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1. Scientific background
1.1 Vestibular dysfunction and rehabilitation 
Vestibular dysfunction is a common medical condition, affecting more than a third of the adult population, according to data in the United States1. Patients with vestibular dysfunction usually experience symptoms of dizziness, unsteadiness, gait problems, and gaze stability impairments2. These symptoms have a negative impact on patients’ quality of life, i.e., limited ability to work, disrupted social life, family difficulties, and travel difficulties1,3–9. Vestibular dysfunction is often referred to as vestibular hypofunction, as it occurs when one (unilateral) or both (bilateral) of the peripheral vestibular sensory organs or vestibular nerves are partially or completely dysfunctional. Common causes of vestibular dysfunction include head trauma, vestibular neuronitis, surgical transection, Meniere’s disease, ototoxic medications, or other lesions of the vestibulocochlear nerve and labyrinth10–14.
Vestibular Rehabilitation (VR), a therapeutic strategy that includes tailor-made exercises prescribed by physiotherapists, aims to alleviate the occurrence of symptoms in daily activities2. It consists primarily of an exercise program that patients should perform at home, along with weekly clinic visits to enable physiotherapists to monitor results and make exercise progression/modifications2. Typically, VR exercises include balance exercises and repetitive head movements aimed at improving gaze stability and overcoming dizziness2,15–17. Strong evidence suggests that VR is the most effective treatment method for vestibular dysfunction2.

1.2 Compliance and adherence to therapy 
Because exercise performance by patients plays a major role in VR, patient compliance, engagement, and adherence to therapy are essential to achieving successful medical care outcomes18. Compliance and adherence are commonly used terms to describe patients’ behavior in physiotherapy treatments. Compliance can be defined as “the extent to which a person’s behavior coincides with medical advice,”19 whereas adherence describes an “active, voluntary, and collaborative involvement of the patient in a mutually acceptable course of behavior to produce a therapeutic result”20. We will use both terms, as they are closely related and serve the same purpose in this study.
The degree to which patients adhere to their home-based treatment plan is considered to account, in part, for the success of their physiotherapy programs21. Adherence to physiotherapy is generally low, with up to 65% of patients not adhering or partially adhering to home programs, and approximately 10% of patients not completing prescribed physiotherapy plans21. Notably, poor compliance and adherence rates to VR programs specifically have also been observed22. 
A variety of factors are known to affect adherence to physiotherapy, including personal characteristics (i.e., sociodemographic characteristics, motivation, social support), factors related to the disease or the type of injury (i.e., chronic disorders and patients’ perceptions of their symptoms), treatment factors (i.e., timing of appointments, the clinic environment, the content of the treatment program), and the interaction between the therapist and the patient21. A number of barriers related to poor adherence have been identified, which include low baseline levels of physical activity, low self-efficacy, depression, anxiety, helplessness, poor social support/activity, a greater perceived number of barriers to exercise, and increased pain levels during exercise23. 
While these factors have been studied in the context of other physiotherapy domains, only limited data are available in the context of VR. One study from Spain aimed to identify the personal characteristics that predict adherence to VR and concluded that older men with balance problems tend to resign from VR programs more than do other population groups24. Another study suggested various strategies for improving compliance and adherence to vestibular home exercises, such as documentation of the prescribed exercises, self-monitoring of symptoms and exercise performance in a logbook, and telerehabilitation25.
The factors affecting adherence to medical treatments have been described using several healthcare models predicated on the notion that patients’ health behaviors are shaped by both internal and external factors [See The Health Behavior Model, the Social Cognitive Theory, and Health Belief Model;26]. Figure 1 summarizes the integration of these models, as proposed by Chisolm et al.27. 
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Figure 1. The integration of adherence models in health (Figure taken from Chisolm et al., 2010)

