale (ODSIS) and/or Overall 

Anxiety Severity and Impairment Scale (OASIS) summary score >= 8 

Exclusion Criteria 

 Currently receiving other psychotherapy or planning to receive other 
psychotherapy during course of intervention 

 >=8 sessions of CBT in past 12 months 
Currently taking psychiatric medications or planning to take psychiatric 
medications during course of intervention 

 Current suicidality, operationalized as a positive result on the Ask Suicide-
Screening Questions (ASQ) Tool 

 Self-harm in past 12 months 

 Current psychosis, as measured by SCID-5 psychotic disorders subsection 

 Substance abuse (other than nicotine, cannabis or caffeine) in the past 12 
months, as measured by SCID-5 substance use disorders subsection (past 12 
months only) 

 BMI <= 18.5 
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2.6 Enrollment Procedures 

Online screening. The study website directed interested individuals to an online 

screener questionnaire to assess initial eligibility based on age, Internet and Internet-

capable device access, treatment history, diagnostic contraindications, and availability 

over the next 4 months. Participants were also administered the Overall Depression 

Severity and Impairment Scale (ODSIS) and the Overall Anxiety Severity and 

Impairment Scale (OASIS) to confirm symptom eligibility. 

Telephone screening and consent. Participants who were eligible based on the 

online screener were prompted to enter their contact information and then contacted by 

study personnel within 3 business days of completing the online screener. The telephone 

screening included an overview of study details, provision of additional information, and 

confirmation of individuals' interest and eligibility. Those who were eligible based on the 

telephone screener were emailed a link to the study consent form to complete during the 

screening call.  

2.7 Randomization 

Immediately upon submission of the consent form, participants were directed 

to complete the Overall Depression Severity and Impairment Scale (ODSIS) and the 

Overall Anxiety Severity and Impairment Scale (OASIS) to confirm symptom eligibility 

at the time of enrollment and to establish baseline depression and anxiety symptom 

scores. Eligible participants were then randomized, informed they had been 

successfully enrolled in the study and directed to complete the remaining baseline 

measures (see Table 5, below). Randomization was conducted with a 1:1 allocation of 

participants using a randomization table with groups determined by random number 
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generator software. Participants were not directly informed of their condition, 

although it was not feasible to maintain blinding once support started.  

2.8 Follow-Up Evaluation 

At 4 weeks post-intervention, participants were emailed a link to 

complete follow-up survey measures of their depression and anxiety symptoms. 

2.9 Retention 

We aimed to maximize study retention by reimbursing participants for 

completion of the intervention, study evaluations and follow-up measures. 

Compensation was based on how much of the intervention participants completed, and 

maximum compensation was $100 per participant. Participants who completed the 

baseline measures and at least 2 weeks of the intervention received $60. Those who 

completed baseline measures and 11-12 total weeks of the intervention received an 

additional $20, for a total of $80. Participants who completed both the baseline and 1-

month follow-up survey measures were compensated an additional $20, regardless of 

how many weeks of the intervention they completed. All compensation was provided 

via electronic gift cards delivered by email. Participants were compensated after the 

deadline to complete one-month follow-up measures.  

2.10 Data Collection 

Study evaluation occurred at baseline, weekly throughout the intervention, and at 

1-month post-intervention. All data were collected via the study website and completed 

by participants independently on their own devices. Participants were prompted to 

complete survey measures by email.  
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2.11 Outcome Measures 

We collected data on experiential engagement, technological engagement, 

behavioral engagement and depression and anxiety symptoms. We used multiple 

measures of each facet of engagement, including self-report, behavioral and objective 

data.34 Additionally, we used a combination of one-time and repeated measures in 

order to more comprehensively investigate differences in engagement over time and 

provide guidance on how researchers might best operationalize engagement in future 

studies. See Table 5 for full assessment schedule.  

2.11.1 Experiential Engagement  

System Usability Scale (SUS). The System Usability Score is a 10-item, 

validated self-report user experience survey for digital systems answered on a five-

point Likert scale.52 SUS scores range from 0 to 100, with higher scores reflecting 

more favorable attitudes. The SUS is one of the most commonly used measures of 

experiential engagement.15 SUS scores range from 0 to 100, with higher scores 

representing more positive attitudes. Research indicates that scores above 68 

represent above-average attitudes, while scores below 68 represent below-average 

attitudes. Participants completed the SUS at baseline (to assess anticipatory 

experiential engagement, before beginning the intervention) and immediately after the 

final week of the intervention.  

Willingness to Refer. Participants were asked at baseline and immediately after 

every week of the intervention if they would recommend the intervention to others, 

with yes/no response options.  

Referrals. Participants who answered “yes” when asked about their willingness 

to refer others to the intervention were given the opportunity to provide names and 
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contact information of any specific individuals they would like to refer to the 

intervention. We computed the total number of referrals made over the course of the 

intervention for each participant as a more behavioral measure of experiential 

engagement.  

2.11.2 Technological Engagement  

Weekly Completion. The intervention website automatically tracked 

participants' progress through each week's content. A week was considered started if 

the participant clicked the emailed link to open the weekly lesson. We calculated 

weekly completion as the number of responses to weekly prompts (all in-session 

practice exercises and the writing exercise after the lesson) for which the participant 

entered any data. Weekly completion did not include any survey measures or 

homework completion (which we conceptualized as behavioral engagement, see 

below). From this data, we computed the average weekly completion rate by dividing 

the number of responses a participant gave that week by the total number of 

responses possible, resulting in a value between 0 and 100% for each week. This data 

captures the intensity aspect of technological engagement.53 

Days Used. The intervention website automatically tracked the date and time 

when any data was submitted. From this, we computed the number of days each week 

(0 to 7) when participants submitted any data. We included data related to symptom 

surveys, weekly lessons, and homework. We did not include other survey measures 

(which were exclusively for data collection) in our calculations of days used per week. 

This data, which captures the frequency aspect of technological engagement, 

distinguishes participants who complete large portions of the intervention content at 

once, more akin to a traditional therapy session, from participants who complete 

small portions of the intervention over a longer period of time.53 
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Non-Use Attrition. We operationalized non-use attrition as the last point in 

the intervention period when any data was submitted. Each participant was assigned 

a value ranging from 0 to 12, indicating the last week for which any data was 

submitted. This data captures the time/duration aspect of technological 

engagement.53 

 

2.11.3 Behavioral Engagement  

Homework Completion. We conceptualized homework completion as a 

measure of behavioral engagement, rather than technological engagement, because it 

entails practicing more adaptive behavioral responses in "real life," outside of the 

immediate context of the intervention. All written homework assignments were 

completed on the intervention website. As with weekly completion, we calculated the 

number of responses to homework prompts divided by the total number of possible 

responses, resulting in a value between 0 and 100% for each week with homework.  

  

Cognitive Flexibility Inventory. Increased cognitive flexibility is one of the 

primary mechanisms of change in the Unified Protocol. Change in participants’ 

cognitive flexibility was measured using the Cognitive Flexibility Inventory (CFI). The 

CFI is an empirically supported, validated 20-item measure of cognitive flexibility 

designed to be used for repeated measures over the course of an intervention.54 All 

items are answered on a 7-point Likert scale with answers ranging from “strongly 

disagree” to “strongly agree.” Scores for each item are summed (some items are reverse 

scored), with higher scores indicating greater cognitive flexibility. Participants were 

administered the CFI at baseline and 12 weeks; participants who did not complete 

Week 12 of the intervention were encouraged to complete this measure when they were 

contacted for one-month follow-up.  
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The CFI can be interpreted in three ways: by the total score, by the Alternatives 

subscale (which reflects the ability to make multiple interpretations of a situation and 

generate multiple possible solutions) and by the Control subscale (which reflects an 

internal locus of control related to difficult situations). Total CFI scores can range from 

20 to 140; scores on the Alternative subscale range from 13 to 91; and scores on the 

Control subscale range from 7-49. Higher scores on all three scales reflect greater 

cognitive flexibility and more adaptive responses to problems.  

 

Cognitive and Affective Mindfulness Scale-Revised. Increased mindfulness is 

one of the primary mechanisms of change in the Unified Protocol. Change in 

participants’ mindfulness was measured using the Cognitive and Affective Mindfulness 

Scale-Revised (CAMS-R). The CAMS-R is a 10-item questionnaire that assesses 

mindfulness of thoughts and emotions.55 All items are answered on a 4-point Likert 

scale with answers ranging from “rarely/not at all” to “almost always.” Scores for each 

item are summed (one item is reverse-scored). Sum scores range from 12 to 48, with 

higher scores reflecting greater mindfulness abilities. Participants were administered 

the CAMS-R at baseline and 12 weeks; participants who did not complete Week 12 of 

the intervention were encouraged to complete this measure when they were contacted 

for one-month follow-up.  

