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Abstract

:

Low therapeutic adherence is a concern for health professionals as it decreases therapeutic efficiency while increasing costs, especially in elderly populations. To increase therapeutic adherence in elderly populations, the technology applied in the medical devices that are used must be adapted to improve usability. This paper outlines the rationale behind, and methods applied to assess the usability of, ACHO (Assistant on Care and Health Offline), a voice assistant that provides elderly patients with reminders of medical appointments to attend and when they need to take their medication. This work is a descriptive, cross-sectional, observational study, and will include a three-phase (analysis, testing and refinement) multidimensional usability analysis of an initial prototype, in the setting of a user-driven Living Lab, which enables the needs and characteristics of the end users to be identified and incorporated into the prototype with each iteration, in which a multidisciplinary team of researchers and users will participate as co-creators. This methodology will allow us to develop a better prototype, increasing usability and, thus, increasing therapeutic adherence.
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1. Introduction


Elderly patients are especially susceptible to the phenomenon of medication nonadherence, which can be defined as the extent to which recommendations for dosage and frequency of drug intake are met [1]. In fact, the WHO estimates that between 30% and 50% of patients do not follow treatments as prescribed [2]; although this is a complex parameter to measure, rates of medication nonadherence are higher in the elderly [3,4,5]. Aspects such as reminders of medical appointments and when medications should be taken are part of the concept referred to as therapeutic adherence, which is a very complex area.



In the past decade, technology has been increasingly used to improve therapeutic adherence and further support patients and medical–health services. Technological evolution in recent years has led to studies on electronic reminders using audio [6,7] and audiovisual devices [8,9] which, through warnings or alarms, unlock ever greater opportunities to apply technology in the field of adherence. Voice assistants can also be used to provide reminders which improve therapeutic adherence [10,11]. A voice assistant is a software agent that can perform tasks or services for an individual and that interacts through voice activation using an intelligent speaker device [12]. One of the first studies to investigate health-related information from voice assistants showed that Cortana (Microsoft), Google Now (Google), Siri (Apple) and S Voice (Samsung) responded inconsistently and incompletely to a variety of mental and physical health questions [13]. Subsequent studies have highlighted the high variability in the outcomes of implementing these assistants in the treatment of health problems, considering them to be a safety risk for patients and consumers [14,15].



Research points to the importance of adapting technology to the user experience by involving the end user in the development of the technology itself. Thus, by making these adaptations according to the needs of the elderly target group, considerable increases can be observed [16,17]. Furthermore, if these modifications improve the usability of the system, they are likely to increase adherence as well, since a direct relationship between the low usability of a device and lower adherence has previously been identified [18]. To overcome the challenges that can arise when working with technological devices and older people, a working methodology known as a “Living Lab” can be employed. The Living Lab concept dates from the 1990s, and refers to an approach to innovation which involves a group of researchers collaborating with target users as co-creators in the development and validation of new products. The Living Lab paradigm, thus, encourages innovation through an iterative process, usually divided into 3–6 stages, in which a product is gradually refined from a user-focused perspective [19].



This paper outlines the rationale and methods for the design of a usability assessment process for ACHO (Assistant on Care and Health Offline), a voice assistant developed to increase therapeutic adherence in elderly populations. The development process for ACHO employs a user-driven approach involving a multidisciplinary team and a three-stage optimization process governed by a variety of complementary controls. The design process requires the collaboration of end users in order to adapt the assistant’s features to the needs and characteristics of the target users, which is an important factor in improving the ultimate user experience and ensuring the highest standards of safety in application.



This work presents a study protocol for the usability evaluation of a voice assistant, ACHO. This voice assistant aims to improve therapeutic adherence in rural elderly populations by developing functions to remind patients to attend medical appointments and to take their medication. By employing a Living Lab methodology, the voice assistant is developed following principles set out by European programs such as the Active and Assisted Living Programme.




2. Materials and Methods


This study protocol presented the usability evaluation of a voice assistant by means of a mixed quantitative–qualitative method through a three-stage optimization process.



ACHO is a voice assistant designed to improve the therapeutic adherence of older people in rural areas, focusing so far on aspects such as reminders of medical appointments and medication times. The voice assistant is based on two main components: a mobile application, which provides information on appointments and prescriptions, and a voice assistant, which is responsible for interacting directly with the elderly patient. The initial prototypes of both were developed by a multidisciplinary research group, including team members from the fields of nursing and anthropology, as well as computer engineering. In a previous publication, we already described how the ACHO prototype was developed and implemented through the tools of qualitative research work [20].