Poor adherence to recommended medical care negatively affects healthcare outcomes, efficiency, and costs28; thus, understanding what drives patient adherence, as well as the extent to which it can be manipulated, can provide insights into the psychological underpinnings of this aspect of human behavior, and, at the same time, serve as a basis for developing and implementing effective interventions aimed at increasing patient adherence.
Based on previous literature, we assume that adherence rates are contextual and vary based on a range of parameters21,23. Thus, a model of patient adherence should refer to the specific context of the patient and his or her treatment plan (e.g., adherence to a 4-week rehabilitation program may be different than adherence to a 12-week program). While existing models describe adherence in the context of health care in general, these models need to be updated and developed specifically in the context of VR and other domains in physiotherapy.
As a first step towards updating the existing models of patient adherence in physiotherapy, we propose to examine it in the context of VR, which is of particular interest since: (1) The rehabilitation period for most patients is usually relatively short (4–7 weeks)2; (2) vestibular disorders affect people in a wide range of ages, including children, young adults, and older adults2; (3) The exercises patients are prescribed as part of the rehabilitation scheme usually lead to great – although temporary – discomfort, including dizziness, nausea, or even vomiting2, which may further decrease adherence; (4) However, the intervention is highly effective, with strong evidence that vestibular physiotherapy provides a clear and substantial benefit to individuals with unilateral and bilateral vestibular hypofunction2. VR thus provides a useful test case for the study of patient compliance and what external factors may increase it.  

1.3 Potential significance of technological interventions 
In recent decades, there has been an increase in the development of innovative technological interventions for medical care, including the use of robots29–32. Recently, telerehabilitation platforms, including mobile phone applications, have been developed to address care gaps and increase adherence to home exercise programs in various fields of rehabilitation33–35. Phone applications have been developed for patients with neurological and orthopedic disorders to motivate and monitor exercise performance through gamification, and have been found to be beneficial36–38. Using applications developed for mobile phones thus presents an opportunity to positively impact health behaviors39. 
In the context of VR, limited data are available in the literature on the effectiveness and feasibility of such technologies40. Existing evidence suggests that phone applications can serve as a useful and enjoyable platform to promote adherence to VR. However, these data were not obtained from patients with vestibular dysfunction, but from healthy participants40. Evidence also suggests that since the COVID-19 pandemic, physiotherapists’ attitude to vestibular telerehabilitation has improved41. In a study published this year, more than 75% of participating physiotherapists said they felt comfortable treating vestibular dysfunction resulting from both peripheral and central disorders and 80% said that telerehabilitation is an effective platform for vestibular rehabilitation41.
Considering the widespread use of smartphones, telerehabilitation using phone applications may be a simple, yet promising option, for promoting adherence to VR. Before that is possible to develop and deploy, a comprehensive understanding of patients’ barriers and facilitators to vestibular rehabilitation is needed in order to implement insights from the primary stakeholders in the vestibular care chain (i.e., patients and physiotherapists) in the development of such technologies. 
Our goal is to create an updated model of patient adherence, using VR as a test case. Our working hypothesis is that by identifying the main facilitators and barriers – as described by the primary stakeholders (patients and physiotherapists) – and implementing those in a phone application to be used by these stakeholders, we will be able not only to improve adherence, and in so doing, improve patients’ functional recovery, but also to construct an updated model of patient adherence. 
 
2. Research objectives & expected significance
2.1 Study aims 
The first overarching goal of this study is to identify the barriers and facilitators underlying patient adherence in the context of VR. The second is to test whether manipulation of these factors using technology can improve adherence rates such that a context-specific model of patient compliance can be constructed. Third, is to evaluate the efficacy of this approach in terms of improvement in rehabilitation outcomes. To achieve these goals, our specific aims are:
Aim 1: To identify the main barriers to and facilitators of adhering to prescribed home-based VR exercises, as related by patients with vestibular disorders and by vestibular physiotherapists in focus groups (phase 1);
Aim 2: To incorporate elements based on the barriers and facilitators identified in the focus groups in phase 1 into the development and design of a novel phone application (version 1.0) to assist patients with home-based VR (phase 2);
Aim 3: To test the feasibility of the resulting phone app in a pilot feasibility study with patients with vestibular dysfunction and vestibular physiotherapists (phase 3), and, based on these results, to update the phone application accordingly (version 2.0; phase 4);
Aim 4: To test whether the resulting, novel vestibular-rehabilitation phone application increases patient adherence to vestibular home exercises and improves rehabilitation outcomes, by conducting a randomized controlled trial (phase 5).