  

COPE Inventory - Avoidance Factor. Decreased avoidance is one of the primary 

mechanisms of change in the Unified Protocol. Change in participants’ avoidance 

behaviors was measured using a 16-item subsection of the COPE Inventory. The COPE 

Inventory is a survey of coping strategies with 60-items split across 15 4-item scales; 

there is no summary score. Factor analysis has identified a 16-item avoidance factor, 
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comprised of four 4-item subscales (mental disengagement, denial, behavioral 

disengagement, and substance use).56 To limit response burden and because the 

remaining 44 items of the COPE Inventory are not related to primary mechanisms of 

change in the Unified Protocol, we administered only the 16 items of the avoidance 

factor. Scores on the avoidance factor of the COPE Inventory range from 16-64, with 

higher scores reflecting greater avoidance. Participants were administered these items at 

baseline and 12 weeks; participants who did not complete Week 12 of the intervention 

were encouraged to complete this measure when they were contacted for one-month 

follow-up.  

 

2.11.4 Depression  

Overall Depression Severity and Impairment Scale (ODSIS). Depression 

symptoms were measured using the Overall Depression Severity and Impairment Scale.57 

The ODSIS was administered at baseline, weekly during the intervention, and at one-

month post-intervention.  

2.11.5 Anxiety 

Overall Anxiety Severity and Impairment Scale (OASIS). Anxiety symptoms 

were measured using the Overall Anxiety Severity and Impairment Scale.58 The OASIS 

was administered at baseline, weekly during the intervention, and at one-month post-

intervention.  

Table 5. Assessment schedule. Note: Darkened rows indicate outcomes that are 

automatically collected or derived from the intervention website, rather than 

measures administered to participants to complete. 

  Week  

Assessment BL 1 2 3 4 5 6 7 8 9 10 11 12 FU 
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Demographics X              

Experiential Engagement 

SUS X X           X  

Willing to Refer  X X X X X X X X X X X X  

Referrals  X X X X X X X X X X X X  

Technological Engagement 

Completion  X X X X X X X X X X X X  

Attrition  X X X X X X X X X X X X  

Days Used  X X X X X X X X X X X X  

Behavioral Engagement 

HW Completion  X X X X X X X X X X X X  

CFI X            X  

CAMS-R X            X  

COPE X            X  

Symptoms 

ODSIS X X X X X X X X X X X X X X 

OASIS X X X X X X X X X X X X X X 

 

2.12 Study Aims 

This study aimed to gather more information about the patterns of engagement 

in this small, exploratory study of the Hazel intervention. We also aimed to assess the 

feasibility of this intervention and trial design for fully powered RCTs. Specifically, we 

aimed to: 1) determine if our two arms had sufficient retention and data completion to 
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allow us to test our hypotheses about differences in engagement between arms; 2) 

determine if there were differences in attrition based on arm that might require changes 

to study recruitment or randomization procedures; and 3) assess if support in weeks 8-11 

was feasible to examine impacts of this manipulation. We planned to use descriptive 

statistics, qualitative analyses, and data visualizations to evaluate these questions.59–64  

2.13 Hypotheses 

We hypothesized that there would be no differences between participants on any 

engagement or health outcomes at baseline due to random allocation. We hypothesized 

that at post-intervention, participants in the supported arm would show greater 

experiential engagement than participants in the unsupported arm as a result of the 

presence of human support. Similarly, we anticipated that there would be few differences 

in technological engagement between arms for the first seven weeks of the intervention, 

while all participants were receiving the same intervention and were still blinded to their 

condition. We hypothesized that starting in Week 8, participants in the supported arm 

would show greater technological engagement, in line with the model of supportive 

accountability. As a result of the hypothesized greater experiential and technological 

engagement in the Supported arm and in line with our conceptual model, we 

hypothesized that these participants would also show greater behavioral engagement 

than participants in the unsupported arm. Similarly, we hypothesized that participants 

in the supported arm would show greater reductions in depression and anxiety 

symptoms over the course of the intervention, including at post-intervention and 1-

month follow-up.  
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2.14 Statistical Analysis 

We planned to use primarily descriptive statistics and data visualizations rather 

than inferential statistics or p-value significance testing, in line with best practices for 

pilot and feasibility studies.59–64   

For all outcomes (demographic characteristics, recruitment results, 

engagement, and depression/anxiety symptoms), we computed descriptive statistics 

including mean, standard deviation, range and 95% confidence interval for continuous 

variables; n and percentage for categorical variables. For variables collected twice over 

the study period (e.g., baseline and 12 weeks), we present pre/post descriptives and 

visualizations. For variables collected weekly, we present averages and visualizations of 

trends over time by both timepoint and by participant.  

We decided a priori to present experiential engagement outcomes by arm, as 

we hypothesized that the presence/absence of support which might lead to meaningful 

differences in the subjective experience of using the intervention. We similarly decided 

a priori to present technological engagement outcomes by arm, as our experimental 

manipulation involved different technology (self-guided study website versus self-

guided study website plus video sessions) which could feasibly result in different usage 

patterns. We did not make an a priori decision about how to present behavioral 

engagement and health outcomes. Rather, based on our conceptual model (see Figure 

1), we planned to decide post-hoc how to present these outcomes based on the results 

of our experiential and technological engagement outcomes. Specifically, if there were 

potentially meaningful differences between arms on experiential and/or technological 

engagement outcomes, we planned to present behavioral engagement and health 

outcomes by arm as well. However, if there were few to no potentially meaningful 
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differences between arms on these upstream facets of engagement, we planned to 

present behavioral engagement and health outcomes for the sample as a whole.  

All data were analyzed using R 4.0.0 and RStudio 1.2.5042. All data 

visualizations were created using Microsoft Excel 16.54 and Adobe Illustrator 25.4.5.  
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Chapter 3. Results 

Our study received funding on July 30, 2020. Ethical approval was obtained on 

March 15, 2021. Recruitment began in April 2021 and concluded in December 2021. 

Data collection occurred between April 2021 and March 2022.  

3.1 Participants 

Participants were recruited between April 7, 2021, and December 31, 2021. The 

online screener was completed 317 times by 275 unique individuals. Of these, 70 were 

potentially eligible and were contacted for phone screening. 38 were unable to be 

reached for screening, 8 were ineligible based on phone screening, 0 were eligible but 

declined to enroll, and 26 individuals were enrolled in the study (13 per am). The most 

common reasons that respondents were found to be ineligible from the online screening 

were due to taking psychiatric medication or having insufficient symptoms of depression 

and anxiety. The most common reason respondents were found ineligible on the phone 

screening was due to insufficient symptoms at baseline (n=6). 3 enrolled participants 

withdrew from the study during the intervention (one stated they had not benefited from 

the study; one stated it was not the right fit; and one did not provide a reason); 23 

participants were included in the following analyses. One withdrawn participant was in 

the self-guided arm and two were in the supported arm; however, all three withdrew 

before study therapy sessions began and while they were still blinded to condition. See 

Figure 3 for CONSORT Diagram.  

Notably, four additional participants emailed the PI reporting they were unable 

to continue in the study (two due to being too busy, two due to deciding to seek in-

person therapy during the study window) yet elected to remain enrolled so their 

available data would be included in analyses. Two of these participants were in the self-
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guided arm and two were in the supported arm; all stopped participating before study 

therapy sessions would have begun.  

3.1.1 Effectiveness of Different Recruitment Strategies 

Of the 23 participants we enrolled, the majority were recruited from 

ResearchMatch (20; 86.96%). One participant was recruited from a different 

professional organization (Duke Clinical Trials Registry; 4.35%), one was recruited 

through word-of-mouth from another participant (4.35%), and one was recruited from 

social media (Instagram; 4.35%).  

 
Figure 3: CONSORT Diagram. 
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3.1.2 Sample Demographic Characteristics 

Participants ranged in age from 20 to 66 years. The average age was 38 years. A 

minority of participants identified as BIPOC (17%) or members of the LGBTQ+ 

community (21%). Slightly more than a third of the sample (35%) had educational 

attainment of less than an associate’s degree. No participants self-identified as Hispanic 

or Latinx. No participants self-identified as multiracial.  

Table 6. Sample demographic characteristics. 

 
N (%) 

Age (x̄, SD) 37.89 (12.07) 

Gender Identity 
 

     Cisgender Woman  20 (86.96%) 

     Cisgender Man  2 (8.70%) 

     Transgender Woman 1 (4.35%) 

Education Level 
 

     Less than HS diploma 1 (4.35%) 

     HS or equivalent 6 (26.09%) 

     Some college 1 (4.35%) 

     2-year degree 1 (4.35%) 

     4-year degree 4 (17.39%) 

     Some grad school 2 (8.70%) 

     Graduate degree 8 (34.78%) 

Sexual Orientation 
 

     Heterosexual 19 (82.61%) 

     Gay/Lesbian 2 (8.70%) 

     Bisexual 2 (8.70%) 
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Race 
 

     White 19 (82.61%) 

     Black/African American 2 (8.70%) 

     Native Hawaaiian/Pacific Islander 2 (8.70%) 

 

3.2 Experiential Engagement: How did participants feel about the 

intervention?  

