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Abstract 

Background 

Paranoia is a highly debilitating mental health condition. One novel intervention for 

paranoia is cognitive bias modification for paranoia (CBM-pa). CBM-pa comes from a class 

of interventions that focus on manipulating interpretation bias. Here, we aimed to develop 

and evaluate new therapy content for CBM-pa for later use in a self-administered digital 

therapeutic for paranoia called STOP (‘Successful Treatment of Paranoia’). 

Objectives 

 The present study had the following objectives: 

1) take a user-centered approach with input from living experts, clinicians, and academics, to 

create and evaluate paranoia-relevant item content to be used in STOP 

2) engage with living experts and the design team from a digital healthcare solutions 

company to co-create and pilot test the STOP mobile app prototype.  

Methods 

Content Development. We invited 18 people with living/lived experience of paranoia 

to create text exemplars of personal, everyday emotionally ambiguous scenarios that could 

provoke paranoid thoughts. Researchers then adapted 240 suitable exemplars into 

corresponding intervention items in the format commonly used for CBM training and created 

240 control items for the purpose of testing STOP. Each item included newly developed, 

visually enriching graphics content to increase the engagement and realism of the basic text 

scenarios. All items were then evaluated by living experts (n = 8) and clinicians (n = 7) for 

paranoia severity, readability, and by the research team for item length. Items were evenly 

distributed into six, 40-item sessions based on these evaluations. 

Usability Testing. Finalized items were presented in the STOP mobile app, which was 

co-designed with a digital healthcare solutions company, living/lived experts, and the 
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academic team, and user acceptance was evaluated across two pilot tests involving 

living/lived experts. 

Results 

Content Development. All materials reached predefined acceptable thresholds on all 

rating criteria: paranoia severity (intervention items: ≥ 1; control items: ≤ 1, readability: ≥ 3, 

and length of the scenarios, and there was no systematic difference between intervention and 

control group materials overall or between individual sessions within each group. For item 

graphics, we also found no systematic differences in users’ ratings of complexity (p = .68) 

attractiveness (p = .15), and interest (p = .14), between intervention and control group 

materials.  

Usability Testing. User acceptance testing of the mobile app found the application easy 

to use and navigate, interactive, and helpful.   

Conclusions. Material development for any new digital therapeutic requires an iterative 

and rigorous process of testing involving multiple contributing groups. Appropriate user-

centered development can create user-friendly mobile health applications, which may 

improve face validity, and have a greater chance to be engaging and acceptable to the target 

end users. 

 

Keywords: cognitive bias modification; paranoia; co-design intervention; mental health; 

mobile app; mhealth; digital therapeutic; user-centered development; user; user-friendly app; 

paranoid; persecution; persecution complex; delusions; obsession; megalomania; 

monomania; psychosis; psychotic; 
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Introduction 

Psychosis is one of the most disabling mental health conditions presenting with significant 

distress, suicidal ideation, impaired social and occupational functioning, and physical ill-

health [1,2]. Paranoia and associated delusions are common symptoms of psychosis, are 

associated with more distress than other types of delusion [3], are most likely to be acted 

upon [4], and represent a strong predictor of hospitalization [5]. Over one-third of all UK 

psychiatric patients suffer from paranoia, which also presents in a range of other 

psychopathologies, including depression [6], bipolar disorder [7], posttraumatic stress 

disorder [8], anxiety [9], as well as schizophrenia [10].  

The National Institute for Health and Care Excellence recommended Cognitive 

Behavioural Therapy (CBT) for treating psychosis. CBT, however, is received by only 1 in 

10 of those who could benefit and has shown only moderate effect sizes for the treatment of 

delusions [11,12], although effect sizes are higher for those studies targeting delusions 

specifically, as opposed to generic CBT [13,14]. Unfortunately, a significant proportion of 

patients suffering from paranoia continue to experience distressing symptoms following 

psychological treatment [15,16]. Consequently, there is a need for novel, highly accessible, 

and low-cost interventions for paranoia, either as standalone treatments or as adjuncts to 

boost existing therapies. Cognitive bias modification (CBM) is a class of intervention that 

may address these needs.  

