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Introduction: Incorporating technology in cognitive interventions represents an innovation, making them more accessible, flexible, and cost-effective. This will not be feasible without adequate user-technology fit. Bearing in mind the importance of developing cognitive interventions whose technology is appropriate for elderly people with cognitive impairment, the objective of this systematic review was to find evidence about usability and user experience (UX) measurements and features of stimulation, training, and cognitive rehabilitation technologies for older adults with mild cognitive impairment (MCI) or dementia.

Method: The Medline, PubMed, Scopus, ScienceDirect, and PsycINFO databases were searched for literature published in the last 10 years (2009–2019), and three researchers independently reviewed potentially eligible studies, following specific inclusion criteria. A systematic review of the studies was conducted, presenting a qualitative synthesis of usability and UX measures with their outcomes, study characteristics and features of the cognitive intervention technologies.

Results: Ten studies were selected: five were cognitive stimulation and five were cognitive training. Most of them (60%) were computer-based programs with a serious game format. Efficiency and effectiveness were the most frequent measurements used for collecting objective usability data, showing that elderly people with cognitive impairment require more time (45%) and help (40%) but can complete tasks (60%). Regarding UX or subjective usability data, questionnaires and scales were the most used methods, reporting positive experience despite certain difficulties with the interface in five studies.

Conclusion: Measuring usability and UX in cognitive intervention technologies for older adults with MCI or dementia provides an integrated view that can contribute to their development according to the needs and characteristics of the target population. More research is required to include this population group in usability and UX studies, as well as standardized tools and consensus on the relationship of these terms to guarantee the future effectiveness of cognitive intervention technologies.

Review registration: This review was registered in the PROSPERO (CRD42020158147) International Register of Systematic Review Protocols.
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INTRODUCTION

It is currently estimated that every 3 s someone develops dementia, and the annual cost of dementia care is estimated at US $ 1 billion, a quantity that will double by 2030 (Alzheimer’s Disease International, 2019). Mild cognitive impairment (MCI) is often a transitional stage from normal aging’s cognitive decline to dementia, in which the functional abilities of daily life are not preserved (Petersen et al., 2014). As expected, studies have shown that people who undergo normal aging processes display better cognitive performance compared to elderly people with MCI and those with dementia, the latter group having the greatest difficulties (Lavrencic et al., 2019).

Cognition-based interventions are increasingly considered as an important complement and even an alternative to pharmacological treatments for people with dementia (Bahar-Fuchs et al., 2013). In the MCI population, cognitive interventions have been effective in optimizing cognitive functioning, reducing cognitive impairment and delaying the onset of dementia (Faucounau et al., 2010). There are three main approaches to cognition-focused interventions (Bahar-Fuchs et al., 2013): cognitive stimulation (CS), cognitive training (CT), and cognitive rehabilitation (CR).

Cognitive stimulation is usually used in groups for older adults with cognitive impairment, including a variety of activities to keep cognitive functions active in a general and entertaining way (Woods et al., 2012). It can also be used with healthy elderly individuals (HE) to prevent cognitive decline (Rosell, 2018). CT consists of guided standardized exercises to improve performance in certain cognitive functions (Kallio et al., 2017). It can be used in elderly with or without cognitive impairment (Ledreux et al., 2019), wither individually or in groups (Oltra-Cucarella et al., 2018). CR is an individualized approach aimed at improving the functionality in daily living of older adults with cognitive impairment, thus helping to reduce caregiver burden (Oltra-Cucarella et al., 2018; Germain et al., 2019).

Computer-based cognitive interventions have the advantage of being more accessible to the public at large, and are also flexible, self-administered and cost effective (Faucounau et al., 2010; Toribio-Guzmán et al., 2018). In addition, technology allows cognitive exercises to be presented in new and engaging ways (Kueider et al., 2012). For example, video games have moving images, sounds, and feedback that make them more attractive and rewarding than printed materials (Toril et al., 2014). Some authors use the term serious games for tools aimed at specific purposes, such as cognitive games designed to improve cognitive functions rather than for entertainment alone (Robert et al., 2014).

However, good user-technology fit is essential to prevent technology from being ignored or misused (Meiland et al., 2017). Hence, it is important that technologies have a human-centered design, taking users and usability into account in their development (International Organization for Standardization [ISO], 2019a). Usability is the degree to which a product, service or system can be used with effectiveness, efficiency and satisfaction by certain users in a specific context to achieve an objective (International Organization for Standardization [ISO], 2019b).

Different usability testing methods are available and can be used during all phases of a product’s development to ensure that its design can meet high-quality standards, identifying problems and correcting them for easy, efficient and effective user-system interaction (Toribio-Guzmán et al., 2017). Furthermore, usability also assesses satisfaction, which, in turn, involves user experience (UX) (International Organization for Standardization [ISO], 2019a). UX consists of the perceptions, emotions, beliefs, preferences and behaviors of the users that happen before, during and after the utilization of a product, service or system (International Organization for Standardization [ISO], 2019b). UX focuses on subjective, temporal, situated and holistic attributes, and on design and user interaction (Bargas-Avila and Hornbæk, 2011; Roto et al., 2011).

Nevertheless, usability issues in cognitive intervention technologies for people with dementia are scarcely mentioned in research (Meiland et al., 2017). Moreover, there are studies that do not provide an integrated understanding of UX in association with technological devices (Megges et al., 2018), and one study reported that few technology systems are specifically designed to approach the cognitive limitations that affect older adults with cognitive impairment (Wargnier et al., 2018). In a population sector that is already subject to the frustration and lack of confidence that is associated with the limitations of their condition, the impact of unsuitable technological designs can add to such negative feelings (Smeenk et al., 2018).

Technologies aimed at people with cognitive impairment have to take into account their needs, preferences, abilities and limitations, since lack of awareness of their particularities not only affects them, but also their families and society at large, involving a costly burden for the community (Czaja et al., 2019). Given the importance of developing cognitive interventions whose technology is acceptable, usable and relevant to the elderly population with cognitive impairment, the objective of this systematic review was to obtain evidence about usability and UX measures and features of stimulation, training, and cognitive rehabilitation technologies for older adults with MCI or dementia.



MATERIALS AND METHODS


Materials

This systematic review focused on usability and UX studies that address stimulation, training, and cognitive rehabilitation technologies for older adults with MCI or dementia, seeking evidence regarding such cognitive intervention technologies’ usability and UX measures and characteristics.

The PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) guidelines were followed to ensure the review’s transparency and clarity (Liberati et al., 2009). Accordingly, the analysis and presentation of quality evidence-based information allows it to be adequately conveyed to those interested in mental health support technological programs, whose fast and growing development means that not all of them include the characteristics that would be desirable or achieve suitable goals (Baumel, 2016; Baumel et al., 2017).

This review was registered in the PROSPERO (CRD42020158147)1 International Register of Systematic Review Protocols, whose purpose is also to increase transparency in systematic reviews, avoiding duplication and minimizing bias (Schiavo, 2019).



Procedure

The PROSPERO website was searched for previous systematic reviews on the topic and none were found, which validated the purpose of this review. The Medline, PubMed, Scopus, ScienceDirect, and PsycINFO databases were searched in August and September 2019 using certain combinations of keywords to delimit the search (Table 1).


