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Abstract 

The month following discharge from acute psychiatric care is associated with increased risk of 

relapse, rehospitalization, and suicide. Effective and accessible interventions tailored to this 

critical transition are urgently needed. Cognitive bias modification for interpretation (CBM-I) is 

a low-intensity intervention that targets interpretation bias, a transdiagnostic process implicated 

in the development and maintenance of emotional disorders. We describe the development of a 

CBM-I smartphone app called HabitWorks as an augmentation to acute care that extends through 

the high-risk month post-discharge. We first obtained input from various stakeholders including 

adults who had completed partial hospital treatment (Patient Advisory Board), providers, CBM 

experts, and clinic program directors. We then iteratively tested versions of the app, 

incorporating feedback over three waves of users. Participants were recruited from a partial 

hospital program and completed CBM-I sessions via the HabitWorks app while attending the 

hospital program and during the month post-discharge. In this Stage 1A treatment development 

work, we obtained preliminary data regarding feasibility and acceptability, adherence during 

acute care, and target engagement. Pilot data met our a priori benchmarks. While adherence 

during acute treatment was good, it decreased during the post-acute period. Qualitative feedback 

was generally positive and revealed themes of usability and helpfulness of app features. 

Participants varied in their perception of skill generalization to real life situations. The feasibility 

and acceptability data suggest that a controlled trial of HabitWorks is warranted. 

Keywords: cognitive bias, interpretation bias, smartphone, treatment, mHealth 
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There is an urgent need for interventions that facilitate the transition from acute 

psychiatric care to outpatient treatment. People are at highest risk of relapse, rehospitalization, 

and suicide in the weeks immediately following discharge (Vigod, 2013; Woo, 2006). However, 

very few post-acute interventions are available to patients, and those that exist require intensive 

resources (e.g., Miller et al., 2016). Smartphone technology may provide a low-cost and scalable 

solution to help bridge this critical transition. Smartphone apps offer on-demand support and can 

be used to promote therapeutic skill use outside the therapy session. In the United States, 

smartphone ownership is high (77%; Pew, 2018), as is interest in using smartphones for mental 

health (56% to 84% of people with psychiatric disorders; Beard, Silverman, Forgeard, Wilmer, 

Torous, & Björgvinsson, 2019; Di Matteo et al., 2018; Torous et al., 2014; Torous & Friedman, 

2014). The present study capitalized on this technology to develop a skills-based app to augment 

acute psychiatric care and ease the transition following discharge. We describe the rationale for 

developing this tool and the iterative development process.  

Rationale for HabitWorks 

Decades of empirical studies demonstrate that interpretation bias, the tendency to resolve 

ambiguity in a negative manner (or to lack a positive interpretation bias), plays an important role 

in maintaining emotional disorders (see Hirsch et al., 2016 for a review). Psychological 

treatments have long targeted this cognitive bias, most notably Cognitive Behavioral Therapy 

(CBT). CBT-based approaches typically focus on the identification of biased thinking (e.g., 

overestimating a negative outcome) and using verbal strategies to modify this thinking, such as 

examining the evidence for and against a particular thought. CBT techniques commonly require 

elaborative processing of a single ambiguous situation over an entire therapy session.  
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In contrast, cognitive bias modification for interpretation (CBM-I) targets interpretation 

bias via training tasks that provide quick, repeated practice (e.g., 100 situations per 10-minute 

session) making benign interpretations. Numerous studies have demonstrated that these brief, 

simple tasks effectively shift interpretation bias, and that doing so may reduce negative mood 

states (see meta-analyses Jones & Sharpe, 2017; Menne-Lothman et al., 2014). For example, 

Menne-Lothman and colleagues’ meta-analysis found that CBM-I significantly increased benign 

interpretations (d = 0.43), whereas various comparisons conditions (negative interpretation 

induction, neutral comparison training, no training) did not. Additionally, change in 

interpretation bias was significantly correlated with improvements in negative mood state 

(Menn-Lothmann et al., 2014). Moderator analyses suggest that CBM-I effects may increase 

with more sessions. In contrast, meta-analyses that have combined CBM-I with other types of 

CBM, i.e., attention bias modification, have not supported CBM’s efficacy (Cristea, Kok, & 

Cuijpers, 2015). These mixed results may be due to the combination of heterogeneous 

interventions targeting different mechanisms. Indeed, the Cristea et al. (2015) study found that 

CBM-I has larger effects on anxiety and depression compared to attention bias modification. 

Although most studies have examined CBM-I as a stand-alone intervention, preliminary 

evidence suggests that CBM-I may be a useful adjunct to CBT (Amir et al., 2015; Beard et al., 

2019; Salemink, Wolters, & de Haan, 2015; Schmidt, Norr, Allan, Raines, & Capron, 2017; 

Williams, Blackwell, Mackenzie, Holmes, & Andrews, 2013; Williams, O’Moore, Blackwell, 

Smith, Holmes, & Andrews, 2015). Building on these studies, we adapted a lab-based CBM-I 

intervention to augment treatment as usual at a partial hospital program (Beard et al., 2019). The 

CBM-I task relied on the Word-Sentence Association Paradigm (WSAP) to reinforce an adaptive 

interpretation style. Like most prior studies of interpretation bias, the CBM-I task presented 
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ambiguous situations paired with negative, neutral, or positive interpretations. Specifically, this 

task presented a word representing either a negative (“criticize”), neutral (“appointment”) or 

positive (“praise”) interpretation of an ambiguous sentence that followed (“Your boss wants to 

meet with you”). People then pressed a button to indicate whether or not they thought the word 

was related to the sentence. To induce the positive bias observed in people without anxiety or 

depression, the task presented corrective feedback, “Correct!”  if participants endorsed benign 

(neutral or positive) interpretations or rejected negative ones (see Supplemental Figure). 