Cognitive bias modification 

The class of CBM interventions works on the premise that cognitive bias is a putative 

causal factor of various mental health concerns [17,18,19,20,21]. One form of cognitive bias 

is interpretation bias, which is the tendency for individuals to think about a situation in a 

negatively skewed direction. The same situation could also be interpreted in a benign or 

positive direction. Repeated negatively biased interpretations are thought to contribute to the 
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formation and maintenance of psychological symptoms and increase distress [22]. Across 

many studies, researchers have found evidence of interpretation bias among anxiety [19], 

depression [20], and social phobia [21], with some work on interpretation bias in paranoia 

[22,23,24,25,26].  

CBM is a class of targeted treatment that focuses on manipulating naturally occurring 

interpretation bias in a more helpful direction, with findings from many studies 

demonstrating the positive efficacy of CBM with various psychiatric disorders, including 

anxiety, affective disorders, and substance addictions [27,28,29]. There are several benefits to 

CBM. First, CBM can be self-administered and disseminated over numerous settings [30], 

reducing the need for mental health professionals. Next, CBM has the potential to benefit 

patients whose symptoms may influence their trust in a therapist [31]. Third, CBM can be 

delivered on a digital platform, which means that it is highly accessible at a low cost [32,33].  

Despite these benefits and positive efficacy of CBM with various mental health 

concerns, there is a dearth of studies on CBM that addresses psychosis, with only some 

preliminary evidence of the feasibility and implications of this approach. For example, Steel 

et al. [34] demonstrated the effects of CBM on anxiety in individuals diagnosed with 

schizophrenia. Results from that study showed that a subgroup of participants exhibited 

positive changes in interpretation bias. Turner et al.’s [35] case study on patients who 

experienced social anxiety following a psychotic episode demonstrated similar positive 

changes in interpretation bias. In a feasibility study, Yiend et al. [36] directly examined the 

effects of CBM in patients with paranoia, using an intervention called CBM-pa. In that study, 

63 participants with clinically significant persecutory or paranoid symptoms were randomly 

assigned to either the CBM-pa group (n = 32) or the control group (n = 31). Participants in 

the CBM-pa group were presented with 40 short passages over six weekly sessions on a 

computer using a software called E-prime. Users were invited to complete the final word of 
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each passage, which contained missing letters. Once completed, the word resolved the 

ambiguity of the passage in a benign, non-paranoid manner. A follow-up yes/no question 

reinforced the benign interpretation of the passage (see Figure 2 for an example).  Sessions 

were self-directed as users completed each word task independently on the computer. The 

control group received the same number of sessions over six weeks that included items of 

general knowledge and facts, and everyday activities. Results showed that relative to the 

control group, participants in the CBM-pa group showed larger reductions in negative 

interpretation bias and paranoid symptoms.  

Each passage of CBM-pa depicted an emotionally ambiguous scenario, all of which 

were developed with a user-centered approach, by inviting living experts and experienced 

clinicians to review all training materials to ensure the clinical relevance of the items to 

paranoia.  

User-Centered Development 

Researchers have shown that people experiencing psychosis can benefit from digital 

therapeutics, but despite the wide availability of digital therapeutics on the App market, many 

have insufficient evidence-based data to support their efficacy, design, and development [37]. 

It is important to take a user-centered development approach to design a user-friendly, 

engaging, and self-managing digital therapeutic for psychosis [38,39] by involving multiple 

collaborators, including service users, researchers, and the design team. This approach is 

known to increase the adoption of the App by end users [39] and improve App design and 

content [40,41]. Self-administered mobile health applications without quality evidence-based 

data to support their use may decrease the usability and effectiveness of the treatment [42]. 

This is important for both App design as well as the intervention content. Researchers have 

demonstrated that biases are stronger when the information being processed is more directly 

relevant to the disorder at hand [43,44]. Yiend et al. [36] used content-specific training 
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materials for paranoia to capture and modify paranoia interpretation bias commonly 

experienced by patients with paranoid symptoms. Content materials were co-designed with 

relevant contributors and sessions were presented in rank order of increasing severity of items 

using Freeman et al.’s [45] hierarchy of paranoia as a guide. The training items covered six 

categories relevant to paranoia: social/interpersonal threat, delusions of reference/magical 

thinking, threat of persecution/spying, general suspiciousness/distrust, 

medical/paramedical/health care threat, and physical harm. 