The voice assistant was developed based on ‘Snips’ technology (Sonos, Paris, France) as this allowed the developers some freedom in the design, while maintaining data privacy. Another advantage was that it can be installed on a Raspberry Pi computer. These technical specifications do not directly influence the user’s interaction with the device. The system flow involves three main phases: (1) health professionals enter patient information in the application (Figure 1), (2) the data are transferred from the app to the voice assistant via Bluetooth, and (3) the voice assistant gives the user reminders of events.



The voice assistant reminds users when they must take their medication throughout the day, or if they have a medical appointment the next day. After the reminder to take the medication, ACHO will ask the user whether they have taken the medication. If there is no positive answer, the voice assistant saves this information so that a family member or health professional can check it later.



The current prototype includes some innovative features tailored to the rural elderly population, such as: (i) being mains-powered, it is always operational, as participants prefer technologies that can be used for several days or weeks without having to be recharged, as the need for recharging can disrupt the patient’s daily activities [21]; (ii) ACHO does not require an internet connection, so it is ideal for rural contexts; (iii) no smartphone is needed for daily operation, as some elderly people report a dislike of this technology (the aim is that the patient’s relatives, caregivers or even, in the future, healthcare professionals, will be in charge of updating the patient’s medication regimen via their smartphones) [22]; (iv) ACHO allows custom names to be used for each drug in the alerts, which reduces the occurrence of errors in taking medication and increases adherence [23].



2.1. Participants


For the purposes of evaluating the usability of the medication and medical appointment reminders of our initial prototype, we defined two types of volunteers—type A and type B users (five men and five women per type, from a total of twenty participants)—who will participate in phases 2 and 3, respectively, of the evaluation.



The type A group will consist of people over 65 years of age, coming from rural areas and with no cognitive or sensory impairment, selected on a non-random basis following a recommendation of suitability by health service professionals in the selected location. An essential criterion for inclusion of a member in the selected sample is that they must have the capacity to recognize and report on their own possible failures, “critical incidents” (those events in professional practice that caused us perplexity, created doubts, produced surprise or annoyed or disturbed us because of their lack of coherence or because they presented unexpected results) [24] and problems interacting with the prototype.



Type B users will be people over 65 years of age from rural areas, with the only inclusion criteria being that they are not taking any critical medication (medication that, if taken outside the prescribed schedule, would lead to serious health problems or a significant destabilization of the patient’s health). These will be selected randomly from a list of suitable users provided by health service professionals in the selected location.




2.2. User-Driven Living Lab Design


The proposed method incorporates an inductive qualitative analysis [25]. This approach was chosen in order to capture and analyze feedback in broad terms, and to reduce the potential for bias which may be introduced with more systematic approaches [26]. At the start of each phase, the participants will start the evaluation from scratch. Evaluation categories from previous users will then be incorporated and discussed, in order to aid the triangulation process.



The usability of the system will be evaluated using a combination of distinct but complementary methods that will facilitate a multidimensional evaluation of the prototype. The study will employ observational, descriptive and mixed approaches and, in accordance with the available evidence of previous studies that advocates a cyclical sequence of analysis, prototyping, testing and refinement of the mechanisms of interaction with the user [27,28] will include a usability analysis across several phases, with multiple data collection and monitoring points. In this regard, it is important to emphasize that the progression from one phase to another will be limiting, as the study will not advance to the next stage without having satisfied the control points established in the current phase.



The three phases that we decided to include in the design of the optimization process are described below.



2.2.1. Phase I: Analysis


The first phase of the evaluation will aim to determine whether our product is sustainable in terms of its interface and functionality. To this end, a total of 10 researchers, representing various areas of expertise, from the International Institute for Research and Innovation on Ageing, will evaluate the usability of the device over a period of 15 days. The researchers will be given a series of script-based tasks that they will have to perform at least three times a day, simulating the normal pattern of medication intake.




2.2.2. Phase II: Testing


In the second phase of the prototype evaluation, we intend to collect information on usability and user satisfaction for the group of “type A” users defined above. This will involve a physical implementation of the prototype in real but controlled contexts. In this phase, which will last 5 days, the characteristics of the medications taken by the type A users (none of the medications will be critical) will be previously loaded onto the device by health professionals with the assistance of the researchers.



The users will be fully trained beforehand in the actions to be carried out, and will be accompanied by “Observation Units” in at least one of the three scheduled daily interactions with the device. These Observation Units will be composed of researchers who will observe and evaluate the process of use and interaction in the user context, which will allow us to collect important information to help understand which changes must be performed in the environmental factors to better adapt the prototype to its users and improve its functionality [29]. In addition, the Observation Units will be responsible for recording so-called critical incidents, i.e., any situation that deviates from normality [30].