TABLE 1. Keywords combination.
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ScienceDirect did not support the truncation symbol, so the term technology was used instead of tech∗. In all the databases, results were limited to the last 10 years (2009 – 2019) and to being written in English or Spanish. The search results were exported to the EndNote citation manager. A total of 552 studies were obtained, of which 305 remained after the removal of duplicates. The titles and/or abstracts of these studies were read, and the following criteria were used to find potentially eligible articles:

Inclusion criteria:


• People aged 60 and over with MCI (all subtypes) or with one of the following types of dementia: Alzheimer, frontotemporal dementia, vascular dementia

• Any type of technology mainly or partly aimed at stimulation, training or cognitive rehabilitation

• Stimulation, training, or cognitive rehabilitation technologies where measurements or characteristics of usability and/or user experience are provided

• Journal articles with descriptive, explanatory, experimental or analytical studies as well as clinical trials and pilot studies



Exclusion criteria:


• Older adults with other types of dementia or clinical conditions (Lewy Body, Pick’s disease, Creutzfeldt-Jakob disease, alcohol-related dementia, AIDS dementia complex, Huntington’s disease, Parkinson’s disease, Down syndrome, brain injury) or healthy older adults

• Programs where the use of technology was not intended for therapeutic purposes of stimulation, training or cognitive rehabilitation

• Stimulation, training or cognitive rehabilitation technologies with no description regarding usability or user experience

• Systematic/literature reviews, meta-analyses, editorials, newspapers, magazines, book chapters, and conference papers



This narrowed the selection down to six articles. In order to find more potentially eligible studies, a manual Google Scholar search was conducted based on the terms ‘usability technology cognitive stimulation training rehabilitation dementia MCI.’ In addition, the reference lists of all the selected studies were screened to ensure that no possible articles were left out. These two steps broadened the sample to 13 articles, whose full-text versions were examined to verify whether they were appropriate for inclusion. Three researchers conducted this process independently, subsequently comparing their results to achieve a consensus on which studies to include or exclude. Finally, a total of 10 articles were included. This search and selection process is summarized in Figure 1.
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FIGURE 1. Search procedure and studies selection.


Of the 10 included studies, that by Kyriazakos et al. (2017) addressed the target population and another sample that did not meet the inclusion criteria, but it was not excluded because the results obtained for the target population were presented separately.



Data Extraction

The measures and features to be extracted and analyzed were chosen according to the main characteristics of usability; namely, effectiveness, efficiency and satisfaction (considering the latter as part of UX), as defined in International Organization for Standardization [ISO] (2019b):


• Effectiveness: accuracy and completeness with which users achieve specific goals

• Efficiency: resources used in relation to the results achieved, such as time, effort, materials and costs

• User experience: perceptions, emotions, beliefs, preferences, comfort, accomplishments, responses and behaviors that happen before, during and after use, as well as the extent to which the user’s needs and expectations are met (satisfaction)



Considering the ongoing scientific debate about the overlap between usability and UX, this study approaches UX as an extension of usability, since UX focuses on assessing subjective aspects such as satisfaction (Sauer et al., 2020).

It should be noted that no articles were excluded from this data collection. The analysis was conducted based on the number and type of studies, participants’ socio-demographic characteristics, types of cognitive interventions and technology used, measures and features of usability and UX and their main results.



Data Analysis

Due to the different usability and UX measures, as well as the variety of methodologies used in the studies, a qualitative synthesis of the results was performed following the Cochrane guidelines for data synthesis and analysis (Ryan, 2013). Firstly, study characteristics such as design and participants are presented. Then, features such as type, format, software, and hardware of cognitive intervention technologies are reported. Finally, a description is given about the usability and UX measures found in the studies and their outcomes.



RESULTS


Characteristics of the Studies

The search yielded 552 studies, narrowed down to six potential articles after the removal of duplicates and the screening of titles and abstracts according to the inclusion and exclusion criteria. Also based on these criteria, a manual search led to the addition of seven more potential studies. The full-text version of these 13 articles was read, and, finally, 10 articles were included for analysis (Figure 1).

The selected papers were eight pilot studies (González-Abraldes et al., 2010; Boulay et al., 2011; González-Palau et al., 2013; Manera et al., 2015; Djabelkhir et al., 2017; Garcia-Sanjuan et al., 2017; Kyriazakos et al., 2017; Tziraki et al., 2017) and two clinical trials (Haesner et al., 2015; Ben-Sadoun et al., 2016). Most of them had been conducted in Europe and the number of subjects that made up their samples ranged from 7 to 180, most of them women aged 60–90 with MCI or dementia (some with mild dementia and others with Alzheimer’s disease), as well as HE (Tables 2, 3).


TABLE 2. Participant’s sociodemographic characteristics.

[image: Table 2]

TABLE 3. Methodological and descriptive characteristics of the studies.
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The length of the interventions varied between a single session and 3 months. Sessions were given 1–3 times per week, and each of them lasted between 10 and 90 min. At the beginning, eight of the studies included a trial period for older adults to adapt to the tool (González-Abraldes et al., 2010; Boulay et al., 2011; Haesner et al., 2015; Manera et al., 2015; Ben-Sadoun et al., 2016; Djabelkhir et al., 2017; Garcia-Sanjuan et al., 2017; Kyriazakos et al., 2017) that ranged between 1 session and 2 weeks (Table 3).

There were dropouts reported in six of the studies (Boulay et al., 2011; González-Palau et al., 2013; Manera et al., 2015; Djabelkhir et al., 2017; Garcia-Sanjuan et al., 2017; Tziraki et al., 2017), with rates ranging from 4.8 to 31.6%. The most frequent reasons for withdrawal were medical problems (50%), followed by reluctance to continue after the first contact with the technological tool (19.5%), family problems as well as refused to try (11.1% respectively) and, lastly, because they considered the exercise easy or uninteresting (8.3%) (Table 3).



Features of Cognitive Intervention Technologies

Regarding the type of cognitive intervention, five were CS technologies: X-Torp (Ben-Sadoun et al., 2016), MINWii (Boulay et al., 2011), Computer Cognitive Stimulation (CCS) (Djabelkhir et al., 2017), Telecognitio (González-Abraldes et al., 2010) and Serious Game (Tziraki et al., 2017); and another five were aimed at CT: Tangibot (Garcia-Sanjuan et al., 2017), Long Lasting Memories (LLM) (González-Palau et al., 2013), eWALL (Kyriazakos et al., 2017), Kitchen and Cooking (Manera et al., 2015), and Web-based CT platform (Haesner et al., 2015). This last study and two others (González-Abraldes et al., 2010; Djabelkhir et al., 2017) were different from the rest because they used technology that already existed to gather information or develop their own. On the other hand, none of the studies included technology aimed at CR (Table 3).

In four of the studies the cognitive intervention technologies found consisted of cognitive exercises (González-Abraldes et al., 2010; González-Palau et al., 2013; Haesner et al., 2015; Djabelkhir et al., 2017) and six studies were based on serious games (Boulay et al., 2011; Manera et al., 2015; Ben-Sadoun et al., 2016; Garcia-Sanjuan et al., 2017; Kyriazakos et al., 2017; Tziraki et al., 2017). It should be noted that the games or video games whose purpose was linked to cognitive intervention rather than entertainment were serious games (Robert et al., 2014). On the other hand, several were programs with other functions such as physical training, social interaction, music therapy and assisted environments (Table 3).

The most commonly used hardware for cognitive interventions was the personal computer (60%), followed by the Tablet (40%), touch screens or screens (30%, respectively), gamepad/joystick, sensor or smartphone (20%, respectively). The least used were robots, mouse and headphones (10%, respectively). The described characteristics of the software and hardware were those strictly used and mentioned in the cognitive area of the studies found (Table 4).


TABLE 4. Hardware and software of the studies’ cognitive interventions.
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Measures of Usability and UX in Cognitive Intervention Technologies

To facilitate understanding and comparison of the measures found, they were divided into usability and UX, considering UX as an extension of usability that focuses on subjective data. The measures are shown in Table 5.


TABLE 5. Usability and UX measures and results of studies in cognitive intervention.
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Usability was measured using five main tools: number of completed tasks, number of errors or failed actions, time to complete tasks, number of unnecessary actions, and number of interventions made by the moderator. The first two corresponded to effectiveness, while the last three belonged to efficiency. On the other hand, six tools for UX measurement were found: questionnaires and scales, verbalizations and behaviors, attendance rates, interviews, time spent doing the activity and number of tasks completed. Only one study (González-Abraldes et al., 2010) used a single tool, while the other nine studies (Boulay et al., 2011; González-Palau et al., 2013; Haesner et al., 2015; Manera et al., 2015; Ben-Sadoun et al., 2016; Djabelkhir et al., 2017; Garcia-Sanjuan et al., 2017; Kyriazakos et al., 2017; Tziraki et al., 2017) used a combination of them.