For our experiential engagement outcomes, we conducted all analyses by arm to 

assess for signs of differential attitudes toward the intervention based on the 

presence/absence of therapist support. We hypothesized that there would be minimal 

differences between arms at baseline and, for measures of experiential engagement 

collected weekly, for the first 7 weeks of the intervention while participants remained 

blinded to condition. Participants in the supported arm became aware of this in Week 8 

when their study therapist was introduced, and we anticipated that differences in attitudes 

toward the intervention might begin at this point and be maintained for the remainder of 

the intervention. Results for each outcome are presented below.  

3.2.1 Intervention Usability 

At baseline, participants in the unsupported arm (n=11) had a mean System 

Usability Scale score of 76.82 (SD=18.51). Participants in the supported arm (n=11) had 

a mean baseline SUS score of 74.09 (SD=16.14). Scores in the mid-70s represent overall 

positive attitudes towards an intervention. See Table 7 for full results. At 12 weeks, 

participants in the unsupported arm (n=8) had a mean SUS score of 68.44 (SD=16.74), 

and participants in the supported arm (n=4) had a mean score of 71.88 (SD=29.68). This 
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represents a 2.2-point decrease in mean SUS score for the supported arm over the course 

of the intervention, and an 8.4-point decrease in mean SUS score for participants in the 

unsupported arm. 

Table 7. Intervention usability at baseline and post-intervention, by arm. 

 
Unsupported Supported 

X̄ 
(n) 

SD Range 95% 
CI 

X̄ (n) SD Range 95% CI 

Baseline 
SUS 

76.81 
(11) 

18.51 40 -
100 

±10.94 74.09 
(11) 

16.14 52.5-
100 

±9.54 

12-Week 
SUS 

68.44 
(8) 

16.74 40 -
92.5 

±11.60 71.88 
(4) 

29.68 30-
100 

±29.08 

 

3.2.2 Willingness to Refer 

Overall, participants were more likely to answer “yes” when asked if they would 

recommend the intervention at all but two time points (see Figure 4 for more). Slightly 

over half of all participants (n=12) never changed their answer to this question across all 

time points for which they submitted data. Of these, 10 participants answered “yes” at 

every time point for which they submitted data, compared to 2 participants who 

answered “no” at every time point. The remaining 11 participants gave both answers at 

different time points. Of those 11, 4 more often said “yes”, 6 more often said “no”, and 

one gave both answers an equal number of times. Of the same 11, 4 initially answered 

“yes” on at least one time point but switched to consistently answering “no” at 

subsequent time points. None who initially answered “no” changed to consistently 

answering “yes,” and the remaining 6 had multiple changes between “yes” and “no” 

responses across the intervention window. Participants were most likely to answer “yes” 

in weeks 1 (78.26%, n=23), 2 (80.00%, n=20), and 8 (80.00%, n=10). Participants were 
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most likely to answer “no” in weeks 4 (44.44%, n=9) and 5 (45.45%, n=11). Scores 

generally decreased over time, with boosts in weeks 8 and 12; notably, these were the two 

weeks with no homework assignment.  

Contrary to our expectations, there were some differences in willingness to refer 

between arms at baseline. Participants in the unsupported arm were more likely to be 

willing to recommend the intervention (83.33%) than participants in the supported arm 

(72.72%). Further, 7 of the 10 participants who answered “yes” at all timepoints were in 

the unsupported arm, as well as one participant who said “yes” at 11 of the 12 timepoints. 

Only 3 participants in the supported arm said “yes” at all time points. Participants in the 

supported arm were less willing to recommend the intervention at all time points except 

for the final week of the intervention, when 75% in the supported arm answered “yes” 

compared to 63% in the unsupported arm. Notably, no participants in the supported arm 

answered this item for weeks 9 or 11, and in Week 10 only one participant responded.  
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Figure 4. Willingness to recommend the Hazel intervention (%) per week, by arm, 

plus individual participant response patterns. Line graph represents the percentage of 

respondents each week who answered "yes" when asked if they would recommend 

the Hazel intervention to others. Green, white and red background represents 

individual participant responses each week (read horizontally); green represents 

answer of “yes”; red represents “no”; white represents no answer.  
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3.2.3 Number of Referrals 

Only 3 of the 23 participants made a referral at any point in time. Two 

participants from the unsupported arm (16.67%) and one participant from the supported 

arm (9.09%) made referrals. The participants in the unsupported arm made one referral 

each. The participant in the supported arm made a total of two referrals.  

3.3 Technological Engagement: How did participants use the 
intervention?  

For our technological engagement outcomes, we conducted all analyses by arm to 

assess for signs of differential patterns of use based on the presence/absence of therapist 

support. We hypothesized that the different delivery modality between arms might lead 

to differing patterns of use, especially in weeks 8-11 when video therapy sessions 

occurred. Per the model of supportive accountability, we hypothesized that participants 

in the supported arm might show a boost in technological engagement during these 

weeks. Results for each outcome are presented below.  

3.3.1 Weekly Lesson Completion 

To understand how participants used the intervention, we sought to parse apart 

those who fully completed the weekly lessons from those who partially completed lessons 

and those who never started lessons. To do so, we first calculated the percentage of 

participants who started each weekly lesson (see Figure 5). At first both arms follow 

similar patterns, with 100% of participants starting the first two weeks’ lessons followed 

by a decline around weeks 3-5. From Week 4 onward, the unsupported arm levels out for 

the remainder of the intervention with a relatively consistent number of participants 

starting each subsequent lesson; there is one notable drop during Week 11 only. For the 

supported arm, there is also a leveling off after the decline in number of participants 

starting each lesson during weeks 3-5; however, for this arm there is a second decline in 
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weeks 9-11. The supported arm also showed a slight increase in Week 12, but even with 

this increase more participants in the unsupported arm started Week 12.   

  Notably, differences between arms emerge before Week 8, while participants 

were still blinded to study condition. There were no differences between arms in the 

delivered intervention during weeks 3-7 which might account for lower lesson initiation 

in the supported arm. The difference between arms becomes most extreme during weeks 

9-11, overlapping with the provision of video therapy sessions for participants in the 

supported arm. Figure 6 reflects the number of video therapy sessions completed by 

participants in this arm. Most (n=7) did not complete any video therapy sessions, and 

only 1 of the 11 participants in this arm completed all 4 video sessions.  

 
Figure 5: Participants starting each weekly lesson by arm. Note that the supported arm 

is boosted by one participant (gray bars) every week to allow for easier comparison 

between arms given uneven allocation (n=12 unsupported versus n=11 supported). 
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Figure 6. Total number of video therapy sessions completed by participants in the 

supported arm. 

Next, we calculated participants’ percent completeness of each weekly lesson. We 

did so by dividing the number of responses that a participant gave in each lesson by the 

total number of responses possible for that lesson. Participants who never started the 

intervention were excluded from our subsequent analyses of weekly completion. We 

excluded those participants as their noncompletion was already captured by our previous 

analyses and to prevent meaningful information about participants’ behavior after starting 

each weekly lesson from being washed out by the high numbers of non-starters.  

Among participants who at least started each weekly lesson, there was relatively 

high completion for much of the intervention, with mean completion of above 70% in 

both arms for the first 6 weeks of the intervention. There were no major differences 

between arms until weeks 10 and 11, at which point participants in the supported arm had 

much higher mean completion scores than participants in the unsupported arm — with a 
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difference of 29.5% between arms in Week 10 and 66.7% in Week 11. See Figure 7 for 

more.  

 
Figure 7. Average lesson completeness (%) per week by arm. 

3.3.2 Non-Use Attrition 

We calculated the point of non-use attrition as the last week for which participants 

submitted any data. Given the low sample size, we have considered attrition of 2 or more 

participants per arm per week as potentially meaningful spikes. See Figure 8 for new and 

total attrition each week.  

There were minimal differences in attrition by arm for the first 7 weeks of the 

study; this was expected given minimal differences between arms for this time period. 

For both arms, there was a spike in attrition in Week 3, with 5 participants across both 

arms dropping out between weeks 2 and 3. A second spike in attrition occurred in weeks 
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8 and 9 of the intervention, for the supported arm only. Across these two weeks, 4 

participants in the supported arm were lost to follow-up, compared to one participant in 

the unsupported arm. Notably, this spike corresponds with the onset of video sessions for 

the supported arm.  

 
Figure 8. New and total attrition per week by arm. 

3.3.3 Days Used Per Week 

Overall, there was minimal variability in how many days per week participants 

used the intervention, with no noticeable differences between arms. Participants in the 

unsupported arm used the intervention for an average of 1.309 days per week (SD=.667), 

compared to an average of 1.227 days per week for participants in the supported arm 

(SD=.549). Further, of our 23 participants, just over half (n=12) exclusively used the 

intervention for one day per week; these 12 were evenly divided between the two arms. 
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The maximum number of days the intervention was used in a given week was 4. The 

participant with the highest dose of exposure to the intervention used it for an average of 

2.00 days per week across all intervention weeks; this participant was in the unsupported 

arm. Week 2 involved the lowest dose of use for all weeks; all participants who 

completed Week 2 used it for a single day only. Week 5 was used the most days, with an 

average of 1.636 days per week.  

