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Abstract 28 

While the benefits of physical activity are well known, many older adults do not have 29 

any physical activity because they do not have access to adapted physical activity (APA) 30 

structures and teachers. The use of a telepresence to remotely supervise older adults’ physical 31 

activity may be a suitable solution to break with lack of physical inactivity of older adults. 32 

The aim of the present study was to investigate effectiveness, acceptance, and perception of a 33 

mobile telepresence robot (MTR) that is remotely controlled by an APA teacher.  34 

Forty older adults (70.7 ± 4.3 years, 21 women, 19 men) were randomly divided in two 35 

groups of 20 participants who took part in a single individual learning session of a cognitive-36 

motor task either conducted face-to-face with an APA teacher or with the same APA teacher 37 

using the MTR. Task performance, acceptance of the MTR, and perception of the APA 38 

teacher were assessed with quantitative and qualitative measures. The results showed that 39 

using MTR was as effective as a face-to-face intervention to help older adults learning a 40 

cognitive-motor task during a single session. The MTR was well-accepted by older adults and 41 

the APA teacher using the MTR was perceived warm, competent, adaptive, and sociable. The 42 

participants forgot that they were talking to a robot and they clearly put forward the added 43 

values of the MTR, especially its specific functionalities that does not exist in other types of 44 

devices such as static videoconference. APA sessions supervised by qualified teachers using 45 

the MTR may be implemented for isolated older adults who do not benefit from the services 46 

dedicated to supervised physical activity. 47 

 48 

Keywords: Elderly; physical activity; technology acceptance model; health. 49 

  50 
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Highlights 51 

• Despite all its health benefits, physical activity is not feasible for many older adults 52 

because of their isolation. 53 

• Mobile telepresence robot (MTR) piloted by a teacher may be relevant to remotely 54 

supervise older adults’ physical activity. 55 

• Using MTR was as effective as a face-to-face intervention to learn a cognitive-motor 56 

task specifically adapted to elderly. 57 

• The MTR was well-accepted by older adults for supervising a remote physical activity 58 

session. 59 

• The teacher using the MTR was perceived warm, competent, adaptive, and sociable 60 

and older adults gradually forgot the MTR. 61 

  62 
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Mobile Telepresence Robot as a New Service to Remotely Supervise Older Adults’ 63 
Physical Activity: Effectiveness, Acceptance, and Perception 64 

 65 

1. Introduction 66 

With the increase in life expectancy, the number of older adults aged over 65 years is 67 

continually increasing worldwide [1]. In France, they represent 20% of the population and 68 

could reach 30% in 2070 [2]. This longevity revolution has significant individual and socio-69 

economic consequences. Indeed, the decline in functional capacities and the occurrence of 70 

age-related chronic diseases are aggravated by sedentary lifestyle, which affects most elderly 71 

people. Thus, an important challenge for Science and Society is to promote Healthy Active 72 

Aging that is, to delay or to attenuate age-related alterations of physical and cognitive 73 

capacities, to preserve individual’s psychological well-being, quality of life, and autonomy as 74 

long as possible [3]. 75 

1.1. Physical activity, autonomous robots, and videoconference in older adults 76 

To achieve this objective, new services must be provided to encourage older adults to 77 

remain physically active and to break with social isolation. Indeed, regular physical activity is 78 

one of the most effective and inexpensive solutions for maintaining health and independence 79 

in older adults. For instance, it has been reported that even a low dose of moderate to vigorous 80 

intensity physical activity allows reducing mortality by 22% in this population [4]. Regular 81 

physical activity can also prevent the onset of cognitive disorders associated with normal 82 

aging, or delay the development of neurodegenerative pathologies such as Alzheimer’s 83 

disease, and reduce the risk of cancer, cardiovascular disease, and depression [5]). However, 84 

although the beneficial effects of physical activity are now well demonstrated, the prevalence 85 

of physical inactivity increases considerably with age -- 67% of older people are physically 86 

inactive [6] -- which generates considerable expenses (17 billion euros annually in France).  87 
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Social and physical isolation of many older adults is one of the potential explanations 88 

of this situation [7]. Indeed, a large number of older adults remain out of the scope of 89 