2.2.3. Phase III: Refinement


The third and final phase of the evaluation of the pilot test aims to assess usability under normal, uncontrolled operating conditions. This phase will be very similar in character to the previous one, except for the type of users; in this phase, type B users, with prior training in the actions to be carried out and the objectives to be pursued, will be accompanied by Observation Units in the scheduled daily interactions.





2.3. Outcome Measures and Data Collection


Here, we will present the outcome measures and data collection for each of the phases described in the previous section. Our methodology to evaluate prototype usability will employ two different scales: the System Usability Scale (SUS) and the International Classification of Functioning, Disability and Health Usability Scale (ICF-US).



2.3.1. System Usability Scale


This scale was developed in 1986 by the Digital Equipment Corporation as part of the application of usability engineering to public domain and open source office systems [31]. In addition, it is a very simple tool to use, and can be adapted for use in different situations. Despite the extraordinary simplicity of the scale, it has demonstrated highly robust and solid results, which is why it is one of the most widely used methods of measuring usability [32].




2.3.2. International Classification of Functioning, Disability and Health Usability Scale


Our evaluation of the usability of the prototype will also apply the ICF-US I scale and the ICF-US II subscale [30,33], which have the advantage of being based on concepts and terminology established by the World Health Organization, meaning that they are universally accepted [34]. The ICF-US I scale allows the identification of general usability problems, while the ICF-US II subscale aids the identification of possible barriers and/or enablers, as well as more precisely identifying those elements that may require further work to improve the device. The advantage of this scale is that once a barrier is recognized, it is possible to identify the characteristic that gives rise to it, in order to determine what can be improved. On the other hand, characteristics identified as facilitators can be highlighted as good practice for future development [35]. The complementary use of these two instruments will allow us to make a more detailed assessment of the usability of our prototype.




2.3.3. Semi-Structured Interviews


The anthropologists participating in this research project will be responsible for conducting an individual, ad hoc semi-structured interview (Table 1) with each user of the prototype. The objective of these interviews will be to provide deeper qualitative insight into the users’ experiences and interaction with the prototype (number of reminders, tone of voice, naming of the drugs, acceptance of the system, message saturation, errors, hearing problems and other subjective elements).




2.3.4. Multi-Method Optimization Cycles


For each phase of this development study, quality parameters were established that must be satisfied as a necessary and sufficient condition to advance to the next phase of the process (Figure 2). For each of the phases, a final score greater than 68 on the SUS scale, averaged over all users, must be achieved. This is the threshold established in the scientific literature to demonstrate the correct usability of a product [36]. In addition, all semi-structured interviews must be completed, and any improvements suggested from the analysis of the evaluation instruments should be incorporated into the device [37,38]. After completing this process and incorporating the necessary improvements, the researchers should assess the need for a new evaluation cycle according to the extent of the changes performed.



There is an extra requirement that to pass Phase I, as it uses the ICF-US scale, the average score awarded by researchers participating in the evaluation of the device must be higher than 10 on the ICF-US I scale, this being the threshold established in the scientific literature to demonstrate the correct usability of a product [39]. This phase of the evaluation process also specifies that the results obtained using the ICF-US II instrument must be analyzed.



Once the optimization cycle proposed will be completed, the possibility of incorporating new functionalities will be assessed, in which case the optimization process would be the same as the one described here. Otherwise, the next phase would involve assessing the safety of the use of the prototype with respect to the medical appointments and medication reminders provided.





2.4. Data Analysis


Data will be collected anonymously, and participants will receive all the information generated by the study. Quantitative data will be stored and analyzed in SPSS (SPSS Inc., Chicago, IL, USA), version 22. Qualitative data will be stored and categorized in the Dedalo Software Platform for Oral History and Intangible Cultural Heritage Management.



Qualitative data will be handled and analyzed following previously reported protocols [40]. Briefly, semi-structured interviews will be conducted by a team of three researchers. The audio of all interviews will be recorded, and field notes will be taken during the interviews. Transcripts of the audio recordings will be conducted, supported by the field notes, preserving the anonymity of the participants. The transcribed interviews will be analyzed with the qualitative data analysis software ATLAS.ti (Scientific Software Development GmbH, Berlin, Germany, version 7.5.7 for Windows). The empirical material will be analyzed using the constant comparison method, inductive analysis, and triangulation. The analysis shall meet all 31 of the criteria defined in the COREQ (Consolidated Criteria for Reporting Qualitative Research) checklist [41].