Specifically, in terms of effectiveness, the most commonly used measure was the number of tasks completed by participants, found in four studies (Manera et al., 2015; Ben-Sadoun et al., 2016; Garcia-Sanjuan et al., 2017; Tziraki et al., 2017), followed by the number of errors, in two studies (Boulay et al., 2011; Garcia-Sanjuan et al., 2017). Regarding efficiency, the most frequent measure was the time it took to complete tasks, which appeared in four studies (Boulay et al., 2011; Ben-Sadoun et al., 2016; Garcia-Sanjuan et al., 2017; Tziraki et al., 2017), followed by moderator interventions, in 3 studies (Boulay et al., 2011; González-Palau et al., 2013; Garcia-Sanjuan et al., 2017) and the number of unnecessary actions in only 1 (Garcia-Sanjuan et al., 2017).

The measures mentioned above correspond to objective usability data collection. However, because usability also involves measuring the UX parameter of satisfaction, which involves collecting subjective data (Sauer et al., 2020), the following UX measures were considered in this review: participants’ verbalizations and behaviors, which appeared in three studies (Boulay et al., 2011; Garcia-Sanjuan et al., 2017; Tziraki et al., 2017), and interviews, also found in three studies (Haesner et al., 2015; Djabelkhir et al., 2017; Garcia-Sanjuan et al., 2017). These were followed by time participants spent on doing the tasks when there was no time limit, which was addressed in two studies (Manera et al., 2015; Ben-Sadoun et al., 2016); attendance rates, considered in one (Djabelkhir et al., 2017); and number of tasks that participants performed when free do as many as they wanted (regardless of whether they were poorly or well executed), also found in only one (Manera et al., 2015).

Questionnaires and scales were the most widely used tools for UX, appearing in eight studies (González-Abraldes et al., 2010; Boulay et al., 2011; González-Palau et al., 2013; Haesner et al., 2015; Manera et al., 2015; Ben-Sadoun et al., 2016; Djabelkhir et al., 2017; Kyriazakos et al., 2017). The standardized tools found were: Technology Acceptance Model (TAM), Positive Affect Negative Affect Scale (PANAS), User Experience Questionnaire (UEQ), Piper Fatigue Scale (PFS) and Technology Commitment Questionnaire. The non-standardized tools that were used tended to be Likert-type scales of satisfaction, motivation, affectivity, sustainability, interest, ease of use and learning.

The most used in UX were satisfaction scales, found in three studies (Boulay et al., 2011; González-Palau et al., 2013; Manera et al., 2015), followed by TAM (Ben-Sadoun et al., 2016; Kyriazakos et al., 2017), PANAS (Manera et al., 2015; Ben-Sadoun et al., 2016), and Motivation Scale (Manera et al., 2015; Djabelkhir et al., 2017) in two studies, respectively. Finally, UEQ (Kyriazakos et al., 2017), PFS (Manera et al., 2015), Technology Commitment Questionnaire (Haesner et al., 2015), Affective Scale (González-Palau et al., 2013), Sustainability Scale (González-Palau et al., 2013), Ease of Use and Learn Scale (González-Palau et al., 2013), Interest Scale (Manera et al., 2015), and an ad hoc questionnaire (González-Abraldes et al., 2010) were registered in one study, respectively.

Of the 10 studies, 6 measured both usability (effectiveness and efficiency) and UX (Boulay et al., 2011; González-Palau et al., 2013; Manera et al., 2015; Ben-Sadoun et al., 2016; Garcia-Sanjuan et al., 2017; Tziraki et al., 2017), while four focused on UX (González-Abraldes et al., 2010; Haesner et al., 2015; Djabelkhir et al., 2017; Kyriazakos et al., 2017), as can be seen in Figure 2.
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FIGURE 2. Number of effectiveness, efficiency, and UX measures used in the studies.




Outcomes of Usability and UX Measures in Cognitive Intervention Technologies

The measurements found in the studies collected both objective and subjective data, so it is important and interesting to observe the differences or similarities in the results obtained from usability and UX measures. These results are summarized in Table 5.


Cognitive Stimulation Technologies

Djabelkhir et al. (2017) presented a CCS program that consisted of cognitive exercises and social interaction, as well as a Computerized Cognitive Engagement (CCE) system that involved training to use a tablet-PC and social interaction. Only UX measures were taken, obtaining similar positive results in both groups of older adults with MCI: everyone attended every session and high levels of motivation were reported before and after the interventions. The main motivations were to resist the onset of Alzheimer’s disease and to cope with loneliness. In addition, participants generally found the group sessions engaging and stimulating and expressed a desire to continue on a regular basis.

In the study by González-Abraldes et al. (2010), CS was also performed through cognitive exercises. They introduced two computerized apps for older adults with MCI. The differences were that app A had visual and audio statements, pictures, limited response time and a touch screen; while app B had audio statements, real pictures, no fixed response time, different levels of difficulty and a mouse. Only UX was measured. Both groups reported difficulties in using the exit icon and in remembering the questions to answer them, although those who used app A found more difficulty in both aspects (50 and 100%, respectively). In addition, the app A group reported difficulties associated with the pause icon and stated that there was “very little” time to answer (62.5% respectively). Finally, participants defined the use of the devices as complex: 62.5% of the participants in app A considered that they had to press the touch screen for too long or that it was inaccurate, while 62.5% of the subjects in app B found it difficult to use the mouse.

Tziraki et al. (2017) engaged in CS via serious games for older adults with dementia and HE. Usability results were positive and, although it took people with dementia longer to complete the tasks, they were able to complete 61% of them and their performance improved with listening cues. Positive results were also obtained in UX for people with dementia, who reported that the games were fun and engaging, listening cues contributing to the latter. In addition, they interacted and spoke to the tablet showing an increase in their self-efficacy, remembering easy and difficult components and developing learning techniques. However, HE found the tool too easy and hardly engaging.

According to the results of X-Torp (Ben-Sadoun et al., 2016), a serious game format with cognitive and physical training, people with Alzheimer’s disease and MCI completed fewer tasks and spent more time on them as compared to HE. UX results were consistent with those of usability, as adults with cognitive impairment reported more difficulties (although the results were not significant) and feelings of lack of competence (which increased for everyone). In general, the groups accepted the tool in terms of interest and positive emotions with the difference that people with Alzheimer’s disease showed more interest, while HE presented more positive emotions. Furthermore, there was no difference in the time spent by these groups on X-Torp.

As for MINWii (Boulay et al., 2011), which provided CS through a video game and music therapy, all the subjects with Alzheimer’s disease held the joystick correctly, 57.1% of them made fewer mistakes and 85.7% took less time to complete the tasks. Few physical and verbal moderator interventions were required. This positive degree of usability was consistent with UX, because participants were generally very satisfied and expressed their desire to continue using it.



Cognitive Training Technologies

In LLM (González-Palau et al., 2013), CT was performed via cognitive exercises to be completed by older adults with cognitive impairment (MCI and dementia) and HE. It also included a physical training function. In terms of usability, subjects with cognitive impairment were found to need more moderator explanations than HE. The perception of some people with dementia coincided with this fact in their UX, as 40% of them found it harder to use without help. However, 60.1% of participants found it easy to learn in general. In addition, the fact that 79.0% of the participants had fun and felt satisfied proved high acceptability of this tool: 73.0% reported that it met their expectations, 66.9% felt confident using technologies, and 83.7% found it beneficial for their health. There were also positive results in sustainability, as 78.1% thought it would be worth paying for it, 84% expressed a desire to continue using it and 96.1% would recommend LLM.