associative or institutional structures [8] or, since they live in isolated territories, they remain 90 

distant from daily living facilities and structures [9], while these structures may propose, 91 

among other services for older adults, programs of Adapted Physical Activity (APA). Thus, 92 

specific services are needed to overcome these obstacles that is, to facilitate access of older 93 

adults to effective, adapted, and attractive physical training programs. Technologies offer new 94 

opportunities in this respect [10], as attested by the use telepresence, which has dramatically 95 

increased during the Covid period, demonstrating real effectiveness in preserving the link 96 

between isolated seniors and their surroundings [11]. Remote physical activity can be 97 

delivered through different media, such as autonomous robots and videoconference. 98 

1.1.1. Autonomous robots for older adults’ physical activity 99 

The use of robots is a becoming growing trend to facilitate daily living of older adults, 100 

as pointed out by a recent article published in Nature [12]. Promising results have been 101 

reported in this respect by studies that used autonomous robots with artificial intelligence 102 

(e.g., Nao, Vizzy) to supervise physical activity sessions in older adults, without the help of a 103 

specialized APA teacher (e.g., [13-18]). It has been demonstrated that engaging in physical 104 

activity with autonomous robots was more effective than exercising alone [17] or exercising 105 

with another technology without human-robot contact [15]. Moreover, autonomous robots are 106 

rather well accepted by seniors [13,14,18] and well perceived by seniors. For instance, Čaić et 107 

al. [14] have compared a physical activity session that was supervised by a human coach with 108 

a session supervised by an autonomous robot coach with artificial intelligence. They showed 109 

that i) older adults’ scores of perceived warmth and perceived competence of the coach were 110 

significantly higher when the session was supervised face-to-face but, ii) perceived warmth 111 
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and perceived competence of the autonomous robot were high and, ultimately, slightly lower 112 

than those of the human coach. 113 

However, in spite of their assets, they also have a number of limitations to supervise 114 

older adults’ physical activity. Indeed, previous studies, some seniors reported being anxious 115 

and afraid of the robot, not knowing what to say and do, mishearing and misunderstanding the 116 

robot’s words and intentions, and even not trusting it. Finally, what comes up most often is 117 

the lack of adaptability of the robot to the needs and specificities of the older adults during 118 

physical activity sessions, which reinforces the differences between the skills of a human 119 

coach and an autonomous robot.  120 

1.1.2. Videoconference for older adults’ physical activity 121 

Since the Covid crisis, static videoconference is more and more often used to 122 

encourage older adults to practice physical activity. In this context, the APA teacher and the 123 

older adult use a computer, a digital tablet, or a cell phone and the video interactions are 124 

mediated by a fixed webcam with a single vantage point, which must be positioned or moved 125 

by the participant himself/herself [19]. Few studies have demonstrated that physical activity 126 

sessions supervised through static videoconference were effective to improve balance control 127 

[20-22], to reduce fall risk [22], as well as to enhance physical performance in the chair stand 128 

test [20], or to increase muscle mass of lower limbs [23], independent of whether they were 129 

mediated by a tablet, a computer, or a smartphone. However, to our best knowledge, only one 130 

study [24] directly compared a physical training program carried at home by healthy older 131 

adults and delivered via static videoconference and the same program administered face-to-132 

face. The authors argued that the results supported the “non-inferiority” of the 133 

videoconference training program for improving maximal aerobic power, maximal heart rate, 134 

maximal oxygen consumption, knee extension strength, and lower limb power (but not for 135 

improving handgrip, trunk extension, and knee flexion isometric strength). Moreover, other 136 
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studies showed that videoconference was well-accepted by older adults to supervise physical 137 

activity sessions, showing satisfactory levels of compliance, adherence rate, presence, 138 

convenience, and satisfaction among older adults [e.g., 21,22,29]. 139 

 However, the use of videoconference limits the nature of the physical exercises that 140 

can be carried out. Indeed, physical activity involves movements, and often displacements, 141 

which must be carefully observed by the APA teacher from the best angle of view to make 142 

sure that they are correctly performed, and to correct them if necessary. In this respect, static 143 

videoconference constrains the APA teacher to use physical exercises performed without 144 