3.4 Behavioral Engagement: How did participants’ behavior 
change over the course of the intervention?  

For our behavioral engagement outcomes, we conducted all analyses for the 

sample as a whole rather than by arm given the low number of video therapy sessions 

completed by participants in the supported arm. The low number of video sessions means 

there were minimal differences in the delivered intervention between arms, so we 

anticipated minimal differences in these outcomes between arms. Results for each 

outcome are presented below.  

3.4.1 Weekly Homework Completion 

As with weekly lesson completion (see above), we calculated the percent 

completeness of each week’s homework (note that weeks 8 and 12 had no homework 

assigned) for each participant that at least started that week’s lesson. Again, we excluded 

participants who did not start the weekly lesson from these calculations to avoid 

artificially deflating our averages and losing potentially meaningful information about 

how participants who were exposed to each new weekly skill incorporated that skill into 

their day-to-day lives.  
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Among participants who at least started each weekly lesson, there was high mean 

homework completion for Week 1 (83.23%). Homework completion was low for the 

remainder of the intervention, with Week 6 as the only other week where mean 

homework completion was above 50% (58.135%). Week 3 had the third-highest mean 

homework completion (45.71%); for all other weeks, participants who started the lesson 

completed less than 30% of the homework on average (see Figure 9 for more).  

 
Figure 9. Average homework completeness (%) per week. 

3.4.2 Cognitive Flexibility 

At baseline, participants (n=23) had an average total CFI of 100.826 

(SD=14.908), indicative of relatively high baseline cognitive flexibility. Participants had 

a mean baseline score of 72.087 (SD=9.429) on the alternatives subscale and a mean 
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baseline score of 28.739 (SD=8.058) on the control subscale, see Table 8 for more. 

Relative to the maximum score for each subscale, participants scored higher on the 

alternatives subscale (80.00%) compared to the control subscale (58.65%).  

After completing the intervention, participants (n=12) had a mean total CFI of 

95.917 (SD=12.926), a mean alternatives subscale score of 67.000 (SD=7.966) and a 

mean control subscale score of 28.917 (SD=8.382). Notably, there was an approximately 

5-point decrease in the mean total CFI score over time. From comparing pre/post scores 

on the two subscales, we see that this decrease appears to be driven entirely by decreases 

in the alternatives subscale, as mean control subscale score shows a very minor increase 

(0.178).  

Table 8. Behavioral engagement outcomes at baseline and post-intervention. 

 X ̄ (n) SD Range 95% CI 

Baseline CFI 100.826 (23) 14.908 75 - 136 ± 6.093 

       Alternatives Subscale 72.087 9.429 55 - 91 ± 3.853 

       Control Subscale 28.739 8.058 18 - 45 ± 3.293 

12-Week CFI 95.917 (12) 12.930 74 - 114 ± 7.316 

       Alternatives Subscale  67.000 7.966 53 - 77 ± 4.507 

       Control Subscale 28.917 8.382 20 - 42 ± 4.742 

Baseline CAMS-R 23.870 (23) 2.437 20 - 28 ± 0.996 

12-Week CAMS-R 24.667 (12) 3.798 20 - 31 ± 2.149 

Baseline COPE-Avoidance 30.652 (23) 8.205 18 - 48 ± 3.353 



 

53 

12-Week COPE-Avoidance 29.417 (12) 5.501 21 - 39 ± 3.112 

 

3.4.3 Mindfulness 

Participants (n=23) had a mean baseline CAMS-R score of 23.870 (SD=2.437), 

compared to a mean post-intervention (n=12) score of 24.667 (SD=3.798), see Table 8 

for more.  

3.4.4 Avoidance 

At baseline, participants (n=23) had a mean COPE-Avoidance score of 30.652 

(SD=8.205). At 12 weeks, participants (n=12) had a mean score of 29.417 (SD=5.501), 

see Table 8 for more.  

3.5 Symptom Change: How did participants’ symptoms change 
over the course of the intervention?  

We originally planned to calculate best-fit lines participants’ symptom scores over 

time to reflect the general trend in symptoms. However, after finishing data collection we 

observed highly variable trajectories of change which contraindicated the use of a 

singular best-fit line (see Figure 10 and Figure 11 for spaghetti plots of depression and 

anxiety symptoms over time). We still present the average symptoms over time, but have 

decided post-hoc to additionally divide the sample into categories based on similar trends 

in symptom change over time to better understand the variability in symptom change. 

Given the minimal differences between arms on engagement outcomes and the low 

number of video sessions completed by participants in the supported arm, we have looked 

at symptom outcomes for the entire sample rather than by arm.  
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Figure 10. Spaghetti plot of ODSIS scores over time. 

 
Figure 11. Spaghetti plot of OASIS scores over time. 
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3.5.1 Depression 

Across all participants, symptoms had a general downward trajectory in 

depression symptoms, as measured by the ODSIS score over the course of the 

intervention until week 12, where there was a roughly 4-point increase; this increase was 

roughly sustained at one-month follow-up (see Figure 12 below). However, as can be 

seen in the spaghetti plot of ODSIS scores (see Figure 10 above), there were several 

participants with minimal depression symptoms (n=2) at all timepoints, which is 

artificially deflating these averages. There are also several additional participants (n=7) 

who had subthreshold depression scores at baseline (ODSIS below our cut point of 8). 

The results in Figure 12 may be biased by the inclusion of numerous participants without 

interfering depression symptoms, so we therefore also calculated the average ODSIS 

score over time for the 14 participants with significantly interfering/impairing depression 

symptoms at baseline, see Figure 13 below. This subset of our sample showed a similar 

trend in ODSIS score over time, with a decrease through Week 11 and then a moderate 

increase in Week 12 that was sustained at 1-month follow-up. However, the decrease 

from baseline to Week 11 was larger and more consistent for the depressed-only group, 

and the increase at Week 12 was smaller (roughly 2 points versus 4). Further, for the 

depressed-only group, there was a roughly one-point decrease from Week 12 to one-

month follow-up, compared to a slight increase for the total sample.  
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Figure 12. Average ODSIS score over time for all participants (n=23). 

 
Figure 13. Average ODSIS score over time for participants with above-threshold 

depression symptoms at baseline (n=14). 
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We then separated out individual trajectories from the spaghetti plot of ODSIS 

scores and grouped individuals by the pattern over time. We observed five unique 

patterns of depression symptom change over the course of the intervention; see Figure 14 

for individual trends. Most participants (n=13) showed some improvement in their 

symptoms over the course of the intervention, and most (n=8) who showed improvement 

had relatively consistent downward trajectories over time (see Figure 14.a). However, 

three of the 8 in this category tracked their symptoms for only 3 weeks of the 

intervention, and one of the 8 tracked for only one week of the intervention.  

An additional three participants showed a general reduction in symptoms over 

time, with multiple spikes and drops at different timepoints (see Figure 14.b). This is in 

contrast to the 8 participants with improved symptoms and no spikes. We conceptualized 

a symptom spike as an increase of at least 2 points in a week followed by a drop of at 

least 2 points. For these three participants, symptom increases were consistently less 

extreme than the subsequent decreases, leading to an overall downward trend in 

symptoms despite these spikes. Two of the three participants displayed a pattern of 

frequent spikes often lasting 2-3 weeks each, whereas one showed a longer cycle lasting 

closer to 5-6 weeks per spike.  

An additional two participants showed early improvement in symptoms, followed 

by an uptick in symptoms at the last time point where data was available (see Figure 

14.c).  

Seven participants showed a cyclical pattern in symptoms with no overall 

reduction or increase in symptoms from baseline to post-intervention (see Figure 14.d). 

This is in contrast to the 3 participants mentioned above with cyclical, but overall 
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improving, symptoms. As with those participants, these 7 participants varied in the 

frequency of their symptom cycles. Three of these 7 participants had cycles that typically 

lasted around 2-3 weeks, while four of the 7 had symptom cycles lasting around 4-6 

weeks per cycle.  

Finally, three participants showed little change in their symptoms over time (see 

Figure 14.e). Notably, two of these three had minimal depression symptoms at all time 

points. The third had elevated symptoms (ranging from an ODSIS score of 14 to 15) but 

completed only 3 weeks of the intervention. 
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60 

 

 
Figure 14. Individual ODSIS trajectories, grouped by pattern. A. Consistent 

improvement, n=8. B. Improvement with cyclical pattern, n=3. C. Temporary 

improvement followed by increased symptoms, n=2. D. Cyclical pattern with no 

improvement, n=7. E. Minimal change, n=2. 
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3.5.2 Anxiety 

As with depression symptoms, there was a general downward trend in average 

OASIS scores over time, with a notable spike toward the end of the intervention (see 

Figure 15 below). Symptoms generally decreased from baseline through Week 8, rose in 

weeks 9 and 10, dropped in Week 11 and rose again in Week 12. There was a slight 

decrease in OASIS score from Week 12 to one-month follow-up.  

