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Summary
Background 
Bipolar disorder (BD) is a severe mental illness characterised by recurrent manic, hypomanic and depressive episodes alternating with euthymic periods. The burden of BD is vast, and many patients have unmet needs in their treatment. To better support patients in their personal recovery and well-being, positive psychology interventions (PPIs) have shown to be a promising tool. Recently, a mobile application has been developed to offer PPIs: the WELLBE BD-app. 
Aim
The current study was designed to study the acceptability of the WELLBE BD-app and evaluate the feasibility of the design for use in a larger controlled trial (CT). We also studied the potential effects on mental health.
Method
This pilot-study used a mixed-methods quantitative and qualitative approach in which participants were randomly assigned to an intervention- or a treatment-as-usual control group, each with 20 participants with BD. The study sample consisted of a seven weeks during intervention. To assess acceptability, we held semi-structured interviews in the intervention group and collected log data and questionnaire data on the actual use of the app and perceived value of the accompanying exercises.  Feasibility was determined by the number of completers of the intervention in both the intervention and control groups. Potential effects on mental health outcomes were measured using an extensive set of pre and post-intervention questionnaires. 
[bookmark: _Hlk117756174]Results
The intervention was fully completed by 52.7% (n = 11) of the participants and partly completed (1 to 4 modules) by 37.8% (n = 8). The post-test response rate was 73% in both groups. On average, the exercises were rated with a value of 7.5 on a scale of 1 to 10 (SD = 1.2). Users found the application easy to use, useful for people with BD, and to have an attractive design. Problems with installation, technical problems, and lack of support were barriers to using the app. Guidance by an expert by experience (in videos before the exercises) was preferred by 80% of the participants instead of guidance by a professional. Effects on mental health outcomes were small and statistically non-significant, both between- and within groups. Although we found no significant results in the quantitative part of our study, the qualitative results show that people with BD appreciated the content and design of the intervention. The minimal effects on mental health may be partly explained by the small sample size and the relatively high levels of mental health of the participants at baseline. 
Conclusions and Implications for Practice
Based on this study a larger trial on the effects of the WELLBE-app appears feasible and warranted. Next to minor modifications based on this pilot study, to create optimal impact including patients with lower levels of well-being is recommended and the guidance by experts or peers needs to be considered. 