Participants completed 100 trials of CBM-I training daily via a computer while attending the 

partial hospital. Augmenting psychiatric treatment with CBM-I was highly feasible due to its 

brevity (< 10-minute sessions), computerized delivery, and minimal staff time required. 

Participants stated that they experienced CBM-I as simple and motivating. Several themes 

emerged from participants about potential mechanisms of action, including increased awareness 

of cognitive bias and increased cognitive flexibility. Additionally, several participants suggested 

that we create an app version so that more patients could access the intervention at one time and 

so that they could continue using the app after discharge. This suggestion is consistent with 

guidelines for on-line treatments (Hitchcock et al., 2016) that recommend a standardized, 

concentrated intervention dose followed by spaced out, booster sessions. 

There are hundreds of smartphone apps that purportedly offer CBT. However, a review 

found that 90% of these apps do not follow CBT principles, lack privacy policies, and lack 

efficacy data (Huguet et al., 2016). Additionally, to our knowledge, there are currently no 

smartphone apps that deliver CBM-I using the WSAP. Thus, we developed our own CBM-I 

smartphone app. Based on our previous pilot study of a computerized version of CBM-I using 

the WSAP (Beard et al., 2019), we identified several areas in need of further development to 



    DEVELOPMENT OF A CBM-I APP           7 

 

create a CBM-I app for use in the transition from acute psychiatric care to outpatient care. First, 

hospital populations are characterized by comorbidity and clinical heterogeneity. Thus, the app 

should allow for personalization to create personally relevant CBM-I situations. Second, the app 

should be easy to self-administer so that patients can use it independently during acute care and 

following discharge. Finally, the app should include features that facilitate continued 

engagement during the post-acute period.  

Current study 

Consistent with the Stage Model of Behavioral Therapies Research (Rounsaville, Carroll, 

& Onken, 2001; Onken et al., 2014), we used an iterative process to develop a CBM-I app called 

“HabitWorks.” The current paper describes Stage 1A research, which includes intervention 

generation and refinement. We developed the intervention incorporating stakeholder feedback 

and adapted existing CBM-I protocols to the acute psychiatric treatment population. We then 

modified the intervention over three waves of users and collected preliminary feasibility data 

from these participants. In this Stage IA work, we also selected and piloted the measures which 

will be used in a subsequent Stage IB feasibility and pilot trial in which we will compare 

HabitWorks to a symptom monitoring active comparison condition.  

Feasibility and acceptability testing, and the iterative development of a mHealth app is 

critical because very few apps developed in research settings are ever tested in clinical 

populations or sustained after the research is completed (Firth et al., 2017). Thus, the specific 

aims of this treatment development project were to: 1) Develop a personalized, transdiagnostic, 

smartphone-delivered intervention to augment acute psychiatric treatment and refine based on 

stakeholder feedback and 2) Conduct a Stage 1A open trial to (a) confirm target engagement 

(improvement in interpretation bias) and (b) compare feasibility and acceptability of hospital and 
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home delivery outcomes to a priori benchmarks. We expected that most participants’ 

interpretation bias scores would shift into a healthy range, that HabitWorks would be acceptable 

to partial hospital patients, and that HabitWorks would be feasible to deliver during acute 

treatment. The results will be used to inform the final intervention and protocol for the 

subsequent Stage 1B feasibility and pilot randomized controlled trial (RCT). 

Method 

Iterative Development with Advisory Board  

We formed an advisory board of several groups of stakeholders to guide the development 

of the app and methods for linking the app to acute care. The first group included the partial 

hospital’s Patient Advisory Board. This ongoing group is chaired by the first author and meets 

quarterly. During the app development phase, members included five people who recently 

received treatment in the partial hospital and five clinic staff members. During initial meetings, 

we sought patient feedback about instructional video scripts, the personalization process, how to 

visualize performance over time, ideas for enhancing retention, and preferences regarding the 

logistics of app use in daily life (e.g., scheduling sessions and receiving reminders). This 

feedback guided the development of a functional prototype. Subsequently, advisory board 

members downloaded the prototype on their personal smartphones and provided feedback during 

one group testing session. Members were asked to continue using the app for the next month and 

to provide any additional feedback via email.  

The second group of advisory board members included three experts in CBM-I and 

mHealth. These experts reviewed a written summary of the planned app flow and features and 

downloaded a prototype of the app on their personal smartphones. Via email correspondence, we 

solicited general feedback and suggestions, as well as responses to specific prompts (technical 
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bugs, any non-intuitive features, accuracy threshold for progressing to next level, how to enhance 

engagement). The first author compiled all email responses in a written summary, and 

incorporated suggestions into subsequent iterations of the app.  

Finally, to inform future implementation methods, a third group of stakeholders included 

four program directors of other acute care clinics (drug and alcohol partial hospital, general 

inpatient unit, residential obsessive compulsive disorder unit, intensive outpatient adolescent 

anxiety program). The first author met individually, in-person with each director to describe the 

app and show a prototype. These semi-structured interviews specifically prompted feedback 

about considerations for their specific population (e.g., substance use) and potential 

implementation methods for their treatment setting. The first author took notes during these 

meetings and created a written summary immediately following each interview. 

Iterative app versions 

The initial version of the app was created for the iOS mobile phone platform via Apple’s 

ResearchKit and distributed to testers via Testflight. We first created a prototype with limited 

functionality. This initial version was used to demonstrate the core app features in meetings with 

Advisory Board Members. We then developed a full prototype with data storage on the user’s 

phone (not linked to a research database). We piloted this version again with the Patient 

Advisory Board and the first wave of open trial participants (January to April of 2019). We made 

refinements based on user feedback and piloted again in the second wave of participants (April 

to early May 2019). Finally, we created a fully functional version with data storage on our 

research database and tested this in the third wave of participants (May 2019 to September 

2019). In the next section, we describe the final version of the app.  