Haesner et al. (2015) used existing CT platforms and social media with older adults with MCI and HE to gather information about their preferences to develop their own web-based CT platform with cognitive exercises. Only UX measurements were taken. Both groups agreed that they would like to use it regularly for cognitive health, repeat the exercises as often as they wished, have a variety of playful exercises, have a preliminary and subsequent progress tests, have no potential distractions (such as loud noises, bright colors or too many animations), have a cognitive self-educational supplement, have background information about other users, have personal data handled confidentially and have the platform run by a trusted institution (church, government, or medical services). On the other hand, the differences between the groups were that HE preferred messages or emails, while MCI subjects preferred audio-video communication, although not with strangers. Likewise, the MCI group expressed a preference for sessions outside a classroom environment and adapted levels of difficulty and would like to receive personal feedback. However, HE showed more engagement with technology than older adults with MCI (44.8/60 and 35.5/60, respectively).

The CT serious game program called Kitchen and Cooking (Manera et al., 2015), was used with older people with MCI and Alzheimer’s disease obtaining positive usability results, since 70% of the tasks were successfully completed. UX results were also positive, because the participants were generally interested, did not get very tired, played freely for an average of 3 h 48 min and performed 85% of the scenarios at home. In addition, they were motivated (intrinsic motivation being higher than extrinsic), felt more positive emotions than negative ones and were highly satisfied (people with Alzheimer disease showed more satisfaction than those with MCI).

The eWALL platform (Kyriazakos et al., 2017) provides CT in video game format and also includes home assisted environment functions. Only UX was measured, the results showing that MCI participants preferred cognitive exercise, activity and sleep apps. Finally, in another study (Garcia-Sanjuan et al., 2017), older adults with MCI, severe cognitive impairment and HE received CT in game format through the Tangibot robot. Usability measures showed that subjects with severe cognitive impairment had more difficulties, completed fewer tasks, made more mistakes and needed more help from the moderator. However, the time they spent on completing the tasks was similar to that spent by people with MCI, and 57.5% of the participants needed help. On the other hand, HE performed fewer unnecessary actions, took less time to complete the tasks, and completed more tasks than older adults with MCI. Regarding the latter, the difference was not significant, and neither was the fact that they made more mistakes than individuals with MCI. Overall UX results were positive: 62.5% expressed enjoyment and 80% liked it, although HE showed it more than individuals with cognitive impairment.



DISCUSSION

This systematic review presents current measures and characteristics of usability and UX in the field of CS, CT and CR technologies for older adults with MCI or dementia. This is relevant because of the importance of developing cognitive intervention systems in a digital age where technology is required to cater for the needs and particularities of this population group. A total of 10 studies were selected: five aimed at CS and five at CT. Most of them used a serious game format (n = 6), while the others consisted of cognitive exercises. The prevalence of the serious game format is consistent with other studies that support it as an increasingly popular alternative for the treatment of cognitive impairment because of its contribution to user motivation (Johnson et al., 2016; Manera et al., 2017). In addition, most were fundamentally computer-based programs (n = 6), which is also consistent with other studies where this hardware is found to facilitate older adults’ interaction with technology (Góngora Alonso et al., 2019).

Given the ongoing debate on the relationship between usability and UX as broad terms that can overlap, this review took the position of considering UX (which focuses on the subjective area) as an extension of usability (which also evaluates objective items) (Tractinsky, 2018; Sauer et al., 2020). This allowed a consistent categorization in the different studies found where each had its own position. Both usability and UX were measured in 6 of the studies, while the other four focused on UX.

Effectiveness and efficiency appeared in the studies among the measurement of objective aspects of usability. Effectiveness consisted of counting the number of tasks that were completed by the participants (n = 4) and the number of mistakes (n = 2). According to Georgsson and Staggers (2016), these are the most commonly used effectiveness measures to provide information on how easy or difficult it was for subjects to solve them and of the obstacles that hindered their progress. However, apart from knowing whether the individual managed to complete the task, the resources he/she used are also important (International Organization for Standardization [ISO], 2019b), which is where efficiency comes into play. In the studies found, efficiency involved the time spent by participants on completing the tasks (n = 4), the number of unnecessary actions (n = 1) and moderator assistance (n = 3). These measures are consistent with other investigations (Landman et al., 2014; Bevan and Carter, 2016) where time spent on task completion is commonly used (Georgsson and Staggers, 2016).

Regarding UX, which allows the measurement of subjective aspects of usability, almost all the studies found used questionnaires and scales (n = 8). According to Albert and Tullis (2013), these self-reporting data collection tools provide the most relevant information about users’ perceptions: if they report positive feelings or reactions about a technology, then they are likely to use it or reuse it. Some of the scales and questionnaires in the review were already standardized (e.g., TAM, PANAS, UEQ). Carvajal et al. (2011) emphasizes the use of standardized tools as a means of ensuring measuring quality, since they are valid, reliable, precise and feasible. The standardized and non-standardized questionnaires/scales found were not only about satisfaction, but encompassed other dimensions such as acceptability, which according to Borsci et al. (2020) is related, as well as other elements that are considered to be part of UX such as motivation, affectivity, perceptions and sustainability (Kramer, 2012; Lallemand et al., 2015).

The other tools found to measure UX consisted of observing participants’ behavior while they interacted with the cognitive intervention technologies and conducting interviews. According to Hartson (2019), both are necessary, because they are a way of gathering information about what subjects express in their verbal and non-verbal behavior, as well as what they report. In addition, other measures of UX found were time spent and number of tasks that participants performed freely at home as often as they wanted, alongside attendance rates when tasks were performed at a center. These indicators of how often a program is used are linked to UX and are indicative of whether or not the technology system will be successfully implemented (Hong et al., 2014; Partala and Saari, 2015).

On the other hand, the study by Haesner et al. (2015) was different from the others in this review, because these authors only presented evidence of already existing technology and CT program exercises to gather information and develop their own software in the future. Although it could be argued that preferences and attitudes not linked to a current experience are not considered UX (Albert and Tullis, 2013), such criticism does not apply in this case, since UX can involve indirect interaction, which can trigger a certain behavior, and because of the effect of observing and thinking about the system, product or service (Albert and Tullis, 2013; Hartson, 2019).

Furthermore, because effectiveness and efficiency focus on objective aspects of usability while UX focuses on subjective aspects such as satisfaction, it is important to be aware of the differences and similarities in the studies’ measurement results. According to Pluye et al. (2009), although quantitative and qualitative data may seem divergent, they actually have great potential to improve assessment and understanding of the topic in question.

In the studies of CS and CT technologies found (González-Palau et al., 2013; Ben-Sadoun et al., 2016; Garcia-Sanjuan et al., 2017; Tziraki et al., 2017), usability measures were consistent in that the performance of older adults with dementia or MCI was poorer (they completed fewer tasks, took longer to complete them or needed more help) as compared to that of healthy elderly people, which was also observed in other studies on their general functioning (de Frias et al., 2009). If both population groups are compared, usability results may appear negative for individuals with cognitive impairment; however, if attention is paid to the latter’s performance, it can be observed that, despite their difficulties, they were able to complete a considerable number of tasks, reduce their errors and time spent on task completion, and also lengthen their period of interaction with the program. These results can also be seen in the studies found that only included individuals with cognitive impairment in their measurements (Boulay et al., 2011; Manera et al., 2015), and are in line with Holthe et al. (2018), who stress that technology programs with adequate usability allow people with lower cognitive capacity to achieve goals because they are user-friendly.