[bookmark: _Toc27053952]Introduction
Bipolar disorder (BD) is a severe and chronic mental illness characterised by manic, hypomanic and depressive mood episodes alternating with euthymic periods. The disease primarily develops in adolescence and young adulthood (Goodwin & Jamison, 2007). About 2% of the world’s population has BD, and an additional 2% is estimated to have subthreshold BD (Geddes & Miklowitz, 2013). In the Netherlands, the lifetime prevalence of BD is 2.1% (ten Have et al., 2022).
BD is associated with a significant burden for patients and their relatives (Erten et al., 2014; Vieta et al., 2013). It is the sixteenth leading cause of years lived with disability (YLD), explaining 1.3% of total YLDs (Ferrari et al., 2016). Functional impairment occurs not only in manic or depressive episodes but also in inter-episodic (Fagiolini et al., 2005). Subsyndromal depressive symptoms in the inter-episodic periods are the predominant causes of impaired functioning (Fagiolini et al., 2005; Gershon & Eidelman, 2015; Kupka et al., 2007). Functional impairment has a negative influence on the experienced quality of life and well-being of people with BD (Revicki et al., 2005).
The last two decades have seen a growing interest in research on unmet needs in BD in both symptomatic and inter-episode periods (Bauer et al., 2018; Chengappa & Goodwin, 2005; Fortuna et al., 2019; Goossens et al., 2007; Hajda et al., 2016; Maassen et al., 2018). In symptomatic episodes, these needs can be summarised as a need for encouragement to seek effective (pharmacological) treatment to reduce symptoms, while in inter- and subsyndromal periods, there is a need for strategies to prevent future episodes and a need for easily available psychosocial interventions (Chengappa & Goodwin, 2005; Hajda et al., 2016)
In recent years the need for psychosocial interventions that enhance personal recovery (PR) in BD has been stressed (Dodd et al., 2017). PR is defined as: ‘a deeply personal, unique process of changing one’s attitudes, values, feelings, goals, skills and/or roles . . . a way of living a satisfying, hopeful and contributing life even with the limitations caused by illness’ (Anthony, 1993).  Leamy et al. (2011) developed the CHIME framework (Connectedness, Hope and optimism, Identity, Meaning in life, Empowerment) to cover the five most important recovery processes of PR. Bird and colleagues validated this model by adding three components to CHIME (practical support, issues around diagnosis and medication, and scepticism surrounding recovery) to address the needs of those in an early stage of recovery (Bird et al., 2014; Leamy et al., 2011). To fit the particular needs in PR for people with BD, Jagfeld and colleagues (2021) developed the POETIC framework (Purpose and meaning, Optimism and hope, Empowerment, Tensions, Identity and Connectedness) (Jagfeld et al., 2021). By adding the concept of tensions (balancing acceptance with ambitions, openness about the illness, and ambivalence about mania), the authors included the special needs of people with BD (Jagfeld et al., 2021). Many of these elements are also at the core of positive psychology (Resnick & Rosenheck, 2006).
Positive psychology (PP) is a movement focusing on improving mental health. Positive psychology interventions (PPIs) focus on enhancing positive feelings, behaviours, or cognitions (Sin & Lyubomirsky, 2009) and using evidence-based treatment methods or exercises. In a review of PPIs, Schueller & Parks (2014) identified six different categories of exercises; these include savouring, practising kindness, experiencing and expressing gratitude, creating meaning and goalsetting, positive relations, and using personal strengths. Meta-analyses have demonstrated small to moderate significant effects of PPIs on well-being and distress in clinical and non-clinical populations (Bolier et al., 2013; Carr et al., 2021; Sin & Lyubomirsky, 2009)  and patients with mental or somatic illnesses (Chakhssi et al., 2018; Hendriks et al., 2020). In severe mental illness, a meta-analysis found a small effect of PPIs on well-being and a moderate effect on psychopathology in pre-post testing (Geerling et al., 2020). Although not frequently used or studied in BD patients, some recent trials have shown face-to-face or telephone-delivered PPIs  to be associated with improved optimism, positive affect, mental well-being, and PR (Celano et al., 2020; Kraiss et al., 2018; Painter et al., 2019). 
In mental health treatment, digital interventions have become more and more common. Since the beginning of this century, this increase has been rapid, and the COVID-19 pandemic has further boosted the use of digital treatment (Balcombe & De Leo, 2021). Online positive psychology interventions (OPPIs) offer an easy and accessible way to provide PPIs. OPPIs can increase well-being and reduce symptoms of depression (Bolier & Abello, 2014). OPPIs are more acceptable when individuals find them relevant to their symptoms and more effective when participants are distressed (Sergeant & Mongrain, 2015). 
Recently, we developed an application for mobile phones containing PPI exercises for people with BD:  the WELLBE BD-app (Geerling et al., 2022a). The functionality of and exercises in this application were established in co-creation with patients and professionals in focus group (FG) meetings and by questionnaires. Results from the FGs suggested that both the content and the ‘look and feel’ of the app were congruent with the expected needs of people with BD. Therefore, we hypothesised that, after some adjustment, patients with (bipolar) depression or those with low well-being can benefit from the WELLBE BD-app. The current pilot study was designed to further examine the acceptability of the adjusted application and the feasibility for testing the app in a full randomised control trial (RCT). We aimed to test whether the application was acceptable for patients to use for an extended period of seven weeks. We also aimed to test if the design was feasible for implementing the app in a more extensive trial. To explore the information on the possible effects of the intervention, the current study employed a control and an intervention group.  The outcomes of this study will be used to inform the development and design of a future RCT to investigate the effectiveness of the application. We employed a mixed-method approach: using both quantitative and qualitative methods: we conducted 11 interviews and administered questionnaires on mental health pre-and post-intervention. 
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Methodology
The study was approved by the Ethical Committee of the University Twente (18067) and the Scientific Board of the Dimence Mental Health Institute, where the study was conducted. The study was also assessed by an independent medical ethic committee for research in mental health (2020-6301). They concluded that the study did not require further assessment other than the approval of the scientific committees of the institutes involved. 
Study Design 
The study used a mixed-methods design employing both quantitative and qualitative methods within a pilot randomised controlled trial design that aimed to investigate (1) the acceptability of the WELLBE BD-app intervention for use with the target group, and (2) to inform the feasibility of conducting a full  RCT design to be used in the proposed future study. 
Acceptability is a broad concept, defined by Seklon et al. (2017) as: ‘a multi-faceted construct that reflects the extent to which people delivering or receiving a healthcare intervention consider it to be appropriate, based on anticipated or experienced cognitive and emotional responses to the intervention’ (Sekhon et al., 2017). They developed a Theoretical Framework of Acceptability that was used to study the acceptability of our intervention (Sekhon et al., 2017). For our qualitative data collection, we used the ‘60 Acceptability Concepts’, a comprehensive definition and model of technology acceptance developed by Garton, Moody and Woodcock (Garton et al., 2012). We established the acceptability in semi-structured interviews after the post-test measurement. We also gathered data about the app’s ease of use and participants' valuations of the individual exercises. 
Feasibility studies are defined as: ‘Pieces of research done before a main study. They are used to estimate important parameters that are needed to design the main study… …used to estimate important parameters that are needed to design the main study.’ (Arain et al., 2010). This study focused on testing the first-time use of the WELLBE BD-app among BD patients in a psychiatric outpatient clinic setting, in combination with the use of several process and outcome measures (questionnaires and data extracted from the app), to establish the response rates to the questionnaires, app usage rates, and the number of potentially eligible  and interested participants. Orsmond and Cohn (2015) suggest that researchers use both qualitative and quantitative measures to best examine the research and intervention process during a feasibility study; this can help accelerate a study to a larger RCT (Orsmond & Cohn, 2015). 
[bookmark: _Toc27053954]Participants
[bookmark: _Hlk22811348]All participants were recruited from four outpatient clinics within one mental health care network organisation (Dimence Bipolar, https://scbs.dimence.nl/). The sample size of feasibility studies ranges from 10 to 300, with a median of 36 participants (Billingham et al., 2013). We included 20 participants in the intervention group and 20 in the control group.
[bookmark: _Toc27053955]Inclusion criteria
· Patients with a diagnosed Bipolar I or Bipolar II disorder (classified according to DSM-5 criteria; (American Psychiatric Association, 2013).
· 18-65 years old.
· In possession of a smartphone.
· Willing to participate in the study and agreed to complete the questionnaires).

[bookmark: _Toc27053956]Exclusion criteria
· Patients who did not speak the Dutch language.
· Patients who were participating in another self-management group intervention during the study. 
· Patients who had participated in the B-Positive study (Kraiss et al., 2018).
· Patients who had experienced a major depressive or manic episode immediately preceding to the study.
[bookmark: _Toc27053957]
Procedure: Intervention and Control Groups
[bookmark: _Hlk22811747][bookmark: _Hlk117587233]The participants were randomly assigned to two groups: intervention and control. The participants were recruited from the network ‘Dimence Bipolair’. Practitioners conducted an ‘interest interview’ with all the patients who potentially met the inclusion criteria. After giving their informed consent, interested patients received information about the research and, an Informed Consent Form from the researcher by postal mail. The Informed Consent Form was signed and included in the EPD (electronic patient file). Subsequently, participants filled in the pre-test questionnaires. The research assistant then randomised the participants to the intervention or the control group using a provided scheme (ABBA, AABB, etc). The intervention group received a seven-week positive psychology intervention in which the participants received one exercise per week. Both the intervention and control groups received Treatment as Usual (TAU) based on the Dutch guidelines for bipolar disorder (Kupka et al. 2015).   