HabitWorks app description   
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App flow and features. Users first set a passcode and scanned a unique URL linking them 

to the research database. Next, they watched instructional videos, completed a personalization 

checklist, and completed their first weekly check-in (all described below). The dashboard 

included the following features: weekly check-in, exercises, bonus mini-round, mood check-in, 

habit diary, and progress status (see descriptions below). When users were due for a check-in or 

an exercise, these buttons were highlighted on the dashboard. In settings, users could update their 

notification reminder times and view the consent form, open source documents, and FAQs. The 

FAQs included information about the empirical evidence supporting the task in the app, 

suggestions for dose (three times per week for a month), and common responses to the task. 

HabitWorks included two phases - daily and long-term – which corresponded 

respectively to acute treatment and the transition period from hospital discharge to outpatient 

treatment. In the ‘daily’ phase, users were prompted in person to complete exercise sessions 

daily. On their discharge day, they switched the app to ‘long-term’, which prompted the user to 

schedule days and times to complete exercises. Users were encouraged to schedule three sessions 

per week separated by at least one day and received notifications on scheduled days.  

Data security and privacy. Patient privacy and data security were crucial. The 

HabitWorks app collected minimal personal information. We took several steps to prevent others 

from gaining access to app data. First, the app was protected by a passcode and available 

biometrics (FaceID or TouchID). Any time the user exited the app, the data were fully encrypted 

on the device, and the passcode or biometric unlock had to be completed to resume. Second, the 

app only pushed data to the REDCap database, it did not retrieve it. As such, the database was 

configured to only permit access to the research team, further reducing the risk of leakage. Data 

were transmitted to the REDCap data base using 128-bit encryption. 
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Instructional videos. Based on treatment rationales developed in prior CBM studies 

(Beard et al., 2011; Beard et al., 2019), we developed scripts for three instructional videos. We 

obtained feedback on written scripts from the Patient Advisory Board and made several wording 

changes to make the rationale and instructions friendlier to a consumer audience (e.g., instead of 

referring to an interpretation bias, we referred to mental habits and jumping to conclusions). 

Video 1 introduced the concept of interpretation bias and how it maintains emotional disorders. 

Video 2 oriented users to what HabitWorks was designed to do based on scientific research and 

described the first step of personalization. Video 3 presented instructions for completing the 

CBM-I task. These videos were embedded within the app and appeared in order as users 

proceeded. They were also available in the FAQ section of the app settings. Please contact the 

corresponding author to request copies of the video scripts. 

Personalization and CBM-I content. We designed HabitWorks to be a personally 

relevant, transdiagnostic CBM-I intervention. To this end, we compiled word-sentence pairs used 

in previous studies using the Word Sentence Association Paradigm (WSAP; see Gonsalves et al., 

2019). This initial pool included over 1,200 word-sentence pairs. The PI and two research 

assistants examined each word-sentence pair and decided to keep, modify, or exclude. The 

research assistants independently reviewed all 1200 word-sentence pairs and suggested edits. 

The PI then reviewed the stimuli and the suggestions, and we discussed any discrepancies. Any 

modifications were made after 100% consensus was reached. We made modifications primarily 

to enhance the generalizability of situations to all people, e.g., change “brother” to “sibling”, 

“Christmas” to “holiday”, “outfit” to “clothes”. We excluded pairs that were redundant or  

confusing. We excluded groups of pairs that had insufficient numbers to create their own domain 

(e.g., OCD, trauma). We included 800 word-sentence pairs in our final set.  
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Next, we coded each word-sentence pair across four domains: interpretation type 

(negative, neutral, positive), worry domain (e.g., individual social interaction, hostility, 

perfectionism, heart racing), and demographic (e.g., work, kids, partner). A research assistant 

applied codes to all stimuli. The codes were then checked by the first author, inconsistencies 

were resolved, and finally the codes were checked a third time by a different research assistant. 

Any remaining inconsistencies were resolved until we reached 100% agreement. 

Users completed brief checklists (see Supplemental Materials) assessing the types of 

situations they worried about and demographic characteristics. We developed an algorithm to 

assign word-sentence pairs to each user based on these checklists. A subset of word-sentence 

pairs was generated by matching the list of each user’s situational and demographic responses to 

the codes assigned to each word-sentence pair as described above. For example, if the user 

reported worrying about individual social interactions and finances, and indicated that they have 

children, a custom subset of word-sentence pairs was generated to include all pairs with 

combinations of those codes. Each time the user performed the CBM-I task going forward, word-

sentence pairs were randomly chosen from the personalized subset. 

CBM-I task. Similar to the computerized version, we designed the app to deliver a CBM-I 

intervention based on the WSAP (Beard & Amir, 2008). The WSAP is well-suited to smartphone 

app delivery as it is simple, requires very little text on screen, and has inherent gamification. A 

session began with a start page reminding users to imagine themselves in each situation. A 

WSAP trial began with a fixation cross that appeared for 500ms. Second, a word appeared for 

750ms that represented either the “incorrect” negative interpretation (“embarrassing”) or a 

“correct” benign interpretation (neutral - “chuckle” or positive  - “funny”), of an ambiguous 

sentence (“People laugh after something you said”) that followed. Third, the ambiguous sentence 
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appeared.  A “Yes” button appeared in the lower left corner of the phone screen, and a “No” 

button appeared on the lower right corner. Users were instructed to press ‘Yes’ if they thought 

the word and sentence were related or to press ‘No’ if the word and sentence were not related. 

Sessions during the acute phase of treatment comprised 100 trials; sessions during the long-term 

phase comprised 50 trials. Users could also complete a 30-trial brief bonus exercise whenever 

desired. All sessions, regardless of trial number, comprised 50% negative interpretations and 

50% benign interpretations (neutral or positive). 