The Current Study 

Building on from Yiend et al. [36] and following a user-centered development approach, 

here, we aimed to develop CBM-pa into a 12-session mobile App therapeutic called STOP 

('Successful Treatment of Paranoia’). As a part of a clinical trial, we tested STOP’s efficacy 

against a control group. STOP included the original item content from the CBM-pa feasibility 

study and newly developed items for six additional training sessions (details of content 

development for the six training sessions from the CBM-pa feasibility study will be reported 

separately). In the present paper, we reported the detailed development process of STOP, 

which had the following objectives:   

1) take a user-centered approach with input from living/lived experts, clinicians, and 

academics, to create and evaluate paranoia-relevant item content to be used in STOP 

2) engage with living/lived experts and the design team from Avegen to co-create and 

pilot test the STOP mobile app prototype. Avegen is a digital healthcare company 

speicalizing in developing innovative healthcare technologies [46]. 

The methodology of the STOP development process involved: 

1) four stages for objective 1: text creation, text evaluation, graphics development, 

and graphics evaluation, and 

2) one stage for objective 2: STOP mobile phone app usability testing.  
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Objective 1 was intended to ensure clinical relevance, content specificity to paranoia, face 

validity of the training materials, and user acceptability for STOP. Objective 2 provided data 

on living/lived experts’ perspectives on the functionality, interface, and acceptability of the 

prototype STOP app to reveal areas of strength and those that needed improvement.  

STOP Content Design (Test and Images) 

The process of material development and testing spanned 12 months and involved 

extensive iterative input from 1) living/lived experts, 2) Clinical Psychologists, and 3) the 

STOP academic research team (see Supplementary Material for inclusion criteria of each 

contributor). Input from each contributing group and the numbers varied according to the task 

required and are given below. Figure 1 shows a schematic of the development process.  
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Figure 1. Schematic of STOP materials development process 

  

Living/lived experts provide exemplars of everyday 
ambiguous life scenarios that typically provoke 
paranoid thoughts 

Researchers adapt exemplars into CBM format 

Match item length across a) experimental group 
(STOP vs control) and b) sessions 

Stage I 

Stage II 

Rate items based on predefined criteria:  
severity and readability 

Re-write and re-rate items that do not meet a 
predefined threshold 

Re-match item length across experimental groups and 
sessions 

Stage III Rate graphics based on predefined criteria: 
complexity, attractiveness, and interest 

Stage IV 

STOP mobile phone app usability testing: two pilot 
tests involving expert by experience to provide 
quantitative ratings on the following features of the 
mobile app: Ease of Use, User Interface, Interactive 
Features, Design and Graphics, Security and Privacy, 
Errors/ Bugs, ‘Help’ provision (pilot 2 only). 
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Stage I: Scenario Creation 

Introduction 

To improve content specificity of training materials, which has been shown to better 

capture disorder-specific biases [43,44], living/lived experts were invited to generate CBM 

materials for paranoia based on their common everyday experiences. We aimed to adapt user-

generated scenarios into CBM intervention items. 

Method 

Participants 

 Living/lived experts (N = 18) were recruited from the Lived Experience Advisory 

Panel (LEAP) with the help of co-author Dr Thomas Kabir from the McPin Charity 

Foundation—an organization based in the UK that focuses on mental health research [47]. 

McPin collaborates with living/lived experts to invite their feedback in research. Experts 

were reimbursed for their contribution to this study at £30 per hour. The study has been 

approved by the London-Stanmore Research Ethics Committee (ref: 21/LO/0896). 

Scenario Creation Outline 

Intervention Items. We provided our living/lived experts with written information on 

CBM and guidelines, plus examples for creating exemplars of personal, everyday life 

scenarios that could provoke paranoid thinking (see supplementary material for a full 

description).  

The STOP research team adapted suitable scenarios (excluding items that were too 

bizarre, triggering, or did not capture ambiguity) into 240 intervention items in the format 

commonly used for CBM training items (see Figure 2). Each item consists of three lines of 

text depicting an emotionally ambiguous scenario that could be either interpreted as paranoid 

or non-paranoid. The item remains ambiguous until the final word. The final word contains 

missing letters and is used to resolve the scenario in a non-paranoid manner. One or more 
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letters (depending on the length of the final word) are removed from the final word (in some 

items this encompasses the last 2-3 words).  

