

[image: image1]
Development and content validity of the DizzyQuest












	
	ORIGINAL RESEARCH
published: 10 May 2024
doi: 10.3389/fauot.2024.1378569






[image: image2]

Development and content validity of the DizzyQuest

E. C. Martin1, L. E. G. H. de Joode1, F. Lucieer1, D. Sitters1, P. A. E. G. Delespaul2, C. Leue2, S. C. F. van de Weijer3, A. Meijers-Erdkamp3, E. Grill4, A. Zwergal5, N. Guinand6, A. Perez-Fornos6, V. van Rompaey7,8, J. Widdershoven1, M. L. Kimman9 and R. van de Berg1*


1Division of Balance Disorders, Department of Otorhinolaryngology and Head and Neck Surgery, Maastricht University Medical Center, Maastricht, Netherlands

2Department of Psychiatry and Neuropsychology, School for Mental Health and Neuroscience, Maastricht University Medical Center, Maastricht, Netherlands

3Department of Psychiatry and Psychology, Maastricht University Medical Center, Maastricht, Netherland

4Department of Medical Informatics, Ludwig-Maximilians-University of Munich, Munich, Germany

5Department of Neurology, Ludwig-Maximilians-University of Munich, Munich, Germany

6Service of Otorhinolaryngology—Head and Neck Surgery, Department of Clinical Neurosciences, Geneva University Hospitals, Geneva, Switzerland

7Faculty of Medicine and Health Sciences, University of Antwerp, Antwerp, Belgium

8Department of Otorhinolaryngology & Head and Neck Surgery, Antwerp University Hospital, Antwerp, Belgium

9Department of Clinical Epidemiology and Medical Technology Assessment, Maastricht University Medical Center+, Maastricht, Netherlands

Edited by
Eugen Constant Ionescu, Hospices Civils de Lyon, France

Reviewed by
David Tomé, Polytechnic of Porto (P.Porto), Portugal
 Ingmar Seiwerth, Martin Luther University of Halle-Wittenberg, Germany

*Correspondence
 R. van de Berg, raymond.vande.berg@mumc.nl

Received 29 January 2024
 Accepted 24 April 2024
 Published 10 May 2024

Citation
 Martin EC, de Joode LEGH, Lucieer F, Sitters D, Delespaul PAEG, Leue C, van de Weijer SCF, Meijers-Erdkamp A, Grill E, Zwergal A, Guinand N, Perez-Fornos A, van Rompaey V, Widdershoven J, Kimman ML and van de Berg R (2024) Development and content validity of the DizzyQuest. Front. Audiol. Otol. 2:1378569. doi: 10.3389/fauot.2024.1378569



Introduction: Vestibular disorders have a high prevalence and impact on general health. Currently questionnaires to measure vestibular symptoms and the impact on daily life, do not capture disease-specific symptoms or induce recall bias. The DizzyQuest was introduced, to measure vestibular symptoms in the flow of daily life, using the ecological momentary assessment (EMA) strategy. The development and content validity of the DizzyQuest are described in this article.

Methods: The development process consisted of two stages: First, the development of a concept version of the DizzyQuest based on the conceptual model of positive health, semi-structured interviews with patients diagnosed with bilateral vestibulopathy (BV) and expert input. Second, the assessment of content validity through a 4-week pilot trial, followed by focus group meetings with patients and professionals separately.

Results: Patient interviews, an expert meeting and a conceptual model resulted in the first pilot version of the DizzyQuest, which included a morning-, within-day-, evening- and attack-questionnaire. To report patient characteristics, complimentary patient- and doctor-questionnaires were added. The pilot trial (N = 5) and two patient focus group meetings resulted in multiple suggestions for response options. Two professional focus group meetings provided recommendations for sampling time and sampling schedule. As a result, two versions of the DizzyQuest were developed, consisting of a regular DizzyQuest (DQ) and an extended DizzyQuest-XL (DQ-XL).