As with depression symptoms discussed above, there were several participants 

with subthreshold anxiety symptoms at baseline (n=3). As above, we plotted the average 

OASIS score over time with these participants removed to better understand how the 

intervention impacted anxiety symptoms for those with significantly impairing/interfering 

anxiety (see Figure 16 below). The patterns in OASIS scores after removing these 

participants was generally similar to that observed in the full sample. Notably, the spike 

in weeks 9 and 10 was slightly more pronounced in the anxious sample, and the decrease 

in Week 11 was more extreme as well. Additionally, there was a less-pronounced 

decrease from Week 12 to one-month follow-up for this subset of participants.  
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Figure 15. Average OASIS score over time for all participants (n=23). 

 
Figure 16. Average OASIS score over time for participants with above-threshold 

anxiety symptoms at baseline (n=20). 
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As with depression symptoms, we then separated out individual trajectories from 

the spaghetti plot of OASIS scores and grouped individuals by the pattern over time. We 

observed four unique trends in anxiety symptoms over the course of the intervention, see 

Figure 17 for individual trends. Most participants (n=13) showed an overall reduction in 

anxiety symptoms over time. Again, these participants could be split into those who 

showed generally consistent improvements in symptoms over time (n=7, see Figure 

17.a) and those who showed a pattern of spikes and drops with an overall downward 

trajectory (n=6, see Figure 17.b). However, four of the 7 who showed consistent 

improvement completed anxiety symptom monitoring for only 3 weeks, so our ability to 

draw conclusions is limited by missing data.  

An additional 9 participants showed cyclical symptoms with no overall increase 

or reduction in symptoms from baseline to post-intervention (see Figure 17.c). Compared 

to the cyclical depression symptoms discussed above, these cyclical anxiety symptoms 

tended to be more unpredictable in terms of their frequency and the extremity of each 

spike/drop.  

Lastly, one participant showed worsening anxiety symptoms over the course of 

the intervention (see Figure 17.d). However, this participant completed symptom 

tracking for only two timepoints (baseline and Week 1), so we cannot draw any 

conclusions about how this participant’s symptoms truly changed over the intervention 

period.  
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Figure 17. Individual OASIS trajectories, grouped by pattern. A. Consistent 

improvement, n=7. B. Improvement with cyclical pattern, n=6. C. Cyclical pattern with 

no improvement, n=9. Worsening symptoms, n=1. 
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Chapter 4. Discussion 

This study offers one of the most comprehensive measurements of engagement 

outcomes in a digital health trial. We collected 10 total measures of engagement and 

assessed engagement at 14 different time points; the norm in the field is to collect one 

measure at one timepoint. To further deepen our understanding of engagement with the 

Hazel intervention, we utilized a combination of self-report, behavioral and objective 

measures of engagement. There was high acceptability of the Hazel intervention design 

and measurement schedule, and participant feedback about the intervention was overall 

positive. While there was little evidence that the response burden of our measures was 

too high for participants, we observed that some of our measures of engagement showed 

little variability between participants or over time. These results offer some of the first 

empirical guidance on the selection of measures of engagement and the frequency of their 

administration.  

Surprisingly, we found that therapist support increased some aspects of 

intervention usage and decreased other aspects; this nuance would have been lost if we 

had used only one measure of technological engagement. In addition to underscoring the 

utility of more comprehensive measurement of engagement, these findings provide 

guidance on potential adaptations to the trial design that might improve engagement. 

Even with the current design, we found preliminary evidence that most participants had 

some reduction in symptoms over the course of the study, suggesting the Hazel 

intervention may be effective for improving problems related to depression and anxiety. 

Notably, this was despite minimal evidence of change on the underlying theoretical 
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mechanisms of the intervention or changes in the behaviors the intervention targets (i.e., 

cognitive flexibility, mindfulness, avoidance).  

Below, we discuss the implications of our findings in greater detail.  

4.1 Acceptability of the Hazel Intervention 

Participants in both arms showed relatively high experiential engagement at all 

timepoints, suggesting high acceptability of the intervention. System Usability Scale 

scores were overall positive for both arms at both baseline and 12 weeks, and participants 

were generally more likely than not to say they would recommend Hazel to others.  

There is likely little clinical significance to the 2.7-point difference in SUS scores 

between arms at baseline or the 3.4-point difference in SUS scores at 12 weeks between 

arms. Similarly, the 2.2-point decrease in mean SUS scores from baseline to 12 weeks for 

the supported arm is unlikely to represent a true decrease in attitudes toward the 

intervention. Notably, the standard deviation for this arm is elevated at 12 weeks and 

substantially higher than the standard deviation for all other arms and timepoints, 

suggesting greater heterogeneity in attitudes toward the intervention for participants in 

the supported arm upon completion of the intervention, as reflected in the scores 

ranging from 30 to 100. However, all interpretations are limited by the low number of 

respondents in this arm post-intervention.  

In contrast, the 8.4-point decrease in mean SUS score for participants in the 

unsupported arm may be indicative of worsening attitudes toward the intervention over 

time, from “above average” attitudes at baseline to “average” attitudes after completing 

the intervention. With the currently available data, it is unclear if this trend is unique to 

the unsupported arm or if a similar trend would emerge if there were more participants 

in the supported arm. If this decrease represents a true decrease in favorability toward 
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the intervention, this might reflect intervention delivery decisions that were made for 

feasibility rather than participant experience. Future, fully powered studies may seek to 

better understand changes in SUS over time, as well as any impact that the 

presence/absence of human support has on this change. 

Participants in the unsupported arm were more likely to express willingness to 

recommend the intervention to others. These differences were unexpected, as 

participants were blinded to their condition at baseline and there were no differences in 

the intervention until Week 8, when therapist support began. It is therefore unlikely that 

these baseline differences between arms are attributable to our experimental 

manipulation. All subsequent differences between arms should be interpreted with 

caution due to this baseline difference. Interpretation of these trends is further limited by 

the low number of respondents in later weeks of the intervention, especially in the 

supported arm. As noted above, participants in the unsupported arm were more likely to 

answer this item in later weeks, though this may be an unintended consequence of the 

study design. Notably, most participants who completed the video sessions offered 

positive verbal feedback about their experiences. 

The overall positive feedback about the Hazel intervention is especially notable as 

the intervention website was designed primarily for feasibility rather than to optimize the 

user experience. The intervention was delivered over RedCap, a secure web application 

for data collection. While RedCap surveys are customizable, options are limited and the 

resulting Hazel intervention was relatively simple in appearance and functionality (see 

Figure 18 for an example of the intervention website). Therefore, we anticipate that 

experiential engagement outcomes might be greater for studies using a more modern 
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design, so long as caution was taken to ensure the website was still intuitive for new 

users.  

 
Figure 18. Screenshot of the participant view of Week 1 of the Hazel intervention. 

4.2 Feasibility of the Hazel Intervention 

One of the primary aims of this exploratory study was to determine the feasibility 

of our experimental manipulation. Specifically, we sought to determine if there was 

sufficient retention and data availability to assess differences between arms when video 

sessions started in Week 8 and to assess the therapist burden of four 50-minute sessions 

per participant in the supported arm.  
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4.2.1 Timing of video sessions 

Unexpectedly, participants in the supported arm showed worse technological 

engagement across numerous measures tied to the onset of video sessions. Specifically, 

participants in the supported arm were less likely to start weekly lessons when video 

sessions began, the majority (63.64%) completed no video sessions, and there was a 

substantial spike in non-use attrition during weeks 8 and 9 for these participants. Taken 

together, our weekly completeness and attrition outcomes indicate that not only were 

participants unlikely to complete video sessions, they were unlikely to continue in the 

intervention at all once video therapy sessions were offered. There are several possible 

explanations for this and corresponding adjustments that might be made to future studies.  

 Firstly, it is possible that our choice to deliver the video therapy sessions 

relatively late into the intervention, during weeks 8 through 11, may have contributed to 

lower rates of video session completion. Participants may have gotten familiar with 

completing the intervention independently and felt uncomfortable initiating human 

support after 7 weeks. Future studies might experiment with delivering support at 

different timepoints to observe how this changes engagement.  

 It is also possible that the introduction of an unknown therapist contributed to 

lower engagement. Notably, two of the participants with the highest number of video 

sessions completed (4 sessions and 2 sessions, respectively) were assigned to work with 

the study’s primary investigator (JB). All participants were screened by the PI by phone, 

and it is therefore possible that this initial contact led to increased comfort beginning 

video therapy sessions for those assigned to the PI versus those assigned to other study 
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therapists. Future trials might also try introducing the assigned study therapist earlier on 

to see if this impacts engagement.  

 Lastly, we chose to keep participants blinded to their condition until Week 7 of 

the intervention, when those in the supported arm were contacted by the PI and their 

assigned study therapist to schedule video sessions. Our intention was to minimize 

differences in the intervention between arms before the onset of the video sessions. 