 

Figure 2. Example of STOP intervention item. Copyright © 2021. Jenny Yiend, King's 

College London. All rights reserved. 

Text-Reading Control. Two hundred and forty control items were created based on 

non-emotional factual information or mundane activities or sequences of actions (e.g., 

making a cup of tea). The control items excluded depictions of social situations, emotional 

words, and feelings. Items were arranged into two topic areas/categories: general knowledge 

and facts, and everyday activities. The format of control items matched that of the 

intervention items (see Figure 3). 
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Figure 3. Example of STOP control item. Copyright © 2021. Jenny Yiend, King's College 

London. All rights reserved. 

Stage II: Scenario Evaluation 

Introduction 

Before employing the items that were created in Stage I as training materials for 

STOP, these items required further validation to ensure their relevance to and suitability for 

paranoia. Items were rated for paranoia severity and readability, and item length were 

recorded. We aimed to reduce systematic discrepancies between intervention and control 

items and between sessions by matching the readability of items and the item length. 

Matching these aspects across intervention versus control item sets and individual weekly 

sessions within each set may reduce possible confounding effects. For instance, differences in 

item comprehension or time spent engaging with each item could inadvertently influence the 
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‘dose’ of a session. Items were also rated by relevant contributors based on paranoia severity 

with the aim to distribute intervention such that early training sessions included less severe 

items, with a graded progression toward more potentially threatening/paranoia severity items 

in later sessions. This was done to allow habituation of any emotional response to occur 

gradually as the patient progresses through to more challenging therapeutic content, and is 

usually more acceptable to patients, reducing the risk of dropout. Intervention items also 

consisted of items with higher paranoia severity ratings compared to the control set. 

Method 

Participants 

We approached a total of 16 raters; half the raters were a group of living/lived experts 

independent from those who had created the contents in Stage I. Experts were recruited from 

LEAP. The other half of the raters were clinical psychologists recruited from the 

Psychological Interventions Clinic for outpatients with Psychosis (PICuP). 15 raters 

completed all ratings (clinical psychologist: n = 7; living experts: n = 8) due to drop out from 

being busy after only completing one-third of the ratings. Raters were randomly assigned to 

rate either intervention (n = 8) or control items (n = 7). Clinician raters and living/lived 

experts were reimbursed for their contribution to the study at £50 and £30 per hour, 

respectively. 

Procedures 

For the purpose of rating, we included the final word of the passage that completes the 

text and removed the follow-up yes/no question. For the intervention item, the final word 

depicted the paranoid interpretation of the ambiguous text. Clinician raters rated the 

intervention scenarios based on the criteria: paranoia severity and readability. For example, 

raters were asked to rate the level of paranoia each scenario is likely to evoke (see 

Supplementary Materials for additional information on counterbalancing of ratings). 
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Paranoia severity was rated on a 6-point scale (0=not paranoid; 1=mild paranoia to 

5=severe paranoia); readability was rated on a 6-point scale (0 = difficult to read 5 = easy to 

read). A mean rating of ≥ 1 for the intervention item and ≤ 1 for the control item was set, a 

priori, as the acceptable threshold for the severity scale; A mean rating of ≥ 3 was set, a 

priori, as the acceptable threshold for the readability scale for both experimental conditions. 

Living/lived experts rated items on the readability criterion only. Paranoia ratings from living 

experts were not appropriate because to gauge the severity of the potentially paranoid content 

it was necessary to present items in their negative/ paranoid form. This would be a prolonged, 

unjustifiable, and potentially harmful negative mood induction for these individuals.  

Once all data were collected from raters, we conducted an iterative process of 

reviewing and refining items. First, means were calculated for paranoia severity and 

readability. Items that fell below the acceptable value were reviewed or replaced (n = 43 

intervention items did not reach the threshold on the severity scale). These items were 

discussed among the STOP team, re-written, and then re-rated by two of the same clinicians 

(see Supplementary Materials for interrater reliability data). Finally, three 2-hour Zoom 

meetings were conducted with 4-6 living/lived experts at each meeting to systematically 

review, item by item, the final intervention and control content. Feedback was recorded and 

further minor replacements/revisions were made where essential.  