It is also essential to know how older adults with MCI or dementia regard their experience with the relevant technological intervention, given that it will help to improve its usability and success (Foster, 2014; Holthe et al., 2018). Regarding the measurements of UX reported in the review, in some studies people with cognitive impairment perceived difficulties in using the technological tool without help or in using certain icons and devices (González-Abraldes et al., 2010; González-Palau et al., 2013; Ben-Sadoun et al., 2016). These subjective data results are related to the objective performance data described above. However, these difficulties did not prevent them from having a positive experience, and, according to most of the studies they reported feelings of satisfaction, fun, engagement, interest, motivation, acceptability, a desire to continue using it as often as they wished, and even an increase over time in their feeling of self-efficacy (González-Abraldes et al., 2010; Boulay et al., 2011; González-Palau et al., 2013; Haesner et al., 2015; Manera et al., 2015; Ben-Sadoun et al., 2016; Djabelkhir et al., 2017; Garcia-Sanjuan et al., 2017; Kyriazakos et al., 2017; Tziraki et al., 2017).

These positive results are further supported by the low number of dropouts reported in the studies, most of which were due to medical problems associated with old age and aspects that were beyond the subjects’ control. Torous et al. (2020) argue that UX and dropouts are strongly related, and that the degree of dropouts depends on how the technology was introduced. In this regard, most of the studies in the review included a period for older adults to become familiar with the cognitive intervention tool. On the other hand, half of the technological tools contained other functions besides CT, which could have influenced the results of the usability and UX measurements obtained. In fact, Contreras-Somoza et al. (2020) indicate that complementing cognitive intervention systems with social or emotional functions could improve adherence.

Finally, it is important to consider this review’s limitations. First, most of the studies were conducted in Europe and most of the participants were women. As is known, sex and social background influence a person’s characteristics (McCarrey et al., 2016). Second, no studies were found on usability or UX of CR technology, perhaps because CR focuses on improving functionality in activities of daily living, i.e., it is not restricted to cognitive tasks (Oltra-Cucarella et al., 2018). Third, some studies had few participants with dementia or MCI, although they equally provide relevant data in a field where few investigations were found. However, studies on participatory design or user-centered design could provide more data, even if they do not focus specifically on usability and UX evaluation. Computer sciences and engineering publications could also provide data in this area, although these sciences do not usually approach it from a clinical perspective. Fourth, not all studies provided detailed information about their software and hardware, as did other studies (Irazoki et al., 2020); nevertheless, for the purposes of this review they gave an overview of the technology used. Fifth, another limitation is not having assessed the risk of bias and the quality of the studies; however, only articles published in scientific journals were used. Finally, comparing instruments that measure usability and UX was challenging, because there is no consensus on these broad terms (Sauer et al., 2020) and there are also few studies involving older people with dementia or MCI, which may be due to a certain skepticism about the level of feedback they can provide and doubts about the appropriateness of testing prototypes on them, since possible mistakes can make them feel confused and disappointed with new technologies (Boman et al., 2014; Holthe et al., 2018).



CONCLUSION

This systematic review identified 10 studies that measured usability and UX in cognitive intervention technologies for older people with dementia or MCI. The studies showed lack of scientific consensus on the relationship between usability and UX, most of them using measures indiscriminately. This review’s approach to UX (which focuses on subjective data) as an extension of usability (which also evaluates objective data) made it possible to consistently categorize the tools used to measure these parameters.

The objective measurement of usability, efficiency and effectiveness data led to the conclusion that older adults with cognitive impairment can complete a considerable number of tasks, even though they require more time and help in technological cognitive interventions. Likewise, questionnaires and scales were the most widely used tools to measure the subjective data of satisfaction and its related dimensions, the results showing that they regarded it as a positive experience, despite certain difficulties involving elements of the interface or the devices.

Measuring usability and UX in cognitive intervention technologies for older adults with MCI or dementia provides an integrated view that can contribute toward their proper development, since it is not only important to know if the technology is easy to use to achieve the therapeutic goals, but also whether the user perceives it as pleasant. To take these measurements it is essential to involve the target population: older people with cognitive impairment, who can give valuable feedback, despite their difficulties.

For future work, more research is needed to include this population group in usability and UX studies, as well as standardized tools and consensus on the relationship of these terms, which are crucial to guarantee the future effectiveness and success of technological interventions in the field of CS, CT, and CR. In this sense, it would also be interesting to compare the usability and UX results with effectiveness results. Finally, it is also necessary that studies give more information about the software and hardware features in order to have a more enriching view of usability and UX measures.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



AUTHOR CONTRIBUTIONS

L-CS and MF-M conceived the presented systematic review. LC-S, EI, and AD-B performed the data collection and were supervised by JT-G. LC-S drafted the manuscript with feedback of JT-G and IT-D. MP-B and EP-V provided the further critical feedback. MF-M, JT-G, and LC-S revised the last version of the manuscript. All the authors contributed to the manuscript and approved the submitted version.


FOOTNOTES

1
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020158147


REFERENCES

Albert, W., and Tullis, T. (2013). Measuring the User Experience: Collecting, Analyzing, and Presenting Usability Metrics, 2nd Edn. Amsterdam: Elsevier.

Alzheimer’s Disease International (2019). World Alzheimer Report 2019: Attitudes to dementia. London: Alzheimer’s Disease International.

Bahar-Fuchs, A., Clare, L., and Woods, B. (2013). Cognitive training and cognitive rehabilitation for persons with mild to moderate dementia of the Alzheimer’s or vascular type: a review. Alzheimer’s Res. Therapy 5:35. doi: 10.1186/alzrt189

Bargas-Avila, J. A., and Hornbæk, K. (2011). “Old wine in new bottles or novel challenges? a critical analysis of empirical studies of user experience,” in Proceedings of the Conference on Human Factors in Computing Systems - Proceedings, New York, NY: ACM 2689–2698. doi: 10.1145/1978942.1979336

Baumel, A. (2016). Making the case for a feasible evaluation method of available e-mental health products. Adm. Policy Ment. Health 45, 1–4. doi: 10.1007/s10488-016-0764-z

Baumel, A., Birnbaum, M., and Sucala, M. (2017). A systematic review and taxonomy of published quality criteria related to the evaluation of user-facing ehealth programs. J. Med. Syst. 41:128. doi: 10.1007/s10916-017-0776-6

Ben-Sadoun, G., Sacco, G., Manera, V., Bourgeois, J., König, A., Foulon, P., et al. (2016). Physical and cognitive stimulation using an exergame in subjects with normal aging, mild and moderate cognitive impairment. J. Alzheimer’s Dis. 53, 1299–1314. doi: 10.3233/JAD-160268

Bevan, N., and Carter, J. (2016). “Human-Computer interaction. theory, design, development and practice,” in International Conference on Human-Computer Interaction, (Cham: Springer), 268–278. doi: 10.1007/978-3-319-39510-4

Boman, I. L., Nygård, L., and Rosenberg, L. (2014). Users’ and professionals’ contributions in the process of designing an easy-to-use videophone for people with dementia. Disabil. Rehabil. Assist. Technol. 9, 164–172. doi: 10.3109/17483107.2013.769124

Borsci, S., Buckle, P., and Walne, S. (2020). Is the LITE version of the usability metric for user experience (UMUX-LITE) a reliable tool to support rapid assessment of new healthcare technology? Appl. Ergonom. 84, 3–7. doi: 10.1016/j.apergo.2019.103007

Boulay, M., Benveniste, S., Boespflug, S., Jouvelot, P., and Rigaud, A. S. (2011). A pilot usability study of MINWii, a music therapy game for demented patients. Technol. Health Care 19, 233–246. doi: 10.3233/THC-2011-0628

Carvajal, A., Centeno, C., Watson, R., Martínez, M., and Rubiales, A. S. (2011). ¿Cómo validar un instrumento de medida de la salud? Anales Del Sistema Sanitario de Navarra 34, 63–72. doi: 10.4321/S1137-66272011000100007

Contreras-Somoza, L. M., Irazoki, E., Castilla, D., Botella, C., Toribio-Guzmán, J. M., Parra-Vidales, E., et al. (2020). Study on the acceptability of an ICT platform for older adults with mild cognitive impairment. J. Med. Syst. 44:120. doi: 10.1007/s10916-020-01566-x

