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This article emphasizes the advantages of using a within-subject experimental design to assess the impact of salient visual cues on the comprehension and acceptability of computerized cognitive training (CCT) instructions among older adults. The study would involve participants aged 65 and above, who will engage in an online experiment presenting two sets of instructions for serious games: one with salient visual cues and one without. This within-subject design eliminates the need for random assignment, improves internal consistency, and enhances statistical power. Participants serve as their own controls, providing a more robust comparison of how visual cues affect instruction comprehension and software acceptance. The primary objective is to identify indicators of acceptability for CCT serious games and to evaluate how well participants comprehend the instructions, influencing their intention to use the software. The hypothesis suggests that salient visual cues will improve instruction comprehension and foster greater software acceptability. By focusing on this design method, the study aims to enhance the engagement of older adults in cognitive training programs, reducing dropout rates. This research offers valuable insights into methodological strengths that can be applied in future studies to improve the usability and acceptance of CCT tools for older adults without cognitive impairments.
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1 INTRODUCTION
In recent years, computerized cognitive training (CCT) has become a popular tool to cope with declining cognitive functions in a variety of contexts. One particularly promising area of application is in rehabilitation, where CCT has shown potential for improving cognitive abilities in older adults with cognitive impairments (Hill et al., 2017; Lampit et al., 2014; Saragih et al., 2022).
While there is some evidence indicating cognitive improvement for older adults with cognitive impairments using CCT (Hill et al., 2017; Saragih et al., 2022; Hu et al., 2019; Kelly et al., 2014), there are still difficulties in measuring the transferability of this progress to daily life activities (Saragih et al., 2022; Coyle et al., 2015; Lai et al., 2021; Webb et al., 2018). Daily life activities are essential for human functioning and affect autonomy when they cannot be realized. The difficulties related to measuring this transferability are linked to several factors that could be methodologically related. For example, the lack of standardized outcome measures across studies, the variability in training programs, the limited duration of training, and the individual differences in cognitive abilities among participants are all factors that may contribute to difficulties in measuring the transferability of cognitive gains (Hill et al., 2017; Lampit et al., 2014; Webb et al., 2018; Birney et al., 2015; Sigmundsdottir et al., 2016).
Adhering to cognitive training programs can be challenging due to various factors, including lack of support, resources, and coping skills (Deao, 2017; Lequerica et al., 2010). According to Lequerica and Kortte (Lequerica et al., 2010), engaging in cognitive rehabilitation requires three essential elements that lead to behavioral intention or willingness to comply with treatment: (Hill et al., 2017): the perception of rehabilitation needs, (Lampit et al., 2014), the outcome expectancy for the treatment, and (Saragih et al., 2022) the perception of self-efficacy. Similarly, for older adults, adherence to computerized cognitive training is influenced by factors like previous computer use, cognitive capacity, and social support (Turunen et al., 2019). Thus, interventions that are too intellectually demanding increase the risk of dropout, suggesting that facilitating computer use and providing extra support to those with cognitive difficulties could improve adherence. Being socially supported, having easy access to the programs and being offered adaptations according to the difficulties encountered can encourage efficient use of cognitive training programs. Additionally, the perceptions of participants regarding the benefits and purpose of computerized cognitive training, including their understanding and acknowledgment of their own deficits, were identified as crucial factors that influence the use of CCT (Srisuwan et al., 2020).
1.1 The necessity of factoring in engagement when designing computer-based support environments for older people
Engagement is characterized by effortful participation, indicating the deployment of energy by an individual to achieve a goal (Filsecker and Kerres, 2014). It can continue through persistent re-engagement (Garris et al., 2002), which translates into continued involvement in the task, engagement in the face of challenges, and sustained effort. In the context of using digital tools, engagement is defined as the energy investment directed by an individual towards a particular stimulus or task (Nahum-Shani et al., 2022). An individual’s level of engagement is not constant and can vary depending on the nature of the activities performed (Reina-Tamayo et al., 2017).
Engagement is a multidimensional concept that includes three main dimensions: physical (or behavioral) engagement, affective engagement, and cognitive engagement, each contributing uniquely to the overall dynamics of engagement (Kelders et al., 2020; Perski et al., 2017; Yardley et al., 2016). In digital health interventions, engagement characterizes the ability to follow prescribed treatments (physical engagement), feel emotional wellbeing (affective engagement), and fully understand the importance and functioning of treatments (cognitive engagement) to achieve an optimal level of engagement (King et al., 2014).
Acceptance, on the other hand, encompasses broader psychological factors influencing a user’s decision to adopt technology, both before and after initial use, which includes their level of engagement (Alexandre et al., 2018; Mascret et al., 2020). While engagement is a component of acceptance, it is distinct in its focus on the active and ongoing participation in specific tasks. For instance, in the context of a CCT tool, acceptance heavily relies on user familiarity and ease of use; a lack of understanding of its functionality can hinder acceptance (Shi et al., 2021; Torous et al., 2018). Key components of engagement, such as perceived need, expected outcomes, and self-efficacy in using the technology, serve as critical predictors of its overall acceptance (Torous et al., 2018; Kabir et al., 2016; Nadal et al., 2020; Venkatesh et al., 2012; O’Brien et al., 2008; Davis et al., 1986).
Older adults’ engagement can impact their cognitive performance. Age-related differences in performance are often due to decreased cognitive control (Braver et al., 2002). Older adults struggle more with maintaining task goals and updating them based on changing situations (Braver et al., 2008), which can be explained by the influence of cognitive load on the regulation of this engagement. Moreover, declining motivation to engage in cognitively demanding activities is common with aging (Depping et al., 2012). According to Sweller and Chandler (1991) learning efficiency can be improved by reducing extrinsic cognitive load (unrelated mental effort) and maximizing germane cognitive load (effort beneficial to learning). Excessive cognitive load occurs when learning material exceeds the learner’s capabilities, resulting in poor learning outcomes (Sweller and Chandler, 1991).
Studies on engagement in rehabilitation highlight the significance of an individual’s perception of need, expected outcomes, and self-efficacy in maintaining engagement (Lequerica et al., 2010). Choi and Twamley (Choi et al., 2013) examined methods aimed at improving treatment engagement and self-efficacy in their review of Cognitive Rehabilitation Therapies for Older adults with Alzheimer’s disease. They identified barriers to cognitive rehabilitation engagement, such as low self-efficacy and a tendency to expect failure (outcome expectancy), which significantly influence goal-directed and task-centered behavior. Another barrier is the individual’s understanding of the purpose and value of specific training tasks or treatment programs (perceived need/usefulness).
Since CCT involves using technology, engagement is influenced by usability, which refers to factors such as task completion time, user satisfaction, and ease of learning. Poor usability can lead to low user engagement and adherence by affecting the perception of self-efficacy, as users may find the technology challenging to use (Torous et al., 2018). It can also impact the perception of need, as older users may not understand the technology’s utility due to poor usability. For example, Guner and Acarturk (Guner and Acarturk, 2020) found that older adults placed more importance on the perceived usefulness of technology and its ease of use, which positively influenced their attitudes and acceptance. Additionally, poor usability can affect the perception of outcome expectancy by decreasing user trust if they struggle to use the technology and do not fully grasp its potential benefits (O’Brien et al., 2008). This is especially true for older adults. When technology is difficult to use or does not align with their preferences and abilities, it can significantly influence their sense of self-efficacy in using the technology (Vette et al., 2019).
Overall, the usability of CCT tools determines engagement, especially for older adults who value ease of use and perceived usefulness. Poor usability can lower self-efficacy and acceptance, reducing engagement. User-friendly design and clear communication of benefits are essential for maintaining engagement, particularly in rehabilitation settings. Thus, CCT tools should be easy to use and tailored to user preferences to enhance engagement.
1.2 Improving CCT instructions to increase engagement through the use of saliency