displacements, and does not allow him/her to change his/her point of view, as he/she would 145 

do if he/she was physically present to provide individual feedback. In the same way, during 146 

the realization of physical exercises, the participant may leave the field of the webcam, 147 

thereby preventing the supervision of his/her activity by the APA teacher. Finally, collective 148 

sessions of physical activity, involving several participants being present and active in the 149 

same place, are difficult and even impossible to supervise with videoconference. Indeed, since 150 

the available information is dependent on the placement of the computer, tablet, or 151 

smartphone, controlled by the participant only, all participants could not be visible on the 152 

screen by the teacher or they would appear too small to be able to give precise and adapted 153 

feedbacks.  154 

Thus, to overcome the limitations of autonomous robots and videoconference, another 155 

promising solution that is, a mobile telepresence robot (MTR), which have shown many 156 

benefits for older adults in other domains than physical activity [25] should be envisaged.   157 
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1.2.Supervision of older adults’ physical activity through the use of a mobile 158 

telepresence robot 159 

1.2.1. Definition and potential advantages of the mobile telepresence robot 160 

Mobile telepresence robot is a technology that uses interactive two-way video and 161 

audio on a mobile embodiment to feel or appear present in a remote location in a relatively 162 

high-fidelity manner [26]. Indeed, MTRs “are typically characterized by their support of 163 

videoconferencing and locomotion, which allows operators, the people who are controlling 164 

the robots, to see, hear, and move throughout their environment” (p.1) [27]. Accordingly, the 165 

MTR could be relevant to overcome some of the limitations of autonomous robots and 166 

videoconference previously identified. First, the lack of adaptability of autonomous robots to 167 

the specificities of older adults during physical activity, their difficulties to understand robots’ 168 

intention, and the fear of robots that they may experience are not suitable with a MTR 169 

because the MTR is driven by a human APA teacher, who, thanks to his/her teaching skills, 170 

can i) adapt to the particularities of the seniors throughout the physical activity session, ii) 171 

answer their questions if they do not understand the instructions, and iii) reassure them if they 172 

feel anxious or demotivated. Moreover, MTRs allows preserving human relationships during 173 

APA sessions and, thus, breaking social isolation or detecting eventual domestic problems, 174 

which cannot be done (or less easily) by autonomous robots. Secondly, MTRs are different 175 

from static videoconference to the extent that, in the latter, video interactions are mediated by 176 

a fixed webcam with a single vantage point, which must be positioned or moved by the 177 

participant himself/herself [19]. Conversely, MTR allows the teacher to move around the 178 

environment of older adults [28], which can be a strong advantage i) to observe the 179 

participants from the most appropriate locations, ii) to give more appropriate instructions, 180 

and/or iii) to easily adapt the feedbacks provided to participants. Indeed, if the participant 181 

leaves the APA teacher’s field of view, the latter can move the robot or the robot head to put 182 
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the participant back in the center of his or her field of view so that he or she can observe and 183 

give the most appropriate feedback. Group physical activity sessions, difficult and even 184 

impossible to supervise with videoconference, may be then feasible with the MTR, thanks to 185 

its mobile functionality. Thus, relative to static videoconference, MTR offers new possibilities 186 

that videoconference did not permit until now. In particular, it could allow APA sessions to be 187 

more adapted to the needs of older adults since teacher interventions might be personalized 188 

and closer to face-to-face situations. This aspect is essential because supervised physical 189 

activity programs have been demonstrated to be more effective than unsupervised ones to 190 

improve functional capacities in older adults [24,29].  191 

According to the above considerations, we contend that MTR remotely controlled by 192 

an APA teacher might be a suitable way to provide APA programs to older adults who live in 193 

isolated territories and/or who are distant from daily living facilities and structures. However, 194 

as prerequisite, effectiveness, acceptance, and perception of MTR must be investigated to 195 

gather scientific evidence that could support its use as a new service for supervising older 196 

adults’ physical activity.  197 

1.2.2. Effectiveness of MTRs to supervise older adults’ physical activity 198 

Before comparing the effectiveness of MTR to autonomous robots or videoconference, 199 

a critical question is whether MTR is as effective as a usual face-to-face intervention for older 200 