Conclusion: The DizzyQuest enables the administration of multiple questionnaires during the flow of daily life, therefore increasing reliability and ecological validity. The DQ and DQ-XL, using a big data approach, has the potential to improve precision medicine.
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1 Introduction

Vestibular dysfunction is very prevalent and can have a big impact on general health and wellbeing. Prevalence rates of vestibular dysfunction vary between 2% in the population below 49 years old, to 32% in individuals aged above 79 years old (Grill et al., 2018). Depending on the severity of the disorder, up to 57% of patients experience difficulties in their social life and anxiety and depressive symptoms frequently occur. Furthermore, the risk to fall increases, possibly with severe injuries as a result (Agrawal et al., 2013; Ganança, 2015). In order to measure severity of vestibular symptoms and their impact on quality of life, a range of questionnaires is currently used: disease-specific questionnaires like the Dizziness Handicap Inventory (DHI), domain-specific questionnaires like the Hospital Anxiety and Depression Scale (HADS) and generic health-related quality of life questionnaires like the EuroQol-5D-5L (EQ-5D-5L) (Kammerlind et al., 2005; Mutlu and Serbetcioglu, 2013; Pelosi et al., 2013; Grigol et al., 2016; Sugaya et al., 2018). These questionnaires have some disadvantages with respect to precise measurement of severity and impact of vestibular disorders. Vestibular disorders like BPPV, vestibular migraine, Meniere's disease and vestibular paroxysmia are characterized by fluctuating symptoms (Lempert et al., 2012; Lopez-Escamez et al., 2015; von Brevern et al., 2015; Strupp et al., 2016) (e.g., attacks). A disease-specific questionnaire focused on symptoms in the last month such as the DHI, may miss or might not be best suited to capture specific fluctuating symptomatology which can be relevant from a therapeutical point of view (Lucieer et al., 2020). Recall bias especially, might significantly impact quality and quantity of reported symptoms (de Joode et al., 2020). Therefore, the Ecological Momentary Assessment (EMA), a measurement strategy in which the same questionnaires are administered multiple times in the flow of daily life (repeated sampling), seems particularly appropriate for the evaluation of vestibular disorders. After all, it eliminates recall bias and is able to capture daily fluctuations. This might provide reliable and detailed insights in self-reported symptoms of vestibular disorders and impact on daily life, which more precisely reflect a real-world setting.

Recently, a complementary tool, the DizzyQuest, was introduced by the DIZZYNET network (Zwergal et al., 2016, 2020; de Joode et al., 2020; Martin et al., 2020, 2022). The aim of the Dizzyquest, an app-based vestibular diary, is to measure the presence and/or intensity of vestibular symptoms and their relation to the conceptual framework of positive health (Huber et al., 2016; Positive Health ZonMw), in the daily flow of life. Several definitions of positive health were previously proposed, varying from “a state far beyond the mere absence of disease” and “wellbeing,” to “resilience” and “capacities” (Bodryzlova and Moullec, 2023). The DizzyQuest uses the definition of positive health as proposed by Huber et al. In this case, positive health is defined as “health contributes to people's ability to deal with the physical, emotional and social challenges in life. And to be in charge of their own affairs, whenever possible.” It comprises six dimensions: bodily functions, mental functions & perceptions, spiritual dimensions, quality of life, social & societal participation, and daily functioning (Huber et al., 2016; Positive Health ZonMw; IfPH, 2020). The DizzyQuest captures the severity and dynamics of vestibular symptoms and their impact on quality of life by using repetitive measurements during daily life using time sampling (morning, within day and evening questionnaires). This EMA measurement strategy is increasingly used in the context of health care as a tool to measure a wide range of health outcomes in an ecological valid way (Csikszentmihalyi et al., 1977; van Os et al., 2017). Since the DizzyQuest involves daily standardized questionnaires which are used in the flow of daily life, recall bias is very low and its ecological validity is expected to be higher than currently used questionnaires for vestibular disorders (Shiffman et al., 2008; Palmier-Claus et al., 2011; Verhagen et al., 2016; van Os et al., 2017). However, although a first version of the DizzyQuest was previously introduced, the development and validity testing of the DizzyQuest has not yet been clearly described. Therefore, the objective of this paper was to describe the development and content validity of the DizzyQuest.



2 Methods

The DizzyQuest was developed and validated in two stages: (1) Development of a concept version of the DizzyQuest based on the conceptual model of positive health, patient interviews, and expert input, and (2) assessment of content validity through a pilot study and focus groups with patients and professionals.