However, it is possible that if participants were alerted to their condition and were 

anticipating video sessions starting there might have been greater uptake once the video 

sessions began. Again, future studies might experiment with when participants are 

informed of their condition to see how changes in participant expectations impact 

engagement.65  

4.2.2 Number of video sessions 

In total, we conducted 9 50-minute sessions, for a total of 450 minutes or 7.5 

hours over 9 months of data collection. This was substantially lower than we expected (4 

50-minute sessions times 13 participants, for a total of 43.3 anticipated hours). In order to 

meet this expected burden, this trial had a team of five study therapists. Given the low 

uptake of video therapy sessions, it was highly feasible for a team of this size to offer this 

dose of support. However, if changes to the intervention were made to attempt to increase 

uptake of video sessions, the feasibility of offering 4 50-minute sessions per participant 

should continue to be monitored. As noted above, these changes might include 

reconsidering when video sessions are offered. We decided to offer 4 sessions primarily 

based on the length of the emotion exposure module. If video sessions were moved to the 

start of the intervention, there would be no rationale for offering 4 video sessions rather 
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than one, two, or three. Reducing the number of video sessions is one option to reduce 

the negative impacts of increased video session uptake on therapist burden and 

intervention scalability.  

4.2.3 Participant Retention 

Overall, fewer participants started each weekly lesson as the intervention went on. 

For those who did start each lesson, the level of completeness also decreased over the 

course of the intervention. This aligned with our expectations and the norms for digital 

health interventions.  Homework completion generally decreased over the course of the 

intervention, as we expected based on findings from other digital health studies. 

4.2.3.1 Weekly completeness 

Notably, for the minority of participants in the supported arm who did complete 

video sessions, there was a higher average level of completion during weeks 8-11 than 

for participants in the unsupported arm. This aligned with our expectations that the in-

vivo support and feedback of a therapist would improve engagement with intervention 

content during this challenging module. However, this boost in lesson completeness is 

substantially hampered by the much lower number of participants in the supported arm 

who started any video lessons. In sum, our findings indicate that offering therapist 

support, as delivered in the current study, was beneficial for those who utilized it but 

overall discouraged participants from continuing in the intervention.  

One notable limitation of completeness as an outcome is that it does not account 

for actual understanding of the concepts being taught, how much effort was put into 

responses, or even if responses are relevant in any way. Completeness was simply 

calculated as the number of responses a participant gave in a given week divided by the 
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total number of responses possible; the content of those responses was not included in 

any way. Notably, there is some evidence that participants did not understand all topics or 

accurately complete all lessons. For example, one participant would enter the word 

“Unknown” when confused about a topic. Another answered a prompt to identify 

jumping to conclusions and catastrophic thinking by noting that they “never” engage in 

either; however, there were numerous examples of both in their responses to other 

prompts within the same lesson. For both of these participants, completeness would 

indicate higher levels of engagement than a content-based measure. This is a major 

caveat of this measure, as simply completing an intervention without accurately 

understanding the concepts is unlikely to lead to benefits.  

4.2.3.2 Homework completeness 

Notably, both the length (i.e., how many total responses participants were 

prompted to give) and frequency (i.e., how many days participants were asked to practice 

the skill) of homework assignments varied by week. It appears that both frequency and 

length of assigned homework impacted completion. The two weeks with the highest 

average homework completion (weeks 1 and 6) were the only two weeks with one-time 

homework assignments; every other week participants were asked to practice the skill 

multiple times each week. Week 1, which had the highest homework completion on 

average, also had the shortest total homework assignment. However, several weeks had 

shorter assignments than Week 6, so it appears that homework frequency had a greater 

impact on completion than homework length. For homework assignments with a 

frequency of more than one day, the number of days did not appear to impact homework 

completion; rather, the total length of the homework appeared most impactful. Week 3 
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had the third-highest mean completion after the two weeks with one-time homework. 

Week 3 had daily practices that were the briefest after Week 1, while other weeks 

(specifically, weeks 9-11) had longer practices but only 4 times a week. 

However, it is also possible that this pattern may in part be an artifact of our study 

design rather than accurately reflecting homework completion. It is possible that 

participants completed daily homework practices but failed to return to the study website 

to report on the practice. Participants were not incentivized to complete homework 

tracking (i.e., their financial compensation was not dependent on homework completion) 

and, as noted above, most participants used the intervention for only a single day per 

week. Participants would learn what the homework assignment was on the first day they 

used the intervention; if they never returned to that week’s lesson it would be impossible 

for them to report their homework completion on the study website. Future iterations of 

the Hazel intervention might include prompts or incentives to complete homework 

tracking or change how homework completion was tracked (for example, shifting 

reporting about the homework to the start of following week’s lesson rather than the end 

of the same week’s lesson; asking briefer self-report questions about homework 

completion such as “How many days last week did you complete the home practice?”).  

Additionally, homework completion has similar limits as the weekly completion 

outcome discussed above: Completion does not account for the content of the homework 

completion, such as depth of completion or relevance of the data entered. There may be 

participants with a high level of completeness who have not understood or accurately 

completed the home practice, and vice versa. Future studies might consider alternatives to 

completeness, such as qualitative analysis of the content of home practice responses, to 
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better understand the relationship between intervention design, behavioral engagement, 

and other engagement and health outcomes.  

4.2.3.3 Non-use attrition 

The major limitation of non-use attrition as an outcome is that it fails to 

distinguish between reasons for non-use. There are numerous reasons why someone 

might stop using an intervention, and those reasons have different implications for the 

intervention itself. For example, someone might stop using an intervention because 

they’ve forgotten about it (a negative type of attrition), because they don’t like the 

intervention (another negative type of attrition), or because their symptoms have been 

effectively reduced and they no longer feel that they need the intervention (a positive type 

of attrition, which might be better labeled as early intervention success).24,25 Analyses 

contrasting attrition point with other outcomes are required to better understand the 

reason for attrition. For example, we could infer whether attrition was due to disliking the 

intervention by investigating the relation between attrition point and experiential 

engagement outcomes. Similarly, we could infer whether attrition was due to intervention 

success by investigating the relation between attrition point and symptom outcomes. The 

low sample size and high missingness of the current study preclude such analyses, but 

future studies may want to ensure they are sufficiently powered to test these relations 

between outcomes. Alternatively, future studies might seek to conduct exit interviews 

with participants to get self-reported reasons for non-use. All options have pros and cons, 

and more comprehensive approaches involving multiple of these strategies may be 

especially useful for future studies seeking to better understand not only patterns of non-

use attrition but also the underlying reasons.  
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4.2.4 Intervention Effects 

As an exploratory study with a small sample size, we cannot draw strong 

conclusions about the effectiveness of the Hazel intervention for reducing depression and 

anxiety symptoms, nor are we powered to do so. Rather, we aimed to establish whether 

there was any evidence of a treatment effect on depression symptoms, anxiety symptoms, 

or the underlying mechanisms that would support conducting future trials of the 

intervention.  

4.2.4.1 Intervention Mechanisms 

Overall, we observed minimal changes on our measures of the theoretical 

mechanisms of the intervention. At baseline, participants showed relatively high abilities 

to generate alternative perspectives on difficult situations and had more moderate 

confidence in their ability to respond effectively to difficult situations. The less-than one-

point increase participants showed on the control subscale is very unlikely to be clinically 

significant; however, it is possible that the roughly 5-point decrease on the alternatives 

subscale does reflect a meaningful decrease in participants’ ability to generate multiple 

interpretations and possible solutions for difficult situations. This is contrary to our 

hypotheses, as cognitive flexibility is one of the theoretical mechanisms of the Unified 

Protocol and two weekly lessons (weeks 4 and 5) are devoted to improving these skills.  

Both baseline and post-intervention scores are indicative of moderate 

mindfulness. The approximately one-point increase from baseline to 12 weeks is very 

unlikely to represent a clinically significant increase in mindfulness. Again, this was 

contrary to our hypotheses as mindfulness is one of the major theoretical mechanisms of 

the Unified Protocol and mindfulness is incorporated into nearly all weekly lessons. 
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Similarly, it is unlikely that there is any clinical significance to the approximately 

1-point decrease in score from baseline to post-intervention; both scores are indicative of 

moderate levels of avoidance. Again, this was contrary to our hypotheses, as targeting 

avoidance is another core theoretical mechanism of the Unified Protocol and a major 

focus of weeks 6 through 11.  

In sum, these findings suggest that there may be issues in terms of how the Hazel 

intervention is written. Future studies of the Hazel intervention might review and revise 

the content of these lessons and measures. The Efficiency Model of Support notes that 

absence of change in behavioral, digital health interventions can be attributed to several 

causes.44 If our intervention were failing to adequately teach the skills of cognitive 

flexibility, mindfulness, or approaching instead of avoiding, this would be considered a 

knowledge failure under the Efficiency Model of Support. However, if participants were 

accurately understanding the skills but failing to incorporate them into their daily lives 

(e.g., lack of behavioral engagement), the Efficiency Model would term this an 

implementation failure.  

It is also possible that the lack of observed change on these outcomes was due to 

issues with how we measured or analyzed these outcomes, rather than true lack of 

change. Notably, despite minimal changes on all of the theoretical mechanisms of our 

intervention, most participants showed at least some reduction in depression and anxiety 

symptoms, though there was significant variability between participants. We expect that 

there should be a link between changes on these mechanisms and ultimate symptom 

change; it is possible that simply computing averages for these outcomes collapsed those 

who did experience improvements in these mechanisms with those who experienced no 
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or maladaptive changes. Future, fully powered studies might conduct multivariate 

analyses investigating the relation between these behavioral engagement outcomes and 

symptom change to better understand patterns in these outcomes.  