Cognitive aging results in a decline in decision-making abilities (Fechner et al., 2019; Hartshorne et al., 2015), attention (Geerligs et al., 2014; Lezak et al., 2004), mental flexibility, and inhibitory processes (Collette and Salmon, 2014; Turner et al., 2012), which are essential for understanding instructions. Specifically, aging affects flexibility, the ability to form, change, and update representations in working memory (Fechner et al., 2019), thereby reducing executive functioning across a wide range of cognitive tasks such as planning, problem-solving, and multitasking (Glisky et al., 2007).
High cognitive load makes complex tasks more difficult for older adults who may also experience difficulties maintaining concentration or filtering out distractions during demanding tasks (Hasher et al., 1988; Salthouse et al., 1996). This is also observed in studies by Wynn, Amer, et al. (2020) which indicate that older adults tend to be more easily distracted by salient external cues, such as bright or moving objects, even when asked to ignore them (Wynn et al., 2020). This tendency is attributed to a decline in controlled inhibition, leading to difficulty suppressing rapid eye movements. When trying to avert their gaze from a sudden peripheral cue, older adults make more errors, indicating a reduced ability to control their eye movements. In addition, age-related changes in visual behavior, resulting from diminished cognitive control and inhibition, can contribute to the memory deficits observed in older adults. Prolonged exposure to distracting stimuli can saturate memory representations, thereby increasing the tendency to remember information consistent with pre-existing schemas rather than based on factual accuracy (Amer et al., 2020).
Instructions play a major role in understanding and performing a task, and may therefore be difficult for older people to understand. In particular, given that older adults may have reduced attention capacity, instruction design should focus on directing attention to essential material while minimizing distractions. Strategies include making important stimuli salient and emphasizing the value and location of key information sources (Sharit et al., 2020). Instructional design affects information processing, therefore, holds a significant influence over comprehension (Ganier, 2004; Ganier, 2013a; Ganier, 2013b; Ganier et al., 2000; Sohlberg et al., 2011). Comprehension is an important pilar for effective usability (Kabir et al., 2016) as well as acceptability (perceived ease of use, self-efficacy, outcome expectancy) (Lequerica et al., 2010; Alexandre et al., 2018; Nadal et al., 2020; Venkatesh et al., 2012). Focusing on instructional design, could address cognitive and perceptual barriers associated to technology use by older adults such as: capacity of using technology (e.g., navigation, learning); information processing; memory; language (e.g., choice of wording) and visual needs (e.g., font size, colors) (Farage et al., 2012; Morey et al., 2019; Nurgalieva et al., 2019).
Universal design, as proposed by Gassmann and Reepmeyer (2011), encompasses seven key principles: Equity, Flexibility, Simplicity, Perceptibility, Error Recovery, Low Effort, and Accessibility. These principles address various aspects of design to create inclusive and user-friendly solutions. Equity emphasizes the importance of providing equal utility without stigmatization, catering to the needs of all individuals (Gassmann et al., 2011). Flexibility ensures adaptability and the availability of choices to accommodate diverse preferences. Simplicity aims to enhance usability by simplifying the user experience. Perceptibility guarantees effective communication of essential information. Error recovery seeks to minimize mistakes and enable easy rectification. Low effort focuses on crafting a comfortable user experience that minimizes strain. Finally, accessibility ensures that the design accounts for variations in physical abilities. Moreover, the main elements to consider when presenting information to older adults are simplicity, intuitive logic (consistency within procedures), moderate pace, and a minimum of non-relevant information (Farage et al., 2012). More specifically, since difficulties related to information processing and memory but also perceptive skills related to visual abilities are likely to affect the understanding of instructions (Ganier, 2013a; Farage et al., 2012; Azevedo et al., 2022), identifying what can be a barrier to these aspects and addressing them could facilitate the process of understanding instructions in CCT use.
Among the information that facilitates attentional processing, location-based cues generally improve performance in terms of reaction time (McLaughlin et al., 2010). They facilitate performance in both young and older adults, regardless of the presence of the target and the number of distractors. This suggests that salient visual cues help by automatically focusing attention, in contrast to more complex conjunction search conditions where a different pattern of results was observed. In more difficult search conditions, older adults benefited from cues by developing effective search strategies, especially when the number of distractors was reduced. Younger participants did not consistently benefit from salient visual cues in complex search conditions, suggesting either variance in the ability to use the cues or inherent efficiency in their search strategies that did not depend on external cues.
Although the capture of attention by salient and irrelevant cues can be adaptive, for example, by signaling potential danger or reward, it can nevertheless divert attention from relevant tasks, impairing memory performance in daily activities. Moreover, older adults show increased sensitivity to cues based on their expectations and prior knowledge, which can lead them to focus their attention on anticipated locations even in the absence of the searched-for object. This preference for internal cues can result in longer search times and reduced memory accuracy (Wynn et al., 2020; Chan et al., 2018; Liu et al., 2018).
1.3 Our contribution
The notion that instructions can affect comprehension and that salient visual cues direct attention to specific elements led us to study how the presence or absence of such cues influences the acceptability and comprehension of instructions for CCT exercises. We also aim to understand how intrapsychic factors, such as perceived self-efficacy and anxiety, influence these elements as well. This resulted in the design of two distinct types of instruction models developed for CCT exercises. These proposed designs both emphasize goal prioritization and the sequential arrangement of information, as recommended by literature (Ganier, 2013a; Ganier, 2013b; Sohlberg et al., 2011; Sohlberg et al., 2005). The sole distinction between the models lies in the inclusion or exclusion of prominent visual cues. To the best of our understanding, no previous research has explored the instructional format linked to the usage of a CCT program.
To our knowledge, no previous research has directly investigated the methodological aspects of instructional formats specifically linked to the use of CCT programs. Consequently, the purpose of this article is to introduce a method aimed at achieving two objectives. First, we seek to investigate the impact of salient visual cues on instructional comprehension for people aged over 65, without any known diagnosis for cognitive impairment. Second, we aim to examine the influence of these cues on software acceptance. To accomplish this, we will employ an online survey platform and present two types of instructions: one with visual cues and another without visual cues. This methodological approach allows direct comparison of the effects of visual cues in a controlled, within-subject design. Our primary goal is to identify acceptance indicators, including perceived need, outcome expectations, self-efficacy, and intention to use a CCT software. Additionally, we aim to assess if differences in comprehension play a significant role in shaping acceptance behavior. Through this study we hope to gain a deeper understanding of how these factors influence the intention to use this cognitive training tool by people aged over 65. By doing so, we aim to enhance engagement in cognitive training and reduce dropout rates for this target population.
Our hypothesis states that including salient visual cues, in the form of analogical help indicators, will enhance comprehension and acceptance of the instructions for using CCT software among individuals aged over 65 without cognitive impairments. We anticipate that instructions featuring salient cues will result in better understanding and acceptance compared to those without such cues. Additionally, we expect that participants’ self-efficacy and their levels of technology-related anxiety will influence their acceptance and understanding of the instructions. By employing this method, we aim to provide a clearer understanding of how these factors interact to influence user engagement and acceptance. Specifically, we predict that higher self-efficacy—whether in their cognitive abilities or in using technology—will correlate with greater acceptance and intention to use the software. Conversely, higher technology anxiety is expected to be associated with lower acceptance and intention to use the software. By exploring these relationships, our study aims to uncover the significance of self-efficacy and technology anxiety in shaping users’ responses to instructional cues within the context of CCT software. This methodological exploration aims to uncover how these variables interact within the context of instructional design for CCT software, offering valuable insights for future research and application.
2 MATERIALS AND EQUIPMENT
This study adopts an online within-subject design, where each participant serves as their own control and experiences multiple conditions. This approach eliminates the need for random assignment since every participant experiences all conditions, in a counter-balanced way, allowing for direct comparisons within each individual. This strengthens internal validity, making the findings more robust and statistically powerful in detecting significant effects and reduces the requirement for an exceptionally large sample size (Charness et al., 2012; Lindner et al., 2022). This methodology is particularly interesting for other researchers because it is designed to be conducted online, which allows for a broader reach of participants. Additionally, it provides a valuable framework for designers to test different instructional methods and gather critical information on their acceptance before incorporating them into their designs.