Performance feedback.  There were no objectively correct or incorrect responses in the 

WSAP; words reflected different types of interpretations, all of which could be true. However, 

users received corrective feedback about their responses to encourage a healthier interpretive 

style. Specifically, users received immediate feedback after each trial in the form of a green 

check mark and the text “Correct!” if they endorsed a benign interpretation or rejected a negative 

interpretation. They received a red ‘X’ and the text “Let’s try another” if they endorsed a 

negative interpretation or rejected a benign interpretation. At the end of an exercise session, the 

app provided the user’s mean reaction time. Unlike our prior trial, which provided accuracy 

feedback after each session, we decided to only present accuracy following sessions in which the 

user achieved at least 80% accuracy. If users’ accuracy was below this threshold, they either did 

not see any accuracy feedback or they were presented with their percent improvement if they had 

improved. We treated accuracy feedback in this manner based on early testing with our Patient 

Advisory Board. Members first engaging with the app experienced a sense of failure when their 

first accuracy was low. Thus, we developed this solution because we expected most users’ 

accuracy to be low (reflecting the presence of an interpretation bias) and because all users would 

be patients with acute symptoms for whom failure feedback may be counterproductive. Post-



    DEVELOPMENT OF A CBM-I APP           14 

 

exercise feedback was presented alongside an encouraging GIF (e.g., famous actor giving a 

thumbs up). We selected 17 GIFs that represented people with diverse ages and ethnoracial 

backgrounds. Users could access their lifetime statistics through the dashboard and see a visual 

representation of the accuracy and speed over time. 

Level progression. During the long-term phase, participants progressed through levels 

each time their accuracy exceeded 80%, for a total of 10 levels. Levels differed in the ratio of 

neutral to positive interpretations, task instructions, and task speed. All levels included sentences 

paired once with a negative interpretation (50% of trials) and once with a benign interpretation 

(50%). The benign interpretation gradually shifted from neutral to positive across the levels. 

Specifically, the frequency of positive (versus neutral) interpretations presented increased 

according to the following ratio: Level one consists of 100% neutral, 0% positive; level two 

consisted of 90% neutral and 10% positive; and so on until level 10 which was 10% neutral and 

90% positive. The frequency of negative interpretations remained the same. The task instructions 

also switched at levels 2, 4, 6, 8, and 10 to a reverse order task in which the sentence appeared 

first. Participants pressed a “next” button after reading the sentence. The word then flashed for 

500ms, and participants were instructed to respond. The speed also changed across levels; the 

words flashed on screen for 750ms (level 1), 650ms (level 2), 550ms (level 3), and 500ms (level 

4 and up). Sentence duration was not modified; sentences remained until users responded.  

 Weekly check-in. Participants were prompted to complete a weekly self-assessment that 

included re-personalization, a 50-trial WSAP task with no corrective feedback after each trial, a 

mood check-in, and a habit diary. The mood check-in included the PHQ-9 (Kroenke & Spitzer, 

2002) and GAD-7 (Spitzer, Kroenke, Williams, & Löwe, 2006) so that users could self-monitor 

their symptoms. We selected these measures for self-monitoring because they are brief, publicly 
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available scales with excellent psychometric properties (Kroenke & Spitzer, 2002; Kroenke, 

Spitzer, Williams, Monohan, & Löwe, 2007; Löwe et al., 2008; Spitzer et al., 2006) and are 

commonly used for routine clinical monitoring in real world treatment settings (e.g., Ewbank et 

al., 2020). The habit diary prompted users to think about their week and write free text about 

instances in which they caught themselves jumping to conclusions. In the final version of the 

app, both the habit diary and mood check-in were available on-demand on the dashboard for 

more frequent self-monitoring. Finally, users completed the personalization checklists, and a new 

personally relevant stimuli pool was generated for the following week’s exercises. At the end of 

the weekly check-in, the app presented their weekly statistics: number of exercises and bonus 

rounds completed.  Within lifetime statistics, participants could view their weekly check-in 

exercise accuracy and reaction time, as well as progression of anxiety and depression symptoms. 

Open trial of HabitWorks 

As we iteratively refined the app over three waves of pilot participants, we also obtained 

preliminary feasibility, acceptability, safety, and target engagement data from these participants. 

Participants and Setting. Participants included patients attending the Behavioral Health 

Partial Hospital Program at McLean Hospital. Patients received intensive, brief CBT-based 

treatment from 9:00 am to 2:50 pm every weekday from a multi-disciplinary staff (e.g., mental 

health counselors, nurses, psychologists, social workers, psychiatrists, psychology trainees). See 

Forgeard et al. (2018) for more details about the partial hospital. 

People attending the partial hospital were required to be age 18 or older, speak English 

well enough to participate in group therapy, and to abstain from substance use (not including 

nicotine products) while in treatment. Additional inclusion criteria for the open trial included: 

access to an Apple smartphone, at least moderate symptom severity (PHQ-9 or GAD-7 ≥ 10), at 
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least a minimal level of interpretation bias (below 80% accuracy on the WSAP), and willingness 

to sign a release of information for their outpatient providers upon discharge. Exclusion criteria 

included active mania or psychosis symptoms that would prevent informed consent or 

completion of research procedures, severe current suicidal ideation (PHQ-9 item 9 score ≥ 2), 

and significant cognitive impairment or clinical acuity as judged by clinical staff.  

Of the 26 patients offered participation, 15 were eligible and consented (see Consort 

Flowchart, Figure 1). One participant had to be withdrawn from the study due to dismissal from 

the partial hospital due to inappropriate behavior. Thus, 14 total patients enrolled in the study 

(64% female) and ranged in age from 19 to 64 years (M = 35, SD = 15.4). Participants reported 

the following ethnoracial backgrounds: Latinx (n = 1, 7.1%), Black (n = 1, 7.1%), Non-Latinx 

White (n = 12, 85.7%). Regarding highest educational attainment, five participants (35.7%) 

reported a high school degree or some college; three (21.4%) reported a college degree, and six 

(42.9%) reported some graduate school. Participants reported the following sexual identities: 

heterosexual/straight (n = 11; 78.6%), bisexual (n = 2; 14.2%), and queer (n = 1; 7.1%).  Primary 

diagnoses per program psychiatrists included Major Depressive Disorder (n = 6), Bipolar 

Disorder (n = 6), Panic Disorder (n = 1), and Posttraumatic Stress Disorder (n = 1).  