2.1 Development of a concept version of the DizzyQuest
 
2.1.1 Conceptual framework

The DizzyQuest aims to measure self-reported presence and/or intensity of vestibular symptoms and their relation to the conceptual framework of positive health (Positive Health ZonMw), in the daily flow of life. To address positive health, questions about vestibular symptoms are accompanied by questions about cognition, emotions, context and stressful events. This allows the study of positive health dimensions: bodily functions, mental functions & perceptions, quality of life, social & societal participation, and daily functioning.



2.1.2 Target population

The DizzyQuest was developed for use in all patients with acute, episodic or chronic (or a combination of these) vestibular disorders (Newman-Toker and Edlow, 2015), in whom it is desired from a personal, clinical or scientific point of view, to monitor and evaluate vestibular symptoms with respect to the above mentioned domains of positive health. Requirements for the target population include the ability to read and understand the questions, and being able to operate the application.



2.1.3 Patient interviews

To better understand the impact of vestibular disorders on daily life, and which aspects of positive health play an important role, a qualitative research approach using semi-structured interviews with patients was used. Detailed methods and results of the interviews were previously separately described (Lucieer et al., 2020). For the purpose of structurally describing the development and content validity of the DizzyQuest, a brief summary of the methodology is described here (Lucieer et al., 2020). Convenience sampling was used to include participants who reflected a range of the patient population in terms of age, sex and severity of the vestibular disorder that had resulted in bilateral vestibulopathy, according to the Barany Society Criteria (Strupp et al., 2017). They were recruited from the vestibular department of Maastricht UMC+, a tertiary referral center for patients with vestibular disorders.

Individual interviews were conducted face-to-face by a trained interviewer between June 2016 and August 2018. The semi-structured interviews included several open-ended questions with ample room for patients to describe their experiences. The interviewer was free to follow respondent-driven topics. The questions related to experienced symptoms (physical/vestibular, cognitive, and emotional), context (situations and triggers), consequences and behavior, and relationships. The interviews were audio recorded. Verbatim transcription and data analysis was done until saturation was reached. The latter was determined by comparing codes of new transcripts to codes of previous transcripts. After saturation, the remaining interviews were partially transcribed and screened for additional symptoms. All transcribed interviews were coded independently by two researchers, using an open coding approach. The initial codes were compared and in consensus divided into main categories. Subsequently, subcategories were identified independently by the two researchers. It was checked whether the identified subcategories corresponded. In case of disagreement between the two researchers, consensus was reached after reassessing the original data. After that, a thematic analysis was used to classify and organize the data into key themes, resulting a in a conceptual model based on the positive health framework (Lucieer et al., 2020).



2.1.4 Item generation and expert input

Expert meetings were held to develop the DizzyQuest. Participants were included based on their expertise in different professional backgrounds. During the expert meetings, the type of questionnaires to be included in the DizzyQuest, potential questionnaire items, response options, recall period, and lay-out were discussed. The meetings followed a semi-structured interview approach in which a trained moderator (RvdB) systematically followed a list of all potential domains and items to be included in the DizzyQuest. These domains and items were obtained from the interviews with the target population, and from a database that was constructed during more than 30 years of experience with EMA (Csikszentmihalyi et al., 1977; van Os et al., 2017). Relevance and comprehensiveness of each domain and items within the domain were taken into account. The expert meetings were not recorded and transcribed, since modifications were instantaneously incorporated or initiated in consensus by all participants involved. An iterative process followed. Follow-up expert meetings were scheduled to re-evaluate the modifications again, until no modifications were desired anymore by the participants. This was considered as having reached saturation level. Eventually the input from the target population and professionals resulted in the first version of the DizzyQuest, which consisted of four questionnaires to capture symptoms and their psychosocial context: (1) morning questionnaire to evaluate quality of sleep of the past night; (2) within-day questionnaire to evaluate real-time symptoms during the day; (3) evening questionnaire to reflect on symptoms of the past day, and; (4) attack questionnaire to report on symptoms after an attack of vertigo and/or dizziness (Martin et al., 2020). Furthermore, two questionnaires were included to capture baseline patient characteristics: the “patient questionnaire” (to be filled in by the patient) and the optional “doctor questionnaire” (to be filled in by the health care professional). Results could be found in an online result monitor.