2.2 Novelty & expected significance There is currently no comprehensive account of the factors affecting adherence in VR. This will be the first study, to the best of our knowledge, to directly ask the primary stakeholders in the vestibular care chain – VR patients and physiotherapists – about the specific barriers and facilitators of patient adherence to their rehabilitation process as well as about their specific needs from technology for VR rehabilitation. While performing VR exercises, patients with vestibular disorders experience symptoms that are unique to them2, such as dizziness and nausea, which is why we should modify the technology to meet the specific needs of these patients. Although there are technologies available to improve adherence in other areas of physiotherapy, this will be the first study to implement a dedicated phone application designed to address the specific barriers and facilitators in VR and to test, using a randomized controlled trial, the effectiveness and feasibility of this approach. The proposed study will have both fundamental and applicative implications. Not only will it add to our understanding of the factors underlying human adherence, it will also serve as a resource for other researchers working to understand adherence in health care, as well as for those developing technological tools to help individuals adhere to rehabilitation programs. Overall, adherence is not a standalone concept, but rather the means of improving clinical outcomes and quality of life for those who suffer from dizziness. Additionally, opportunities for home-based care became increasingly necessary during the recent pandemic when healthcare systems responded by making home-based care more widely available via telehealth. This trend seems likely to be permanent and may help to increase patient confidence with other home-based technologies as well42–46. It is thus essential to have an updated, validated model of patient adherence. While the information collected in this study will be specific to the VR patient population, we expect it will also provide insights about patient adherence and how it can be improved more generally, which can then be used by a wider range of researchers and physiotherapists. We further hope that this bottom-up approach, eliciting knowledge directly from patients and clinicians, will inspire others to increasingly initiate design processes that ask end users about their specific needs and concerns – an approach that caters to the specific needs of patients and avoids expenditure of resources on less fruitful directions.  

3. Detailed research plan 
3.1 Research design, methods, expected outcomes & preliminary results
[bookmark: _Hlk117495590]Aim 1/Phase 1 – Stakeholder input (estimated time – 3 months): This qualitative phase of the research will be designed to identify the main barriers and facilitators to performing VR exercises at home. It will rely on focus group discussions with 20 vestibular physiotherapists and 20 patients with vestibular dysfunction. There will be three single-session focus groups per population (for a total of six sessions overall). (1) The physiotherapist focus groups will include those who currently assess and treat patients with vestibular disorders. They will be recruited via a direct approach through colleagues and with the assistance of social media (e.g., physiotherapists’ Facebook groups). (2) The patient focus groups will include those diagnosed with any peripheral or central vestibular disorder that can benefit from VR. We intend to recruit men and women with a wide range of vestibular disorders in order to enhance the external validity of this study- individuals who are currently engaged in VR as well as those who have participated in VR in the past. Patients with vestibular dysfunction will be recruited from Dr. Yoav Gimmon’s “Dizziness Clinic” at the Ear, Nose and Throat (ENT) Department of Sheba Medical Center. All participants will be asked to provide their written informed consent to participate in the study. Based on related research47–50, each 90-minute focus group will be conducted at the Sheba Medical Center. Each focus group will include 5–10 participants and recruitment will continue until data saturation is reached51,52. The number of focus groups and the number of participants in each group was estimated based on recommendations from previous studies, with over-recruitment of 10–25% of participants in each focus group, considering potential non-attenders51,52. The moderator of the groups will be a PhD student (Liran Kalderon), a physical therapist, who will be assisted by an observer from the research team (Shelly Levy-Tzedek, Yoav Gimmon or Yuliya Berdichevsky). All sessions will be audio- and video-taped for further analysis, and notes will be written during the sessions by the observer from the research team.
At the beginning of each session, the moderator will present the aims of the focus groups, followed by structured questions to elicit discussion about the barriers and facilitators for home exercise, and the needs/requirements of technology in VR (see Table 1). Each question will be available in multiple versions to acquire additional ideas from the participants. To ensure that everyone who wishes to contribute does indeed participate, the moderator may turn to participants who have not participated in the discussion and ask them if they are interested in providing their response to the questions. 
	Table 1: Structured questions for the focus groups discussions

	Q.1
	What are the three main barriers/limitations that prevent you from regularly performing the rehabilitation exercises as prescribed?