Measures. Our primary outcomes for the open trial included indicators of feasibility, 

acceptability, and adherence. We specified a priori benchmarks for outcomes based on prior 

studies (Beard et al., 2019) and what we believed would be clinically useful for a low-intensity 

smartphone delivered augmentation to acute psychiatric care (see Table 1). Participants 

completed an Exit Questionnaire similar to the prior study assessing the helpfulness, relevance, 

ease of use, satisfaction and whether or not patients would recommend the HabitWorks app, on a 

scale of 1 (“Completely Disagree”) to 7 (“Completely Agree”). 
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Qualitative feedback. We obtained qualitative feedback in order to quickly identify (1) 

features of the app and aspects of our implementation methods that worked well, and (2) 

actionable suggestions for the app or its implementation. We utilized three sources of patient 

feedback to inform refinements. First, the first author conducted exit interviews during the 1-

month follow-up assessment. These semi-structured interviews included prompts about the 

following topics: impressions of the HabitWorks app, study protocol, hospital care linkage, user 

friendliness, engagement, app content, credibility of treatment, adverse effects, benefits, overall 

satisfaction, cultural acceptability, and suggestions for improvement. Second, the Exit 

Questionnaire included four open text items with prompts asking what was most helpful and 

unhelpful, whether there were any perceived changes due to app usage, and whether participants 

had any suggestions for improvement. Third, staff recorded all spontaneous feedback provided 

during acute care sessions in a tracking spreadsheet.   

Our treatment development process involved making modifications to the app and 

implementation methods immediately after each wave of open trial participants; thus, we did not 

have time to conduct traditional qualitative analyses. When efficiency is paramount, a rapid 

evaluation process can produce similar findings as more time-intensive qualitative analyses 

(Gale et al., 2019). In brief, we compiled all participant comments that pertained to barriers and 

potential actionable items in a spreadsheet. We grouped similar suggestions and created a list of 

requests for our programmers. The first author and programmers discussed each potential 

modification. We made final decisions about changes based on the ease of modification, budget, 

and consistency of the recommendation across participants. Finally, the first and second author 

reviewed all participant comments for themes regarding facilitators of use. The first author 

identified initial themes, and the second author identified exemplar quotations for each theme.  
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 The Credibility/Expectancy Questionnaire (CEQ; Devilly & Borkovec, 2000) is a 6-item 

measure assessing treatment credibility and expectancy. The three credibility items (e.g., “At this 

point, how logical does the therapy offered to you seem?”) were rated from one to nine, with 

higher scores indicating greater credibility of treatment beliefs. The three expectancy items (e.g., 

How much improvement in your symptoms do you think will occur?”) were rated from 0 to 10, 

corresponding to 0% to 100%.  

 Participants completed an assessment version of the WSAP at baseline, post-acute 

treatment, and one-month follow-up. A research assistant administered the WSAP on a laptop in 

a private room in the hospital. The WSAP is a commonly used measure of interpretation bias 

with good internal consistency and test-retest reliability across clinical populations (see 

Gonsalves et al., 2019 for a review of psychometric properties). The WSAP has demonstrated 

adequate split-half reliability in a similar partial hospital sample (Beard et al., 2019).  

In the assessment version of the WSAP, no feedback was provided about responses, and 

stimuli were not personalized to the individual. Thus, all participants saw the same 50 word-

sentence pairs. The word-sentence pairs were drawn from a prior study of interpretation bias in 

this same setting (Beard, Rifkin, & Björgvinsson, 2017). Following prior studies, we calculated 

two interpretation bias outcomes: (1) average accuracy for benign trials and (2) average accuracy 

for negative trials. Accurate responses were ‘yes’ to benign trials and ‘no’ to negative trials. 

Thus, for both trial types, lower accuracy reflects greater interpretation bias. 

Finally, we included measures of depression and anxiety symptom severity (PHQ-9; 

Kroenke & Spitzer, 2002 and the GAD-7; Spitzer, Kroenke, Williams, & Löwe, 2006). Patients 

were asked how often in the past two weeks they have been bothered by specific symptoms 

according to a 4-point Likert type scale, from 0 (“not at all”), to 3 (“nearly every day”). At 



    DEVELOPMENT OF A CBM-I APP           19 

 

discharge, the timeframe in the instructions was the past 24 hours so that admission and 

discharge scores did not overlap in time period (Beard & Björgvinsson, 2014).  

 Procedure. The Partners Healthcare Institutional Review Board approved all procedures. 

Patients were invited to participate on their second day of acute treatment. Interested individuals 

provided informed consent and completed the eligibility WSAP assessment. Once deemed 

eligible, research staff administered baseline surveys via Research Electronic Data Capture 

(REDCap; Harris et al., 2009). REDCap was used for the collection and management of data. 

The following day, patients completed a 40-minute orientation session during which they 

downloaded HabitWorks, watched the instructional videos, completed the personalization 

process, and completed the first CBM-I session within the app. For all remaining days in the 

partial hospital program, participants met with research staff for approximately 10 minutes to 

complete a daily session and a brief check in about how they felt the study/task was going. At 

discharge, participants set up notifications within the app so it would send them push 

notifications at the desired session times. During the first month post-discharge, they were asked 

to complete HabitWorks sessions three times a week, bonus sessions as desired, and weekly 

“check in” sessions. During the second and third month following discharge, participants were 

instructed to use the HabitWorks app as much or as little as they desired. 