2.1 Participants
Participants will be adults aged 65 years or older, without any diagnosed neurocognitive disorders. They must have access to a touchscreen tablet or a computer with internet connectivity, and phone use for questionnaire completion will be discouraged to ensure proper presentation of the instructions. Non-native French speakers and individuals with uncorrected visual or hearing impairments will be excluded from the study.
To determine the appropriate sample size for our study, we conducted a power analysis using G*Power 3.1.9.7 software, focusing on an ANOVA with repeated measures within-between interaction. We set the effect size (f) to 0.20, the alpha error probability to 0.05, and aimed for a power of 0.80. Our study design included two groups, with each subject measured 6 times, assuming a correlation of 0.3 among repeated measures and a nonsphericity correction of 1. The analysis indicated that a total sample size of 40 subjects would be sufficient, yielding a noncentrality parameter (λ) of 13.71, a critical F value of 2.26, with numerator and denominator degrees of freedom at 5 and 190, respectively. This configuration results in an actual power of approximately 0.82, ensuring that our study is well-powered to detect the specified effect size with acceptable Type I and Type II error rates.
2.2 Materials
2.2.1 Instructional design
The instructions designed for this experiment were inspired by the COVIRTUA Cognition-Intersession©, a CCT software used by cognitive rehabilitation professionals (Nahas et al., 2023) and still in the developmental phase. This tool operates on two separate screens: a patient screen, consisting of a touch tablet equipped with a pen, and a professional screen, which is a personal computer. COVIRTUA Cognition-Intersession© is designed to train cognitive functions and includes exercises targeting specific cognitive abilities such as attention, memory, and language. Additionally, it incorporates exercises that simulate everyday activities using virtual reality technology.
In the COVIRTUA Cognition-Intersession© system, the user, who is typically a patient, engages in exercises that are programmed by a rehabilitation professional. The user interacts with a simplified screen that only displays the necessary elements for performing the exercises. On the other hand, the professional, which can be an occupational therapist, a speech therapist, a psychomotor therapist, or a neuropsychologist, selects the activities in advance, determines their difficulty levels, and reviews the results on their own screen. Additionally, professionals have the ability to manage user files, configure settings, and program exercises. This system enables personalized adaptation of activities based on individual needs and preferences. For a more comprehensive description, please refer to: https://www.covirtua.com/solution. Specifically, we will utilize exercises available on the CCT software to conduct our online experiments. The instructional designs chosen for both studies are prototypes that have not yet been implemented in the software.
In this study, six CCT serious games were selected, comprising three analytical exercises and three functional exercises. The analytical exercises, which include Barrage (Cancellation), Le Bon Groupe (The Right Group), and Memory, are designed to mobilize fundamental cognitive skills through decontextualized tasks. On the other hand, the functional exercises, which consist of La Liste de Course (The Shopping List), Les Courses (Shopping at the Supermarket), and Le GPS (Following a GPS Route), simulate everyday activities and engage multiple cognitive capacities simultaneously. Detailed descriptions of these exercises, including their French titles, can be found in the Supplementary Material.
Each exercise’s instructions are divided into two main parts: the objective of the exercise and the description of the procedure to perform the exercise. These instructions will be presented in two distinct modalities to examine the impact of visual cues on task comprehension and execution. Modality A involves presenting the information without salient visual cues, as illustrated in Figure 1. In contrast, Modality B includes the presentation of information with salient visual cues such as arrows, colors, and shapes, as shown in Figure 2. Both instructional elements (objective and procedure) will be combined and displayed in a single image to facilitate a clear comparison between the two modalities.
[image: Figure 1]FIGURE 1 | Example of analytical exercise “Le Barrage” without any salient visual cues (Modality A).
[image: Figure 2]FIGURE 2 | Example of analytical exercise “Le Barrage” with salient visual cues (Modality B).
The instructional material was designed by the first author, a PhD student without professional design training. To minimize bias, the design incorporated several recommendations from the literature.
- Multimedia Usage: Instructions combine pictures and text or pictures and audio to facilitate information processing (Ganier, 2004; Ganier, 2013a; Ganier, 2013b; Chowdhury et al., 2021; Mayer and Moreno, 2005).
- Cognitive Load Reduction: Information is minimized and broken down into smaller steps to reduce cognitive load (Sohlberg et al., 2011; Farage et al., 2012; Azevedo et al., 2022; Sohlberg et al., 2005; Chowdhury et al., 2021; Mitzner et al., 2019).
- Highlighting Relevant Information: Relevant information is emphasized, while irrelevant and distracting information is minimized (Morey et al., 2019).
- Simple Text and Images: Simple text and images are used to avoid misinterpretation (Farage et al., 2012).
These strategies collectively enhance the clarity, accessibility, and reliability of the instructions, ensuring the material is fair and effective for a diverse audience, so that we can effectively focus on studying the influence of the salient visual cues.
Both Modality A and Modality B adhere to these design principles. The content, including the objectives and procedures for each exercise, was defined by the COVIRTUA Cognition software. The only difference between the modalities is the presence of visual cues in Modality B. Visual cues such as arrows, colors, and shapes were chosen based on the notion that older adults are more susceptible to attention capture by salient visual cues compared to younger adults. This choice is further supported by additional design recommendations for older adults found in the literature.
- Use of Colors, Icons, and Graphics: Prioritizing visual elements over text for displaying information (Wynn et al., 2020; Carmien et al., 2014; Davis and Ohman, 2016).
- Visibility of Frequent or Important Actions: Making key actions readily visible and accessible (Farage et al., 2012).
- Pop-up Hints and Help Bubbles: Considering the use of these features for new tasks (Morey et al., 2019).
By structuring the instructions and exercises in this manner, the study aims to comprehensively evaluate how visual cues affect participants’ cognitive performance and their engagement with the serious games. This approach will provide valuable insights into the effectiveness of different instructional designs in cognitive training for older adults. For a detailed review of all instructional material and the associated English translations, please refer to the Supplementary Material.
2.2.2 Questionnaires
The study will be conducted entirely online using the LimeSurvey online survey platform, compliance with European data protection regulations. The online procedure utilized for this research, is constructed in accordance with the CHERRIES criteria (Eysenbach, 2004), which are recommended for improving the quality of research conducted through online questionnaires. Data collection is divided into four main parts.
1- Sociodemographic questionnaire required to fulfill the scientific objectives of this project, such as age, gender, relationship status and educational level
2- Questions for control purposes:
  a. An assessment of the subjective cognitive complaint, to measure cognitive self-efficacy, using the subjective cognitive complaint questionnaire (SCCQ) (Thomas-anterion et al., 2004);
  b. An evaluation of the general feeling of self-efficacy for the use of a technology, using the self-efficacy scale developed by (Compeau et al., 1995) and translated into French by Faurie et al. (2007).
  c. An evaluation of technology anxiety, using the four items of the Computer rating scale (Heinssen et al., 1987), translated into French by (Loorbach et al., 2015);
3- The presentation of the instructions for six CTT serious games (three analytical and three functional exercises), according to two modalities, presented randomly (modality A or B- check Figures 1, 2 for an example);
  a. Each presented instruction is followed by an evaluation of the acceptance and intention to use for a program of six CCT exercises of the COVIRTUA cognition software, coupled with questions related to the perceived comprehension of the instructions (Table 1);
4- An evaluation of instruction retention through exercise-specific questions;
TABLE 1 | List of questions asked after the presentation of each instruction for the six CCT serious games.
[image: Table 1]Additionally, an awareness message will be displayed to participants at the end of the questionnaire, that also offers the option to contact the research team for further guidance if desired.