participants to experience the benefits of physical activity. However, whether, why, and in 201 

which conditions MTR is as effective (or even superior) to similar sessions delivered in 202 

presence of the APA teacher is unknown to date. The present study aimed at addressing this 203 

issue.  204 

1.2.3. Acceptance of MTRs to supervise older adults’ physical activity 205 

In addition to the potential effectiveness of MTR to improve functional capacities, 206 

another important issue concerns its acceptance by older adults [7,30]. The notion of 207 
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“acceptance” of a technology captures the psychological determinants of the intention to use 208 

this technology, either before or after its actual use. In this respect, though older people are 209 

becoming more and more familiar with the use of technologies, they seem generally less 210 

prone to use them than young people [31]. Thus, despite its potential effectiveness and 211 

interest to promote healthy aging, a service using MTR to supervise physical activity could 212 

come up against a lack of acceptance.  213 

The Technology Acceptance Model (TAM) is the most used theoretical framework to 214 

investigate the acceptance of technologies [32-34]. It has been used extensively to study 215 

different types of technologies (e.g., smartphones, computers, virtual reality), with different 216 

populations (e.g., students, consumers, older adults), and in different contexts (e.g., education, 217 

sport, business). The two main variables considered by the TAM are perceived usefulness and 218 

perceived ease of use, respectively. Both are positive predictors of intention to use the 219 

technology, which in turn is a positive predictor of its actual use. In other words, the more a 220 

person finds a technology useful and easy to use, the more he/she will intend to use it and the 221 

more likely he/she will use it. Other variables have been subsequently introduced in the TAM, 222 

such as perceived enjoyment, which also positively predicts intention of older adults to use a 223 

technology (e.g., [35]). Since the TAM is the most widely used model in the literature on 224 

technology acceptance in many settings such as education (for a review, see [36]) or sport (for 225 

a review, see [37]), the present study is grounded on this model to investigate acceptance of 226 

MTR as a media to deliver a physical activity session supervised by an APA teacher. Older 227 

adults generally have also a good acceptance of MTR in many domains [7]. 228 

However, whether good acceptance might generalize to the use of MTR to supervise 229 

physical activity sessions remains uncertain since studies investigating this issue are scarce. 230 

Only two studies investigated this issue. Mitzner et al. [38] showed that community-dwelling 231 

older adults’ perceived usefulness and perceived ease of use of telepresence was quite high, 232 
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lending credence to the fact that older adults suffering from mobility impairment were prone 233 

to accept the use of technology of telepresence for practicing physical activity. However, in 234 

this study, though median scores of perceived usefulness and perceived ease of use (i.e., the 235 

two main variables of the TAM) were higher than the mean of the self-reported scale, no 236 

statistical analyses have been conducted on the data to confirm this hypothesis. 237 

Based on the TAM, the second study was carried out in our research group [39] and 238 

investigated older adults’ acceptance of the MTR for supervising physical activity, before a 239 

first use. The results showed that perceived usefulness, perceived ease of use, perceived 240 

enjoyment, and social norms (i.e., influence of the close environment, such as friends and 241 

family) were positive predictors of older adults’ intention to use the MTR in the future for 242 

practicing physical activity.  Specifically, as in Mitzner et al.’s [38] study, perceived 243 

usefulness, perceived ease of use, and perceived enjoyment were significantly (but slightly) 244 

higher than the mean of the scale. In contrast, intention to use the MTR was not different from 245 

the mean of the scale, thereby suggesting that older adults had, before a first use, neither 246 

intention to use the MTR in general nor intention not to use it in the context of physical 247 

activity. 248 

Although the results of the two previous studies allowed to a better understanding of 249 

MTR acceptance before its use, it must be noted that, in the aforementioned studies, the 250 

elderly have never used it. Indeed, MTR was only presented to the elderly either via a video 251 

[38] or via pictures of the technology, in addition to a short explaining text [39]. However, it 252 

is well known that acceptance may significantly evolve after effective use of a technology 253 

[32-34]. Consequently, the reported results need to be completed by investigating older 254 

adults’ acceptance of MTR following the effective completion of a physical activity session 255 

remains. This is the second objective of the present study.   256 
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1.2.4. Perception of MTRs to supervise older adults’ physical activity 257 