2.2 Assessment of content validity
 
2.2.1 Pilot study of DizzyQuest

A pilot trial was conducted in five patients with various vestibular disorders, including episodic and chronic subtypes, to investigate feasibility of the DizzyQuest and to obtain preliminary feedback about its format and items. They were recruited by “Stichting Hoormij,” a patient association for patients with inner ear disorders in The Netherlands. After initial connection, and approval to participate, patients were contacted by a study team member (SvdW or AE) and received a patient information brochure about the trial. In case patients indicated that they wanted to participate, they were invited for an instruction meeting. During this meeting, patients were instructed about the use of the DizzyQuest by running through the DizzyQuest questionnaires. Written informed consent was obtained prior to start of the trial.

The pilot trial involved using the concept (Dutch) version of the DizzyQuest for a period of 4 weeks. During the trial, each day of the 1st week, the morning (1 time), within-day (10 times) and evening (1 time) questionnaire were administered at different frequencies. The attack questionnaire was only completed after a vertigo attack. The other 3 weeks, only the evening and attack questionnaires were completed. After the trial, patients were contacted by telephone to get feedback about the DizzyQuest. This involved an individual debriefing using two standard debriefing questionnaires. Topics included practicality (ease of use), clarity of the instructions, items, and response options, and whether the items and recall period were relevant and comprehensive. The notes of the interviews and the additional written comments of the patients were discussed in a consensus meeting (SvdW, AE, RvdB). Together, the consensus committee discussed the comments and notes and the DizzyQuest was revised regarding comprehensibility and comprehensiveness, where necessary. This revised version was used in the final steps of the validation described next (Martin et al., 2020).



2.2.2 Patient focus groups to assess relevance, comprehensibility and comprehensiveness

Two patient focus groups were organized in two separate cities in The Netherlands (Maastricht and Utrecht. Patients with various vestibular disorders and their partners were recruited from the vestibular department of Maastricht UMC+, “Stichting Hoormij” and “Stichting de Negende Van”. The latter is a patient association for patients with DFNA9 (a hereditary autosomal dominant COCH-gene mutation, resulting in progressive vestibulocochlear impairment). The focus groups were led by an experienced moderator (RvdB) who was assisted by two other researchers (EM, LdJ). Both have a medical background and were trained in interviewing patients and extracting relevant information from patient interviews.

During the focus groups, relevance, comprehensibility and comprehensiveness were discussed of all items in the questionnaires (except the doctor questionnaire) and the items in the results monitor. During the focus group interviews, each item was displayed on a large screen for the whole group. In case different options were possible (e.g., visualizing results in a bar or pie chart), all options were explicitly discussed in the group. Specific attention was paid to the intended meaning of response options and on the language used to describe the items. Furthermore, patients and their partners were free to add missing items of topics. The moderator followed-up on responded-driven topics and summarize responses to each item, and subsequently verifying the correctness of the summary with the group. Each focus group lasted around 1 h. Groups were recorded and transcribed verbatim, and two trained researchers (EM, LdJ) independently analyzed the transcriptions for content. A consensus meeting was organized between the two researchers to identify (in)consistencies in their findings, and possible improvements for the DizzyQuest were discussed. Key findings of the focus groups were then discussed with the experts involved in item generation, to reach consensus on the possible changes to be made to the DizzyQuest.