Compensation. Participants were compensated for completing assessments. For pre-

treatment/eligibility they received $20, and $30 for each post-treatment, 1-month and 3-month 

assessment. They also received $20 for the qualitative exit interview. 

Participants completed additional assessments in order to pilot research procedures for a 

future Stage 1B RCT, in which HabitWorks will be compared to a control condition in a larger 

pilot trial. Participants were compensated for completing these additional surveys. They received 
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$30 per week for completing at least 80% of the surveys. We do not present results from these 

additional measures here because they were not included in the planned analyses and a priori 

benchmarks involving feasibility and acceptability for the Stage 1A trial. 

Results 

A priori benchmarks and obtained data are presented in Table 1. See Table 2 for themes 

from the qualitative feedback and direct quotes.  

Feasibility. Of the 21 patients potentially eligible for the study, 16 (76%) were interested. 

One individual was hospitalized before the consent session, resulting in 15 (71%) consented.  

Credibility and expectancy. On average, patients reported that HabitWorks was 

moderately credible (M = 7.6, SD = 1.3, Range = 5 to 9). Patients’ expectation for percent 

improvement in their mental health symptoms was 47% (SD = 19.69, Range= 10% to 80%). 

Acceptability. Acceptability ratings met our a priori benchmarks for satisfaction, 

perceived helpfulness, personal relevance, and user-friendliness (Table 1). Patients expressed 

positive perceptions of ease of use, simplicity, and aesthetic appearance (Table 2). They 

commented on the task’s ability to increase awareness of their cognitive biases in their daily 

lives. Patients viewed the app as a useful tool to ease the transition into daily life. Negative 

feedback centered around rigidity of the corrective feedback during the exercise (correct vs 

incorrect), too long duration of the exercises, desire for more variability in the situations 

presented, desire for more app features or customization of app features, and desire for greater 

flexibility in study protocol (i.e., daily session timing, scheduling of sessions).  

Adherence during acute treatment. Twelve of the 14 participants (86%) completed at 

least one session during acute care; 11 (79%) completed at least five daily sessions (M = 6.75, 
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SD = 1.29, Range = 4 to 8). Reasons for not completing daily sessions included inpatient 

hospitalization (n = 1), early discharge (n = 1), and lack of interest (n = 1).  

Adherence during one-month post-acute period. The first two iterations of the app were 

not linked to a database; thus, we only obtained user statistics from the last six participants. In 

weeks 1 through 3, these six participants completed two sessions per week on average (SD = 

1.18, range 0 to 4); 33% (n = 2) completed 3 sessions per week as prescribed. In week 4, app use 

dropped to 0.83 sessions on average (SD = 0.98, range 0 to 2); 0% completed 3 sessions. 

Target engagement. Of the 14 participants enrolled, 13 completed the baseline WSAP, 

and 10 completed the post-treatment and 1-month follow-up WSAP. Our a priori benchmark for 

target engagement was met. At the one-month follow-up assessment, 100% (10/10) of 

participants’ interpretation bias scores on the WSAP task were in the healthy range for benign 

trials; 80% (8/10) of scores were in the healthy range for negative trials. Paired samples t-test (n 

= 10) revealed that WSAP accuracy significantly improved from baseline to post-treatment for 

both benign, t(9) = -2.58, p = .03, d = 1.00, and negative trials, t(9) = -4.19, p = .002, d = 1.32. 

WSAP accuracy also improved from baseline to one-month follow-up for both benign, t(9) = -

5.02, p < .001, d = 1.99, and negative trials, t(9) = -8.36, p < .001, d = 2.65 (see Figure 2). 

Symptom severity. Of the 14 participants enrolled, 13 completed the baseline symptom 

measures, and 10 completed the post-treatment and 1-month follow-up symptom measures. 

Paired samples t-test revealed that depression symptoms significantly improved from baseline 

(M = 12.90, SD = 5.78) to post-treatment (M = 8.20, SD = 4.34), t(9) = 3.2, p = .011, d = 1.01. 

Anxiety symptoms also improved from baseline (M = 13.60, SD = 3.57) to post-treatment (M = 

6.90, SD = 3.73), t(9) = 4.14, p = .003, d = 1.31. However, at one-month follow-up, depression 

scores (M = 18.20, SD = 5.16) were significantly worse than baseline, t(9) = -3.68, p = .005, d = 
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1.08. Anxiety scores did not change significantly from baseline to one-month (M = 15.90, SD = 

4.23), t(9) = -1.55, p = .155, d = 0.58. 

Discussion 

We described the development of a smartphone app designed to augment acute 

psychiatric care and facilitate skills practice in patients’ daily lives during the challenging post-

acute period. Building upon prior work in the field of CBM-I and input from various stakeholder 

groups, we designed the HabitWorks app to deliver a personalized, transdiagnostic intervention 

targeting interpretation bias. We then refined the intervention iteratively and obtained feasibility 

and acceptability data via three waves of recruitment in an open trial.  

 Stakeholder and user feedback informed the development of the HabitWorks app and 

implementation methods. Overall, positive feedback from patients in the open trial converged 

around common themes. Most patients noted the user-friendly design and ease of use. Several 

patients appreciated specific features we included to enhance user engagement, such as GIFs and 

notification reminders. The personalization feature of HabitWorks appeared to successfully 

create personally relevant CBM-I stimuli, as most patients noted that the situations depicted in 

the exercises were relevant. Patient comments reflected the intent of the app to shift 

interpretation bias and provide a bridge from acute care to outpatient treatment. 

Patients were mixed in their experiences with checking in with staff during acute 

treatment. Some patients found this aspect of the intervention to be helpful and crucial to their 

engagement, whereas others thought it was unnecessary and preferred to complete the app 

independently. Similarly, patients diverged in their opinion of our original scheduling protocol. 