Technology acceptance may be influenced by users’ emotional and cognitive reactions 258 

[40]. In social interactions, Humans judge other Humans with whom they interact on warmth 259 

(is the other a friend or a foe?) and competence (is the other skilled or ineffective?), which 260 

influence their reactions at the emotional, cognitive, and behavioral levels [41]. The 261 

emotional and cognitive reactions may be similar or different when older adults are 262 

confronted with a robot or a Human. Indeed, social interactions are not for humans only and 263 

they can even be considered between a Human and an autonomous robot with artificial 264 

intelligence [42]. The study of Čaić et al. [14] conducted with autonomous robots to supervise 265 

older adults’ physical activity highlighted that i) older adults’ scores of perceived warmth and 266 

perceived competence of the coach were significantly higher when the session was supervised 267 

face-to-face but, ii) perceived warmth and perceived competence of the autonomous robot 268 

were high and, ultimately, slightly lower than those of the human coach. Whether similar 269 

results could be observed when the physical activity session is mediated by a MTR, instead of 270 

an autonomous robot, remains to be determined. This issue is of interest since interactions 271 

between two or several Humans mediated by a MTR might be more warmth than those 272 

enabled by an autonomous robot. This hypothesis was supported, in the educational domain, 273 

by Schouten et al. [43] who showed that students in a telepresence robot condition 274 

experienced more warmth than those in the videoconferencing condition. However, studies 275 

conducted with MTRs are scarce and until now, no one has investigated this issue in the older 276 

adults’ physical activity domain.  277 

Two other variables than perceived warmth and perceived competence may be of 278 

interest to investigate the perception of the APA teacher using MTR. Indeed, it has been 279 

shown that older adults’ acceptance of robots was higher when robots’ perceived adaptiveness 280 

(i.e., the perceived ability of the system to adapt to the needs of the user) and perceived 281 
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sociability (i.e., the perceived ability of the system to perform sociable behavior) were also 282 

high [44]. In an educational setting, perceived adaptiveness of a telepresence robot positively 283 

predicted its perceived usefulness and that perceived sociability positively predicted students’ 284 

perceived enjoyment [45]. Unfortunately, studies investigating perceived adaptiveness and 285 

perceived sociability of MTR in the context of older adults’ physical activity are lacking. 286 

Consequently, the question arises of whether perceived warmth, perceived competence, 287 

perceived adaptiveness, and perceived sociability of the APA teacher would be similar when 288 

comparing a physical activity session supervised by a face-to face APA teacher and by an 289 

APA teacher using MTR. The present study addressed this third issue.  290 

1.2.5. Qualitative analyses on participant’s experience and perception 291 

A common thread ran through the three objectives of the present study. While most 292 

studies conducted with MTRs use quantitative methods to measure their effectiveness (e.g., 293 

performance on standardized tests such as the Timed Up and Go [46]) as well as their 294 

acceptance and perception (e.g., self-reported questionnaires), a number of studies have also 295 

used qualitative methods. The review of Isabet et al. [7] highlighted that several studies have 296 

identified a decrease of older adults’ loneliness and isolation with a qualitative assessment 297 

when using a MTR. Interviews have specifically showed that MTRs increase communication, 298 

interaction, and connectedness in different samples of older adults. In the domain of older 299 

adults’ physical activity using MTRs (presented through a video), the only study conducted 300 

by Mitzner et al. [38] showed that older adults appreciated to see facial expressions and to 301 

have the opportunity to imitate the teacher, which could have not been identified using self-302 

reported questionnaires. In this respect, it is noticeable that in Mitzner's study, the seniors 303 

have never used the robot, which was only presented through a video. Their actual experience 304 

with the MTR could therefore not be examined. 305 
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In sum, following the recommendations of Pino et al. [47], investigating effectiveness, 306 

acceptance, and perception of a MTR by combining quantitative and qualitative methods 307 

might provide additional information and, accordingly, improve our understanding of the 308 

interest of MTR in the context of physical activity supervision. In the present study, 309 

qualitative measures arising from the analysis of self-confrontation interviews were 310 

additionally used to cross quantitative results and participants’ experiences and lived 311 