[bookmark: _Toc27053963]Treatment as Usual (TAU) procedures
TAU consisted: pharmacologic therapy and interventions focused on self-management and preventing mood episodes. Participants in the control group were given access to the new app after the study had ended. Besides the two measurement occasions (e-mail contact to remined those participants who did not complete the questionnaires), the investigator (JV) had no contact with the participants.
[bookmark: _Toc27053964]Additional procedures for the intervention group
The intervention group received access to the app that contained a seven-week positive psychology intervention in which participants were asked to perform one exercise every week. They had the opportunity to contact the investigators when they experienced problems with the installation or using the app. If participants did not proceed with the exercises, the investigators asked them if they had any problems using the app. Contact with the participants was by email or phone; in some cases, participants were helped personally with the installation of the app. Completing one to four of the seven exercises was valued as partly completion, five or more exercises were valued as fully completed. After the intervention period, a selection of participants took part in a semi-structured interview of approximately 45 minutes long. Interviews were conducted until data saturation was achieved, which was after 10 interviews (Fusch & Ness, 2015). 
[bookmark: _Toc27053968]Intervention
The WELLBE BD-app intervention is a seven-week digital health intervention for people with BD. The intervention aims to support personal recovery, improve well-being, improve positive relations and positive feelings, and reduce depressive symptoms or subsyndromal feelings of depression (Geerling et al., 2022). 
The intervention is based on the principles of positive psychology.  The app contains exercises in different categories of PPIs based on the outcomes of a study among people with BD and professionals treating patients with BD (Geerling et al., 2022). Based on that study, we adjusted the app to an intervention in which participants receive one PPI a week for seven weeks. The exercises used in the intervention app relate to the following domains of positive psychology interventions: savouring, experiencing and expressing gratitude, using personal strengths, and positive relations (Geerling et al., 2022).   
The app contains seven different exercises, each followed by two evaluative questions. The different exercises are listed below (the numbers in brackets indicate where the exercise is sequenced in the app: first, second, etc.):
· Positive relationships: Active Listening (2), Expressing Gratitude (6).
· Positive emotions: Keep a Positive Focus (5), Gratitude (Appreciating What Is) (1).
· Resilience: Three Good Things (3) Getting Stronger (7).
· Discovering and using strengths: Discover Your Strengths (4).

Each exercise takes approximately 5 to 10 minutes, except ‘Discover Your Strengths, which takes 20 to 30 minutes to complete. Participants could choose whether to do a shorter or extended version of the latter exercise. The participants were asked to do each exercise three times a week, and a new exercise became available after that week. The used exercises were adjusted from the evidence-based self-help book This is Your Life (Bohlmeijer, 2013; Bohlmeijer & Hulsbergen, 2013; Schotanus-Dijkstra et al., 2017). The publisher approved the use of elements from this book for the WELLBE BD-app intervention. The app was created by researchers from the University of Twente using the ‘The Incredible Intervention Machine’ (TIIM) videos (Kelders, 2019). The TIIM offers researchers the rapid prototyping of new interventions. In the WELLBE BD-app, users can choose several options; notifications can be tailored to their preferences. There are also two ‘persons’ who lead the participant through the app; a professional and an expert by experience.  Each exercise is accompanied by video and text. By completing an emotion quadrant pre- and post-exercise, participants can monitor whether the exercise affects their mood. Within the app, participants can rate the value of each exercise. To increase the valuation data in this study, we also included the data from the control group participants who used the intervention after finishing the study.
Questionnaires
The used questionnaires were divided into two categories: positive psychology outcomes and psychopathology outcomes. The set of questionnaires was based on those used for a previous PPI group intervention for BD (Kraiss, ten Klooster, Chrispijn, Stevens, Doornbos, Kupka, & Bohlmeijer, 2021) so that the scores across the studies could be compared at a later stage. The questionnaires are listed below.
· The anxiety subscale from the Hospital Anxiety and Depression Scale (HADS-A) (Zigmond & Snaith, 1983) was used to assess anxious symptomatology. The Dutch version of the HADS-A (Spinhoven et al., 1997) has been shown to have good internal consistency in a sample from the general population (α = 0.84) and a sample of psychiatric outpatients (α = 0.81) (Rush et al., 2003).  
· The Altman Self-Rating Mania Scale (ASRM) measures (hypo)manic symptoms. This self-rated scale consists of five items representing different manic symptoms (Altman et al., 1997). All five items are rated on a 5-point Likert scale with different categories. The ASRM has high sensitivity (93%) and specificity under 33% (Altman et al., 2001). 
· The Quick Inventory Depressive Symptoms (QIDS-SR) is a shortened version of the IDS-SR (Rush et al., 2003) designed to establish the severity of depressive symptoms. The QIDS-SR is a self-completion questionnaire of 16 items, measured on a 4-point scale (0–3). The total score is compared with a fitting table (five categories ranging from no depression to severe depression). 
· The Mental Health Continuum (MCH-SF) measures emotional, psychological and social well-being. Emotional well-being (three items), social well-being (five items), and psychological well-being (six items) are scored on a 6-point scale from never (0) to every day (5). The Dutch version of the MCH-SF has been shown to be valid and reliable in general (Lamers et al., 2012) and clinical populations (de Vos et al., 2018; Franken et al., 2018).  
· The EuroQol 5 Dimensions (EQ5D) has been used to evaluate individual health perceptions (Herdman et al., 2011). The EQ5D has been translated and validated in Dutch (Versteegh et al., 2016). 
· The Positive and Negative Affect Schedule (PANAS) measures current emotions. It measures two different dimensions – positive and negative affect – on a 5-point Likert scale (Watson et al., 1988). 
· [bookmark: _Toc25835528][bookmark: _Toc27053979]Personal recovery was measured using the 15-item version of the Questionnaire Process of Recovery (QPR) (Law et al., 2014; Neil et al., 2009). The QPR has been translated into Dutch via forward and backward translation by Kraiss and colleagues (Kraiss et al., 2018). The QPR has also been explicitly validated for people with bipolar disorder (Jones et al., 2013). 
· The process of dampening was assessed by the Responses to Positive Affect Questionnaire (RPA); this consists of 17 items and measures cognitive responses to positive affective states (Raes, Daems, Feldman, Johnsons, & Van Gucht, 2009). 
· The subscale Positive Relationships of the Scales of Psychological Well-Being (SPWB) were used to measure the process of positive relationships (Ryff & Keyes, 1995). 
· The Self-Compassion Scale Short form (SCS-SF) was used to measure self-compassion (Neff, 2003; Raes et al., 2009).
[bookmark: _Toc27053965]
Data Analysis
[bookmark: _Toc27053966]Quantitative data
The quantitative analyses were performed using SPSS Version 27 for Windows. Rating of the exercises were collected from the app, and average scores for all the exercises were calculated. We also calculated the app usage data and response rates as part of the feasibility element of the study. 
Pre-post changes in outcomes in both the intervention and control group were analysed using paired t-tests. Within-group changes were also expressed as Cohen’s d effect sizes, where .20, .50, and .80 indicate small, medium, and large effects, respectively (Cohen, 1988). Between-group differences in post-test scores were tested using ANCOVAs, with the baseline scores of the respective outcomes as covariate. Two-sided p-values < .05, without correction for multiple testing, were considered significant.
[bookmark: _Toc27053967]Qualitative data 
We used the 60 concepts of technology acceptance by Garton and colleagues (Garton et al., 2012) and summarised these in a 10-item topic list (Technical functioning, Technical support, Usability, Unintentional harmful effects, Reliability, Look and feel, Personalisation, Enjoyment and satisfaction, Involvement, and Expectations). We added ‘Usefulness for BD’ to the list as a separate concept. The questions for the semi-structured interviews covered all elements of these concepts to receive a complete insight into the acceptability of the developed application. ATLAS.ti7 was used to analyse the data, which was based on the Colaizzi method (Shosha, 2012). We combined this seven-step method, which was based on identifying phenomena in the data (reading transcripts, formulating meanings, formulating categories, description of the phenomenon, fundamental structure, and validation) with the 60 concepts of acceptability. 
The interviews were recorded and subsequently transcribed verbatim for analysis. The transcripts were read and reread, and each interview was analysed and coded by the researcher. The participant quotes that referred to any of the 60 concepts of acceptance were brought together and grouped to formulate the phenomena, i.e. the topic. In the last phase of the analysis, the relations between the found phenomena were compared to all concepts of acceptability and placed under the most fitting concept. 
[bookmark: _Toc27053982]Ethical Considerations
[bookmark: _Toc27053984][bookmark: _Toc27053985][bookmark: _Toc27053987]This study was performed following guidelines and regulations from the Dimence-Group and the University of Twente, and in accordance with the EU General Data Protection Regulation (GDPR). The obtained data were anonymised and stored on the secure server of the Dimence-Group following ISO (International Organisation for Standardization) standards for mental healthcare and research (Iso number 9001 and NEN7510). The data were only accessible to the principal investigators (BG&JV) using a login password. Obtaining personal data is a standard procedure in mental health care, and this study did not collect any personal data outside what was already given in the patient’s file. According to Regulation 93/42/EEG, the eHealth application of the current study is not a medical device. Even though the intervention is considered to be stand-alone software (an app), it was not installed on a medical aid or device and did not perform tasks other than storage, archiving, data compression, or simple search tasks. 