	Q.2
	What are the three main facilitators that help/encourage/motivate you to do your rehabilitation exercises and adhere to the prescribed rehabilitation program?

	Q.3
	How can technology help overcome barriers/limitations of adherence to do vestibular rehabilitation exercises?

	*In the physiotherapists’ groups, instead of referring “you” / “your,” the questions will refer to “your patients”


 
The information from the audio and video files will be transcribed. We will perform a thematic analysis of the transcripts, using ATLAS.ti (version 22) software, to systematically categorize the data into common emerging themes across sessions and participants53,54. 
Aim 1 – Expected outcomes include a detailed description and analysis of the factors affecting adherence, as described by VR patients and physiotherapists; and, a comparison between patients’ and clinicians’ views which will be used to inform physical therapy practice. It is our intention to incorporate these factors into the integrated adherence model in health27 (Figure 1) and categorize them as either external or internal factors.
Aim 1 – Preliminary results 
	

	Table 2: Demographics and work background of the physiotherapists’ focus group (N=21)

	Age (years)1
	45 ± 9

	Gender (women%)2
	14 (68)

	Years of experience as physiotherapists 1
	18 [7-35]

	1Mean ± S.D; 2count (%); 3median [min-max]



 To date, we have conducted three focus groups with vestibular physiotherapists, and have recently obtained the approval of the Institutional Review Board of Sheba Medical Center to recruit patients with vestibular disorders for this study. Table 2 summarizes the demographics and years of experience of the participants in this group. Figure 2 summarizes the main barriers and Figure 3 the primary facilitators to performing home vestibular physiotherapy exercises reported by participants. 
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Figure 2. The main barriers to performing home vestibular physiotherapy exercises as perceived by vestibular physiotherapists (N represents the number of utterances).
The main barriers were related to motivational aspects, time management, the provocation (triggering) of symptoms experienced by patients in response to exercise, associated impairments and a need for feedback and guidance. The main facilitators were related to different strategies for exercise time management, motivational aspects and exercise explanations/instructions (patient education). Figure 4 summarizes the primary needs for technology to be used for VR, as perceived by physiotherapists. 
[image: ]Figure 3. The main facilitators for performing home vestibular physiotherapy exercises as perceived by vestibular physiotherapists (N represents the number of utterances). *Asterisks are measurable, reproducible clinical indicators used for the reassessment of patient progress.
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Figure 4. the primary needs for technology to be used for VR, as perceived by physiotherapists.
The main needs related to technology included operational aspects (mainly easiness of use), suggestions for different platforms (mainly phone apps), potential benefits (improved clinical outcomes and short exercise sessions), and user interface qualities that provide feedback and monitor exercise performance.
Aim 2/Phase 2 – Development of phone application version 1.0 (estimated time – 8 months). Based on the analysis of the focus group study’s qualitative data from Phase 1, we will develop version 1.0 of a phone application for Android and iOS platforms to meet the primary needs of both physiotherapists and patients, while considering the technology acceptance models55,56 and the adherence models in health27. As a concept, the app will enable both the therapist and the patient: (1) continuous communication with each other; (2) follow-ups and monitoring of exercise performance. The app will aim to optimize the VR process by overcoming specific barriers related to compliance and adherence for self-exercise at home. Furthermore, it will allow the physiotherapists to remotely adjust the treatment program, e.g., adding or removing exercises or modifying the exercise dose and difficulty level. The app will include commonly prescribed exercise programs used in vestibular physiotherapy, a metronome for pacing the movements, as well as reminders for exercises and monitoring of exercise performance. It is also planned that the app will enable physiotherapists to monitor and follow-up on patients’ adherence to home exercise, as well as track symptom provocation as a result of exercising. We have hired the services of an application developer, and have designed a conceptual basis for the phone application based on preliminary results from Phase 1. We will conduct repetitive rounds of testing the app with our multidisciplinary lab team members, who have different backgrounds (physiotherapy, engineering, computer science, psychology, UX/UI). The app will be following the regulatory demands in Israel and all the competent authorities, and we have already begun the process with Sheba Medical Center.
Aim 2 – Expected outcome is a working prototype (version 1.0) of the novel phone application.
Aim 3/Phases 3 and 4 – Pilot Feasibility study (estimated time – 10 months) and Updating phone app to version 2.0 (estimated time: 7 months). In Phase 3, we will evaluate the feasibility of the phone application developed in Phase 2 as an assistive technology tool. We will recruit five experienced vestibular physiotherapists and ten patients with vestibular dysfunction who will be asked to use version 1.0 of the novel phone application for 2–6 weeks, which is the standard range for VR2,57. After this time period, we will collect and analyze qualitative and quantitative data on user experience with a structured online questionnaire and the User Satisfaction Evaluation Questionnaire (USEQ)58. Additional quantitative data on adherence to home exercise will be extracted from users’ phone application database, which include the frequency of the different exercises prescribed to patients throughout the days and weeks, and the level of difficulty of each exercise, as reported by patients. The structured online questionnaire will include the questions listed in Table 3.
We plan to evaluate the results in accordance with the Technology Acceptance Models55,56. Based on the analysis of the information collected from vestibular patients and physiotherapists in Phase 3, in Phase 4 we will develop version 2.0 of the phone application for Android and iOS platforms.
Aim 3 – Expected outcomes include a detailed evaluation of the usability, benefits, and drawbacks of the phone-application prototype by patients and physiotherapists that will be used to develop version 2.0 of the application; and version 2.0 of the application. 
	Table 3: Questions to be included in the online questionnaire