3. Discussion


The scientific literature has described a number of methodologies and tools to ensure the quality of usability of a service [27,42,43]. Evaluating the usability and user experience of a piece of technology is an essential step for it to have any significant degree of acceptance and meet its objectives [42]. This is even more important when considering older people because of the particular characteristics of this age group, which were identified as a major factor in the adoption of health-related technologies [44]. Many previous products similar to ours have not been widely accepted because they do not take these types of issues into account and are designed from a predominantly technical point of view [45]. It is, therefore, especially important to seek empirical evidence on how to improve the usability of different devices [46].



For this reason, it was decided to carry out this evaluation within the framework of a Living Lab, which will allow us to understand the needs and preferences of and technological challenges faced by end users by involving them in the development of the prototype [47], thus, facilitating its use in the long term [48]. Living Labs emphasize the iterative process of experimentation and learning by increasing the understanding of real-life problems [49]. The resulting design changes can, thus, reduce errors and enhance usability and user acceptance, so it is the technology that adapts to the user and not the user who has to adapt to the technology [38,50]. In our opinion, this method allows for a more realistic evaluation of the environmental and holistic factors affecting the user. As indicated by Bevan et al., the implementation of user-centered methods ensures that ‘real products can be used by real people to perform their tasks in the real world’ [51].



The semi-structured interview is a key research tool in the field of anthropology. Nevertheless, there is no literature consensus on the optimal degree of openness of the questions which comprise the semi-structured interview. While some authors argue that the interview should not follow any type of scheme [52]; others recommend including a list of themes and sub-themes [53]; yet others advocate the development of a script of topics, standard questions and thematic progression of interviews [54]. The present design advocates an intermediate position, maintaining an order for the set of thematic blocks while maintaining the openness of the individual questions depending on the context, with a focus on obtaining candid answers from the participant, supplemented by a final section inviting stories of concrete experiences. By conducting a qualitative evaluation of the device, the research tools and the sampling of participants must be in line with qualitative research methods. Thus, we believe that the final sample of 20 participants is the ideal sample size that will allow us to analyze the usability and acceptance of the product. As Sandelowski’s classic text points out [55]: “Determining adequate sample size in qualitative research is ultimately a matter of judgment and experience in evaluating the quality of the information collected against the uses to which it will be put”.



The usability study described above illustrates the importance of training multidisciplinary teams in the development of technological applications in clinical practice, in order to understand not only the technical aspects of a device, but also user perspectives. In this regard, the inclusion of end users in the development of the prototypes results in a more useful prototype that takes into account the needs and characteristics of the target population.



Limitations


The information stored in ACHO is updated via Bluetooth by means of an app. Therefore, the information must be entered into the app by an administrator. This means that ACHO is affected by similar limitations to any other tool that requires the digitalization of health systems; these primarily relate to confidentiality, data security, communication between systems, maintenance, and training of health personnel. Another limitation of our study may be the lack of use of technology by the elderly. Precisely for this reason, we tried to design a technological device that depends as little as possible on the use of smartphones by the end users, since older adults, especially in our area, report a very limited use of technology. Likewise, this evaluation also aims to find out to what extent this technological device is or is not accepted by the end users. In addition, we are aware of the limitations of following a mixed approach and working in an interdisciplinary setting. Although it does have obvious advantages, interdisciplinary work poses a challenge in terms of integrating diverse assessment tools and strategies that practitioners of individual disciplines are not always familiar with.





4. Conclusions


At the core of our design process is a multimethodological approach to evaluate the usability and user experience of a voice assistant by involving target users as co-creators in a Living Lab. This design process will allow us to increase usability as well as user satisfaction by including improvements that target users consider relevant, and by doing so, to create a product in which technology is adapted to the user.



In terms of future research directions, in the short term we are planning to add different voices to the assistant (e.g., relatives, doctors, nurses) to enhance the user experience, and in the medium term to customize the information provided by the assistant according to the context by collecting epidemiological data as well as other public health alerts relevant to the target user.