Results
Overview
[bookmark: _Hlk106799438]In total 41 participants were recruited. There were no significant demographic differences between the intervention and control groups. More participants were female (intervention group = 73%; control group = 79%). Table 1 presents the participant demographics. One participant (2%) withdrew before the study began for somatic reasons. The post-intervention questionnaires were completed by 62% (n=13) intervention and 84% (n=17) control participants. Of the 21 participants in the intervention group, 9.5% (n=2) did not start the intervention, 37.8% (n=8) only partly completed the intervention (one to four exercises completed), and 52.7% (n=11) fully completed the intervention (five exercises or more). There were no differences in outcome between both groups. Reasons for stopping in the intervention group were technical problems, relapse in mood episodes, PPI did not fit with the person’s needs, or unknown. Reasons for not beginning the intervention (N = 2) were lack of time. The reasons for non-completion are summarised in Table 2.
Table 1.  Participant demographics. 
	
	
	Total
 N = 40 (%)
	Intervention group
N = 21 (%)
	Control group
N = 19 (%)

	Age
	16–25 years

	26–35 years

	36–45 years

	46–55 years

	56–65 years

	66 and older



	
	 
7 (17.5)
4 (10)
5 (12.5)
10 (25)
10 (25)
4 (10)
	
3 (14.4)
3 (14.4)
2 (9.5)
5 (23.7)
6 (28.5)
2 (9.5)
	
4 (21)
1 (5.3)
3 (15.8)
5 (26.4)
4 (21)
2 (10.5)

	Gender
	
	
	
	

	   Female
	
	30 (75)
	16 (72.7)
	15 (78.9)

	Marital status
	
	
	
	

	   Married/live together
	
	19 (47.5)
	10 (47.6)
	9 (47.4)

	   Divorced 
   Widow(er)
   Single
	
	6 (15)
1 (2.5)
14 (35)
	2 (9.5)
1 (4.8)
8 (38.1)
	4 (21)
-
6 (31.6)

	Daily activities
	Paid job

	Entrepreneur

	Volunteer job

	Unemployed 

	Retired 

	Student 

	Other 



	
	
15 (37.5)
3 (7.5)
4 (10)
7 (17.5)
5 (12.5)
4 (10)
2 (5)
	
6 (28.5)
3 (14.3)
2 (9.5)
4 (19.1)
3 (14.3)
2 (9.5)
1 (4.8)
	
9 (47.4)
- 
2 (10.5)
3 (15.8)
2 (10.5)
2 (10.5)
1 (5.3)

	Education 
	
	
	
	

	   Primary school
	
	- 
	-
	-

	   High school
	
	12 (30)
	5 (23.8)
	7 (36.8)

	   Higher professional education 
	
	20 (50)
	11 (52.4)
	9 (47.4)

	   University 
   Other
	
	7 (17.5)
1 (2.5)
	5 (23.8)
	2 (10.5)
1 (5.3)




Table 2 Reasons for partial- or non-completion.

	Reasons for non-completion
	N
	%

	Technical problems
	3
	14%

	Relapsed in mood episode BD
	2
	9.5%

	No time
	2
	9.5%

	PP did not fit the participant’s needs
	2
	9.5%

	Unknown or other reason
	1
	4.8%

	Completers
	11
	52.7%

	Total 
	21
	100%




Qualitative Results: Acceptance
In the interviews, the participants (n= 11) mentioned an average of eight subcategories (range = 5–10, median = 9) related to pre-defined aspects of acceptance. Most of the comments were coded as expectations (65), while only a few (6) were coded as unintentional harmful effects. The participants’ quotes were coded by the 10 concepts of acceptance topics: Table 3 provides an overview of the number of quotes per topic. Each topic is discussed in turn below. 
Table 3. Number of quotes per acceptance topic. 
	Acceptance topic
	Number of quotes, 
Stage 1 of analysis
	Number of quotes, 
Stage 2 of analysis

	
	
	

	1. Technical functioning
	37
	19

	2. Technical support
	19
	9

	3. Usability
	57
	22

	4. Unintentional harmful effects
	6
	6

	5. Reliability
	9
	5

	6. Look and feel
	13
	8

	7. Personalisation
	53
	24

	8. Enjoy and satisfaction
	34
	21

	9. Involvement
	38
	19

	10. Expectations
	65
	21



1. Technical Functioning
The remarks made by the participants were divided into four subcategories: frustration, reliability, user control, and error prevention. The code frustration contained bugs in the system and recurring error notifications, which impacted motivation to continue using the app:
Sometimes the push notifications didn’t work properly. While there was an exercise ready and I thought ‘I will not get a new exercise for a long time.’ But it turned out that the old one was still there and that I didn’t get a new one yet, but that I hadn’t had push messages, while you sometimes do get them. So that was a bit strange. (Participant F16[footnoteRef:1]) [1:  F = female participant, M = male participant.] 