	Q.1
	What did you like most about the mobile application?

	Q.2
	What did you like the least about the mobile application?

	Q.3
	Which feature did you use the most?

	Q.4
	Are there any features that you think you need but are missing in the mobile application?

	Q.5
	How was the navigation (moving between screens) and convenience of the mobile application?

	Q.6
	What were your goals when you used the mobile application?

	Q.7
	With the existing features, did the mobile application help you to achieve your goals? How?

	Q.8
	Describe a situation which the mobile application was the most useful to you.

	Q.9
	On a scale of 1 to 5, how likely do you think you would benefit from the mobile application?

	Q.10
	On a scale of 1 to 5, how likely do you think others would benefit from the mobile application?

	Q.11
	On a scale of 1 to 5, rate your experience using the mobile application.

	Q.12
	On a scale of 1 to 5, rate the interface of the mobile application.

	Q.13
	On a scale of 1 to 5, rate the intuitiveness of using the application.

	Q.14
	On a scale of 1 to 5, rate the loading speed of the mobile application.

	Q.15
	How do you think the mobile application can be improved?




Aim 4/Phase 5 – Testing efficacy for improving adherence rates and rehabilitation outcomes (estimated time: 20 months). In Phase 5, a randomized control trial (RCT) will evaluate whether using the phone application developed in Phase 2, tested in Phase 3, and updated in Phase 4, indeed increases adherence rates and improves rehabilitation outcomes compared to standard care. We will recruit four experienced vestibular physiotherapists and 24 patients with vestibular dysfunction. There will be 12 patients in each group - intervention or control. We used the PS Power and Sample Size Calculation software (version 3.0) to calculate the sample size from the ratio variable Timed Up and Go (TUG), from both independent control and experimental groups, as well as normative data of 5.72 seconds for patients with unilateral vestibular hypofunction59. When calculating the sample size we considered potential drop-outs60, power of 80%, and type I error probability of 5%. Inclusion criteria: (1) Individuals aged 18 and over; (2) diagnosis with any vestibular disorder that requires a VR exercise program; (3) physical and cognitive ability to perform VR, without further neurological disorder (except for hearing loss). Exclusion criteria: (1) patients with a physical disability that does not allow for the performance of VR; (2) patients who are not qualified to give informed consent; (3) patients with central nervous system (CNS) disease affecting balance; (4) patients undergoing additional physiotherapy interventions during the study period. The patients will be randomly assigned to the intervention (VR with phone application) or the control group (standard VR care). The participants in the intervention group will be asked to use version 2.0 of the novel phone application for five weeks, within the standard range for VR2,57. Participants in the control group will be asked to keep a log documenting which exercises they performed, when and for how long, and any symptoms they experienced during practice over a five-week period2,57. Physiotherapists will be asked to monitor patients' exercise regimen weekly using their phone app and to interact (through the app) with patients who do not exercise enough or to modify their exercise program based on the difficulties reported by patients. We will collect and analyze data to evaluate: 