Items were distributed based on paranoia severity, readability, and item length. We 

evenly distributed intervention items into six, 40-item sessions based on a progression of 

mean paranoia severity ratings across the six sessions (while checking for any discrepancies 

between readability ratings between intervention and control item sets and between the six 

sessions). Item length—operationally defined by the item’s total character count—was also 

matched within and between sessions and item sets (see Supplementary Materials for 

additional information on cross-referencing of item length). 
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Results 

In the first iteration of re-rating, 24 training items reached acceptable values (Paranoia 

severity: M = 3.48, SD = .95), whereupon all items reached the threshold after re-rating 

(Paranoia severity: M = 4.71, SD = .30). All control items reached the acceptable value for 

paranoia severity and readability (see Supplementary Materials for the Analysis Plan).  

For item distribution based on paranoia severity, as shown in Table 1, a 2 (intervention, 

control) x 6 (sessions 7-12) ANOVA showed a systematic difference in items’ severity 

between intervention and control item, F(1, 468) = 6201.01, p < .001, between sessions, F(5, 

468) = 194.76, p < .001, and there was an interaction, F(5, 468) = 223.07, p < .001. Post hoc 

examination of the mean severity scores revealed that there was a difference in items’ 

severity across sessions for the intervention but not the control group (see Figure 4). In 

STOP, the six sessions previously developed as part of the feasibility study [36] were 

interleaved with the six newly created sessions to create 12 sessions based on a progression 

of mean paranoia severity ratings. 

 

Figure 4. Mean paranoia severity ratings across training groups and sessions. 
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For item length, cross-checking by three researchers showed a high agreement for both 

intervention (93%) and control items (94.5%), with 100% agreement between the researchers 

following resolution. For item distribution based on item length, as shown in Table 1, a 2 

(intervention, control) x 6 (sessions 7-12) ANOVA revealed no systematic differences in the 

item’s character count between intervention and control items, F(1, 468) = 1.43, p = .23, 

between sessions, F(5, 468) = .01, p = 1.00, and there was no interaction, F(5, 468) = .12, p = 

.99. 

 

Table 1. Mean (SD) character count and item ratings (intervention; control) of paranoia 

severity and readability across sessions. 

Session Intervention Items - Mean (SD)  Control Items - Mean (SD)  

 Clinician Rating 
(n=8) 

 

User Rating 
(n=8) 

 

Scenario 
Character 

Count 

Clinician Rating 
(n=7) 

 

User 
Rating 
(n=8) 

 

Scenario 
Character 

Count 

 Severity Readabil
ity 

Readability  Severity Reada
bility 

Reada
bility 

 

7 1.24 

(.33) 

4.17 

(.50) 

3.76 (.60) 153.65 

(23.06) 

.19 (.23) 4.23 

(.51) 

3.69 

(.73) 

156.62 

(41.24) 

8 1.86 

(.47) 

4.21 

(.55) 

3.73 (.62) 154.32 

(25.18) 

.16 (.24) 4.21 

(.65) 

3.82 

(.63) 

155.30 

(36.61) 

9 2.48 

(.50) 

4.29 

(.48) 

3.76 (.53) 155.07 

(30.66) 

.23 (.28) 3.99 

(.55) 

3.50 

(.47) 

156.28 

(40.69) 

10 3.13 

(.56) 

4.46 

(.35) 

3.82 (.57) 151.62 

(28.87) 

.18 (.24) 4.23 

(.52) 

3.53 

(.69) 

159.28 

(34.43) 

11 3.73 

(.57) 

4.24 

(.54) 

3.76 (.65) 153.73 

(28.13) 

.15 (.21) 4.13 

(.69) 

3.55 

(.75) 

158.05 

(32.47) 

12 4.46 

(.33) 

4.37 

(.38) 

4.10 (.60) 152.95 

(29.97) 

.06 (.15) 4.22 

(.64) 

3.56 

(.61) 

156.88 

(28.84) 

Total 2.82 

(1.19) 

4.29 

(.48) 

3.82 (.60) 153.56 

(27.50) 

0.16 (.23) 4.17 

(.60) 

3.61 

(.67) 

157.07 

(35.63) 
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Stage III: Item Graphics 

Introduction 

In the CBM-pa feasibility trial [36], living/lived experts recommended visually 

enriching content in addition to text passages to increase the engagement and realism of text 

scenarios [30]. Indeed, researchers have shown that the effectiveness of CBM clinical 

interventions is positively correlated with the degree of participants’ active involvement [48]. 