2.2.3 Focus groups with professionals to assess relevance, comprehensiveness

Two focus groups were held to assess relevance and comprehensiveness of the DizzyQuest, as judged by health care professionals. The focus groups were organized during the annual Dizzynet meetings in Germany in 2018 and 2019 (Zwergal et al., 2018, 2019). Before these focus groups, an introductory presentation of 15 min was given by one of the authors (RvdB), and participants got the opportunity to test the DizzyQuest on their devices (e.g., smartphone). The groups were led by the trained moderator (RvdB) who was assisted by one of the authors (JW). Due to the international nature of the audience, a translated version (English) was used. Since these focus groups mainly involved professionals who could use the DizzyQuest in the future, specific attention was paid to the relevance and comprehensiveness of the DizzyQuest in general (e.g., questionnaire items, response options, recall period) and the doctor questionnaire. In the first focus group, the items of the DizzyQuest were discussed using a face-to-face open group discussion. Topics included, among others, the usefulness of having a morning, within-day, evening and attack questionnaire, and which items to incorporate in the doctor questionnaire including patient co-morbidities, vestibular test results and lay-out. In this focus group, only notes were made (by author JW) to be able to incorporate the preliminary changes in the DizzyQuest, as suggested by the professionals. During the second focus group, proposed changes of the DizzyQuest identified in the first focus group with professionals (e.g., developing a less extensive DizzyQuest, leaving out morning- and within-day questionnaire) were discussed. Each item was again discussed regarding relevance and comprehensibility. Possible modifications were discussed until consensus was reached. This second focus group was also not transcribed, since modifications (decided in consensus) were instantaneously made in the word file displayed on the screen. This word file served as input for the DizzyQuest doctor questionnaire.




2.3 Ethical considerations

This study was in accordance with the legislation and ethical standards on human experimentation in the Netherlands and in accordance with the Declaration of Helsinki (amended version 2013). The medical ethical committee of Maastricht UMC+ approved this study (2018-0809) and written informed consent was obtained from all patients participating in a trial.




3 Results


3.1 Development
 
3.1.1 Patient interviews

Results of the input from the patient interviews were already published separately (Lucieer et al., 2020). In sum, 50 patients with bilateral vestibulopathy resulting from different etiologies participated. These etiologies included acute, episodic and chronic vestibular syndromes (Newman-Toker and Edlow, 2015). Gender was equally distributed (25 female, 25 male), and their age ranged from 21 to 79 years old (mean age 60 years). The socio-economic backgrounds differed between patients: in total 32 patients were unemployed (16 retired, 15 on disability and 1 studying) and 18 patients employed (11 full-time and 7 part-time due to illness) (Lucieer et al. manuscript in preparation). A summary of the responses extracted from the study population can be found in Table 1. Regarding symptoms, three main categories were identified: physical, cognitive and emotions. These symptoms were more bothersome while performing certain activities (e.g., cycling or driving a car), leading to feeling limited in these type of activities. Resulting behavior implied slowing down and/or paying more attention while performing activities or avoiding them.


TABLE 1 Summary of responses extracted from the target population (n = 50) (Lucieer et al., 2020).

[image: Table 1]



3.1.2 Item generation and expert input

The expert meetings involved eight professionals with different specialties (otorhinolaryngology, psychiatry, psychology, EMA, mHealth, and master students of Medicine). Table 2 presents a summary of the main input from the eight participants. In terms of general design, the main topic involved the use of different questionnaires with different sampling types and sampling schedules, in order capture fluctuating neuro-otological symptoms and their psychosocial context as reliable as possible. This included decreasing recall bias using momentary assessment and increasing ecological validity using an app-based platform that can administer questionnaires in the daily flow of life. It was decided to use the app-based platform “UM ESM,” which is an experimental version of the PsyMate™ app (www.psymate.eu) used for research at Maastricht University. It can be downloaded for devices running on Android and iOS. This platform facilitates the administration of multiple questionnaires and sampling schemes (Mujagic et al., 2015; Martin et al., 2020).


TABLE 2 Summary of responses from the professionals (n = 8).

[image: Table 2]

Furthermore, it was decided to develop questions that might be able to capture multiple responses at the same time (e.g., asking for “limitation in activities” instead of asking limitation of each activity separately). By this, it was prevented that the questionnaires would become too extensive. After all, questionnaires are administered multiple times and this might be considered a burden (Verhagen et al., 2016) by participants. The number of items were therefore restricted to have an average person fill in the questionnaire in approximately 2 min. This also included avoiding “branching” (i.e., to ask a specific follow-up question, depending on the answer to the previous question, often resulting in additional questions) to a certain extent.

The conceptual model, patient interviews and expert meetings resulted in the first pilot version of the DizzyQuest. This version included a morning questionnaire, within-day questionnaire, evening questionnaire and an attack questionnaire. Sampling schedules as presented in Table 2 were used. Two additional questionnaires were included to capture baseline patient characteristics: the “patient questionnaire” (to be filled in by the patient, 1 time only) and the optional “doctor questionnaire” (to be filled in by the health care professional, 1 time only). Results could be found in an online result monitor.