(1) Rehabilitation outcomes: (a) symptoms severity (dizziness, postural stability, gaze stability, nausea) using Visual Analogue Scales61 and two questionnaires – The Hebrew version of the Dizziness Handicap Inventory (DHI)62,63 and the Activities-specific Balance Confidence Scale (ABC)64,65; (b) functional tests to asses gait and balance, using the Timed Up and Go (TUG) Test66,67, 10-Meters Walk Test (10MWT)68, 2-Minute Walk Test (2MWT)69 and the Dynamic Gait Index (DGI)61; (c) physiological tests to assess the function of the vestibular system, using the Computerized Dynamic Visual Acuity (DVA)70, Video Head Impulse Test (vHIT)71 and Video-Nystagmography (VNG)72. We will collect rehabilitation measures from all patients at three time points- baseline evaluation (beginning of study), after five weeks of VR (rehabilitation period), and one month after the VR period (follow-up). The examiner will be blinded for all of these tests.
(2) Adherence measures: In the intervention group quantitative data will be extracted from users' phone application database, and will include the frequency of the different exercises prescribed to patients throughout the days and weeks, and the level of difficulty of each exercise, as reported by patients. The control group will record similar measures in a diary. Adherence measures will be collected throughout the five-week period of VR.
In addition, we will collect feedback from physiotherapists regarding the use of the app in their daily routines for the purpose of understanding their willingness to adopt or use the app.Statistical analysis: we will use the Shapiro-Wilk and the Kolmagorov-Smirnoff tests to assess normality distribution of ratio variables. Between groups analysis: for nominal scale variables we will use the Chi-squared analysis of contingency table; for ratio variables that are not normally distributed and ordinal scale variables we will use the Mann-Whitney test; for ratio variables that are normally distributed we will use the independent student's t-test. Within groups analysis: for nominal scale variables we will use the Chi-squared analysis of contingency table; for ratio variables that are not normally distributed and ordinal scale variables we will use the Kruskal-Wallis statistic and the Wilcoxon signed rank test to compare differences between pairs; for ratio variables that are normally distributed we will use the Analysis of Variance (ANOVA) and the student's paired t-test to compare differences between pairs. Post-hoc analysis will be done with the Bonferroni correction. We will also asses the association between adherence measures and rehabilitation outcomes with the Spearman and Pearson correlation coefficients depending on the types of the variables. Data analyses will be performed with the SPSS software (version 29). Statistical significance will be considered for p-values<0.05.
Aim 4 – Expected outcomes of a quantitative analysis of the benefit of using the phone application should be increased adherence and improved rehabilitation outcomes. Should adherence rates and rehabilitation outcomes be better in the intervention group, it will be possible to draw conclusions regarding factors that affect patient adherence in VR. We will then create an updated model of patient adherence which is specifically adapted for the VR population. Taking these conclusions into account will help us understand the relationship between adherence, treatment, and rehabilitation outcome measures in the integrated adherence model in health27 (Figure 1), as we will examine all three in the RCT. It can then be tested in future experiments in other contexts (different medical conditions, exercise in health, etc.), adding building blocks to the model of human adherence, with a focus on patient adherence. 
3.2 Overall plan and time frame
Summary – schematic representation of the study plan & timelines