Czaja, S. J., Boot, W. R., Charness, N., and Rogers, W. A. (2019). “Designing for older adults,” in Designing for Older Adults, 3rd Edn, (Boca Raton: CRC Press), doi: 10.1201/b22189

de Frias, C. M., Dixon, R. A., and Strauss, E. (2009). Characterizing executive functioning in older special populations: from cognitively elite to cognitively impaired. Neuropsychology 23, 778–791. doi: 10.1037/a0016743

Djabelkhir, L., Wu, Y.-H., Vidal, J.-S., Cristancho-Lacroix, V., Marlats, F., Lenoir, H., et al. (2017). Computerized cognitive stimulation and engagement programs in older adults with mild cognitive impairment: comparing feasibility, acceptability, and cognitive and psychosocial effects. Clin. Intervent. Aging 12, 1967–1975. doi: 10.2147/CIA.S145769

Faucounau, V., Wu, Y. H., Boulay, M., De Rotrou, J., and Rigaud, A. S. (2010). Cognitive intervention programmes on patients affected by mild cognitive impairment: a promising intervention tool for MCI? J. Nutrit. Health Aging 14, 31–35. doi: 10.1007/s12603-010-0006-0

Foster, E. (2014). Software Engineering: a Methodical Approach. New York, NY: Apress.

Garcia-Sanjuan, F., Jaen, J., and Nacher, V. (2017). Tangibot: a tangible-mediated robot to support cognitive games for ageing people—a usability study. Pervasive Mobile Comput. 34, 91–105. doi: 10.1016/j.pmcj.2016.08.007

Georgsson, M., and Staggers, N. (2016). Quantifying usability: an evaluation of a diabetes mHealth system on effectiveness, efficiency, and satisfaction metrics with associated user characteristics. J. Am. Med. Inform. Assoc. 23, 5–11. doi: 10.1093/jamia/ocv099

Germain, S., Wojtasik, V., Lekeu, F., Quittre, A., Olivier, C., Godichard, V., et al. (2019). Efficacy of cognitive rehabilitation in alzheimer disease: a 1-year follow-up study. J. Geriatr. Psychiatry Neurol. 32, 16–23. doi: 10.1177/0891988718813724

Góngora Alonso, S., Toribio Guzmán, J. M., Sainz de Abajo, B., Muñoz Sánchez, J. L., Martín, M. F., and de la Torre Díez, I. (2019). Usability evaluation of the ehealth long lasting memories program in spanish elderly people. Health Inform. J. 26, 1728–1741. doi: 10.1177/1460458219889501

González-Abraldes, I., Millán-Calenti, J. C., Balo-García, A., Tubío, J., Lorenzo, T., and Maseda, A. (2010). Accesibilidad y usabilidad de las aplicaciones computarizadas de estimulación cognitiva: telecognitio. Revista Espanola de Geriatria y Gerontologia 45, 26–29. doi: 10.1016/j.regg.2009.10.005

González-Palau, F., Franco, M., Toribio, J. M., Losada, R., Parra, E., and Bamidis, P. (2013). Designing a computer-based rehabilitation solution for older adults: the importance of testing usability. PsychNol. J. 11, 119–136.

Gourlan, M., Sarrazin, P., and Trouilloud, D. (2013). Motivational interviewing as a way to promote physical activity in obese adolescents: a randomised-controlled trial using self-determination theory as an explanatory framework. Psychol. Health 28, 1265–1286. doi: 10.1080/08870446.2013.800518

Haesner, M., O’Sullivan, J. L., Gövercin, M., and Steinhagen-Thiessen, E. (2015). Requirements of older adults for a daily use of an internet-based cognitive training platform. Inform. Health Soc. Care 40, 139–153. doi: 10.3109/17538157.2013.879149

Hartson, H. R. (2019). The UX Book?: Agile UX Design for a Quality User Experience, 2nd Edn. Burlington, MA: Morgan Kaufmann.

Holthe, T., Halvorsrud, L., Karterud, D., Hoel, K. A., and Lund, A. (2018). Usability and acceptability of technology for community-dwelling older adults with mild cognitive impairment and dementia: a systematic literature review. Clin. Intervent. Aging 13, 863–886. doi: 10.2147/CIA.S154717

Hong, Y., Goldberg, D., Dahlke, D. V., Ory, M. G., Cargill, J. S., Coughlin, R., et al. (2014). Testing usability and acceptability of a web application to promote physical activity (iCanFit) among older adults. J. Med. Internet Res. 1, e2. doi: 10.2196/humanfactors.3787

International Organization for Standardization [ISO] (2019a). ISO 9241-210: Ergonomics of Human–system Interaction - Human-centred Design for Interactive Systems. Geneva: International Organization for Standardization.

International Organization for Standardization [ISO] (2019b). ISO 9241-220:2019(en), Ergonomics of Human-system Interaction — Part 220: Processes for Enabling, Executing and Assessing Human-centred Design Within Organizations. Geneva: International Organization for Standardization.

Irazoki, E., Contreras-Somoza, L. M., Toribio-Guzmán, J. M., Jenaro-Río, C., van der Roest, H., and Franco-Martín, M. A. (2020). Technologies for cognitive training and cognitive rehabilitation for people with mild cognitive impairment and dementia. a systematic review. Front. Psychol. 11:648. doi: 10.3389/fpsyg.2020.00648

Johnson, D., Deterding, S., Kuhn, K. A., Staneva, A., Stoyanov, S., and Hides, L. (2016). Gamification for health and wellbeing: a systematic review of the literature. Internet Intervent. 6, 89–106. doi: 10.1016/j.invent.2016.10.002

Kallio, E.-L., Öhman, H., Kautiainen, H., Hietanen, M., and Pitkälä, K. (2017). Cognitive training interventions for patients with Alzheimer’s disease: a systematic review. J. Alzheimer’s Dis. 56, 1349–1372. doi: 10.3233/JAD-160810

Kramer, K. L. (2012). User Experience in the Age of Sustainability. Burlington, MA: Morgan Kaufmann.

Kueider, A. M., Parisi, J. M., Gross, A. L., and Rebok, G. W. (2012). Computerized cognitive training with older adults: a systematic review. PLoS One 7:e40588. doi: 10.1371/journal.pone.0040588

Kyriazakos, S., Prasad, R., Mihovska, A., Pnevmatikakis, A., op den Akker, H., Hermens, H., et al. (2017). eWALL: an open-source cloud-based ehealth platform for creating home caring environments for older adults living with chronic diseases or frailty. Wireless Personal Commun. 97, 1835–1875. doi: 10.1007/s11277-017-4656-7

Lallemand, C., Gronier, G., and Koenig, V. (2015). User experience: a concept without consensus? exploring practitioners’ perspectives through an international survey. Comp. Hum. Behav. 43, 35–48. doi: 10.1016/j.chb.2014.10.048

Landman, A., Neri, P. M., Robertson, A., Mcevoy, D., Dinsmore, M., Sweet, M., et al. (2014). Efficiency and usability of a near field communication-enabled tablet for medication administration. J. Med. Internet Res. 2, e26. doi: 10.2196/mhealth.3215

Lavrencic, L. M., Bennett, H., Daylight, G., Draper, B., Cumming, R., Mack, H., et al. (2019). Cognitive test norms and comparison between healthy ageing, mild cognitive impairment, and dementia: a population-based study of older aboriginal Australians. Austral. J. Psychol. 71, 249–260. doi: 10.1111/ajpy.12241

Ledreux, A., Håkansson, K., Carlsson, R., Kidane, M., Columbo, L., Terjestam, Y., et al. (2019). Differential effects of physical exercise, cognitive training, and mindfulness practice on serum BDNF levels in healthy older adults: a randomized controlled intervention study. J. Alzheimer’s Dis. 71, 1245–1261. doi: 10.3233/JAD-190756