In user control and error prevention, the remarks were divided into those who found it easy to use the app (six participants) and those who had some issues, mainly with the installation process (four participants). The participants were unanimous in their appreciation of the app’s performance (reliability):
And it actually always worked, it’s not like I’ve had it not worked once. No, I just got a nice message from, ‘Hey, there’s another one waiting for you.’ So no, it was, yes, perfect. (Participant F20)
I found that quite difficult, it was not entirely clear in the beginning how to do it. I had also sent some e-mails about it… Yes, that was complicated, let’s say. It wasn’t immediately clear how to do that. (Participant F10)

2. Technical Support
The participants had the opportunity to get in touch with the researchers when they experienced problems using the app. Approaching the researchers by phone or personal help was more highly valued than by mail and was perceived to be more helpful. In three cases, inadequate support led to drop-out:
Well, I found that very difficult to install. X  [the researcher] helped me with that to get it right on my phone. (Participant F8)

3. Usability
In the usability category, remarks were made about ease of use, accessibility, and intrusiveness. The participants mentioned that after installing the app, it was easy to use and accessible. One participant found the number of words in the text fields too limited. For some participants, the app was not intuitive enough, and they did not understand the timing rules and the repeated exercises; therefore, they stopped using the app. Participants said: 
Anyway, I didn’t fill it in for a while at the beginning because I didn’t understand that you got the same assignment three days in a row. I made that first assignment. And then the second was the same. I think: ‘Yes, I already made that. Then I wait for the next one.’ So that wasn’t clear to me. And then, yes, a few days later: ‘It’s still there! Yes, but I've already made that one, so I'll wait for the next one.’ (Participant M7)
Well in general, I liked it [the app] very much. It is very accessible. It is easily described, no fancy words or fuss, things I don’t understand or something. (Participant F12)
It’s all clearly explained, and yes, you can read it, but you can indeed play a video, so yes, actually it’s just perfect. (Participant F20)

4. Unintentional Harmful Effects
Three participants made remarks about the potentially harmful effects of using the app. They Experienced tension when a red cross appeared if an exercise was not completed. For example:
What really was annoying was that you got an alert with a red cross when you didn’t succeed in the exercise. (Participant F5)

One participant felt pressure (tension and premature commitment) to perform the exercise even when she was not in the mood:
Then I thought, ‘F**k you with all your good advice, I just don't want to do it today.’ (Participant F12)

Regarding the emotion scale at the beginning and the end of the exercise, for one participant, it was difficult to carry on with the exercise if she could not fill in this scale:
Sometimes I didn’t know how I feel, and yes, what should I fill out? So I put it aside. (Participant F11)

5. Reliability
One comment was related to transparency. This was confusing for one participant who had access to their data and was reading the answers to the open questions in the app:
So not to get bogged down in, say, extensive reports. Also, to your side, if all that needs to be read or will be… I don't know if all of that will be read, by the way. Or that it’s just for me. (Participant M7)

6. Look and Feel
Five participants commented on the look and feel of the app and its aesthetics. Although participants could choose from being two accompanied by two people in the app, one participant had a personal aversion to their chosen presenting person. All six participants appreciated the possibility of choosing between text or video. Besides this, they also liked how they could choose between an expert by experience and a professional. The videos were not too long and made it clear what the exercises aimed to do. Two participants mentioned that the app also had a calming effect. Quotes that represented these issues are:
And this is, this was really around a minute, just below, just above... That was great, that was really ehh… and also very clear of what the assignment is. (Participant F8)
So in itself good, but only yes, I may not say it aloud perhaps, but that lady, she was unpleasant. But yeah, that’s, that’s very personal, of course, huh, she did a very good job and was also very clear and all that, but… okay. (Participant F8)
I also liked that there was a video and the text above it, so to speak. If I didn’t feel like watching the video, I could just read the text and vice versa. I liked that. (Participant F10)

7. Personalisation
In this category, remarks were made regarding flexibility, customisability and feedback. The choices of the person who guided them through the app, especially helping participants choose between text and video were highly valued. Conversely, the rigid way the exercises had to be performed was less appreciated. The time settings were considered beneficial, although some participants mentioned that they could not perform the exercise at the moment of the notification. Some participants would also have liked more personalised feedback at the end of each exercise, although it was difficult for them to explain what kind of feedback they expected. Some quotes on these points are:
You can listen to the videos, you can read them. You can choose from two people, so that’s really nice. (Participant F24)
I would take a step in between, like getting some feedback anyway, even if it’s just… well, the suggestion, how could you do that? Well, it’s so static... I don’t know how to explain that properly, I think you have little interaction. (Participant F5)
I think if I do it [time rules] in the morning, I do it in the morning, but if I do it in the evening, that is, I wouldn’t think ‘Oh, the app is here [the notification BG] and I'm going to sit down for it right away.’ I wouldn’t do that very quickly, and then it also feels like an obligation: ‘Hey, I have to do that at eight.’ Yes… …I really know when I want to do the exercise. (Participant F20)