3.3 Summary of expected outcomes & significance
Expected outcomes. We expect to establish which factors are perceived by patients and physiotherapists as affecting adherence, to build a model based on their input, informed by existing models of adherence, and to test this model in a randomized controlled trial. We will do this in the context of VR, which offers a useful test case for the study of adherence. We will collect and report the specific factors that are perceived as facilitators and as barriers to VR practice, as well as the similarities and differences between the stakeholder groups. When reporting the results, we will follow the consolidated criteria for reporting qualitative research (COREQ) reporting guidelines54,73,74. This study will have important implications for: (1) Theory on the underpinnings of compliance, by developing a model of factors that contribute to patient adherence in the context of VR; Preliminary results (Phase 1) already revealed barriers that are not part of existing models, and are related to the provocation of symptoms, fear, anxiety, time management, motivational aspects, and a need for feedback and guidance; facilitators related to strategies for time management, motivational and feedback factors and exercise explanations/instructions; technology needs related to operational aspects, platforms (mainly phone app) and user interface qualities that will provide input and monitor exercise performance. (2) Patients who need to maintain an intensive training regimen in order to be able to fully participate in activities of daily life; (3) Physiotherapists, who will be able to use the updated model of patient compliance to provide better care for their patients; and (4) The healthcare system, which struggles to provide the care needed, and would benefit from increased adherence rates. Lastly, we hope to inspire a broader use of the participatory-design approach when studying, designing, and testing technological interventions for specialized population groups. 
Significance. Motivation and adherence likely depend on a variety of factors, including the specific context of the task. Identifying the factors that lead to higher adherence in the context of rehabilitation exercises will contribute to creating a versatile model of human compliance across contexts, building on previous data on compliance in other contexts. Moreover, as an associated benefit of the study of compliance, the successful implementation of the novel tailor-made telerehabilitation platform for VR will help achieve quicker access to rehabilitation, shorter wait periods for rehabilitative care, fewer days of lost work and a quicker rehabilitation process for vestibular patients.
 
4. Available resources & expertise
The PI Shelly Levy-Tzedek has extensive (>19 years) experience in running and analyzing results from behavioral studies in healthy and impaired individuals75,76. The Levy-Tzedek laboratory at Ben-Gurion University (BGU) of the Negev, established in 2014, has been studying the use of technology – such as robotics and computer-based interventions – in a variety of assistive contexts, including stroke and Parkinson’s disease. The team has also successfully developed technologies for medical applications. The PI was previously awarded an ISF grant and successfully completed all aims listed in the application, culminating in the publication of the results. The lab team that will work on this project has been successfully applying the participatory-design approach, using focus groups and interviews, in the context of rehabilitation and has published four journal articles using this approach to date. The lab team work is multidisciplinary as team members have different backgrounds (physiotherapy, engineering, computer science, psychology, UX/UI). The lab currently includes one PhD student, four MSc students, one 4th-year undergraduate engineering student, and a part-time laboratory technician who provides technical assistance, as well as software and administrative support. An additional PhD student in Physical Therapy and an MSc student with a clinical background will be recruited to work on this project. The laboratory possesses all the equipment necessary to complete Phase 1 of the proposed research. We have also hired an app developer to design the mobile phone app in Phases 2 and 4. The PI Dr. Yoav Gimmon is a leading research clinician of the vestibular system77–80. He established and serves as the head of the National Vestibular Center at Sheba Medical Center and established the Gimmon laboratory at the University of Haifa. At the Vestibular Center and his lab, residents and students are collaborating on several clinical trials aimed at improving vestibular treatments and diagnostic accuracy, as well achieving a better understanding of the underlying mechanism of vestibular adaptation. Prof. Levy-Tzedek and Dr. Gimmon have an ongoing two-year collaboration, which lay the foundations for this proposal. Together, they jointly supervise a PhD student, a physical therapist with eight years of experience who specializes in vestibular disorders, and an MSc student in Physical Therapy. Further support for this project will be given by Dr. Amit Wolfovitz, a board-certified otolaryngologist from the Sheba Medical Center (see letter of support). The team has access to the services of a biostatistician through the university for the analysis and interpretation of results. 	Comment by Shelly: Liran, pls add:

Raz, D., Barkan-Slater, S., Baum-Cohen, I., Vissel, G., Lahav-Raz, Y., Shapiro, A., & Levy-Tzedek, S. (2023). A novel socially assistive robotic platform for cognitive-motor exercises for individuals with Parkinson's Disease: a participatory-design study from conception to feasibility testing with end users. Frontiers in Robotics and AI, 10, 1267458.


Feingold-Polak, R., Barzel, O., & Levy-Tzedek, S. (2021). A robot goes to rehab: a novel gamified system for long-term stroke rehabilitation using a socially assistive robot—methodology and usability testing. Journal of neuroengineering and rehabilitation, 18(1), 1-18.


5. Possible pitfalls and contingency plan
We estimate the risk of the proposed work to be low, thanks to the interdisciplinary background of the research team that will be dedicated to this project, the experience of Prof. Shelly Levy-Tzedek in the proposed methodology47–50,75,81,82 and the experience of Dr. Yoav Gimmon in the field of VR57,77–80,83–87, as well as his access to patients and physiotherapists as part of his work as the director of the national vestibular center at the Sheba Medical Center. However, four main issues may arise that would require amendments to the protocol. First, it could be a concern that the availability of physiotherapists may be limited. There are three reasons why we believe this will not hamper the progress of this proposed research: (1) Dr. Yoav Gimmon (one of the PIs) is an experienced clinician in the field of VR and heads the Dizziness clinic within the ENT department of the Sheba Medical Center. His strong network of colleagues can thus serve as a basis for recruiting physiotherapists in other medical institutions. (2) The research team already successfully recruited 21 physiotherapists in to the three focus-group discussions. Second, if vestibular patients are unwilling to share their experience in a group setting, we will instead conduct structured individual interviews, in lieu of focus groups. Third, patients and physiotherapists recruited into the pilot study and the RCT may be worried about privacy issues when installing the application on their phones. To reassure them, we will use a secure server with password-protected access to the data, which only the research team can access. In addition, all data will be anonymized and removed from the server upon completion of the data collection. Fourth, Participation in this study is voluntary. Therefore, there may be population groups within the two stakeholder groups that will not be represented in the focus groups. To address this possible pitfall, we will make every effort to recruit a diverse set of participants from diverse geographical regions across the country, from a variety of socioeconomic backgrounds, as we aim to get as full a representation of the relevant stakeholders as possible. Finally, the professional context in which recruited physiotherapists work (e.g., working in a central rehabilitation facility vs. a private clinic in the periphery) and their relative numbers in the groups, may affect the content of the focus group discussions. We will address this by endeavoring to recruit as balanced a sample of physiotherapists as possible. 
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Phase 1


Focus groups study (partially completed)


Phase 2


Phone application development (version 1.0)


Estimated time: months 4-11


Phase 3  


Pilot feasibility study of the phone application


Estimated time: months 1-3


Estimated time: months 12-21


Phase 4


Phase 5


Phone application development (version 2.0)


Estimated time: months 22-28


A randomized controlled trial


Estimated time: months 29-48
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baseline levels of physical activity, low self-efficacy, depression, anxiety, helplessness,

poor social support/activity, greater perceived number of barriers to exercise and

increased pain levels during exercise [17].

The general factors affecting adherence to medical treatments have been described in
various health behavioral models- the Health Behavior Model, the Social Cognitive
Theory, and Health Belief Model [18]. Patients' health behaviors are shaped both
internally and externally by these models. Figure 1 summarizes the integration of these

models, as proposed by Chisolm et al. [19].
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