perceptions [48].  312 

1.3.  Aims and hypotheses of the present study 313 

The first aim of the present study was to investigate the effectiveness of the MTR 314 

intervention, compared to the same face-to-face intervention, to supervise a single session of 315 

physical activity, specifically adapted for older adults. We hypothesized that there would be 316 

no significant difference in performance on a motor-cognitive task, after a single learning 317 

session, between the two modes of interventions (Hypothesis 1). If this hypothesis was 318 

verified, it would mean that teaching APA using the MTR would maintain the effectiveness 319 

of the intervention and that isolated seniors, who do not benefit from physical activity 320 

supervision, could in turn participate in APA sessions remotely supervised by a professional 321 

using the MTR. The second aim of the study was to examine how acceptance of the MTR by 322 

older adults evolved following the completion of the physical activity session, compared to a 323 

control group, which was only confronted to a written description and pictures of the MTR. 324 

According to the existing literature, we hypothesized that acceptance of the MTR by older 325 

adults would be high (Hypothesis 2) and higher than acceptance of older adults who have 326 

never used the MTR (Hypothesis 3). If these hypotheses were verified, it would mean that 327 

older adults would find the supervision by an APA teacher using a MTR useful, including 328 

specific MTR benefits related to its mobile functionalities. Finally, the third aim of the study 329 

was to compare older adults’ perception of the (same) APA teacher, either after the face-to-330 
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face intervention or the MTR one. We hypothesized that perceived warmth, perceived 331 

competence, perceived adaptiveness, and perceived sociability after the face-to-face 332 

intervention should be higher than after the MTR condition (Hypothesis 4). We also 333 

hypothesized that the scores of those variables would be high after the MTR condition 334 

(Hypothesis 5). If these hypotheses were verified, it would mean that the human relationship 335 

with the APA teacher, which is particularly important for older adults, would be maintained 336 

even when the APA teacher uses the MTR. 337 

2. Methods 338 

2.2.  Participants 339 

The participants were recruited within the cohort of the Chair Active Aging, which 340 

includes about a hundred of older, autonomous adults, living at home (> 65 years). They 341 

volunteered and gave an informed consent to attend. To be included in the study, potential 342 

participants should meet the following self-reported eligibility criteria: i) to be aged 65 years 343 

or older; i) living independently at home; iii) to be able to walk without a walking aid; iv) to 344 

be free of any medical treatment interfering with vigilance; v) not to suffer from any 345 

vestibular, neurological, psychiatric, endocrine, or cardiovascular pathology; vi) not to suffer 346 

from any uncorrected oculomotor, auditory, and/or visual disorders. Then, potential 347 

participants performed a cognitive test (Mini-Mental State Examination, MMSE, [49]) to 348 

assess global cognition and potential cognitive impairment, which also allowed to ensure that 349 

they were able to understand oral instructions and to fill out questionnaires. Only the 350 

participants having a MMSE score higher than 26 were included. A total of 40 older adults 351 

(70.7 ± 4.3 years, 21 women, 19 men) met these criteria and took part in the experiment. 352 

Participants gave an informed consent to be filmed during the learning session. Specific 353 

provisions (see below, Ethics section) were made to protect personal data.  354 
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2.3. Procedure 355 

2.3.3. Randomization 356 

 Two groups were constituted that is, a face-to-face and a MTR groups, respectively. 357 

Participants were randomly allocated to one of the two groups according to the following 358 

procedure: a number was assigned to each participant and a computer made a random draw to 359 

distribute them in each group. This was done independently for men and women. Finally, 13 360 

women and 7 men (70.5 ± 3.8 years) were included in the face-to-face group, and 8 women 361 

and 12 men (70.9 ± 4.9 years) were included in the MTR group. 362 

2.3.4. Pre-tests  363 

Before attending to the learning session, the participants performed motor fitness tests 364 

to assess eventual differences between the two groups. Three motor fitness tests were used: 365 

Timed Up and Go [46], grip strength [50], and unipedal balance [51]. The Timed Up and Go 366 

allowed to assess functional mobility: the participant sits on a chair and after a “go” signal, 367 

must stand up, walk 3m, go around a cone placed on the ground, walk back, and sit on the 368 

chair. The time to complete the task is measured. The maximal handgrip strength was 369 

assessed using a hand dynamometer (JAMAR hand dynamometer, Chicago, IL, USA). 370 