We, therefore included graphics to accompany each of the intervention and control items 

used in STOP.  

Method 

Materials 

Graphics development was outsourced to an industry partner, Avegen [46]. The STOP 

research team provided Avegen with text-based scenarios that were developed in the previous 

stages of this study. Avegen graphics designers created the graphics based on extrapolations of 

the text-based scenarios. The graphics were chosen to depict the ambiguous scenarios and their 

non-paranoid interpretation (that runs counter to the paranoid reader’s initial assumption), as 

well as the neutral control items. Three types of graphics were included (see Figure 5, for an 

example of each one: 1) static images (n = 576), 2) dynamic images (n = 192), and 3) scenes 

(n = 192; each a collection of three static images depicting the sequence of events in the 

unfolding scenario). 

 

(a) 

 

(b) 

 

 

 

(c) 

Figure 5. Example of item graphics: a) static image; b) dynamic image; c) 3-image scene 
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Participants and Procedure 

Once graphics were created, we invited 18 unreimbursed volunteers from the 

community to rate a random selection (totalling one-quarter of all material) of the graphics 

used in STOP based on specific attributes of user experience. We randomly selected 25% (N 

= 120) of each type of graphics for the six newly created sessions for STOP (total 480 items), 

and then randomly assigned half of the users (n = 9) to rate graphics of intervention items and 

the other half (n = 9) to rate graphics of control items. Participants rated the graphics 

independently on three rating criteria: complexity, attractiveness, and interest using three 

100-point sliding scales (0 = the least… to 100 = the most…), one for each rating criterion. 

The three rating criteria were selected by two researchers from 10 scales of the User 

Experience Questionnaire that described the appearance of interactive products [49]. The 

three rating criteria were selected based on coverage of the scales and their relevance to 

STOP. At the outset of the graphics rating task, we showed users an example of two images 

on opposite ends of the scales for each rating criterion as anchors. Graphics were presented as 

a Qualtrics survey with the following instructions, “Welcome to the rating questionnaire. 

There are 120 items and it should take around 20-30 minutes. Using the sliders, please rate 

each of the following images against the parameters below”. 

Results 

Table 2 shows ratings on training item graphics as a function of item category 

(Intervention; Control). A series of independent-samples t-tests indicated no significant 

difference between intervention and control graphics across all three rating scales 

(complexity, attractiveness, interesting). 
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Table 2. User Rating (Mean and Standard Deviations) on training item graphics (Max score 

= 100) as a Function of Item Category (Intervention; Control). 

 Intervention Items 
Mean (SD) 

Control Items 
Mean (SD) 

t test P value 

Complexity 45.64 (22.54) 46.05 (22.80) .42 .68 

Attractiveness 57.72 (19.46) 56.50 (20.26) 1.43 .15 

Interest 56.90 (20.85) 55.57 (21.19) 1.47 .14 

 
Stage IV: STOP Mobile App Usability Testing 

Method 

STOP App Design  

 The STOP App development was outsourced to Avegen [46]. STOP is a mobile App 

that delivers CBM therapy for paranoia on either Android or iOS platforms. In consultation 

with the STOP research team, Avegen designed and built the App top-down using the 

finalized training items developed in the previous stages of this work. STOP provides one 

self-directed weekly therapy session consisting of 40 training items, taking approximately 40 

minutes to complete. Users schedule weekly sessions on their STOP phone App; automatic 

reminders are sent to users via email before the session. Each item includes user-generated 

text-based scenarios with accompanying graphics. Session content is interspersed with trivia 

and badges upon completion of each training session to improve user experience. Living 

experts are invited to test the STOP phone App and provide feedback during two pilot 

sessions (May 2021; October 2021). Initial aspects of the app design (e.g., STOP acronym, 

logo design, colour palette, fonts, layout, storyboard, gamification elements, instructions for 

use etc.) were co-designed with the LEAP group over a period of 6 months through a series 

of regular group meetings attended by the industry partner and relevant graphic designers. 
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Once the first MVP (minimal viable product) was achieved the formal phase of usability 

testing began. 

Usability Testing 

Participants. A group of living/lived experts (pilot 1: n = 5; pilot 2: n = 4) separate 

from those who contributed to the previous stages of this work were recruited from LEAP as 

a part of the usability testing for STOP. Again, living experts were reimbursed for their 

contribution to this study at £30 per hour. 