8. Enjoyment and Satisfaction
[bookmark: _Hlk117669377]Participants found the use of the app emotionally fulfilling and enjoyable. They made remarks about using it in their daily life and how the exercises contributed to their activities and personal relationships. Other comments focused on the atmosphere of the app (positive use of colours and short but to-the-point videos). Some example comments are:
Well, I really liked the focus on the positive, that it was continuous. The variety is also very nice. And also, sometimes they are exercises where you… some things come to you, such as mentioning three positive things of the day, for example. I’ve done it before, but a lot of things were also new, so it’s fun, oh, you can’t think of that otherwise. And then you get new ideas. Also nice, that one, which was focused on… your own powers. [It is] also nice that you really focus on the positive side, while I am very inclined to always say, ‘Oh well, what could I have improved?' (Participant F11)
Sometimes it really helped me. A small example is that I had an important conversation on, and then I just happened to read that exercise that you have to think about nice things and such. Those nice memories, and that helped a lot. For example, I got rid of the nerves. Because then I was busy with something else, so that was nice. (Participant F12)
The positive, that you have a positive mindset, and that you come to have a positive attitude in life. Yes, I actually thought so, that’s the most important thing. (Participant F8)
Yes, just that it is good to do that once and become aware of the fact that I am normally more often focused on the negative sides of myself. So yeah, you get aware of that again, sort of. (Participant F10)

9. Involvement
Participants’ motivation to use the app fluctuated between feeling that they were obligated to perform the exercise (for instance, because they agreed to participate in the study) and more intrinsic motivation because of what the app could offer them in terms of improving their well-being. But feeling obligated to use the app did not seem to impact satisfaction with using the app:
So no, it was not reluctantly. Otherwise, I wouldn’t have signed up for trying that app, of course. (Participant F24)
Yes, it is a must-do, but not an annoying one. It’s expected of me. I’ve said I’m in, then I’ll do it. That’s just how I’m put together. So you can say: ‘It’s a must'. (Participant M7)

10. Expectations 
The participants made remarks about their expectations of improving the functionality, usefulness, effectiveness, attractiveness, and efficiency of the app. Regarding functioning, they suggested adding physical exercises, no word limit in the free text boxes, and more short knowledge remarks during or at the end of the exercises. Guidance by a professional was seen as stimulation to perform the exercises. About the use of the app, they would have liked more customisation and the freedom to choose which exercise they wanted to perform:
Or that you have to take a physical exercise… …or have to do something crazy, maybe something like that. Even more variation, maybe that’s still fun. (Participant F11)

Qualitative Results: Usefulness for Bipolar Disorder
In addition to using Garton et al.’s (2012) 60 concepts of technology acceptance, we added one category (Usefulness for Bipolar Disorder) that came up during the interviews and the analysis process. This answered the question: Is the tested app suitable for people with BD? Overall, the participants found the app useful and recognised its application possibilities, especially during mild depressive episodes. One participant commented:
Yes, I think it’s suitable for people who are bipolar, but it can be much more specific for if you are in a mania or if you are in depression. But I don’t think it’s the intention of this app, and I don’t know. But if you’re really deep in a depression, or you’re deep in a mania, then I think you don’t do those exercises. (Participant F30)

Quantitative Results: Feasibility
After finishing the exercises, 21 participants (90%) rated one or more of the exercises. In total, 93 valuations were made (mean = 7.50; SD = 1.226, on a scale of 1–10). The exercises early in the intervention (1, 2, and 4) were rated lower than those that appeared later, with the lowest mean score given to for exercise two (active Listening).  This was because the participants experienced difficulty performing the exercise because they needed a significant other to perform it with. Table 4 shows the descriptive statistics for all the exercises. To personalise the intervention, the participants had to choose between being guided by a professional or an expert by experience and from three types of notification messages. Seventeen participants (81%) chose guidance from the expert by experience. Five participants (24%) decided to have no notifications at all, eleven (52%) preferred Notification 1 (‘Don’t forget yourself, do the exercise.’), and five participants (24%) selected Notification 2 (‘There is a positive psychology exercise waiting for you.’). An overview is given in table 5.
Table 4. Value of the exercises: descriptive statistics.
	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	1; Positive emotions (gratitude)
	21
	4
	10
	7.36
	1.293


	2; Positive relationships (active listening)
	16
	4
	9
	6.50
	1.751


	3; Resilience (three good things)
	14
	5
	10
	7.64
	1.216


	4; Strengths (discover your strengths)
	12
	3
	9
	7.50
	1.567


	5; Positive emotions (positive focus)
	11
	6
	10
	7.91
	1.136


	6; Positive relationships (expressing gratitude)
	10
	6
	9
	7.80
	0.789


	7; Resilience (getting stronger)
	9
	6
	9
	7.78
	0.833


	Total 
	93
	
	
	7.50
	1.226



Table 5. Personalised elements of the interventions: frequencies. 
	Intervention type
	Frequency
	%

	GHA1
	1
	4.8%


	GHB2
	4
	19%


	H1A3
	2
	9.5%


	H1B4
	9
	42.9%


	H2B5
	5
	23.8%


	Total
	21
	100%


1: No alerts guided by the professional.
2: No alerts guided by the expert by experience.
3: Notification 1 guided by the professional.
4: Notification 1 guided by the expert by experience.
5: Notification 2 guided by the expert by experience.

Quantitative Results: Questionnaire Outcomes
Baseline scores on several outcome measures differed significantly between the intervention and control condition. The intervention group had numerically lower psychopathology scores (e.g. HADS, 5.92 vs. 9.12) and numerically higher positive psychology scores (e.g. MHC-SF, 45.54 vs. 32.18). 
The within-group t-tests showed no significant changes in the intervention and control group on any of the outcome measurements, except for a significant decrease in dampening in the control group, as measured with the RPA (p = .003). Most within-group effect sizes for the intervention group were negligible to small (d = -0.18 – 0.43). For well-being, only the RPA showed medium to strong improvements in the intervention group (d = 0.56, 95% CI = 0.04 – 1.13, p = 0.068). The between-group ANCOVAs also failed to reveal any significant differences between the intervention and control groups at post-test (p values = 0.09–0.84). 
The outcomes of the tests are summarised in Table 5.