Maximal handgrip strength is currently considered a proxy of general strength, indicative of 371 

sarcopenia and of global physical performance in older adults [52]. The unipedal balance test 372 

required participants to keep a stable equilibrium on their preferred leg for as long as possible 373 

(maximum 1 min), with the foot of the free leg placed on the knee of the supporting leg. Rest 374 

periods (2 minutes) were provided to participants between the tests and after the full 375 

completion of the three tests.  376 

2.3.5. Learning session 377 

All the participants were instructed by the teacher to learn a complex cognitive-motor 378 

task that is, the Square Stepping Exercise (SSE), which was specifically designed for 379 



 17 

improving lower-extremity functional coordination and consequently, might help preventing 380 

fall occurrence among older adults [53,54]. The SSE consisted of walking lengthwise by 381 

reproducing a sequence of steps, carried out on a mat (2.50m long x 1m large) squared into 40 382 

squares of 25cm side (Figure 1) thereby requiring cognitive control of speed-accuracy 383 

tradeoff. Specifically, the participants started the movement sequence by placing their right 384 

foot on the home location number 1, then had to move their left foot on the number 2, the 385 

right foot on the number 3, and so on until they reached 6, and finally moved outside the mat. 386 

Participants were instructed to perform the task as fast as possible, while making as few errors 387 

as possible. An error was defined as a wrong sequence of numbers on the mat or putting the 388 

foot on the front and side of a square. Four different SSE tasks were practiced in the following 389 

order: i) a familiarization task whose objective was to discover and understand the task and 390 

the instructions (4 trials), ii) a task of low level of difficulty (“Junior level”, [54]), with 391 

forward steps only (8 trials), iii) a task of medium level of difficulty (“Semi-regular level”), 392 

with forward , lateral, and oblique steps (8 trials), and iv) a task of a higher level of difficulty 393 

(“Regular level”) with forward, backward, lateral, and oblique steps (8 trials). A rest period 394 

was provided between each task to ensure that fatigue did not influence participants’ 395 

performance. 396 

Please insert Figure 1 

 397 

2.3.6. Experimental conditions 398 

The two groups of 20 participants took part in a single individual learning session 399 

either conducted face-to-face with an APA teacher (Face-to-face condition) or with the same 400 

APA teacher viewed in telepresence, using the MTR (MTR condition). The APA teacher 401 

received prior familiarization to effectively pilot the MTR. The instructions given by the APA 402 

teacher to the participants and the movements of the teacher/the robot around the mat were 403 
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standardized and similar in the two groups. Each APA session was filmed and recorded via a 404 

wide-angle camera that allowed viewing the participant, the mat, and the APA teacher 405 

throughout the session. 406 

2.3.7. Description of the MTR 407 

We used the MTR “Ubbo” (Figure 2) developed by the company Axyn, which 408 

measures 1.60m and may move multi-directionally in space according to the actions of the 409 

distant operator. Specifically, the MTR can move forward, backward, or even turn, in 410 

complete safety thanks to its collision avoidance sensors. Interactions between the participants 411 

and the operator (i.e., the teacher) are ensured thanks to a microphone and to cameras. The 412 

pilot’s face is broadcasted in real time on the MTR’s “head”, composed of a screen and a 413 

camera, which can rotate up and down and from right to left, to adjust the point of view. 414 

Consequently, participants could see and hear the APA teacher who is physically present in a 415 

distant place. This device can be controlled remotely (even from several thousand kilometers 416 

away) through a Wi-Fi or 4G network, from an interface on a computer, tablet, or 417 

smartphone. 418 

Please insert Figure 2 

 419 

2.3.8. Experimental procedure 420 

An assistant, member of the research staff, greeted the participant and administered the 421 

pre-tests in the experimental room. The experimenter then informed the participant that the 422 

session would be supervised by an APA teacher. Depending on the condition (face-to-face 423 

condition or MTR condition), the teacher was introduced to the participants either by 424 

physically entering the room or by having the robot enter it. The whole APA session was then 425 

supervised either directly by the teacher or via the MTR. Although the conditions for carrying 426 

out the different tasks and supervising the session were standardized (e.g., moving around the 427 
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mat quite similarly in the two conditions), the teacher was free to place herself in the most 428 

appropriate place to watch the participant performing the task with the swivel head of the 429 