Procedures. Two piloting sessions of the STOP mobile application were scheduled with 

living experts to incorporate feedback to refine and improve the product. The first pilot study 

lasting approximately 45 minutes included a test version of STOP in that the content and 

function of the App were limited; the second pilot study included the testing of two 

intervention sessions across two weeks (from 11 October 2021 to 22 October 2021). In both 

pilot studies, living experts provided quantitative ratings on the following features of the 

mobile app: ease of use, user interface, interactive features, design and graphics, security and 

privacy, errors/bugs, help provision (See Supplementary Materials for a description of each 

feature). These criteria were adapted from the User Experience Questionnaire [49]. 

Living/lived experts provided a rating of each feature using a 5-point scale (1= inadequate, 

2= adequate, 3=good, 4=very good, 5=excellent). A mean rating of ≥ 2 was set, a priori, as 

the acceptable threshold for each scale.  

In addition to the ratings described above, in Pilot 2, we wanted to understand the 

kinds of problems/issues users were experiencing and their general experience with the STOP 

mobile application. As such, we invited users to provide a descriptive account of their 

experience (e.g., “In one or two sentences, describe any problems/issues that you might have 

encountered when using the App, if any.” “In one or two sentences, describe your overall 

experience with the App and what you would change, if any”). 
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Results 

Table 3 shows users’ ratings of the STOP mobile application in Pilot 1 and Pilot 2 

(see Supplementary Material for users’ descriptive accounts). As shown in Table 3, in both 

pilots, living/lived experts provided a mean rating above our acceptable threshold for all the 

evaluated features of the STOP mobile application. 

Table 3. Mean (SD) user ratings of the STOP mobile phone app (Max score = 5) from 

usability testing. 

STOP Mobile App 
Feature 

Pilot 1 Pilot 2  

Ease of use 4.2 (.45) 4.25 (.50) 
User interface 4.2 (.84) 4.5 (.58) 
Interactive features 4.2 (.84) 4.25 (.96) 
Design and graphics 4.4 (.55) 5 (.00) 
Help provision N/A 4 (.82) 
Security and privacy 4.4 (.55) 5 (.00) 
Errors/bugs 4.4 (.89) Descriptive account of any 

errors/bugs (see Table 3b). Any 
errors identified have been 
resolved. 

Overall experience 4 (.71) Descriptive account of overall 
experience with the App (see 
Supplementary Material) 

 

Discussion 

The present study focused on the development of new material to be used in STOP—a 

novel mobile phone application designed to reduce symptoms of paranoia. This self-

administered digital therapeutic aims to reduce symptoms by presenting everyday ambiguous 

situations that can trigger paranoid thoughts and then normalizing users’ interpretations of 

these situations. However strong the conceptual basis of a new therapeutic, its quality, 

acceptability, and efficacy will be dependent upon its detailed content and input and 

recommendations from various relevant contributors [39,41]. This is especially true of 

interventions that are based upon CBM methods, which rely solely on content for their effect 
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[25,26], and interventions that address psychosis [38,40,41]. The work presented in the 

present paper represents a twelve-month activity with clinicians, living/lived experts, a digital 

solutions design team, and researchers, to develop and evaluate therapeutic content and 

mobile application of STOP. Specifically, the co-design approach represents a thorough 

attempt to achieve our two objectives: 1) to take a user-centered approach to create and 

evaluate paranoia-relevant CBM item content and 2) to engage with living/lived experts and 

the digital solutions design team to create and pilot test the STOP mobile app prototype. 

For all training materials, we reached a priori-defined acceptable threshold for all rating 

criteria: paranoia severity and readability of the scenarios, and there were no systematic 

differences in item length between intervention and control content, nor within the six newly 

created sessions of STOP. These data were used to inform the progression of the therapeutic 

intervention by arranging session content in order of increasing paranoia severity.  To reflect 

clinician-administered cognitive therapies, a ‘drill-down’ approach from surface-level 

automatic thoughts to more profound core beliefs was adopted across sessions by using 

selected specific verbs to reflect each level of thought process. For item graphics, we also 

found no systematic differences in users’ ratings of complexity, attractiveness, and interest, 

between intervention and control groups. Furthermore, evaluations from two pilot tests of 

STOP with living/lived experts showed that user ratings were above our a priori acceptable 

thresholds for all evaluated features of the mobile application, suggesting that users found the 

STOP App easy to use and navigate, suitably interactive, helpful, and secure. 