4.2.4.2 Depression Symptoms 

While average depression symptoms across all participants showed a decrease 

over time, interpretations of these averages are limited by the substantial variability in 

symptom trajectories between participants. When looking at individual trends, most 

participants showed some improvement in depression symptoms (n=13), and a sizable 

minority showed cyclical spikes and drops in symptoms with no substantial change over 

the course of the intervention (n=7). However, interpretation of individual trends is also 

limited by substantial missingness. For example, of the 8 participants who showed 

consistent reduction in the depression symptoms, 4 submitted data at four timepoints or 

fewer. While the data we have shows symptom reduction, it is possible that participants’ 

symptoms increased at later timepoints for which we do not have data.  

Similarly, there was substantial missingness for both participants who showed 

initial reduction in depression symptoms followed by a spike at the last available 

datapoint, making it impossible for us to conclude whether these upticks represent one-

off spikes, cyclical patterns, or true symptom non-improvement. Notably, two of the three 

participants who showed no change in depression symptoms had minimal symptoms at 

all timepoints, so the absence of symptom change does not have implications for the 

effectiveness of the intervention. The third who showed no improvement had clinically 

significant symptoms but completed only three weeks of the intervention, again limiting 

our ability to draw conclusions about the reason for non-recovery.  
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Of note, there was much less missingness among participants who showed 

cyclical patterns in their symptoms, including both those who showed overall reduction 

in their symptoms over time and those who showed no change in symptoms over time. 

We can therefore feel more confident in interpreting these results. 

Above, we discussed possible changes to the trial design to increase technological 

engagement. If these changes were effective, they would likely also increase completion 

of symptom monitoring surveys as these surveys were the first thing participants 

completed in each weekly lesson. Future studies might also incentivize completion of 

symptom surveys separate from completion of weekly lessons to increase availability of 

these data. Resolving issues of symptom data missingness is particularly important for 

any studies interested in the effectiveness of the intervention, as effectiveness cannot be 

established with the current levels of completion.  

4.2.4.3 Anxiety Symptoms 

Anxiety symptoms had similar trajectories as depression symptoms, and their 

interpretation is similarly limited by missingness. Average anxiety symptoms across all 

participants decreased over time, with a notable increase in weeks 9 and 10. This increase 

may be attributable to the onset of exposure-based activities in weeks 9-11; we would 

expect anxiety symptoms to rise at the onset of exposure and to decrease with continued 

exposure. Notably, this spike becomes more pronounced when non-anxious participants 

are removed, consistent with this interpretation. However, the low number of participants 

in these weeks and the significant variability in individual trajectories limits our ability to 

conclusively interpret these patterns.  
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When looking at individual trends, most participants showed some improvement 

in anxiety symptoms (n=13) over the course of the intervention, and a substantial 

minority showed cyclical spikes and drops in symptoms with no substantial change over 

the course of the intervention (n=9). However, interpretation of individual trends is also 

limited by substantial missingness. Of the 7 participants who showed consistent reduction 

in anxiety symptoms, 3 submitted data at four time points or fewer.  While the data we 

have shows symptom reduction, it is possible that participants’ symptoms increased at 

later timepoints for which we do not have data. Similarly, the one participant who 

showed worsening anxiety symptoms completed only one week of the intervention. As 

with symptom improvement, this missingness prevents us from drawing firm conclusions 

about the effectiveness of the intervention. Again, there was less missingness among 

those with cyclical patterns to their symptoms, improving our ability to interpret these 

results with confidence.  

It is likely that the changes mentioned above to increase technological 

engagement and depression symptom monitoring would also improve anxiety symptom 

monitoring.  

4.3 Feasibility of the Trial Design 

This trial aimed to establish the feasibility of collecting numerous measures of 

engagement at greater frequency than is typically done. We found no evidence of 

response burden for our measures, but we did find that some provided less useful 

information than others. We also attempted to recruit a highly diverse sample; our sample 

was more diverse than previous studies and the general US population in terms of 
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LGBTQ+ identity but not racial/ethnic identity or socioeconomic status. Below, we 

discuss takeaways from the results of this trial and possible changes for future studies.  

4.3.1 Measures 

Most of our measures of engagement provided useful information for better 

understanding the Hazel intervention. The System Usability Scale, willingness to refer, 

weekly lesson completion, non-use attrition, weekly homework completion, Cognitive 

Flexibility Index, Cognitive and Affective Mindfulness Scale, and COPE Inventory all 

produced sufficient data with sufficient variability to help us more comprehensively 

understand engagement with Hazel. However, the number of referrals made and the 

number of days per week that participants used the intervention offered relatively little 

variability, indicating they may not contribute much to our understanding of engagement 

with this intervention.  

4.3.1.1 Number of Referrals 

Participants made very few actual referrals. We are not aware of any previous 

trials that have used number of referrals as an engagement outcome. This strategy is more 

often seen in snowball sampling; previous research has indicated that a variety of factors 

can impact the success of snowball sampling methods.66 Most notably for this study, this 

can include when the participant feels the research topic is highly personal and therefore 

does not want to disclose information about their own participation to others and when 

there are weak social connections between participants and potential referrals. Disclosure 

of participation in a mental health study may have been too personal for many of our 

participants to feel comfort 
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making referrals; it may also have been considered too personal to suggest to someone 

else that they might need treatment for mental health symptoms. Further, depression and 

anxiety often lead to isolation and challenges with maintaining social relationships, which 

may have further limited the feasibility of participant referrals.  

We included this as a novel variable in an attempt to move beyond simply self-

report measures of experiential engagement, but our findings indicate that actual referrals 

may not be the best behavioral measure of experiential engagement. Future studies may 

consider alternative measures of experiential engagement, including both self-report (e.g., 

open-ended questions about participants’ experiences of the intervention; exit interviews) 

and behavioral measures (e.g., eyetracking; observed usability testing).  

4.3.1.2 Days used per week 

There was very little variability between participants in the number of days per 

week that they used the intervention; most consistently used the intervention only one 

day per week. While this does help us better understand discrepancies between 

intervention design (e.g., for several weeks participants were encouraged to track their 

home practice daily) and participants’ use of the intervention (e.g., at no point did any 

participant track their home practice daily), this may not be the most informative 

technological engagement outcome for a full RCT. Rather, this engagement outcome may 

be most helpful in pilot studies to help interventionists better understand mismatches 

between the way they intended for an intervention to be used and how participants are 

actually using it. At the same time, because this outcome can be tracked automatically by 

the intervention website, it does not contribute to response burden and there is therefore 

little harm in collecting it.  
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Notably, all of the technological engagement outcomes for this trial were 

behavioral; future studies might explore non-behavioral measures such as self-report 

questionnaires about the effort and attention participants put into the weekly lesson. 

Alternatively, the content of participants’ responses might be coded to attempt to 

behaviorally capture the attention/effort participants have put into using the intervention. 

Of course, non-comprehension might also indicate a problem with the intervention itself 

rather than a lack of effort on the part of participants. Coding qualitative data might help 

identify any parts of the intervention itself that would benefit from being revised, as we 

would expect drops in comprehension/accuracy outcomes across most participants at 

these points.  

4.3.2 Assessment schedule 

While the SUS and willingness to refer provided useful information, results of 

this trial suggest possible changes to the frequency with which these measures were 

administered.  

4.3.2.1 Days used per week 

Notably, numerous participants reached out to the primary investigator with 

questions about the SUS when completing it at baseline. Though participants had used 

the Hazel website when completing the online screener, consent form and baseline 

questionnaires, they seemed unaware that this was the same platform as the Hazel 

intervention and were therefore uncertain of how to answer the SUS questions. Thus, it 

may make more sense to administer the SUS immediately following Week 1 of the 

intervention for future studies.  
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4.3.2.2 Willingness to recommend  

As an engagement outcome, willingness to recommend an intervention to others 

is most often collected once following completion of the intervention; however, there was 

little evidence to support this administration schedule. If any rationale were given, it 

typically focused on response burden. As noted above, we found little evidence of 

response burden in our sample despite the large number and frequency of assessment of 

engagement. We hypothesized that willingness to refer might vary weekly based as 

participants gained additional experience with the intervention technology and content, 

but results indicated that participants were generally consistent in their answers, rather 

than showing much change week to week. This indicates that this willingness to refer 

might not need to be collected weekly; rather, it might be collected at a few points over 

the course of the intervention to lessen response burden. Willingness to recommend an 

intervention is most commonly collected only at post-intervention.  