Following discharge, we initially required users to schedule three sessions per week in the app, 

and these sessions were required to be separated by at least one day (per previously established 
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CBM-I protocols). Some patients had no problems adhering to this protocol, whereas others 

suggested we make the app more flexible to accommodate people with different schedules. In 

general, we observed that people varied greatly in their preferences, and an overarching theme 

was to make features of the app and implementation methods flexible and personalizable. 

To establish preliminary feasibility and acceptability, we selected a priori benchmarks 

based on prior studies and on clinical judgment of appropriate benchmarks for implementation in 

an acute treatment setting. HabitWorks met most of these benchmarks. Most of the eligible 

patients (71%) consented to the open trial. Adherence was good during acute treatment: 79% 

completed daily sessions. Reasons for non-adherence during acute treatment were primarily 

expected and unavoidable in psychiatric hospital populations (e.g., discharged unexpectedly). 

Engagement with the app following discharge was good during the first three weeks, with an 

average of two sessions per week completed. This frequency of use is promising given the noted 

challenges patients face during the post-acute period and that participants received no further 

contact from research staff during this period. However, only one-third of participants adhered to 

the prescribed three sessions per week during the first 3 weeks following discharge, and no 

participants completed all 3 sessions in the final week. Study retention was good for the post-

treatment and 1-month follow-up assessments, but drop-out by the 3-month follow-up was high. 

Poor adherence and high drop-out are known barriers to implementing digital interventions (see 

Torous et al., 2020 for review). These challenges may be exacerbated when implementing a 

smartphone app intervention immediately following discharge from psychiatric hospital care, 

which is a stressful transition period. The final version of HabitWorks included in-app mood 

monitoring, which may enhance engagement in the subsequent pilot RCT (Torous et al., 2020).  
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Satisfaction benchmarks were met for every domain including helpfulness, relevance, 

ease of use, satisfaction, and recommendation to a friend. After the first HabitWorks session, 

patients rated it as credible, but the average expected improvement was slightly lower than our 

benchmark (47% vs 50%). This may be due to skepticism about how a smartphone app could 

benefit someone with the severe symptoms characteristic of this sample. It could also be due to 

lack of understanding of the treatment rationale. We delivered the treatment rationale via the 

app’s instructional videos developed with the input of a patient advisory board. Future studies 

might assess participants’ comprehension of the rationale after watching the videos. 

We also examined preliminary evidence of target engagement. Patients evidenced 

improvement in their WSAP accuracy with large effect sizes at the post-acute treatment and 

follow-up assessment. These effect sizes are consistent with a prior CBM-I study in this same 

acute psychiatric setting (Beard et al., 2019) and provide preliminary evidence of further gains 

post-discharge. Symptom outcomes revealed an initial decrease in depression and anxiety during 

acute treatment, followed by an increase in symptoms by the 1-month follow-up. These results 

should be interpreted cautiously in light of the preliminary nature of this study, including a small 

sample size and the absence of a control condition. The increase in symptoms following 

discharge is expected because the current study focused on a time period characterized by high 

rates of relapse. Future larger trials are needed that compare HabitWorks to a control group.  

In addition to a randomized controlled trial to test the effectiveness of this intervention, 

future work is needed to evaluate potential implementation methods. The appropriate 

implementation methods and outcomes depend upon how we categorize HabitWorks as a 

behavioral intervention technology (BIT). Hermes and colleagues (2019) define BITs as 

technology designed to assist a user in changing their behaviors, cognitions, or emotions. They 
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suggest that BITs fall on a continuum of support encompassing completely human-delivered 

interventions, adjunctive BIT, guided BIT, and fully automated BIT. During acute care, 

HabitWorks was clearly an adjunctive BIT, as the primary interventions – CBT and 

pharmacotherapy – were delivered by hospital providers, and the app supported these 

interventions through skills practice. During the transition period following discharge, 

HabitWorks continued being an adjunctive BIT to some patients’ outpatient care. However, for 

many patients, it may have become a fully automated BIT either because they used it 

independently with no explicit role for providers or because they did not have outpatient 

providers. Future work is also needed to determine the appropriate metrics for adherence and 

engagement during the transition period. We instructed participants to complete the CBM-I 

exercises three times per week for four weeks. However, it is likely that some people would 

benefit from more regular practice. It is also likely that some people may stop using the app 

because they are feeling better. User data from larger trials will provide more information about 

individual differences in use patterns and associations with outcomes.  

This open trial was intended to guide the development of HabitWorks, and the evaluation 

is preliminary by nature and limited. First, it is limited by the small, pilot sample size and lack of 

a control condition. Without a control group and larger sample size, the current treatment 

development study cannot test whether HabitWorks led to the theorized improvement in 

interpretation bias and subsequent improvement in clinical symptoms. Such mediational 

hypotheses will be crucial to test in future larger studies. In the open trial, WSAP interpretation 

bias scores improved from baseline to post-treatment and follow-up, whereas clinical symptoms 

deteriorated after post-treatment. Thus, WSAP scores may not necessarily translate to improved 

mood for all people requiring acute psychiatric treatment. We are currently conducting a Stage 
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1B randomized controlled trial comparing HabitWorks to an active self-monitoring app 

condition. Data from that larger pilot trial will provide better information about the feasibility 

and acceptability of HabitWorks, use of the app during the post-acute phase, and preliminary 

data about clinical outcomes. It is unlikely that such a low-intensity intervention will be effective 

for the entire acute psychiatric population. Thus, larger trials are also needed to test hypothesized 

moderators of CBM-I response, such as baseline interpretation bias and symptom severity. 

Second, while the current pilot sample was diverse in diagnoses, age, and sexual identity, it 

lacked ethno-racial and educational diversity. This is primarily due to the demographic 

characteristics of the psychiatric hospital and surrounding area. It will be important to evaluate 

HabitWorks in a sample with a range of sociocultural identities.  