 The existing literature demonstrates the importance of co-designing mobile phone 

Apps for psychosis with multiple collaborators [38,39,40]. Our present work illustrates one 

approach to implementing a detailed user-centered development process that was applied 

throughout the entire design and development process of a mobile application. This may 

serve as a useful model for others, as the field of digital mental health continues to grow 
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exponentially. Our co-design is likely to have improved the relevance, authenticity, face 

validity, and acceptability of both the therapy interface and its content, compared to a 

researcher-led approach, although we cannot provide direct evidence of this. In each phase of 

STOP’s creation, we involved relevant contributors to provide feedback, open discussions, 

and formal usability testing of STOP’s content and mobile App. Contrary to STOP’s 

predecessor CBM-pa [36] where only the researchers designed training materials, in our 

present work, we refined both the therapeutic content (training material) and the mobile App 

implementation, following contributors’ recommendations. The literature on co-design 

suggests that the careful and inclusive development process we have followed is likely to 

enhance user engagement and uptake of STOP [39]. There is also evidence that co-design 

improves treatment adherence and motivation [51]. Further additional features that we have 

included, such as graphical enhancement, use of therapeutic content based on actual patient 

experience, and close attention to the reduction in potential confounding variables (e.g., time 

spent in therapy could inadvertently influence the ‘dose’ of a session), may improve the 

intervention when tested against a control group in a clinical trial. 

Several improvements could be made to the present study, however. First, despite 

basing content development on user-generated examples, the personal relevance to any one 

individual is limited. Future work should consider ways to tailor content to the individual in 

real-time or prior to the start of therapy. The development of personalised predictive 

algorithms and agile methods of therapeutic content selection will be one way to do this.  

Second, it will be important to test the STOP app for acceptability and feasibility of usage in 

a live clinical service setting, as called for by national organisations such as NICE [50].  By 

the same token, our small sample of raters was recruited from single clinical service units 

within the United Kingdom, thereby limiting the representativeness of the feedback and 

ratings received. 
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 Third, there are several limitations relevant specifically to a clinical trial context use 

of STOP, as opposed to real-world deployment. For example, we only matched items by 

length between experimental and control groups, as measured by items' character counts; a 

more thorough matching process would yield greater confidence that when testing STOP 

against its active control any differences could not be the result of unintended material 

effects. Using single factors such as these to control for arbitrary effects of the intervention is 

limited, and in the future, other factors could be added to better control for confounds (e.g., 

measuring actual reading speed, user’s comprehension of items, gender-specific content, 

intercultural relevance and so on). 

A further trial-related limitation is that graphics were rated on only three rating criteria 

pertaining to visual appearance, which were derived from subscales of a standardised 

instrument. The limited selection of scales was a pragmatic decision and future work could 

match graphic content on a wider range of criteria, for example including aspects of 

appearance, such as aesthetics, excitement, likeability, and others, all of which are included in 

the original instrument that was used to motivate our selection of scales. In addition to 

graphic enrichments, other elements, including badges, progress trackers and trivia are 

integral to the STOP mobile app and are derived from earlier focus group discussions, but 

these have not been evaluated. Ideally, all enrichments should be tested systematically to 

determine their effectiveness in engaging and motivating service users. 

Finally, although we rely on feasibility data and previous ratings and feedback [26] to 

validate the first six sessions of STOP, nevertheless, an improvement in future work would be 

to evaluate all 12 sessions simultaneously on the same metrics. 

Conclusion 

In conclusion, CBM-pa is a relatively recent novel psychological intervention that has 

now been extended into the digital therapeutic called STOP. Material development and App 
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design for any new CBM content should follow an iterative and rigorous process involving 

multiple contributors, including living/lived experts, researchers, clinicians, and the design 

team. This user-centered approach to intervention development maximizes the relevance of 

therapeutic content to the target user group.  In so doing, researchers will most likely also 

optimize user acceptability, effectiveness, and engagement to create the best possible mobile 

health interventions for people with severe psychiatric disorders.  
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