[bookmark: _Hlk117679053]Table 6. Between and within-group effects for the WELLBE BD-app: paired t-tests and ANCOVAs.
	Outcomes
	Pre T0
	Post T1
	             Within-group changes                                                                Between-subjects effects

	
	Mean 
(Std. Deviation)
	Mean 
(Std. Deviation)
	t
	p
	Cohen’s d (95% CI)
	F
	p

	HADS intervention group
	5.92 (4.96)
	5.23 (4.83)
	0.884
	.41
	0.24 (-0.32 to 0.78)
	0.175
	.68

	HADS control group
	9.12(6.17)
	8.06 (5.11)
	1.515
	.15
	0.37 (-0.13 to 0.85)
	
	

	ASRM intervention group
	2.15 (1.99)
	1.54 (3.02)
	0.480
	.56
	0.17 (-0.39 to 0.71)
	0.000
	.099

	ASRM control group
	1.71 (3.06)
	1.41 (1.91)
	0.518
	.61
	0.13 (-0.35 to 0.60)
	
	

	QIDS intervention group
	7.38 (4.27)
	7.69 (5.79)
	0.132
	.76
	-0.09 (0.63 to 0.46)
	0.761
	.39

	QIDS control group
	11.18 (7.21)
	9.76 (6.94)
	1.528
	.15
	0.37 (-0.13 to 0.86)
	
	

	MHC intervention group
	45.54 (11.41)
	43.54 (13.34)
	0.769
	.46
	0.21 (-0.34 to 0.76)
	0.043
	.84

	MHC control group
	32.18 (14.35)
	33.88 (13.99)
	-0.734
	47
	-0.18 (-0.66 to 0.30)
	
	

	[bookmark: _Hlk117605767]EQ5D intervention group
	7.38 (2.14)
	7.00 (1.92)
	0.835
	.42
	0.23 (-0.32 to 0.78)
	0.001
	.34

	EQ5D control group
	8.71 (3.24)
	8.18 (2.60)
	0.919
	.37
	0.22 (-0.26 to 0.70)
	
	

	PANAS intervention group
	36.46 (5.11)
	34.69 (8.63)
	0.850
	.41
	0.23 (-0.32 to 0.78)                   
	0.169
	.68

	PANAS control group
	31.76 (6.03)
	32.47 (7.25)
	-0.449
	.66
	-0.11 (-0.58 to 0.37)
	
	

	QPR intervention group
	44.69 (7.01)
	42.38 (9.22)
	0.978
	.35
	0.27 (-0.29 to 0.82)
	0.041
	.84

	QPR control group
	34.82 (12.21)
	38.24 (6.68)
	-1.760
	.09
	-0.43 (-0.92 to 0.77)
	
	

	RPA intervention group
	5.69 (3.40)
	4.08 (2.72)
	2.007
	.068
	0.56 (0.04 to 1.13)
	0.251
	.62

	RPA control group
	7.88 (6.29)
	5.94 (2.72)
	3.474
	.003*
	0.84 (0.28 to 1.36)
	
	

	SPWB intervention group
	35.54 (3.10)
	36.31 (4.15)
	-0.805
	.44
	0.22 (-0.77 to 0.33)
	1.433
	.24

	SPWB control group
	33.71 (3.72)
	33.76 (3.77)
	-0.056
	.96
	-0.01 (-0.49 to 0.46)
	
	

	SCS.SF intervention group
	37.00 (7.70)
	36.69 (8.06)
	0.176
	.86
	0.05 (-0.50 to 0.59)
	0.755
	.39

	SCS.SF control group
	31.53 (11.66)
	34.24 (12.33)
	-1.639
	.12
	0.40 (-0.87 to 0.10)
	
	


[bookmark: _Hlk117606121][bookmark: _Hlk117606154]Notes: HADS-A, Hospital Anxiety and Depression Scale; ASRM, Altman Self-Rating Mania scale; QIDS-SR, Quick Inventory Depressive Symptoms Self-Rating; MHC-SF, Mental Health Continuum Short Form; EQ5D, EuroQol 5 Dimensions; PANAS,  Positive And Negative Affect Scale; QPR, Questionnaire Personal Recovery; RPA, Responses to Positive Affect Questionnaire; SPWB, Scales of Psychological Well-Being; SCS.SF, Self-Compassion Scale Short Form.