The SCCQ questionnaire consists of 10 items. A score above three indicates a potential need for cognitive assessment or supervision, while a score below three suggests normal cognitive functioning. It is important to note that the SCCQ is not a diagnostic tool, and participants’ scores will not be disclosed. The reason for using the subjective cognitive complaint questions by (Thomas-anterion et al., 2004), is to ensure that the comprehension of the instructions or the acceptance indicators will not be affected by the possibility of any biases related to possible cognitive impairment. This is done because our inclusion criteria are only based on the absence of any cognitive impairment diagnosis, we will not collect any official medical document to support that, the participant will simply be informed in the information notice and will be asked the question explicitly at the beginning of the questionnaire.
The questions following the presented instructions were carefully crafted to assess participants’ perceived comprehension and acceptability of the CCT serious games. We used questions derived from the Reduced Instructional Materials Motivation Survey (RIMMS) to gauge instructional comprehension (Loorbach et al., 2015). These questions were originally in English, and were then translated by a bilingual member of the research team. Additionally, we included questions related to acceptability and intention to use the software, measuring factors like perceived need (usefulness), outcome expectations, and self-efficacy adapted from the French validation of the eHealth acceptability scale (Hayotte et al., 2020) as well as inspired by elements of the technology acceptance model (Davis et al., 1986) found in a case study by Castilla et al. (2018) on a digital literacy method for the elderly (Also translated and adapted from English to French). We did not include all the questions from each above-mentioned references (Loorbach et al., 2015; Hayotte et al., 2020; Castilla et al., 2018) in order to reduce cognitive load by minimizing the number of questions asked as much as possible. This resulted in the selection, and adaptation of six questions including at least one of the targeted indicators following each presented instruction (six serious game instructions in total; Table 1).
Finally, towards the end of the online evaluation, inquiries will be carried out regarding the retention of information presented in the instructions. This serves as a control measure to assess the participants’ actual comprehension of the instructions. Asking questions about the material is a precise way to measure retention because it directly tests the participants’ recall and understanding of key concepts. It ensures that the information was not only read but also understood and remembered, providing a clear indicator of instructional effectiveness. The questions represent a set of six multiple choice questions, one per exercise, constructed in French by the scientific director of COVIRTUA healthcare, who had a good understanding of the exercises and whose native language is French.
3 METHODS
This method adheres to ethical guidelines for research involving human subjects, which included obtaining approval from the university’s ethical board (CERGA-Avis-2023–18) and complying with European data rules as well as the Declaration of Helsinki. Figure 3 provides a detailed representation of the study’s procedure (Figure 3). The evaluation protocol will take approximately 25 min to complete, and was pre-tested by individuals over the age of 65 to insure its applicability.
Step 1: Collection of informed consent after reading the informed information leaflet, socio-demographic questionnaire.
Step 2: Assessment of factors likely to influence acceptability and commitment to a technology (cognitive self-efficacy, technological self-efficacy and technology anxiety).
Step 3: Presentation of instructions for six CCT serious games (three analytical games and three functional games). Each game’s instructions will be presented in two blocks: Modality A (without visual cues) and Modality B (with visual cues such as arrows, colors, and shapes). The sequence of instruction presentation will be counterbalanced to eliminate order bias and carry-over effects, with participants experiencing one of six possible conditions for each block (AAB, ABB, BBA, BAA, ABA, BAB), presented randomly. A figure explaining two different presentation blocks is found below (Figure 4). Table 2 outlines the various blocks participants may encounter through this counterbalanced method. Although all participants will experience both instruction modalities, the specific sequence will differ according to the assigned blocks.
Step 4: Questions to assess understanding of the instructions and acceptability of each game following presentation of the instruction. These questions are derived from the Reduced Instructional Materials Motivation Survey (RIMMS) and the eHealth acceptability scale, assessing perceived need, outcome expectations, self-efficacy, and intention to use the CCT software.
Step 5: Specific questions to assess their retention of information from the instructions. The entire procedure, including the completion of questionnaires and instructional evaluations, is designed to take approximately 25 min. An awareness message will be displayed at the end of the questionnaire, offering participants the option to contact the research team for further guidance if desired. This study aims to enhance engagement in cognitive training and reduce dropout rates among older adults by identifying factors that influence the acceptance and comprehension of instructional designs.
[image: Figure 3]FIGURE 3 | Steps of the assessment procedure.
TABLE 2 | List of possible counterbalanced order for the presentation of the instructional material of the CCT serious games (Modality A = Without salient visual cues; Modality B = With salient visual cues).
[image: Table 2][image: Figure 4]FIGURE 4 | Example of possible counterbalanced orders for the presentation of the instructional material of the CCT serious games (AAB as seen above; ABB as seen below).
4 DATA ANALYSIS
To meet the study’s objectives and analyze the data consistently with the hypotheses, we selected statistical analyses suited to the comparisons and relationships examined, considering data distributions and measurement scales, in line with methodological recommendations (Conover et al., 1999; Gravetter et al., 2017). The paired comparisons between the within conditions will be done with independent samples t-test for normally distributed variables and Mann-Whitney U-test for non-normally distributed variables. Additionally, correlational tests (Pearson’s and Spearman’s rho correlation tests, respectively for normally distributed variables and non-normally distributed variables) will also be conducted a to examine the relationships between participants’ self-efficacy and feelings of anxiety related to technology, and their acceptance and understanding of the instructions presented with or without salient visual cues in the context of the CCT software. Finally, for control purposes we will perform a correlation analysis between SCCQ scores and comprehension/acceptability scores. This analysis will employ either Pearson’s correlation test or Spearman’s rank correlation test. Its purpose is to provide valuable insights into whether a subjective perception of cognitive capacities could potentially have a negative impact on the overall experience. Statistical data processing will be performed using Jamovi v.2.3.28. P-value ≤0.05 will be considered statistically significant.
5 ANTICIPATED RESULTS
The anticipated results of our study focus on the hypothesized impact of salient visual cues on the comprehension and acceptability of CCT instructions among older adults. We expect that instructions incorporating salient visual cues, such as arrows, colors, and shapes, will significantly enhance both comprehension and acceptability compared to instructions without these cues. Visual aids are anticipated to direct attention to crucial elements, reduce cognitive load, and improve understanding and engagement. Furthermore, we predict a positive relationship between higher self-efficacy in cognitive abilities and technology use with better comprehension and acceptance, while higher levels of technology-related anxiety are expected to correlate negatively with these outcomes. We also foresee that better comprehension of instructions will lead to higher perceived usefulness and greater intention to use the CCT software.
However, potential limitations must be considered. The repeated nature of acceptability questions across six different games required us to limit the length of the questionnaire, possibly affecting the sensitivity of our measures. Nevertheless, to make it more accessible and reduce questionnaire time, we selected key elements central to acceptability, particularly those most strongly related to the construct (Boateng et al., 2018) instead of using long acceptability questionnaires. In addition, previous research has shown that intrapsychic variables such as self-efficacy and anxiety might not have a direct impact on the acceptability of training exercises or different modes of instruction presentation. This could be due to cognitive biases affecting acceptability scores. Studies by Ciriello et al. (2023) highlighted how cognitive biases like acquiescence and confirmation bias can create a paradox where high acceptability scores do not correspond to actual usage, while users with numerous complaints are more engaged (Ciriello et al., 2023). Furthermore, Righi et al. (2009) observed that highly anxious individuals often employ cognitive strategies to perform well, indicating a complex interaction between anxiety levels and cognitive self-assessment (Righi et al., 2009).
6 DISCUSSION
There is a tight relationship between acceptability and usability, both of which affect user engagement (Lequerica et al., 2010; Alexandre et al., 2018; Nadal et al., 2020; Venkatesh et al., 2012; Davis et al., 1986; Bandura, 1982). The usability challenges faced by older adults have been documented in the literature (Nurgalieva et al., 2019; Barnard et al., 2013; Vroman et al., 2015), with lower computer proficiency and perceived ease of use being negatively linked to their long-term adoption of technology (Mitzner et al., 2019; Wildenbos et al., 2018; Wildenbos et al., 2019). Additionally, lower cognitive skills, specifically executive function skills, computer self-efficacy and technology anxiety have also been identified as challenged for long-term adoption of technology by this target population (Mitzner et al., 2019; Wildenbos et al., 2018). Even for individuals without a neurocognitive disorder, age related cognitive difficulties might affect their use of technology. Information processing, vision, audition and memory are all areas impacted negatively by the ageing process. (Farage et al., 2012; Morey et al., 2019; Nurgalieva et al., 2019). In response to these challenges, various research proposes design guidelines to facilitate the creation of suitable tools for this demographic (Sharit et al., 2020; Farage et al., 2012; Nurgalieva et al., 2019; Azevedo et al., 2022).