3.2 Content validity
 
3.2.1 Pilot study of DizzyQuest

Five patients with episodic (Meniere's disease, n = 2) and chronic (DFNA9, n = 3) vestibular disorders participated in the pilot trial. Gender was predominantly female (n = 4), mean group age was 52 years old (range 42 to 68 years), and socio-economic backgrounds differed between patients. Table 3 illustrates the summary of responses, extracted from the debriefings of the pilot trial. It can be observed that “becoming more conscious about symptoms” could be considered as a positive as well as a negative factor. Furthermore, additional suggestions were made regarding response options.


TABLE 3 Summary of responses extracted from the debriefings of the pilot trial (n = 5).
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3.2.2 Patient focus groups

In total 11 patients, with various vestibular disorders and different demographic backgrounds participated in the two focus groups. Table 4 illustrates patient characteristics of the two meetings.


TABLE 4 Patient characteristics of two focus group meetings.

[image: Table 4]

During these focus groups, patients mainly addressed the need that the wording of symptoms and triggers mentioned in the DizzyQuest should closely match their complaints and that as many symptoms and triggers as possible should be included.

In general, the items included in the questionnaires were considered relevant. Regarding comprehensibility, suggestions were made to better specify symptoms, e.g., “balance” should also include “feeling drunk,” and “visual problems while moving” should include “recognizing faces, being able to focus, etc.” To improve comprehensiveness, suggestions were made to include additional items, e.g., “vertigo” (in Dutch language, “dizziness” and “vertigo” can be used interchangeably), “fear of falling” and “being bothered by movements and patterns near me.” “Lying down or rolling over in bed” was mentioned as an additional trigger. A summary of the main responses extracted from the two focus groups with patients can be found in Supplementary material 1.



3.2.3 Focus groups with professionals

In the two focus groups, more than twenty professionals participated with various backgrounds (otorhinolaryngology, neurology, epidemiology, and physical therapy). Overall, comments were positive regarding relevance, and multiple group members indicated a wish to use the DizzyQuest in the future. Main comments for improvement involved the sampling type and sampling schedule. The sampling schedule with momentary assessment was considered a burden by the professionals and not all of them were convinced about the added value of the morning and within-day questionnaire, especially when using it in clinical context. It was therefore advised to develop two versions of the DizzyQuest: a smaller version (mainly for clinical use) and an extensive version (mainly for research). Furthermore, the Doctor questionnaire was extensively revised to increase comprehensibility and comprehensiveness: e.g., vestibular disorders were categorized into acute/episodic/chronic and additional disorders were included like “motion sickness,” “multicanal BPPV” and “post traumatic injury.” It was also suggested that the DizzyQuest could be combined with other devices that can be used in home setting (e.g., mobile hearing test or video goggles to record nystagmus). A summary of the main responses obtained during these focus groups, can be found in Supplementary material 2.



3.2.4 Final versions of the DizzyQuest

The step-by-step development process of the DizzyQuest resulted in four questionnaires to capture symptoms and their psychosocial context, which can be used in various combinations: a morning, within-day, evening and attack questionnaire. Two standard packages of the DizzyQuest were developed: the regular DizzyQuest (DQ), which includes the evening and attack questionnaire, and the DizzyQuest-XL (DQ-XL), which administers all four questionnaires. Both the DQ and DQ-XL contain the additional patient and doctor questionnaires to capture baseline patient characteristics, and have the ability to present results in an online monitor. The DizzyQuest can be administered as long as required (e.g., 1 week or 1 year). This depends on the wish of the clinician, patient and/or researcher (Martin et al., 2020; Schenck et al., 2021). The final format of the questionnaires are presented in Supplementary material 3.





4 Discussion

This paper provides a detailed description of the development process and content validity of the DizzyQuest, an instrument to evaluate vestibular symptoms with respect to the specific domains of positive health (Positive Health ZonMw). The development of the DizzyQuest was guided by the conceptual framework of positive health, combined with patient interviews, expert meetings, a pilot trial, and focus groups with patients and professionals.