Author Contributions


Conceptualization, J.L.-P., D.C.-C., B.R.-J., I.B.-Y., C.A.C.-S. and L.M.-J.; Methodology, J.L.-P., D.C.-C., B.R.-J. and L.M.-J.; Resources, I.B.-Y., C.A.C.-S. and L.M.-J.; Writing—Original Draft Preparation, I.B.-Y. and C.A.C.-S.; Writing—Review and Editing, J.L.-P., D.C.-C., B.R.-J., I.B.-Y., C.A.C.-S. and L.M.-J.; Visualization, I.B.-Y., C.A.C.-S. and L.M.-J.; Supervision, C.A.C.-S. and L.M.-J.; Project Administration, L.M.-J.; Funding Acquisition, D.C.-C., B.R.-J. and L.M.-J. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by the 4IE+ project (0499_4IE_PLUS_4_E), funded by the Interreg V-A España-Portugal (POCTEP) 2014–2020 program. The funders were not involved in the design of the protocol and will not be involved in data collection, data analysis or in manuscript writing in the future.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Bioethics and Biosafety Committee of the University of Extremadura (Spain) (protocol code 143/2020; date of approval 13 October 2020).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study. Users will receive a letter of acknowledgement at the end of the study, including a comprehensible summary of the main findings. In addition, each user will receive a voice assistant equipped with the final design obtained. Study results will be submitted for publication in a peer-reviewed journal within 12 months of completing data collection.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Ulley, J.; Harrop, D.; Ali, A.; Alton, S.; Davis, S.F. Deprescribing interventions and their impact on medication adherence in community-dwelling older adults with polypharmacy: A systematic review. BMC Geriatr. 2019, 19, 15. [Google Scholar] [CrossRef]

	



WHO. Adherence to Long-Term Therapies: Evidence for Action; World Health Organization: Geneva, Switzerland, 2003. [Google Scholar]

	



Smith, D.; Lovell, J.; Weller, C.; Kennedy, B.; Winbolt, M.; Young, C.; Ibrahim, J. A systematic review of medication non-adherence in persons with dementia or cognitive impairment. PLoS ONE 2017, 12, e0170651. [Google Scholar] [CrossRef]

	



Haynes, R.B.; Ackloo, E.; Sahota, N.; McDonald, H.P.; Yao, X. Interventions for enhancing medication adherence. Cochrane Database Syst. Rev. 2008, CD000011. [Google Scholar] [CrossRef]

	



Hughes, C.M. Medication non-adherence in the elderly: How big is the problem? Drugs Aging 2004, 21, 793–811. [Google Scholar] [CrossRef]

	



da Costa, F.A.; Guerreiro, J.P.; de Melo, M.N.; Miranda, A.d.; Martins, A.P.; Garçāo, J.; Madureira, B. Effect of reminder cards on compliance with antihypertensive medication. Int. J. Pharm. Pract. 2005, 13, 205–211. [Google Scholar] [CrossRef]

	



Andrade, A.S.A.; McGruder, H.F.; Wu, A.W.; Celano, S.A.; Skolasky, R.L.; Selnes, O.A.; Huang, I.-C.; McArthur, J.C. A programmable prompting device improves adherence to highly active antiretroviral therapy in HIV-infected subjects with memory impairment. Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2005, 41, 875–882. [Google Scholar] [CrossRef]

	



Santschi, V.; Wuerzner, G.; Schneider, M.-P.; Bugnon, O.; Burnier, M. Clinical evaluation of IDAS II, a new electronic device enabling drug adherence monitoring. Eur. J. Clin. Pharmacol. 2007, 63, 1179–1184. [Google Scholar] [CrossRef] [PubMed]

	



Christensen, A.; Christrup, L.L.; Fabricius, P.E.; Chrostowska, M.; Wronka, M.; Narkiewicz, K.; Hansen, E.H. The impact of an electronic monitoring and reminder device on patient compliance with antihypertensive therapy: A randomized controlled trial. J. Hypertens. 2010, 28, 194–200. [Google Scholar] [CrossRef] [PubMed]

	



Teixeira, A.; Ferreira, F.; Almeida, N.; Silva, S.; Rosa, A.F.; Pereira, J.C.; Vieira, D. Design and development of Medication Assistant: Older adults centred design to go beyond simple medication reminders. Univers. Access Inf. Soc. 2017, 16, 545–560. [Google Scholar] [CrossRef]

	



Jesús-Azabal, M.; Rojo, J.; Moguel, E.; Flores-Martin, D.; Berrocal, J.; García-Alonso, J.; Murillo, J.M. Voice Assistant to Remind Pharmacologic Treatment in Elders. In Second International Workshop, Proceedings of the Gerontechnology, Cáceres, Spain, 4–5 September 2019; García-Alonso, J., Fonseca, C., Eds.; Springer International Publishing: Cham, Germany, 2020; pp. 123–133. [Google Scholar]