Instructional design affects information processing, therefore, holds a significant influence over comprehension (Ganier, 2004; Ganier, 2013a; Ganier, 2013b; Ganier et al., 2000; Sohlberg et al., 2011). Comprehension is an important pilar for effective usability (Kabir et al., 2016) as well as acceptability (perceived ease of use, self-efficacy, outcome expectancy) (Lequerica et al., 2010; Alexandre et al., 2018; Nadal et al., 2020; Venkatesh et al., 2012). Focusing on instructional design, could address cognitive and perceptual barriers associated to technology use by older adults such as: capacity of using technology (e.g., navigation, learning); information processing; memory; language (e.g., choice of wording) and visual needs (e.g., font size, colors) (Farage et al., 2012; Morey et al., 2019; Nurgalieva et al., 2019).
While numerous design guidelines exist (Farage et al., 2012; Chowdhury et al., 2021; Mitzner et al., 2019; Carmien et al., 2014; Boot et al., 2020; Czaja and Sharit, 2012) there is an absence of recommendations specifically addressing visual aids for computerized cognitive training software. Therefore, research on this topic could yield valuable insights into the preferences and comprehension of instructions presented with and without visual aids. The models we propose incorporate several recommended practices, including the integration of multimedia elements such as images and text (Ganier, 2004; Ganier, 2013a; Chowdhury et al., 2021; Mayer and Moreno, 2005). Additionally, we have implemented the strategy of breaking down information into smaller, manageable steps (Sohlberg et al., 2011; Morey et al., 2019; Azevedo et al., 2022; Sohlberg et al., 2005). Specifically, for the instruction models featuring visual aids, we have highlighted important information using icons and colors to ensure its saliency (Wynn et al., 2020; Davis and Ohman, 2016).
In this context, our study aims to demonstrate that incorporating salient visual cues in CCT instructions will improve comprehension and acceptability among older adults. By addressing factors such as self-efficacy and technology anxiety, we hope to identify key elements that influence engagement with CCT tools. The within-subject design of our study, which controls for individual differences, and the online methodology, which allows for broader participant reach and ensures compliance with data protection regulations, aims to provide robust insights that can inform the development of more effective cognitive training programs. Ultimately, we aim to enhance engagement and reduce dropout rates among older adults in cognitive training programs.
The choice of a within-subject design for the experiment provides benefits such as eliminating the need for random assignment, because each participant acts as their own control and experiences multiple conditions (modality A and B). It also allows for a smaller sample requirement while still maintaining strong internal validity and high statistical power (Charness et al., 2012). As an example, (Haggas et al., 2002), investigated student preference for overt vs covert responding in a web-based tutorial using a within-subject design. Only twenty-six social psychology students were exposed to the same two treatment conditions: covert question format (which required passive responding - “thinking” about an answer) and overt question format (which required active responding - “clicking” on an answer). A more recent study by (65) explored the effects of adding representational pictures to multiple-choice and constructed-response test items to understand the role of the response format for the multimedia effect in testing. They used a 2 × 2 within-subject design, two independent factors, multimedia (text-picture [TP] vs text-only [TO]) and response format (multiple-choice [MC] vs constructed-response [CR]) were varied in this study. The general design included four conditions (MC-TP, CR-TP, MC-TO, CR-TP), which were placed in a unique test booklet for each participant, so that each student completed test items in all four experimental conditions. Both studies purposefully adopted a within-subject design with the common objective of subjecting all participants to identical conditions, in order to evaluate the impact of each factor. For Haggas and Hantula (2002) this choice was also motivated by the desire to enhance the internal validity of their results while achieving heightened statistical power. Furthermore, both studies implemented counterbalancing techniques to control for potential biases and uphold the internal validity of their findings.
Using a within-subject design has some limitations. One possible liability is the emergence of a “demand effect.” This occurs when participants interpret the intentions of the experimenter and subsequently modify their behavior, whether consciously or unconsciously (Rosenthal, 1976; White, 1977). Consequently, these adjustments can lead to misleading effects and potentially impact the validity of the findings (Charness et al., 2012). Another one is based on the concept of evaluability. In fact, when comparing different options directly, some features, can be easier to compare than others. When we are required to compare two options, individuals tend to give more weight to the characteristics that are easily evaluable. Within-subject designs involve exposure to multiple options by the same participant. In such designs, participants may utilize different criteria to determine their preferences between the instructional designs (Charness et al., 2012). Moreover, if the order of the questions is not varied or the questions are not carefully designed to avoid response trends, it becomes challenging to differentiate between carry-over bias and genuine changes in preferences. Carry-over bias can occur when participants’ responses in one set of instructions influence their perception in subsequent sets, potentially leading to confounding results. In such cases, it becomes more difficult to discern whether the observed variations in responses are due to the order effect or genuine shifts in preferences (Charness et al., 2012). Also, it may be important to reflect on whether the timing of presentation for these visual aids is crucial to minimize cognitive load and visual clutter (Davis and Ohman, 2016). In fact, the visual aids we propose in the instructional models are not presented gradually or in the form of animations. This limitation raises the concern that participants may experience cognitive load when visualizing the presented visual aids within the instruction.
In our study, we took into consideration the possible limitations by varying the question order in a counterbalanced manner to prevent participants from being influenced by previous questions. We can, later on examine correlations between the order of questions and the responses provided. This analysis will help us determine whether the questions were answered independently or if there is an influence from the order in which they were presented. Simply changing the order of the questions may not be sufficient to solve the problem, therefore, by counterbalancing the presentation of the instructional material, each participant will undergo all experimental conditions, but the order of these conditions is systematically varied to prevent the influence of sequence effects and increase the accuracy of the study’s findings. As explained above, each participant will be exposed to all serious games included in both Block one and Block 2, as well as both types of instructions (A and B) as shown in the figures for instructional design. However, they will experience one of six conditions for each block (AAB–ABB–BBA–BAA–ABA- BAB), presented randomly. Although this helps in minimizing order bias and carry over bias, there are still risks to encounter demand effect and differences in evaluability.
7 CONCLUSION
The comprehension of instructions could influence the acceptability of technology as well as its usability. This is because understanding instructions requires the engagement of cognitive functions like information processing, memory, and perceptual visual skills. When impacted by aging or decline, these cognitive skills are susceptible to impact factors such as perceived ease of use, and computer self-efficacy. Struggles associated to technology use, lead to poorer acceptability of technology and lack of engagement potentially acting as barriers to effective utilization. By suggesting the above-mentioned within-subject experimental design our objective is to investigate the potential impact of self-efficacy and technology anxiety on instruction comprehension and acceptability in regards to the presence or absence of salient visual cues within CCT serious game instructions. By understanding what efficient ways there are to present instructions within this context, we would be closer to exploring potential facilitators to CCT use and long-term engagement.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
CN: Writing–original draft. MG: Writing–review and editing. EM: Writing–review and editing.
FUNDING
The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. ANRT CIFRE Funding for my PHD.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fragi.2025.1297704/full#supplementary-material
REFERENCES
 Alexandre, B., Reynaud, E., Osiurak, F., and Navarro, J. (2018). Acceptance and acceptability criteria: a literature review. Cogn. Technol. Work. mai 20 (2), 165–177. doi:10.1007/s10111-018-0459-1