The current pilot data extends prior CBM-I work to a sample of people with acute mental 

health symptoms, suicidal ideation and risk, comorbidity, and a range of primary diagnoses, most 

commonly Major Depressive Disorder and Bipolar Disorder. This sample differs substantially 

from most CBM-I studies in severity and primary diagnosis. Overall, these preliminary findings 

suggest that further testing is warranted. Results also support the handful of studies that have 

examined CBM-I as an augmentation to CBT (Goldin et al, 2012; Teachman, Marker, & Clerkin, 

2010). Smartphone delivered skills-based apps are one tool for meeting the huge unmet treatment 

need of people discharging from acute care. Given the personalization features and 

transdiagnostic relevance, HabitWorks may also be an appropriate intervention in non-acute 

treatment settings or as a low-intensity self-help intervention.  
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Figure 1. CONSORT Flow Chart 
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Figure 2. Accuracy on WSAP interpretation assessment at baseline, post-acute treatment, and 1-

month follow-up 
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Table 1. Open Trial Benchmarks for Feasibility and Acceptability 

 

Outcome Benchmark Actual outcome 

Feasibility/acceptability 

(% provided consent) 

50% 71% 

Retention (% 

completed assessments) 
75% 

Post-acute: 11/14 (78.6%) 

1-month:   10/14 (71.4%) 

3-month:    8/14 (57.1%) 

Adherence 

(%complete 

HabitWorks daily 

during acute treatment  

[≥ 5 sessions]) 

75% 

11/14 (78.6%) 

Satisfaction 

(average rating on exit 

questionnaire items) 

5 

Helpfulness: M= 5.3 SD= 1.9 

Relevance: M= 5.6 SD= 0.8 

Easy to Use: M= 5.9 SD= 2.1 

Satisfaction: M= 5.8 SD= 2.0 

Recommendation: M= 5.3 SD= 1.9 

Credibility & 

Expectancy 

(average on CEQ) 

5 on CEQ item       

“How logical?” 

50% on CEQ item  

“How much improvement?” 

M= 7.6 SD= 1.3 

M= 47% SD= 19.7  

Benign interpretation   

(% of participants 

moving into healthy 

range (70% accuracy) 

for benign trials  

75% 

 

100% of participants 

Negative interpretation   

(% of participants 

moving into healthy 

range (70% accuracy) 

for negative trials) 

75% 
80% 
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Table 2. Qualitative feedback from patients  

 

 

 

Themes                                                                                   Example quotations 

Facilitators 

Ease of use 

“well organized and user friendly” 

“beautifully simple” 

“very convenient” 

App features 
“liked the notifications to complete my exercises” 

“GIFs were awesome!” 

Human connection 

“liked having someone to check in with about app” 

“I was having a bad day [in treatment] but have been really 

looking forward to checking in and doing a daily session” 

CBM-I task features 
“situations were relevant to me” 

 “liked this instant feedback after the exercises” 

Effect of CBM-I 

 

"simple at first, but crept in" 

 “I can already see this re-training my mind” 

“wow, this is just showing me how warped my interpretations 

are” 

“I am approaching certain situations in my life differently” 

“helped normalize my anxiety in daily life” 

Overall usefulness 

“very helpful” 

“nice bridge to outpatient” 

“eased the abrupt transition [to outpatient]” 

“another tool in the toolbox” 

“I have so many friends who would benefit from this app” 

"this is going to make my transition out of here, from groups all 

day to nothing, so much easier." 

Barriers                                     

CBM-I task features “having the same phrases or words repeated [was not helpful], 

it was more helpful when I started to get new scenarios” 

“Being told ‘right’ or ‘wrong’ after each trial instead of 

addressing the gray areas of life” 

“[exercises] took a lot of time” 

App features “notifications should reappear and remain highlighted in app 

when exercises are due” 

“make status bar during exercise optional” 

“include symptom surveys in HabitWorks” 

Flexibility in scheduling “allow us to complete exercises at any time during the day 

while [in treatment]” 

“allow people to schedule exercises on consecutive days” 
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Supplemental Figure. HabitWorks App flow and CBM-I task example 

 

 

Dashboard, instructional videos, and personalization checklists 

 

 

CBM-I task 

 

 

 

 

Feedback and performance graphs 
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Supplemental Materials 

Personalization Checklist 

Part 1 Demographic info: Answer yes or no for all of the following questions 

- Are you married or in a relationship? 

- Are you dating or would you like to date in the future? 

- Are you the parent of guardian of a child under the age of 18? 

- Have you worked outside the home in the past year? 

- Do you want a new job or are you looking for a job? 

- Are you a student or are you planning to go to school in the future? 

- Do you live in a town or city with public transportation (bus, subway, train)? 

- Do you drive a car? 

 

Part 2 Types of Situations: 

What do you worry about (check all that apply): 

- Finances or money 

- You or your family’s health 

- You or your family’s safety 

- Relationships (friends, partner, family) 

- Completing tasks perfectly, having things be perfect 

- Managing daily matters (grocery shopping, traffic, housekeeping) 

- Your performance at work 

- Interacting with one other person 

- Being in a public place 

- Dating 

- Interacting in a group 

- Performance at school/taking tests 

- Your appearance 

- Being incompetent 

- Rejection 

- People slighting you 

Do you worry about or feel nervous/anxious when you experience the following physical     

sensations, mental experiences, or situations? (check all that apply) 

- Heart pounding or racing 

- Choking  

- Suffocation, not getting enough air 

- Dizzy, light headed or faint 

- Nausea, intestinal cramps 

- Hot or sweaty 

- Tingling or numbness 

- Trembling or shaking 

- Vision changes, blurred vision 

- Losing control or going crazy 

- Feelings of unreality or detached from your body 

- Feeling trapped in crowds or lines 