	



Chung, A.E.; Griffin, A.C.; Selezneva, D.; Gotz, D. Health and Fitness Apps for Hands-Free Voice-Activated Assistants: Content Analysis. JMIR mHealth uHealth 2018, 6, e174. [Google Scholar] [CrossRef] [PubMed]

	



Miner, A.S.; Milstein, A.; Schueller, S.; Hegde, R.; Mangurian, C.; Linos, E. Smartphone-Based Conversational Agents and Responses to Questions About Mental Health, Interpersonal Violence, and Physical Health. JAMA Intern. Med. 2016, 176, 619–625. [Google Scholar] [CrossRef]

	



Bickmore, T.W.; Trinh, H.; Olafsson, S.; O’Leary, T.K.; Asadi, R.; Rickles, N.M.; Cruz, R. Patient and Consumer Safety Risks When Using Conversational Assistants for Medical Information: An Observational Study of Siri, Alexa, and Google Assistant. J. Med. Internet Res. 2018, 20, e11510. [Google Scholar] [CrossRef]

	



Alagha, E.C.; Helbing, R.R. Evaluating the quality of voice assistants’ responses to consumer health questions about vaccines: An exploratory comparison of Alexa, Google Assistant and Siri. BMJ Health Care Inform. 2019, 26. [Google Scholar] [CrossRef]

	



Thilo, F.J.; Bilger, S.; Halfens, R.J.; Schols, J.M.; Hahn, S. Involvement of the end user: Exploration of older people’s needs and preferences for a wearable fall detection device—A qualitative descriptive study. Patient Prefer. Adherence 2016, 11, 11–22. [Google Scholar] [CrossRef]

	



Wildenbos, G.A.; Peute, L.; Jaspers, M. Aging barriers influencing mobile health usability for older adults: A literature based framework (MOLD-US). Int. J. Med. Inf. 2018, 114, 66–75. [Google Scholar] [CrossRef] [PubMed]

	



Patel, T.; Ivo, J.; Faisal, S.; McDougall, A.; Carducci, J.; Pritchard, S.; Chang, F. A Prospective Study of Usability and Workload of Electronic Medication Adherence Products by Older Adults, Caregivers, and Health Care Providers. J. Med. Internet Res. 2020, 22, e18073. [Google Scholar] [CrossRef] [PubMed]

	



Almirall, E.; Wareham, J. Living Labs: Arbiters of mid- and ground-level innovation. Technol. Anal. Strateg. Manag. 2011, 23, 87–102. [Google Scholar] [CrossRef]

	



Conde-Caballero, D.; Rivero-Jiménez, B.; Cipriano-Crespo, C.; Jesus-Azabal, M.; Garcia-Alonso, J.; Mariano-Juárez, L. Treatment Adherence in Chronic Conditions during Ageing: Uses, Functionalities, and Cultural Adaptation of the Assistant on Care and Health Offline (ACHO) in Rural Areas. J. Pers. Med. 2021, 11, 173. [Google Scholar] [CrossRef]

	



Thilo, F.J.S.; Hahn, S.; Halfens, R.J.G.; Schols, J.M.G.A. Usability of a wearable fall detection prototype from the perspective of older people-A real field testing approach. J. Clin. Nurs. 2019, 28, 310–320. [Google Scholar] [CrossRef]

	



Abbate, S.; Avvenuti, M.; Bonatesta, F.; Cola, G.; Corsini, P.; Vecchio, A. A smartphone-based fall detection system. Pervasive Mob. Comput. 2012, 8, 883–899. [Google Scholar] [CrossRef]

	



Pérez-Jover, V.; Mira, J.J.; Carratala-Munuera, C.; Gil-Guillen, V.F.; Basora, J.; López-Pineda, A.; Orozco-Beltrán, D. Inappropriate Use of Medication by Elderly, Polymedicated, or Multipathological Patients with Chronic Diseases. Int. J. Environ. Res. Public Health 2018, 15, 310. [Google Scholar] [CrossRef]

	



Flanagan, J.C. The critical incident technique. Psychol. Bull. 1954, 51, 327–358. [Google Scholar] [CrossRef]

	



Thomas, D.R. A General Inductive Approach for Analyzing Qualitative Evaluation Data. Am. J. Eval. 2006, 27, 237–246. [Google Scholar] [CrossRef]

	



Hammersley, M.; Atkinson, P. Ethnography: Principles in Practice; Routledge: New York, NY, USA, 2019; ISBN 978-1-138-50446-2. [Google Scholar]

	