 Amer, T., Ngo, K. W. J., Weeks, J. C., and Hasher, L. (2020). Spontaneous distractor reactivation with age: evidence for bound target-distractor representations in memory. Psychol. Sci. 31 (10), 1315–1324. doi:10.1177/0956797620951125
 Azevedo, R. F. L., Trinh, M., Mitzner, T. L., Harris, M. T., and Rogers, W. A. (2022). Designing instructional materials for older adults to successfully onboard and use mHealth applications. Proc. Hum. Factors Ergon. Soc. Annu. Meet. 1 Sept. 66 (1), 1492–1496. doi:10.1177/1071181322661113
 Bandura, A. (1982). Self-efficacy mechanism in human agency. Am. Psychol. 37 (2), 122–147. doi:10.1037//0003-066x.37.2.122
 Barnard, Y., Bradley, M. D., Hodgson, F., and Lloyd, A. D. (2013). Learning to use new technologies by older adults: perceived difficulties, experimentation behaviour and usability. Comput. Hum. Behav. juill 29 (4), 1715–1724. doi:10.1016/j.chb.2013.02.006
 Birney, D. P. (2015). Challenges for an interdisciplinary consideration of cognitive training: challenges for an interdisciplinary consideration of cognitive training. New Dir. Child. Adolesc. Dev. mars 2015 (147), 21–32. doi:10.1002/cad.20087
 Boateng, G. O., Neilands, T. B., Frongillo, E. A., Melgar-Quiñonez, H. R., and Young, S. L. (2018). Best practices for developing and validating scales for health, social, and behavioral research: a primer. Front. Public Health 6, 149. doi:10.3389/fpubh.2018.00149
 Boot, W. R., Charness, N., Czaja, S. J., and Rogers, W. A. (2020). “Designing for older adults,” in Case studies, methods, and tools . First edition. Boca Raton: CRC Press. (Human factors and aging series). 
 Braver, T. S., and Barch, D. M. (2002). A theory of cognitive control, aging cognition, and neuromodulation. Neurosci. Biobehav Rev. 26 (7), 809–817. doi:10.1016/s0149-7634(02)00067-2
 Braver, T. S., and West, R. (2008). “Working memory, executive control, and aging,” in The handbook of aging and cognition . 3rd ed. (New York, NY, US: Psychology Press), 311–372. 
 Carmien, S., and Manzanares, A. G. (2014). “Elders using smartphones – a set of research based heuristic guidelines for designers,” in Universal access in human-computer interaction universal access to information and knowledge ed . Editors C. Stephanidis, and M. Antona (Cham: Springer International Publishing). Available at: http://link.springer.com/10.1007/978-3-319-07440-5_3.
 Castilla, D., Botella, C., Miralles, I., Bretón-López, J., Dragomir-Davis, A. M., Zaragoza, I., et al. (2018). Teaching digital literacy skills to the elderly using a social network with linear navigation: a case study in a rural area. Int. J. Hum-Comput Stud. 118, 24–37. doi:10.1016/j.ijhcs.2018.05.009
 Chan, C. Y. H., Chan, A. B., Lee, T. M. C., and Hsiao, J. H. (2018). Eye-movement patterns in face recognition are associated with cognitive decline in older adults. Psychon. Bull. Rev. 1 déc 25 (6), 2200–2207. doi:10.3758/s13423-017-1419-0
 Charness, G., Gneezy, U., and Kuhn, M. A. (2012). Experimental methods: between-subject and within-subject design. J. Econ. Behav. Organ. 1 janv 81 (1), 1–8. doi:10.1016/j.jebo.2011.08.009
 Choi, J., and Twamley, E. W. (2013). Cognitive rehabilitation Therapies for alzheimer’s disease: a review of methods to improve treatment engagement and self-efficacy. Neuropsychol. Rev. 1 mars 23 (1), 48–62. doi:10.1007/s11065-013-9227-4
 Chowdhury, A., and Karkun, P. (2021). “Strategies of affective instructional design for elderly,” in Éditeurs. Advanced manufacturing systems and innovative product design ed . Editors BBVL Deepak, D. R. K. Parhi, and B. B. Biswal (Singapore: Springer Singapore). Available at: http://link.springer.com/10.1007/978-981-15-9853-1_1.
 Ciriello, R. F., and Loss, S. (2023). The yea-paradox: cognitive bias in technology acceptance surveys. Inf. Softw. Technol. 1 Sept. 161, 107253. doi:10.1016/j.infsof.2023.107253
 Collette, F., and Salmon, E. (2014). Les effets du vieillissement normal et pathologique sur la cognition. Rev. Médicale Liège 69 (5-6), 265–269.
 Compeau, D. R., and Higgins, C. A. (1995). Computer self-efficacy: development of a measure and initial test. MIS Q. 19 (2), 189. doi:10.2307/249688
 Conover, W. J. (1999). Practical nonparametric statistics. John Wiley & Sons, 608. 
 Coyle, H., Traynor, V., and Solowij, N. (2015). Computerized and virtual reality cognitive training for individuals at high risk of cognitive decline: systematic review of the literature. Am. J. Geriatr. Psychiatry 23 (4), 335–359. doi:10.1016/j.jagp.2014.04.009
 Czaja, S. J., and Sharit, J. (2012) Designing training and instructional programs for older adults. Boca Raton CRC Press. doi:10.1201/b13018
 Davis, F. D. (1986). A technology acceptance model for empirically testing new end-user information systems: theory and results. Massachusetts Institute of Technology. Available at: https://dspace.mit.edu/handle/1721.1/15192.
 Davis, R., and Ohman, J. (2016). Wayfinding in ageing and Alzheimer’s disease within a virtual senior residence: study protocol. J. Adv. Nurs. 72 (7), 1677–1688. doi:10.1111/jan.12945
 Deao, C. (2017). The E-Factor. 1st edition. Pensacola: Fire Starter Publishing. 
 Depping, M. K., and Freund, A. M. (2012). Normal aging and decision making: the role of motivation. Hum. Dev. 20 janv 54 (6), 349–367. doi:10.1159/000334396
 Eysenbach, G. (2004). Improving the quality of web surveys: the checklist for reporting results of internet E-surveys (CHERRIES). J. Med. Internet Res. 29 Sept. 6 (3), e34. doi:10.2196/jmir.6.3.e34
 Farage, M. A., Miller, K. W., Ajayi, F., and Hutchins, D. (2012). Design principles to accommodate older adults. Glob. J. Health Sci. mars 4 (2), 2–25. doi:10.5539/gjhs.v4n2p2
 Faurie, I., and Leemput, C. van de (2007). Influence du sentiment d’efficacité informatique sur les usages d’internet des étudiants. Orientat. S. C. Prof. 15 déc (4), 533–552. doi:10.4000/osp.1549
 Fechner, H. B., Pachur, T., and Schooler, L. J. (2019). How does aging impact decision making? The contribution of cognitive decline and strategic compensation revealed in a cognitive architecture. J. Exp. Psychol. Learn Mem. Cogn. 45 (9), 1634–1663. doi:10.1037/xlm0000661
 Filsecker, M., and Kerres, M. (2014). Engagement as a volitional construct: a framework for evidence-based research on educational games. Simul gaming. août 45 (4-5), 450–470. doi:10.1177/1046878114553569
 Ganier, F. (2004). Factors affecting the processing of procedural instructions: implications for document design. IEEE Trans. Prof. Commun. mars 47 (1), 15–26. doi:10.1109/tpc.2004.824289
 Ganier, F. (2013a). “Les modèles de traitement cognitive des instructions procédurales,” in Comprendre la documentation technique ed . Editor F. Ganier (Paris, France: Presses Universitaires de France), 13–28. 
 Ganier, F. (2013b). “Méthodes pour l’étude de la compréhension d’instructions et l’évaluation des documents procéduraux,” in Comprendre la documentation technique ed . Editor F. Ganier (Paris, France: Presses Universitaires de France), 61–86. 
 Ganier, F., Gombert, J. E., and Fayol, M. (2000). Effets du format de présentation des instructions sur L’apprentissage de procédures À L’aide de documents techniques. Trav. Hum. 63 (2), 121–152. 
 Garris, R., Ahlers, R., and Driskell, J. E. (2002). Games, motivation, and learning: a research and practice model. Simul. Gaming. 1 déc 33 (4), 441–467. doi:10.1177/1046878102238607
 Gassmann, O., and Reepmeyer, G. (2011). “Universal design: innovations for all ages,” in Éditeurs. The silver market phenomenon: marketing and innovation in the aging society ed . Editors F. Kohlbacher, and C. Herstatt (Berlin, Heidelberg: Springer). doi:10.1007/978-3-642-14338-0_8
 Geerligs, L., Saliasi, E., Maurits, N. M., Renken, R. J., and Lorist, M. M. (2014). Brain mechanisms underlying the effects of aging on different aspects of selective attention. NeuroImage. 1 mai 91, 52–62. doi:10.1016/j.neuroimage.2014.01.029
 Glisky, E. L. (2007). “Changes in cognitive function in human aging,” in Brain aging ( CRC Press). 
 Gravetter, F. J., and Wallnau, L. B. (2017). Statistics for the behavioral sciences 10th. Boston: Cengage Learning. 
 Guner, H., and Acarturk, C. (2020). The use and acceptance of ICT by senior citizens: a comparison of technology acceptance model (TAM) for elderly and young adults. Univers Access Inf. Soc. 19 (2), 311–330. doi:10.1007/s10209-018-0642-4
 Haggas, A. M., and Hantula, D. A. (2002). Think or click? Student preference for overt vs. covert responding in web-based instruction. Comput. Hum. Behav. 1 mars 18 (2), 165–172. doi:10.1016/s0747-5632(01)00041-3
 Hartshorne, J. K., and Germine, L. T. (2015). When does cognitive functioning peak? The asynchronous rise and fall of different cognitive abilities across the life span. Psychol. Sci. 1 avr 26 (4), 433–443. doi:10.1177/0956797614567339
 Hasher, L., and Zacks, R. T. (1988). “Working memory, comprehension, and aging: a review and a new view,” in Psychology of learning and motivation ed . Editor G. H. Bower ( Academic Press). Available at: https://www.sciencedirect.com/science/article/pii/S0079742108600419.
 Hayotte, M., Thérouanne, P., Gray, L., Corrion, K., and d’Arripe-Longueville, F. (2020). The French eHealth acceptability scale using the unified theory of acceptance and use of technology 2 model: instrument validation study. J. Med. Internet Res. 15 avr 22 (4), e16520. doi:10.2196/16520
 Heinssen, R. K., Glass, C. R., and Knight, L. A. (1987). Assessing computer anxiety: development and validation of the computer anxiety rating scale. Comput. Hum. Behav. 1 janv 3 (1), 49–59. doi:10.1016/0747-5632(87)90010-0
 Hill, N. T. M., Mowszowski, L., Naismith, S. L., Chadwick, V. L., Valenzuela, M., and Lampit, A. (2017). Computerized cognitive training in older adults with mild cognitive impairment or dementia: a systematic review and meta-analysis. Am. J. Psychiatry 174 (4), 329–340. doi:10.1176/appi.ajp.2016.16030360
 Hu, M., Wu, X., Shu, X., Hu, H., Chen, Q., Peng, L., et al. (2019). Effects of computerised cognitive training on cognitive impairment: a meta-analysis. J. Neurol. 268, 1680–1688. doi:10.1007/s00415-019-09522-7
 Kabir, M. A., Rehman, M. U., and Majumdar, S. I. (2016). An analytical and comparative study of software usability quality factors. In: 2016 7th IEEE international conference on software engineering and service science ICSESS . Beijing, China: IEEE; Available at: http://ieeexplore.ieee.org/document/7883188/