The main feedback from the expert meetings was related to the general design, sampling strategies and sampling schedules: the DizzyQuest should include the administration of multiple questionnaires (morning, within-day, evening and attack questionnaires) during the daily flow of life. Patients mainly addressed the fact that the wording of symptoms and triggers should closely match their complaints and that as many items as possible should be included. Professionals were especially concerned about the burden of the within-day questionnaire (which is administered 10 times a day) and proposed to also develop a shorter DizzyQuest, without all four questionnaires to capture symptoms. This resulted in the development of two versions of the DizzyQuest: the regular DizzyQuest (DQ) including the evening and attack questionnaires, and the more extensive DizzyQuest-XL (DQ-XL), incorporating the additional within-day and morning questionnaires.

The final design of the DizzyQuest (both versions) aims to increase reliability and ecological validity, by using an app-based platform that enables administration of multiple questionnaires during the daily flow of life. This is likely to decrease recall bias and results might more closely reflect daily life experiences (Csikszentmihalyi et al., 1977; van Os et al., 2017). The incorporated questionnaires are administered using a mix of time and event sampling strategies. Additional questionnaires were developed to capture baseline characteristics (patient and doctor questionnaire) and an online result monitor provides insights in reported items. To capture topics relevant to the specific domains of positive health, questionnaire items included: neuro-otologic symptoms, cognition, emotions (including positive and negative affect, agitation), context, and stressful events (mainly activity related). The amount of items was kept relatively low, to prevent unwanted reactivity as much as possible, most likely increasing the adherence to the DizzyQuest (Verhagen et al., 2016). A previous 1 month-trial with a preliminary DizzyQuest demonstrated desired adherence to the DizzyQuest, with response rates of 90%, 62%, and 87%, regarding the morning, within-day- and evening questionnaire respectively (Martin et al., 2020).

Furthermore, lay-out, language and response options are simple, promoting accessibility for patients with low literacy levels (Kimman et al., 2017).

Involvement of professionals in the development of the DizzyQuest resulted in the decision to develop four questionnaires and to use repeated measurements with time and event sampling strategies. This was decided since symptoms of vestibular disorders can occur acutely, episodically and chronically (Newman-Toker and Edlow, 2015). It was therefore preferred that the DizzyQuest would be able to capture fluctuations of symptoms, including attacks of vertigo. Using a time sampling strategy, fluctuations can be measured in time (van Os et al., 2017). It also provides the opportunity to capture non-events: the fact that an event (e.g., vertigo attack) did not happen, is also recorded (Verhagen et al., 2016).

By adding event sampling (attack questionnaire) the DizzyQuest also facilitates capturing very discrete vertigo attacks with little recall bias. After all, the attack questionnaire can be completed directly after an attack, without having to wait until the next questionnaire is administered by the DizzyQuest (e.g., the evening questionnaire). A previous trial with a preliminary DizzyQuest involving more than 60 patients with vestibular disorders, already showed the benefit of having the opportunity to choose between time and event sampling to capture vertigo attacks: depending on the topic, each strategy has its own pros and cons to most reliably investigate the clinical or research question (de Joode et al., 2020). Nevertheless, participants should always be clearly instructed on the definition of the investigated event (e.g., what is considered a vertigo attack).

The aim of this development is to have both the DQ and DQ-XL available for download on devices running on Android and iOS facilitating multiple purposes. Regarding the DQ, clinical care might be complemented and improved by having structured vestibular diaries which capture all important aspects of disease: not only symptoms and triggers, but also their psychosocial context. This could aid the diagnostic process but might also be beneficial for monitoring treatment effect or as part of a personalized intervention itself (Boh et al., 2016), improving precision medicine. Regarding the DQ-XL, the added value would be from a research perspective: using repeated measures during the day, can provide valuable insights in the existence of symptoms and their interaction with environmental and psychosocial factors. This benefit has already been proven in many disorders, including tinnitus and depression (Wenze and Miller, 2010; Hartmann et al., 2015; Broen et al., 2016; Moore et al., 2016; Goldberg et al., 2017). For vestibular disorders, the DQ-XL might for example more reliably capture environmental triggers for symptoms and stress related variability (if any present), than previously attempted (Yeo et al., 2018).