Liberati, A., Altman, D. G., Tetzlaff, J., Mulrow, C., Gøtzsche, P. C., Ioannidis, J. P. A., et al. (2009). The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions: explanation and elaboration. PLoS Med. 6:e1000100. doi: 10.1371/journal.pmed.1000100

Manera, V., Ben-Sadoun, G., Aalbers, T., Agopyan, H., Askenazy, F., Benoit, M., et al. (2017). Recommendations for the use of serious games in neurodegenerative disorders: 2016 Delphi Panel. Front. Physiol. 8:1243. doi: 10.3389/fpsyg.2017.01243

Manera, V., Petit, P. D., Derreumaux, A., Orvieto, I., Romagnoli, M., Lyttle, G., et al. (2015). “Kitchen and cooking”, a serious game for mild cognitive impairment and alzheimer’s disease: a pilot study. Front. Aging Neurosci. 7:24. doi: 10.3389/fnagi.2015.00024

McCarrey, A. C., An, Y., Kitner-Triolo, M. H., Ferrucci, L., and Resnick, S. M. (2016). Sex differences in cognitive trajectories in clinically normal older adults. Psychol. Aging 31, 166–175. doi: 10.1037/pag0000070

Megges, H., Freiesleben, S. D., Rösch, C., Knoll, N., Wessel, L., and Peters, O. (2018). User experience and clinical effectiveness with two wearable global positioning system devices in home dementia care. Alzheimer’s Demen.: Trans. Res. Clin. Intervent. 4, 636–644. doi: 10.1016/j.trci.2018.10.002

Meiland, F., Innes, A., Mountain, G., Robinson, L., van der Roest, H., García-Casal, J. A., et al. (2017). Technologies to support community-dwelling persons with dementia: a position paper on issues regarding development, usability, effectiveness and cost-effectiveness, deployment, and ethics. JMIR Rehabil. Assist. Technol. 4:e1. doi: 10.2196/rehab.6376

Oltra-Cucarella, J., Clare, L., Morris, S. B., Espert, R., Tirapu, J., and Sánchez-Sansegundo, M. (2018). Differential effects of cognition-focused interventions for people with Alzheimer’s disease?: a meta-analysis. Neuropsychology 32, 664–679. doi: 10.1037/neu0000449

Partala, T., and Saari, T. (2015). Understanding the most influential user experiences in successful and unsuccessful technology adoptions. Comp. Hum. Behav. 53, 381–395. doi: 10.1016/j.chb.2015.07.012

Petersen, R. C., Caracciolo, B., Brayne, C., Gauthier, S., Jelic, V., and Fratiglioni, L. (2014). Mild cognitive impairment: a concept in evolution. J. Intern. Med. 275, 214–228. doi: 10.1111/joim.12190

Pluye, P., Grad, R. M., Levine, A., and Nicolau, B. (2009). Understanding divergence of quantitative and qualitative data (or results) in mixed methods studies. Int. J. Multiple Res. Approaches 3, 58–72. doi: 10.5172/mra.455.3.1.58

Robert, P. H., König, A., Amieva, H., Andrieu, S., Bremond, F., Bullock, R., et al. (2014). Recommendations for the use of serious games in people with Alzheimer’s disease, related disorders and frailty. Front. Aging Neurosci. 6:54. doi: 10.3389/fnagi.2014.00054

Rosell, J. (2018). Cognitive stimulation for healthy older adults through computer-based programs: a review of the literature/estimulación cognitiva para personas mayores sanas mediante programas computarizados: una revisión de la literatura. Estudios de Psicologia 39, 407–436. doi: 10.1080/02109395.2018.1494678

Roto, V., Law, E., Vermeeren, A., and Hoonhout, J. (2011). User Experience White Paper: Bringing Clarity to the Concept of User Experience. Available online at: http://www.allaboutux.org/files/UX-WhitePaper.pdf (accessed November 10, 2019).

Ryan, R. (2013). Cochrane Consumers and Communication Review Group: Data Synthesis and Analysis. Available online at: http://cccrg.cochrane.org (accessed January18, 2016)

Sauer, J., Sonderegger, A., and Schmutz, S. (2020). Usability, user experience and accessibility: towards an integrative model. Ergonomics 63, 1207–1220. doi: 10.1080/00140139.2020.1774080

Schiavo, J. H. (2019). PROSPERO: an international register of systematic review protocols. Med. Ref. Serv. Quar. 38, 171–180. doi: 10.1080/02763869.2019.1588072

Smeenk, W., Sturm, J., and Eggen, B. (2018). Empathic handover: how would you feel? handing over dementia experiences and feelings in empathic co-design. CoDesign 14, 259–274. doi: 10.1080/15710882.2017.1301960

Toribio-Guzmán, J. M., García-Holgado, A., Soto Pérez, F., García-Peñalvo, F. J., and Franco Martín, M. (2017). Usability evaluation of a private social network on mental health for relatives. J. Med. Syst. 41:137. doi: 10.1007/s10916-017-0780-x

Toribio-Guzmán, J. M., Parra Vidales, E., Viñas Rodríguez, M. J., Bueno Aguado, Y., Cid Bartolomé, T., and Franco-Martin, M. A. (2018). Rehabilitación cognitiva por ordenador en personas mayores: programa gradior. Aula 24, 61–75. doi: 10.14201/aula201824

Toril, P., Reales, J. M., and Ballesteros, S. (2014). Video game training enhances cognition of older adults: a meta-analytic study. Psychol. Aging 29, 706–716. doi: 10.1037/a0037507

Torous, J., Lipschitz, J., Ng, M., and Firth, J. (2020). Dropout rates in clinical trials of smartphone apps for depressive symptoms: a systematic review and meta-analysis. J. Affect. Disord. 263, 413–419. doi: 10.1016/j.jad.2019.11.167

Tractinsky, N. (2018). The usability construct: a dead end? Human-Computer Interact. 33, 131–177. doi: 10.1080/07370024.2017.1298038

Tziraki, C., Berenbaum, R., Gross, D., Abikhzer, J., and Ben-David, B. M. (2017). Designing serious computer games for people with moderate and advanced dementia: interdisciplinary theory-driven pilot study. JMIR Serious Games 5, e16. doi: 10.2196/games.6514

Wargnier, P., Benveniste, S., Jouvelot, P., and Rigaud, A. S. (2018). Usability assessment of interaction management support in LOUISE, an ECA-based user interface for elders with cognitive impairment. Technol. Disabil. 30, 105–126. doi: 10.3233/TAD-180189

Woods, B., Aguirre, E., Spector, A. E., and Orrell, M. (2012). Cognitive stimulation to improve cognitive functioning in people with dementia. Cochrane Database. Syst. Rev. 2:CD005562. doi: 10.1002/14651858.CD005562.pub2

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The handling editor declared a shared affiliation with several of the authors EI, AD-B, MP-B at time of review.