Martins, A.; Queirós, A.; da Rocha, N.P. Usability evaluation of products and services: A systematic review. e-Society 2013, 299–306. [Google Scholar]

	



Ley, B.; Ogonowski, C.; Mu, M.; Hess, J.; Race, N.; Randall, D.; Rouncefield, M.; Wulf, V. At Home with Users: A Comparative View of Living Labs. Interact. Comput. 2015, 27, 21–35. [Google Scholar] [CrossRef]

	



Nielsen, J. Usability Engineering; Elsevier: Amsterdam, The Netherlands, 1994. [Google Scholar]

	



Martins, A.I.; Queirós, A.; Silva, A.G.; Rocha, N.P. ICF based Usability Scale: Evaluating usability according to the evaluators’ perspective about the users’ performance. In Proceedings of the DSAI 2016: 7th International Conference on Software Development and Technologies for Enhancing Accessibility and Fighting Info-Exclusion, Vila Real, Portugal, 1–3 December 2016; pp. 378–383. [Google Scholar]

	



Sauro, J. A Practical Guide to the System Usability Scale: Background, Benchmarks & Best Practices; Measuring Usability LLC: Denver, CO, USA, 2011. [Google Scholar]

	



Martins, A.I.; Rosa, A.F.; Queirós, A.; Silva, A.; Rocha, N.P. European Portuguese Validation of the System Usability Scale (SUS); Elsevier B.V.: Amsterdam, The Netherlands, 2015; Volume 67, pp. 293–300. [Google Scholar]

	



Martins, A.I.; Queirós, A.; Cerqueira, M.; Rocha, N.; Teixeira, A. The International Classification of Functioning, Disability and Health as a Conceptual Model for the Evaluation of Environmental Factors; Elsevier B.V.: Amsterdam, The Netherlands, 2012; Volume 14, pp. 293–300. [Google Scholar]

	



Dahl, T.H. International classification of functioning, disability and health: An introduction and discussion of its potential impact on rehabilitation services and research. J. Rehabil. Med. 2002, 34, 201–204. [Google Scholar] [CrossRef] [PubMed]

	



Jegundo, A.L.; Dantas, C.; Quintas, J.; Dutra, J.; Almeida, A.L.; Caravau, H.; Rosa, A.F.; Martins, A.I.; Queirós, A.; Rocha, N.P. Usability Evaluation of a Virtual Assistive Companion; Springer: Berlin, Germany, 2019; pp. 706–715. [Google Scholar]

	



Brooke, J. SUS-A quick and dirty usability scale. Usability Eval. Ind. 1996, 189, 4–7. [Google Scholar]

	



Kalimullah, K.; Sushmitha, D. Influence of Design Elements in Mobile Applications on User Experience of Elderly People. Procedia Comput. Sci. 2017, 113, 352–359. [Google Scholar] [CrossRef]

	



Holden, R.J.; Campbell, N.L.; Abebe, E.; Clark, D.O.; Ferguson, D.; Bodke, K.; Boustani, M.A.; Callahan, C.M. Brain Health Patient Safety Laboratory Usability and feasibility of consumer-facing technology to reduce unsafe medication use by older adults. Res. Soc. Adm. Pharm. RSAP 2020, 16, 54–61. [Google Scholar] [CrossRef]

	



Martins, A.I.; Queirós, A.; Rocha, N.P. Validation of a usability assessment instrument according to the evaluators’ perspective about the users’ performance. Univers. Access Inf. Soc. 2020, 19, 515–525. [Google Scholar] [CrossRef]

	



Rivero-Jiménez, B.; Conde-Caballero, D.; Mariano-Juárez, L. Health and Nutritional Beliefs and Practices among Rural Elderly Population: An Ethnographic Study in Western Spain. Int. J. Environ. Res. Public Health 2020, 17, 5923. [Google Scholar] [CrossRef] [PubMed]

	



Tong, A.; Sainsbury, P.; Craig, J. Consolidated criteria for reporting qualitative research (COREQ): A 32-item checklist for interviews and focus groups. Int. J. Qual. Health Care 2007, 19, 349–357. [Google Scholar] [CrossRef] [PubMed]

	



Martins, A.I.; Queirós, A.; Rocha, N.P.; Santos, B.S. Avaliação de usabilidade: Uma revisão sistemática da literatura. Rev. Ibérica Sist. Tecnol. Inf. 2013, 11, 31–43. [Google Scholar] [CrossRef]

	