 Kelders, S. M., van Zyl, L. E., and Ludden, G. D. S.(2020). The concept and components of engagement in different domains applied to eHealth: a systematic scoping review. Front. Psychol. 11, 926. doi:10.3389/fpsyg.2020.00926
 Kelly, M. E., Loughrey, D., Lawlor, B. A., Robertson, I. H., Walsh, C., and Brennan, S. (2014). The impact of cognitive training and mental stimulation on cognitive and everyday functioning of healthy older adults: a systematic review and meta-analysis. Ageing Res. Rev. mai 15, 28–43. doi:10.1016/j.arr.2014.02.004
 King, G., Currie, M., and Petersen, P. (2014). Child and parent engagement in the mental health intervention process: a motivational framework. Child. Adolesc. Ment. Health 19 (1), 2–8. doi:10.1111/camh.12015
 Lai, F. H. yin, Pun, A. M. kit, Wong, I. S. Y., and Wong, K. K. H. (2021). Systematic review on computerized cognitive training (CCT) for older adults with mild cognitive impairment. Alzheimers Dement. 17 (S7), e049294. doi:10.1002/alz.049294
 Lampit, A., Hallock, H., and Valenzuela, M. (2014). Computerized cognitive training in cognitively healthy older adults: a systematic review and meta-analysis of effect modifiers. PLoS Med. 11 (11), e1001756. doi:10.1371/journal.pmed.1001756
 Lequerica, A. H., and Kortte, K. (2010). Therapeutic engagement: a proposed model of engagement in medical rehabilitation. Am. J. Phys. Med. Rehabil. 89 (5), 415–422. doi:10.1097/PHM.0b013e3181d8ceb2
 Lezak, M. D. (2004). Neuropsychological assessment. Oxford University Press, 1038. 
 Lindner, M. A., Schult, J., and Mayer, R. E. (2022). A multimedia effect for multiple-choice and constructed-response test items. J. Educ. Psychol. janv 114 (1), 72–88. doi:10.1037/edu0000646
 Liu, Z. X., Shen, K., Olsen, R. K., and Ryan, J. D. (2018). Age-related changes in the relationship between visual exploration and hippocampal activity. Neuropsychologia 119, 81–91. doi:10.1016/j.neuropsychologia.2018.07.032
 Loorbach, N., Peters, O., Karreman, J., and Steehouder, M. (2015). Validation of the Instructional Materials Motivation Survey (IMMS) in a self-directed instructional setting aimed at working with technology: validation of the IMMS. Br. J. Educ. Technol. janv 46 (1), 204–218. doi:10.1111/bjet.12138
 Mascret, N., Delbes, L., Voron, A., Temprado, J. J., and Montagne, G. (2020). Acceptance of a virtual reality headset designed for fall prevention in older adults: questionnaire study. J. Med. Internet Res. 14 déc 22 (12), e20691. doi:10.2196/20691
 Mayer, R., and Moreno, R. (2005). “A cognitive theory of multimedia learning,” in Implications for design principles , 91. 1 janv. 
 McLaughlin, P. M., and Murtha, S. J. E. (2010). The effects of age and exogenous support on visual search performance. Exp. Aging Res. 7 juin 36 (3), 325–345. doi:10.1080/0361073X.2010.484752
 Mitzner, T. L., Savla, J., Boot, W. R., Sharit, J., Charness, N., Czaja, S. J., et al. (2019). Technology adoption by older adults: findings from the PRISM trial. Gerontologist 59 (1), 34–44. doi:10.1093/geront/gny113
 Morey, S. A., Stuck, R. E., Chong, A. W., Barg-Walkow, L. H., Mitzner, T. L., and Rogers, W. A. (2019). Mobile health apps: improving usability for older adult users. Ergon. Des. 27 (4), 4–13. doi:10.1177/1064804619840731
 Nadal, C., Sas, C., and Doherty, G. (2020). Technology acceptance in mobile health: scoping review of definitions, models, and measurement. J. Med. Internet Res. 6 juill 22 (7), e17256. doi:10.2196/17256
 Nahas, C., Gandit, M., Quillion-Dupré, L., and Monfort, E. (2023). How to engage patients in computerized cognitive training: a cognitive rehabilitation expert’s perspective. Disabil. Rehabil. Assist. Technol. 19, 2306–2318. doi:10.1080/17483107.2023.2284879
 Nahum-Shani, I., Shaw, S. D., Carpenter, S. M., Murphy, S. A., and Yoon, C. (2022). Engagement in digital interventions. Am. Psychol. 77 (7), 836–852. doi:10.1037/amp0000983
 Nurgalieva, L., Jara Laconich, J. J., Baez, M., Casati, F., and Marchese, M. (2019). A systematic literature review of research-derived touchscreen design guidelines for older adults. IEEE Access 7, 22035–22058. doi:10.1109/access.2019.2898467
 O’Brien, H. L., and Toms, E. G. (2008). What is user engagement? A conceptual framework for defining user engagement with technology. J. Am. Soc. Inf. Sci. Technol. 59 (6), 938–955. doi:10.1002/asi.20801
 Perski, O., Blandford, A., West, R., and Michie, S. (2017). Conceptualising engagement with digital behaviour change interventions: a systematic review using principles from critical interpretive synthesis. Transl. Behav. Med. 7 (2), 254–267. doi:10.1007/s13142-016-0453-1
 Reina-Tamayo, A. M., Bakker, A. B., and Derks, D. (2017). Episodic demands, resources, and engagement. J. Person. Psycho. 16 (3), 125–136. doi:10.1027/1866-5888/a000177
 Righi, S., Mecacci, L., and Viggiano, M. P. (2009). Anxiety, cognitive self-evaluation and performance: ERP correlates. J. Anxiety Disord. 1 déc 23 (8), 1132–1138. doi:10.1016/j.janxdis.2009.07.018
 Salthouse, T. A. (1996). The processing-speed theory of adult age differences in cognition. Psychol. Rev. 103 (3), 403–428. doi:10.1037/0033-295x.103.3.403
 Saragih, I. D., Everard, G., and Lee, B. O. (2022). A systematic review and meta-analysis of randomized controlled trials on the effect of serious games on people with dementia. Ageing Res. Rev. 1 déc 82, 101740. doi:10.1016/j.arr.2022.101740
 Sharit, J., and Czaja, S. J. (2020). Overcoming older adult barriers to learning through an understanding of perspectives on human information processing. J. Appl. Gerontol. mars 39 (3), 233–241. doi:10.1177/0733464818794574
 Shi, J., Lo, B., Wong, H. W., Hollenberg, E., Sanches, M., Abi-Jaoudé, A., et al. (2021). Assessing the usability and user engagement of Thought Spot - a digital mental health help-seeking solution for transition-aged youth. Internet Interv. 24, 100386. doi:10.1016/j.invent.2021.100386
 Sigmundsdottir, L., Longley, W. A., and Tate, R. L. (2016). Computerised cognitive training in acquired brain injury: a systematic review of outcomes using the International Classification of Functioning (ICF). Neuropsychol. Rehabil. 2 Sept. 26 (5-6), 673–741. doi:10.1080/09602011.2016.1140657
 Sohlberg, M. M., Ehlhardt, L., and Kennedy, M. (2005). Instructional techniques in cognitive rehabilitation: a preliminary report. Semin. Speech Lang. 26 (04), 268–279. doi:10.1055/s-2005-922105
 Sohlberg, M. M., and Turkstra, L. S. (2011). Optimizing cognitive rehabilitation: effective instructional methods. Guilford Press, 305. 
 Srisuwan, P., Nakawiro, D., Chansirikarnjana, S., Kuha, O., Kengpanich, S., and Gesakomol, K. (2020). Exploring factors that contribute to joining and regularly practicing in cognitive training among healthy older adults: a one-year follow-up qualitative study. J. Prev. Alzheimers Dis. 7 (2), 75–81. doi:10.14283/jpad.2020.14
 Sweller, J., and Chandler, P. (1991). Evidence for cognitive load theory. Cogn. Instr. 1 déc 8 (4), 351–362. doi:10.1207/s1532690xci0804_5
 Thomas-anterion, C., Ribas, C., Honore-masson, S., Million, J., and Laurent, B. (2004). Evaluation de la plainte cognitive de patients Alzheimer, de sujets MCI, anxiodépressifs et de témoins avec le QPC (Questionnaire de Plainte Cognitive). NPG Neurol. - Psychiatr. - Gériatrie. avr 4 (20), 30–34. doi:10.1016/s1627-4830(04)97931-7
 Torous, J., Nicholas, J., Larsen, M. E., Firth, J., and Christensen, H. (2018). Clinical review of user engagement with mental health smartphone apps: evidence, theory and improvements. Evid. Based Ment. Health. août 21 (3), 116–119. doi:10.1136/eb-2018-102891
 Turner, G. R., and Spreng, R. N. (2012). Executive functions and neurocognitive aging: dissociable patterns of brain activity. Neurobiol. Aging. 1 avr 33 (4), 826.e1–826.e13. doi:10.1016/j.neurobiolaging.2011.06.005
 Turunen, M., Hokkanen, L., Bäckman, L., Stigsdotter-Neely, A., Hänninen, T., Paajanen, T., et al. (2019). Computer-based cognitive training for older adults: determinants of adherence. PLOS ONE. 10 juill 14 (7), e0219541. doi:10.1371/journal.pone.0219541
 Venkatesh, V., Thong, J. Y. L., and Xu, X. (2012). Consumer acceptance and use of information technology: extending the unified theory of acceptance and use of technology. MIS Q. 36 (1), 157–178. doi:10.2307/41410412
 Vette, N. de, and Alberdien, A. F. (2019). Designing game-based eHealth applications: strategies for sustainable engagement of older adults. University of Twente. doi:10.3990/1.9789036547994
 Vroman, K. G., Arthanat, S., and Lysack, C. (2015). “Who over 65 is online?” Older adults’ dispositions toward information communication technology. Comput. Hum. Behav. févr 43, 156–166. doi:10.1016/j.chb.2014.10.018
 Webb, S. L., Loh, V., Lampit, A., Bateman, J. E., and Birney, D. P. (2018). Meta-analysis of the effects of computerized cognitive training on executive functions: a cross-disciplinary taxonomy for classifying outcome cognitive factors. Neuropsychol. Rev. 28 (2), 232–250. doi:10.1007/s11065-018-9374-8
 Wildenbos, G. A., Jaspers, M. W. M., Schijven, M. P., and Dusseljee- Peute, L. W. (2019). Mobile health for older adult patients: using an aging barriers framework to classify usability problems. Int. J. Med. Inf. 1 avr 124, 68–77. doi:10.1016/j.ijmedinf.2019.01.006
 Wildenbos, G. A., Peute, L., and Jaspers, M. (2018). Aging barriers influencing mobile health usability for older adults: a literature based framework (MOLD-US). Int. J. Med. Inf. 1 juin 114, 66–75. doi:10.1016/j.ijmedinf.2018.03.012
 Wynn, J. S., Amer, T., and Schacter, D. L. (2020). How older adults remember the world depends on how they see it. Trends Cogn. Sci. 24 (11), 858–861. doi:10.1016/j.tics.2020.08.001
 Yardley, L., Spring, B. J., Riper, H., Morrison, L. G., Crane, D. H., Curtis, K., et al. (2016). Understanding and promoting effective engagement with digital behavior change interventions. Am. J. Prev. Med. 51 (5), 833–842. doi:10.1016/j.amepre.2016.06.015
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.
Copyright © 2025 Nahas, Gandit and Monfort. 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/fragi-06-1297704-t001.jpg
Question