Copyright © 2021 Contreras-Somoza, Irazoki, Toribio-Guzmán, de la Torre-Díez, Diaz-Baquero, Parra-Vidales, Perea-Bartolomé and Franco-Martín. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Usability and User Experience of Cognitive Intervention Technologies for Elderly People With MCI or Dementia: A Systematic Review



		INTRODUCTION



		MATERIALS AND METHODS



		Materials



		Procedure



		Data Extraction



		Data Analysis







		RESULTS



		Characteristics of the Studies



		Features of Cognitive Intervention Technologies



		Measures of Usability and UX in Cognitive Intervention Technologies



		Outcomes of Usability and UX Measures in Cognitive Intervention Technologies



		Cognitive Stimulation Technologies



		Cognitive Training Technologies











		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		AUTHOR CONTRIBUTIONS



		FOOTNOTES



		REFERENCES

















OPS/images/fpsyg-12-636116-g001.jpg
Database search (n=552):
- Medline (7)

- PubMed (7)

- Scopus (20)

- ScienceDirect (512)

- PsycINFO (6)

v

Duplicates exclusion (n = 247)

y

Potential articles to include (n = 305)

Excluded by title/abstract (n=299)

- Cognitive intervention technologies without usability/user
experience (7)

- Other intervention/neuroimaging/assessment/concepts (118)

- Other language (1)

- Other population (111)

- Systematic/literature reviews/meta-analysis/editorials/
newspapers/magazines/book chapters/conference papers (62)

v

A\ 4

Potential articles to include (n = 6)

A4

Manual search in (n = 7):
- Google Scholar (n =5)
- Reference lists of potential articles (n = 2)

Excluded by full-text version (n = 3)
- Mixed with other population without separate results (3)
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(Ben-Sadoun et al.,
2016)
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etal., 2011)

CCS and CCE
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AD, Alzheimer disease; apps, applications; ARI, Age-Related Functional Impairments; CCE, computerized cognitive engagement; CCS, computer cognitive stimulation;
COPD, chronic obstructive pulmonary disease; CT, cognitive training; HE, healthy elderly; LLM, long lasting memories; M, man; MCI, mild cognitive impairment; MD,
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65 — 90 years (N/A)

4W,6M

4W,3M

7W,3M
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mild dementia; N/A, not apply; S.D., standard deviation; SCI, severe cognitive impairment; W, woman.
*, sex distribution on the entire sample.
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Technology Design Type Format Familiarization Total duration Dropouts Other features
X-Torp Clinical trial CS Serious game 2 wks 1mo N/A Physical training
(Ben-Sadoun et al., (20-80 min/sess, 3
2016) sess/wk)
MINWii (Boulay Pilot study cs Serious game 1 sess 3 mos MP (n=1); RTC Music therapy
etal., 2011) (10-20 min/sess, 1 after 2nd sess
$esS/Wk) (n=1)
CCS and CCE Pilot study CCs Exercises 1 sess 3 mos MP (n =1, CCS) CCS: social
(Djabelkhir et al., (90 min/sess, 1 interaction
2017) $esS/Wk) CCE: training to
use a tablet-PC,
social interaction
Tangibot Pilot study CT Serious game Before each task 1 sess (3 tasks/4 RTT (n =4); RTC N/A
(Garcia-Sanjuan times each one) after 1st contact
etal., 2017) (n=2)
LLM Pilot study CT Exercises N/A 3 mos MP (n=7); FP Physical training
(Gonzélez-Palau (40 min/sess, (n=4); RTC(n=23)
etal., 2013) 3 sess/wk)
Web-based CT Clinical trial CT Exercises 1 sess 1 sess N/A Social media
platform (Haesner
etal., 2015)
Telecognitio: two Pilot study Cs Exercises Before the intervention 4 sess N/A N/A
apps (15 min/each app)
(Gonzéalez-Abraldes
etal., 2010)
eWALL (Kyriazakos Pilot study CT Serious games 1 sess 6 wks N/A AAL; ELEs; Aml
etal., 2017)
Kitchen and Pilot study CT Serious games 1 sess 1 mo (subjects RTC after first wk N/A
Cooking (Manera played it as much (n=1)
etal., 2015) as they wanted)
Serious Game Pilot study CS Serious games N/A 10 wks MP (n = 9); GEU N/A
(Tziraki et al., 2017) (20-30 min/sess, (n=3)

1-2 sess/wk)

AAL, active assisted living; Aml, ambient intelligence; apps, applications; CCE, computerized cognitive engagement;, CCS, computerized cognitive stimulation; CS,
cognitive stimulation; CT, cognitive training; CT, cognitive training; ELEs, enhanced living environments; FP, family problems; GEU, game easy and uninteresting;, LLM,
long lasting memories; min, minutes; mo, month; mos, months; MP, medical problems; N/A, not apply; RTC, refused to continue; RTT, refused to try; sess, session;
wk, week; wks, weeks.
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N/A

N/A

N/A

Completed tasks

Completed tasks

N/A

N/A

N/A

70% successfully completed

61% completed correctly by
PWD. Auditory cueing
improved their performance

Time to completed tasks HE < PWD

Interviews

Technology Commitment
Questionnaire

Ad hoc questionnaire

UEQ

TAM
Satisfaction scale

Interest scale™*

Motivation scale*

PANAS

PFS

Time spent doing it*

Tasks done*

Verbalizations and behaviors

MCI subjects would prefer audio-video
communication, but not with strangers

HE would prefer messages or emalls

MCI > HE: preference to sessions outside of a
classroom environment, have adapted levels of
difficulty, receive personal feedback

Both groups would like to:

Use it on a regular basis for cognitive health
Repeat exercises as often as they wished

Have a variety of playful exercises

Have a preliminary and subsequent progress
tests

Have not potential distractions: loud noises,
bright colors, lots of animations

Have cognitive self-educational supplement
Have background information about other users
Personal data to be handled confidentially

Be run by a trusty church, government, medical
services

HE > MCI: 44.8/60 and 35.5/60 respectively

Exiticon difficulty: A > B, 50% and 37.5%
respectively

Difficulty retaining questions: A > B, 100% and
37% respectively

Hardware difficulty: A ~ B, 62.5% accuracy and
pulse time errors on touch screen and 62.5%
handiing the mouse, respectively

App A:

62.5% pause icon difficulty

62.5% considered “very litle” the time to
respond

MOl participants preferred cognitive exercise,
activity and sleep apps.

High satisfaction: AD > MCI

Itinterested them

Intrinsic motivation > external motivation
Positive emotions > negative emotions
Not very fatigued

3h 48 min at home

85% done at home

HE:

Found it too easy and not highly engaging
PWD:

Expressed fun and engaging. Auditory cueing
improved their engagement

Increased their self-efficacy

Interacted and spoke to the tablet
Remermbered certain easy and difficult
components

Developed learning techniques

AD, Alzheimer disease; app, application; CCE, computerized cognitive engagement; CCS, computerized cognitive stimulation; CT, cognitive training; h, hour; HE, healthy
elderly; LLM, long lasting memories; MCI, mild cognitive impairment; min, minutes; NJA, not apply; nss, not statistically significant; PANAS, positive affect negative affect
scale; PFS, piper fatigue scale; PWD, people with dementia; SCI, severe cognitive impairment; TAM, technology acceptance model; UEQ, user experience questionnaire;

UX, user experience.

*, participants were free to do the tasks as much as they wanted

** adapted from Gourlan et al. (2013).
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Interventions by moderator

4 participants decreased
tasks errors.
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the time

Everyone held the joystick
correctly

Verbal interventions
decreased

Few physical interventions
were made

N/A

HE > MCI (nss)
MCl > SCI

HE < MCI

s~ Mel

SCI> MCI, HE

HE > MCI (nss)

HE < MCI

57.5% of participants
needed help:

SCI > MCI, HE
Needed explanations:
PWD, MCI > HE

Measures

TAM: Ease of use

TAM: Usefulness
PANAS

Time spent doing it*
Satistaction Questionnaire
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Attendance rates

Motivation scale

Interviews

Verbalizations and
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Questions about whether
they liked it - interview

Satisfaction scale
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Ux

Results

~Difficulty: AD, MCI > HE (nss)
~Competence: HE > AD, MCI (it
increased for all)

Interest: AD, MCI > HE

Positive emotions: HE > AD and
mel

No differences between groups
High satisfaction of all participants

Participants expressed a desire to
continue

Everyone attended all sessions

High levels before and after the
intervention by all

Both groups:

-Main motivations: resist AD onset
and loneliness

~Group sessions considered
engaging and stimulating
-Expressed a desired to continue
on aregular basis

62.5% of subjects showed
enjoyment: HE > MC, SCI

80% of participants liked it:

HE > MC, SCI

No differences between groups:
~73.0% it met their expectations.
-66.9% felt confident using
technologies

-83.7% found it beneficial to health
No differences between groups:
79.0% had fun

No differences between groups:
~78.1% thought it would be worth
paying

849 expressed a desire to
continue

-96.1% would recommend it
-60.1% of participants found it easy
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