Both versions facilitate generating a large amount of data, which could be valuable when considering a big data approach (2020) to investigate vestibular disorders. Therefore, the DizzyQuest and DizzyQuest-XL will be part of the Dizzynet Network database (Zwergal et al., 2016) in which it is possible to anonymously store relevant data, necessary to improve knowledge and insights in vestibular disorders.

Finally, it was also suggested by the professionals that the DizzyQuest could be combined with wearables, like a mobile hearing test or video goggles to record nystagmus. Based on these suggestions, a preliminary version of the DizzyQuest was already combined with a mobile hearing test. It was illustrated that combining these two is feasible and that differences in self-reported hearing loss severity measured by the DizzyQuest, showed a significant relationship with the individual hearing threshold differences between the two ears of the same patients. This demonstrated the validity of the DizzyQuest in this context (Martin et al., 2022).

Some limitations of this study should be addressed. The main limitation involved the focus groups with patients: most of them were member of a patient association or were planning to join one. This might have induced a selection bias, since members of patients associations are more likely to have chronic complaints (not reflecting the patient population that only suffers from an isolated vertigo episode) and can have lower self-reported quality of life than non-members (Prummer et al., 2019). Nevertheless, this might have also provided a wider range of responses than when interviewing mainly non-members.

It should also be commented that the input from the target population was already previously described. To structurally describing the development and content validity of the DizzyQuest, it was decided to intentionally replicate these findings again in this paper. These findings should therefore not be regarded as “new findings:” they were only included to meticulously show all performed steps during the development of the DizzyQuest.



5 Conclusion

The DizzyQuest was developed as an instrument to evaluate vestibular symptoms with respect to the specific domains of positive health. Its design has the potential to increase reliability and ecological validity, by using an app-based platform that enables administration of multiple questionnaires during the daily flow of life. Based on input from patients and professionals, two versions of the DizzyQuest were developed: the regular DizzyQuest (DQ: mainly for clinical purposes) and the DizzyQuest-XL (DQ-XL: mainly for research). The DQ and DQ-XL are tools that may to complement and improve precision medicine, using a big data approach.
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Symptoms Physical Imbalance, visual problems (e.g., oscillopsia, visual vertigo, and reading), difficulty with fast head movements, tiredness,
tinnitus, headache, vertigo attacks, light headedness, nausea, neck pain, restless mind, and sleeping problems

Cognitive Problems dual tasking, spatial disorientation, concentration difficulties, and forgetfulness
Emotions Sadness, fear, anger, joy, and love
Context Limited in activities, e.g., cycling, driving a car, in the supermarket, swimming, social activities, watching television,

busy/crowded places, activities in dark, and activities involving uneven ground

Behavior Slowing down activities, increased attention while performing activitics, and avoidance behavior






OPS/images/fauot-02-1378569-t002.jpg
Category

General design

Responses

Measurements:

- Multiple measurements in daily life to decrease recall bias and increase ecological validity
- Observational, self-assessment, subjective, prospective

- Ability to measure fluctuations of symptoms

Platform:

- Use an app-based platform to administer questionnaires

- Include online result monitor to visualize responses in graphs etc.

Type of sampling

Time sampling: measuring at fixed or (semi-) random times
- Morning questionnaire

- Within-day (momentary assessment) questionnaire

- Evening questionnaire

Event sampling: measuring directly after an event

- Attack questionnaire (to capture attacks)

Single sampling to obtain baseline characteristics

- Patient questionnaire (to be filled in by patient)
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Sampling schedules for time
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Fixed sampling:

- Start of day questionnaire (1x/day, 4:00 am, 1 week)

- Evening questionnaire (1x/day 7:30 pm, 4 weeks)

Items

Items relevant to all categories of positive health (excluding spiritual): neuro-otologic symptoms, cognition, emotions (including positive
and negative affect, agitation), context and stressful events (mainly activity related)

- Items should be able to fluctuate within one person

- Amount of items not exceeding the amount that takes an average person to fill in the questionnaire in 2 min

Response options

Wording should be simple and “in present tense” for within day questionnaire
- Wording should be simple and “in past tense” for other questionnaires

- Likert scale 1-7, no smileys

- Decrease “branching” to reduce reactivity

Time to respond

Within-day questionnaire: 15 min
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