French version

English version

Indicators

References it was

adapted from

1 La disposition des informations dans 'ensemble dela | The way the information is arranged on | Perceived RIMMS; Loorbach et al.
page contribue & maintenir mon attention the pages helped keep my attention comprehension (2015)

2 Lorganisation des informations partagées me rend | The good organization of the content | Perceived RIMMS; Loorbach et al.,
confiant(e) dans ma capacité a comprendre comment | helped me be confident that I would | comprehension 2015
réaliser cet exercice learn this material

3 Je trouve cet exercice d'entrainement cognitif utile | 1 find this cognitive training exercise | Acceptability (Perceived | Hayotte et al. (2020)

useful usefulness)

4 Je trouve quapprendre a réaliser cet exercice est facile | 1 find this exercise easy to learn Acceptability (Self- Hayotte et al. (2020)
pour moi efficacy)

5 Je pense que cet exercice va me permettre de I think this exercise will help me develop | Acceptability (Outcome | Hayotte et al. (2020)
développer mes compétences my skills expectancy)

6 Je trouve que les consignes sont faciles 2 comprendre | Ifind the instructions easy to understand = Acceptability (Effort Castilla et al. (2018)

expectancy/Self-efficacy)






OPS/images/fragi-06-1297704-t002.jpg
Block 1 - analytical exercises Le Barrage Le Bon groupe
Order_1 A A
Order_2 A B B
Order_3 B B A
Order_4 B A A
Order_5 A B A
Order_6 B A B

Block 2 - Functional exercises

Les courses

Liste de courses

Order_1 A A B
Order_2 A B B
Order_3 B B A
Order_4 B A A
Order_5 A B A
Order_6 B A B






OPS/images/fragi-06-1297704-g003.gif





OPS/images/fragi-06-1297704-g004.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Engagement in computerized cognitive training instructions by older people. A within-subject design to evaluate comprehension and acceptability of serious games instructions		1 Introduction		1.1 The necessity of factoring in engagement when designing computer-based support environments for older people

		1.2 Improving CCT instructions to increase engagement through the use of saliency

		1.3 Our contribution





		2 Materials and equipment		2.1 Participants

		2.2 Materials





		3 Methods

		4 Data analysis

		5 Anticipated results

		6 Discussion

		7 Conclusion

		Data availability statement

		Author contributions

		Funding

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
, frontiers | Frontiers in Aging

Engagement in computerized
cognitive training instructions
by older people. A within-
subject design to evaluate
comprehension and
acceptability of serious games
instructions





OPS/images/fragi-06-1297704-g001.gif
axexx
oqoxa
“oxxx
Loexae






OPS/images/fragi-06-1297704-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Aging