Best, M.L.; Smyth, T.N. Global/local usability: Locally contextualized usability in the global south. In Global Usability; Springer: Berlin, Germany, 2011; pp. 9–22. [Google Scholar]

	



Schulz, R.; Wahl, H.-W.; Matthews, J.T.; De Vito Dabbs, A.; Beach, S.R.; Czaja, S.J. Advancing the Aging and Technology Agenda in Gerontology. Gerontologist 2015, 55, 724–734. [Google Scholar] [CrossRef] [PubMed]

	



Bevan, N.; Claridge, N.; Petrie, H. Tenuta: Simplified Guidance for Usability and Accessibility; Springer: Berlin, Germany, 2005. [Google Scholar]

	



Hanington, B.; Martin, B. Universal Methods of Design: 100 Ways to Research Complex Problems, Develop Innovative Ideas, and Design Effective Solutions; Rockport Publishers: Beverly, MA, USA, 2012. [Google Scholar]

	



Dekker, R.; Franco Contreras, J.; Meijer, A. The living lab as a methodology for public administration research: A systematic literature review of its applications in the social sciences. Int. J. Public Adm. 2019, 43, 1207–1217. [Google Scholar] [CrossRef]

	



Shah, S.G.S.; Robinson, I. Benefits of and barriers to involving users in medical device technology development and evaluation. Int. J. Technol. Assess. Health Care 2007, 23, 131–137. [Google Scholar] [CrossRef] [PubMed]

	



Korman, M.; Weiss, P.L.; Kizony, R. Living Labs: Overview of ecological approaches for health promotion and rehabilitation. Disabil. Rehabil. 2016, 38, 613–619. [Google Scholar] [CrossRef]

	



Valdez, R.S.; Holden, R.J.; Novak, L.L.; Veinot, T.C. Transforming consumer health informatics through a patient work framework: Connecting patients to context. J. Am. Med. Inform. Assoc. JAMIA 2015, 22, 2–10. [Google Scholar] [CrossRef]

	



Bevan, N. European usability support centres: Support for a more usable information society. In European Telematics: Advancing the Information Society, Proceedings of the TAP Annual Concertation Meeting, Barcelona, Spain, 4–7 February 1998; Office for Official: Luxembourg, 1998. [Google Scholar]

	



Fraser, R. La formación de un entrevistador. Hist. Fuente Oral 1990, 3, 129–150. [Google Scholar]

	



Shopes, L. Diseño de proyectos de historia oral y formas de entrevistar. Hist. Antropol. Fuentes Orales 2001, 25, 133–141. [Google Scholar]

	



Hammer, D. La Entrevista Semi-Estructurada de Final Abierto: Aproximación a una guia operativa. Hist. Antropol. Fuentes Orales 1990, 4, 23–61. [Google Scholar]

	



Sandelowski, M. Sample size in qualitative research. Res. Nurs. Health 1995, 18, 179–183. [Google Scholar] [CrossRef]








[image: Ijerph 18 07904 g001 550] 





Figure 1. A selection of screenshots from the app. The application allows information on multiple patients to be stored (left panel). It includes a calendar (central panel) where the date, time, location and description of the next medical appointment can be specified. The pharmacological reminder function (right panel) allows the health professional to specify the name of the medicine, a brief personalized description of it, the days on which it is to be taken, and at which times. The application includes a synchronization button for the encrypted transmission of the data to the voice assistant via Bluetooth. 
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Figure 2. Scheme of the phases for usability evaluation of ACHO. The diagram shows the users involved and estimated duration for each phase, along with the tools that will be used to measure usability and evaluate user experience. The transition from one phase to the next will be controlled by multi-method optimization cycles. 
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Table 1. Questions used as a reference to guide the ad hoc semi-structured interviews.
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	Thematic Areas/Theoretical Questions
	Sample Questions (Flexible Examples)





	General evaluation. Level of satisfaction with usability
	Tell me what you thought of ACHO. Tell me about these days with ACHO. What did you like most and least?



	Learning experiences
	What has it been like starting a relationship with ACHO? Tell me about the first days



	Achieving the expected results
	Could you tell me if it has helped you? Can you give me examples? Did you expect it to be like this or different in any way?



	Assessment of interaction/communication
	What has it been like talking to ACHO? How did you start? What would you say about this kind of communication?



	About the voice
	What do you think of the voice? Would you prefer a different one?



	About reminders
	What did you think of the number of reminders? Too few, too many?



	About the context
	Where did you place ACHO? Why?



	Problems
	Could you tell me about anything that did not work as intended?



	Improvements
	What would you ask ACHO to do that it does not do now?
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