 Notably, there were differential response rates in willingness to refer between 

arms, with participants in the supported arm less likely to respond to this item in the 

weeks with therapist support compared to those in the unsupported arm. While these 

differences are largely driven by disparities in lesson completion between the two arms 

during these weeks, they may also reflect how content of each weekly lesson was 

tunneled. Participants had to complete and submit weekly symptom surveys in order to 

see the lesson containing the weekly psychoeducational reading, practice exercises and 

home practice assignment. They had to submit this lesson in order to see the item asking 

if they would recommend Hazel to others. However, most participants who completed 

video sessions did not fill out and submit the weekly lesson on the intervention website; 
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rather, they completed the lesson verbally with their therapist and reported their 

homework verbally at the start of the next session. Thus, because these participants did 

not submit the weekly lesson, they were not shown the item asking about their 

willingness to refer the intervention to others on weeks when they completed video 

sessions. Future studies including weekly assessment of outcome measures should be 

cognizant of how content tunneling and intervention design may impact data collection.  

4.3.3 Participants and recruitment 

Compared to many other digital health studies, our sample was more diverse in 

terms of LGBTQ+ identity (21%) and roughly comparable to other studies in terms of 

educational attainment (40% with an associate’s degree or less) and BIPOC-identified 

participants (17%). Across the 42 studies included in Brooks et al.’s review of the impact 

of study design on experiential engagement, relatively few reported on participant 

demographics.15 Of those that did, 75% of participants were white and 60% had a 4-year 

degree or higher. None of the trials reported on LGBQ+-identified participants and none 

reported any trans- or gender-diverse participants. Notably, our sample was also less 

racially/ethnically diverse than the US population (roughly 76% white per the 2021 

census) or the state of North Carolina (70% white).67 Estimates of the percentage of the 

US population that identifies at LGBTQ+ have been rapidly changing in recent years; a 

2021 Gallup survey found that 7.1% of adults in the US identified as LGBTQ+.68  

Overall, this suggests that our recruitment strategies were effective for 

oversampling LGBTQ+-identified individuals but not BIPOC or low-SES participants. 

While we attempted a multi-pronged recruitment strategy including multiple sources that 

primarily serve BIPOC, low-SES and LGBTQ+ individuals, we had little success with 
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these recruitment sources. Rather, most of our sample was recruited from 

ResearchMatch, which reports that 75% of the registry population is white and 0.6% is 

transgender; other demographics are not reported.69 It is also important to note that 

participants from ResearchMatch may not be representative of the US population in terms 

of technological literacy, which is a particularly relevant concern for digital health 

studies. Future studies should prioritize exploring and identifying effective strategies for 

diverse recruitment of BIPOC and low-SES populations.  

Further, we operationalized SES exclusively through educational attainment, but 

this is only one aspect of socioeconomic status. As there was limited evidence that 

participants found the response to current measures too burdensome, future studies might 

incorporate additional metrics of SES such as income, occupation, employment status, 

citizenship status, and/or questions about class-related stressors (e.g., housing or food 

insecurity, ability to access necessary medical care, access to sick leave, et cetera).  

4.3.4 Compensation structure 

There was a spike in non-use attrition between weeks 2 and 3 for both arms of our 

trial. Notably, participant compensation was dependent on intervention completion, with 

participants who completed at least 2 weeks of the intervention receiving $60. While this 

compensation structure was intended to incentivize building the habit of using the 

intervention and ensure at least 2 time points of data for analyses, it is possible that it 

unintentionally contributed to this observed pattern in attrition. Further, there are 

significant limitations to the conclusions we can draw based on only two weeks’ worth of 

data. A more gradual compensation structure or a greater number of sessions completed 

to earn compensation might lead to reductions early intervention attrition.  
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4.4 Strengths and Limitations 

This study has made several novel contributions to the field of digital health 

research. Most notably, we conducted much more comprehensive assessment of 

engagement outcomes than is typically seen. Our results provide some of the first 

empirical guidance on the selection of measures of engagement and the frequency with 

which these measures should be administered. At the same time, “engagement” is a vast 

construct, and there are still many potentially important aspects of engagement that we 

did not assess in this study.  

 Another novel contribution of this study was the focus on a comparatively low 

dose of support. The Unified Protocol, upon which the Hazel intervention is based, has 

thus far only been tested in trials with weekly therapist support.49,70–73 More broadly in 

the digital health realm, most research on the impact of therapist support has contrasted a 

standalone arm with an arm that receives support throughout the intervention period.15,30–

42,74 Standalone interventions are much more scalable that supported ones, which is an 

important consideration when considering the promise of digital health. While our design 

is much more scalable than a comparable intervention with weekly therapist support, we 

still planned to deliver 200 minutes of therapist support per participant in the supported 

arm. This is much less scalable than the typical standalone digital health intervention. 

Arguments have even been made in favor of scalability over effectiveness — from a 

public health standpoint, there is more benefit from an intervention that only works for 

1% of users but can serve 100,000 (1,000 individuals successfully treated) than an 

intervention that works for 80% of users but can only serve 100 (80 individuals 

successfully treated).75 The extent to which support impacts outcomes will likely vary 
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based on the condition being treated and the target population. Ultimately, we believe it 

will be most beneficial for interventionists to make decisions about the dose of support 

based on both scalability and effectiveness for their specific situation.  

This study was also unique in its efforts to recruit a highly diverse sample for a 

trial of a digital mental health intervention. We successfully oversampled participants 

who identified as members of the LGBTQ+ community, which has historically been 

underrepresented and underreported in research. However, we were unsuccessful in our 

attempts to oversample participants from underrepresented racial/ethnic backgrounds and 

lower-SES participants. One major limitation of the current study is that nearly all 

participants were recruited from ResearchMatch and may not be representative of the 

U.S. population. 

 There are both benefits and drawbacks of our exploratory design. Most notably, 

our low sample size means we are underpowered to explore the statistical significance of 

our findings or to draw firm conclusions about the effect of our intervention on 

engagement or health outcomes. Our ability to draw conclusions is further limited by 

substantial missingness. At the same time, this study was never designed to be fully 

powered. Rather, it was intended as a small-scale feasibility trial of our design to identify 

issues before conducting a fully powered trial, and it was successful in accomplishing 

those aims.  

Further, we hope this study has made meaningful contributions to the field of pilot 

study methodology. Over the past several years, numerous arguments have been made 

against the use of inferential statistics for evaluating the results of pilot trials. However, 

there is little consensus about how best to make use of and interpret pilot data. In addition 
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to descriptive statistics, we made extensive use of data visualizations to help us better 

understand trends across, between and within participants over the course of the 

intervention. We believe these visualizations substantially deepened our understanding of 

the feasibility and acceptability of the current trial design and that similar methods could 

be helpful in evaluating other pilot studies.  

4.5 Conclusions 

This exploratory trial successfully developed and delivered an online, mental 

health intervention to 23 participants. We randomized participants to complete identical 

interventions based on the empirically supported Unified Protocol, with only one tightly 

controlled difference between arms. This contributes to recent efforts to open the “black 

box” of intervention effects and better understand how each individual component 

contributes to outcomes. We successfully accomplished our aims of determining the 

acceptability and feasibility of the current intervention and trial design, and we identified 

several possible changes that might increase participant retention and data availability for 

future trials. Even without these changes, the Hazel intervention showed high 

acceptability among participants and showed preliminary evidence of efficacy for 

reducing depression and anxiety symptoms.  
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Appendix A: Behavior Change Techniques in this intervention 
 

We identified the Behavior Change Techniques present in the Unified Protocol by 

coding the Unified Protocol manual.27 Coding was performed by the primary investigator (JB), 

who completed online training in identifying and coding BCTs.39 Identified BCTs were then 

confirmed in consultation with one of the authors of the manual (Clair Cassiello-Robbins). 

 

Table 9. Behavior Change Techniques in the Hazel intervention. 

No. Name  No. Name 

Core Components of the Unified Protocol 

1.1 Goal Setting (behavior)  5.4 Monitoring of Emotional 
Consequences 

1.2 Problem Solving 5.6 Information about Emotional 
Consequences 

1.3 Goal Setting (outcome) 6.1 Demonstration of the Behavior 

1.4 Action Planning 7.7 Exposure 

1.5 Review Behavioral Goal(s) 8.1 Behavioral Practice/Rehearsal 

1.6 Discrepancy Between Current 
Behavior and Goal 

8.2 Behavioral Substitution 

1.7 Review Outcome Goal(s) 8.3 Habit Formation 

2.2 Feedback on Behavior 8.4 Habit Reversal 

2.3 Self-Monitoring of Behavior 8.6 Generalization of Target Behavior 

2.4 Self-Monitoring 
Outcome(s) of Behavior 

8.7 Graded Tasks 

2.7 Feedback on Outcome(s) of 
Behavior 

9.2 Pros and Cons 
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4.2 Information about Antecedents 

 

11.4 Paradoxical Instructions 

4.3 Re-Attribution 

 

13.2 Framing/Reframing 

4.4 Behavioral Experiments 

 

13.3 Incompatible Beliefs 

Additional Components Included in this Intervention 

3.2 Social support (practical) 

 

3.3 Social support (emotional) 

7.1 Prompts/Cues 

 

10.2 Material Reward (Behavior) 

10.1 Material Incentive (Behavior) 

 

10.4 Social Reward 
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