Discussion and Conclusions
Principle Findings
This study investigated the acceptability of an OPPI designed for people with BD and the feasibility of conducting a larger trial. It also focused on exploring the potential psychopathology and well-being outcomes associated with the use of the OPPI.
Regarding the acceptability of the intervention, we found that 90% of the participants started the intervention, and 53% completed it. Unguided online interventions can lead to non-completion rates up to 74% (Richards & Richardson, 2012). Although in this study, the individual reasons for non-completion differed; technical problems, lack of technical support, and the intervention being unaccompanied were the main reasons for participants to stop using the app. Still, there was a relatively high number of full completers in our study, which could be attributed to several issues: first, we sent out notifications to remind the participant to perform the exercises; secondly, the content of the app is based on requirements of patients and professionals (Geerling et al., 2022); thirdly the participants could choose the person who guides them, throughout the intervention; and finally the participants received emails/calls when they didn’t succeed the exercises. In a scoping review, Saleem et al. (2021) defined personalized feedback, guidance regarding content, interactivity with peers, reminders, and flexibility and usability as strategies to improve engagement. Even when participants are sceptical about online interventions completion rates aren’t negatively influenced (Moritz et al., 2012). 
The participants’ average rating for the exercises was, with a 7.5 on a scale of 1–10, relatively high. Of the 93 valuations, 9.7% (9) scored five or lower (which was classed as insufficient). For 9.5% (2) of participants, this was a reason to stop the intervention. Surprisingly, 80% of the participants chose to be guided by the expert by experience, while in the developing phase of the app, this was equally divided (50% expert by experience /50% professional) (Geerling et al., 2022). The qualitative results showed that most participants were satisfied with the usability of the app, the design, and the personalisation possibilities in the settings. Most participants found using the app emotionally fulfilling and enjoyable. They reported an increase on positive feelings and emotions. Moreover, some participants reported a different, more positive view on their situation. This effect is appealing to the unmet needs in BD (Fortuna et al., 2019; Hajda et al., 2016; Maassen et al., 2018.). Improvements were suggested for the personalisation and customisation options, technical support options, and technical functioning, especially regarding the notifications and installation of the app. Comments were made about the possible adverse effects, being compelled to perform the exercises and some visual effects that need to be addressed in further development. 
The second aim was to examine whether a full RCT with a similar design would be feasible. Of the 41 included participants, one withdrew from the study before the start due to personal reasons. Of the remaining 40 participants 30 (75%) completed the questionnaires after seven weeks (T1). There was a significant difference between the responses of the control group (84%) and the intervention group (62%). This was partly caused by participants who had left early in the intervention being excluded from the second measurement to avoid contaminating the intervention group data. The response rate was higher than in other publications (i.e. 44.8–52.7%;(Baruch, 1999; Baruch & Holtom, 2008; Yu & Cooper, 1983). Therefore, we can conclude that the design is feasible for an RCT.
Our secondary outcome refers to the applied questionnaires used to measure psychopathology and positive psychology and the results. Contrary to our expectations, this study did not find a significant pre-post difference between the control and intervention groups for well-being and psychopathology. Although we found a small effect size in the intervention group, this was too small to draw any conclusions, especially because of the small sample size. There was a difference between the intervention- and control group at baseline and post-test, but both groups improved. Sergeant report that distressed users of OPPIs have a better response to intervention than non-distressed participants (Sergeant & Mongrain, 2015). This could imply for the RCT that participants with more severe symptoms should be included.
Comparison with Previous Studies
We hypothesise that the high acceptance and value ratings of the app is due to early user involvement. This effect has also been found in previous studies; to meet the needs of the target group, user involvement is necessary at all stages of the development process (Kelders, Pots, Oskam, Bohlmeijer, & Van Gemert-Pijnen, 2013). The implementation of healthcare interventions depends on the acceptance of the intervention by both patients and clinicians (Diepeveen et al., 2013; Stok et al., 2016). During the intervention, we did not involve the attending clinicians of the participants since it was an unguided intervention. We operationalised ‘acceptance’ for our qualitative data using the 60 acceptability technology concepts and 10 acceptance topics proposed by (Garton et al., 2012). This enabled us to cluster the participants’ quotes and develop a comprehensive overview of the qualitative results and is recommendable for comparable studies.
Despite a relatively high completion rate, still 47% of the participants did not succeed in the full completion of the intervention. Besides recommending improvements in technical functioning and support, one can question whether support during the intervention is necessary, and if so, by whom? Notably, 80% of the participants chose the expert by experience to accompany them. This suggests that peer support might have a role in the enrolment and further development of the intervention. Clinician contact during the course is associated with increased adherence and is one of the determinations of effectiveness (Hilvert-Bruce et al., 2012). Other studies have reported successful online interventions with peer support (Ali et al., 2015; Possemato et al., 2019). Most of the interventions offer peer-support via online groups or via chat sessions (Ali et al., 2015). In comparison with the only online module ‘Thinking forward’ for veterans with PTSD or combined with peer support (every 14 days during the intervention period of 24 weeks), the veterans reported in the peer-support group better outcome on quality of life, resiliency, and coping, and on PTSD-symptoms no difference in progression was found between the online- or peer-support group  (Possemato et al., 2019). Moreover, it is important to involve clinicians in the implementation phase to increase adherence and completion rates (Stathopoulou et al., 2006). In the original development of the app, user involvement played a key role in the design and choice of content (Geerling et al., 2022). In accepting newly developed apps, user involvement and co-creation play an important role (Van Bruinessen et al., 2014). The participation of end users is the main element in user-centred designs, defined as ‘an approach which views knowledge about users and their involvement in the design process as a central concern’ (Preece et al., 2015). 
The results of our study gave new input into improving the WELLBE BD-app, with suggestions such as having more variety in the exercises, adding physical exercises, having no word limit in the free text boxes, and having shorter knowledge remarks during or at the end of the exercises.

Participants in the study were in general positive about the app and were willing to participate in the intervention. The post-intervention response rate to the questionnaires was high (75%), indicating that the design of the app was feasible. Because the response rate in the control group was significantly higher than in the intervention group, we attempted to increase the intervention response rate by encouraging the non-completion group to fill out the questionnaires. It is questionable whether 11 questionnaires with a total of 101 questions are necessary to evaluate the effectiveness of the app. It has been suggested that long instruments can lead to boredom or confusion; therefore, the highest reliability coefficients have been reported for simple questionnaires (Shephard, 2003). Longer questionnaires lead to significantly lower response rates (Rolstad et al., 2011). 
The outcomes of the pre and post-intervention questionnaires were not in line with our expectations and in contrast to previous studies that have suggested that people with BD can benefit from PPIs with a moderate to a large effect (Celano et al., 2020; Geerling et al., 2020; Kraiss et al., 2021). Our study differs from earlier studies since it is a digital health intervention instead of a physical group intervention; moreover, the intervention was unsupported by healthcare professionals. Previous studies have shown that interventions without encouragement or accompaniment had lower effect sizes and higher non-adherence and non-completion rates (Eysenbach, 2005; Hilvert-Bruce et al., 2012; Richards & Richardson, 2012). In addition, there was an unexplainable difference between the two groups at baseline, despite the randomized allocation of participants. When looking at the value given to the exercises in combination with the qualitative data, there was a high appreciation of the intervention. We hypothesise that the duration of the study may have been too short to measure effects and that newly developed skills, especially in the domain of positive psychology, will show their benefits later. Moreover, the intervention group had relatively low scores on psychopathology and higher scores on well-being outcomes, and therefore, further improvement is not easily accomplished. 
Limitations and Further Research 
Our study has some limitations, especially related to the generalisability of the results. The study was mainly a qualitative study with a relatively small number of participants. Specifically, at the recruitment stage, although we quantitatively randomised the participants based on voluntary participation, we cannot rule out that more engaged patients were more willing to participate in the study. Also, we limited the recruitment to one institute. These issues must be taken into account when designing a large RCT. 
Another limitation of our study that could have affected the results is that participants who left early in the intervention were excluded from the second measurement. This means that we missed valuable data. The study could have been enriched if we had shared the outcomes in a focus group setting after the quantitative stage of the study. This may have clarified some of the unexpected findings. 
Due to the study’s feasibility design, the sample size was small; therefore, we could not draw firm conclusions about the secondary psychopathology and positive psychology outcomes. 
Conclusions and Implications
[bookmark: _Hlk117759087]The WELLBE BD-app, an OPPI for people with BD, proved to be acceptable for the target group in this study. The acceptance and valuation of the intervention and the separate exercises was high and promising for further development and enrolment in a larger cohort. It is recommended to improve technical functioning and technical support, to implement more options for personalisation during the use of the app, and to consider peer or professional guidance during the intervention. The study design also proved to be feasible for the target group, but the length and number of measurement questionnaires need careful consideration before the app is enrolled in a more extensive study. The large number of participants that chose the expert by experience instead of the professional to guide them within the app, needs further exploration. A specific question to be answered is whether peer support is the most promising way for guidance and motivational support to be provided in this intervention.
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