MTR. Also, the teacher was able to move around the environment of older adults and was free 430 

to give personalized instructions to each participant in order to facilitate learning. In 431 

particular, she made sure to give positive feedback, encouragements, and instructions aimed 432 

at accelerating learning (e.g., instructions on how to perform the movement to reduce errors).  433 

The assistant was present during the session but had no direct interactions with the 434 

participants; she only recorded performance in the tasks and administered the questionnaires 435 

during rest periods. After the learning session, 10 participants in the Face-to-face condition 436 

and 10 participants in the MTR condition were randomly invited to a reflexive self-437 

confrontation interview with another investigator, carried out in a different room. This 438 

interview was based on commenting their own behavior viewed on a film recorded during the 439 

learning session.  440 

2.3.9. Ethics 441 

The present study was carried out in accordance with the Declaration of Helsinki and 442 

has been approved by the National Ethics Committee (N°IRB00012476-2021-10-03-93). Data 443 

were processed anonymously and stored in a secure server. Only the authors had access to the 444 

complete data set. 445 

2.4.  Measurements 446 

2.4.3. Motor fitness 447 

Two trials of the Timed Up and Go task were performed and averaged. For the 448 

maximal handgrip strength, the performance of the six trials (three per hand, alternating right 449 

and left hand) were averaged. Two trials were performed in the unipedal balance test. Their 450 

durations were recorded and averaged.  451 
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2.4.4. Task performance 452 

The time taken to complete each trial and the number of errors were recorded. The 453 

trial started when the participant put his/her right foot on the first square of the mat and 454 

stopped when he/she put a foot outside the mat after crossing the whole mat. The participants 455 

were asked to respect the order of the squares (from 1 to 6) in the placement of their feet 456 

during their locomotion on the mat and not to cross the front line of each square, which was 457 

counted as errors. The mean time to complete the first four trials and the last four trials of 458 

each task was calculated, as well as the mean number of errors. 459 

2.4.5. Acceptance of the MTR 460 

Acceptance was measured using a self-reported questionnaire adapted from other 461 

studies [32, 33]. Participants were asked to answer the three items assessing perceived 462 

usefulness (e.g., “I think this MTR could be useful for physical activity”), the three items 463 

assessing perceived ease of use (e.g., “I think I would find this MTR easy to use”), the three 464 

items assessing perceived enjoyment (e.g., “I think using this MTR would be fun”), and the 465 

three items assessing intention to use (e.g., “If I had the possibility to have easy access to this 466 

MTR, I would like to use it”) on a 1 (strongly disagree) to 5 (strongly agree) Likert scale. 467 

Firstly, participants of both groups filled out the acceptance questionnaire at the beginning of 468 

the experiment. Following the usual procedure [e.g., 55], participants read a short text with 469 

photos presenting the MTR used for APA with older adults. Then, they scored their 470 

acceptance of the MTR before a first use. Participants in each group were blinded to the study 471 

objectives and therefore did not know which group they would be in when they first 472 

completed the acceptance questionnaire. At the end of the experiment, participants filled out 473 

the same questionnaire. In the Face-to-face condition, participants read again the same text 474 

with photos (control group). In the MTR condition, participants rated their acceptance of the 475 

MTR after their effective use during the APA session (experimental group). Using 476 



 21 

McDonald’s omegas [56], internal consistency was high for perceived usefulness (Wpre = 477 

.882, Wpost = .878), perceived ease of use (Wpre = .908, Wpost = .935), perceived enjoyment 478 

(Wpre = .955, Wpost = .980), and intention to use (Wpre = .978, Wpost = .989). 479 

2.4.6. Perception of the APA teacher 480 

Questionnaires assessed perceived warmth, perceived competence [14], perceived 481 

adaptiveness, and perceived sociability [44] of the APA teacher in the two conditions (Face-482 

to-face, MTR). Questionnaires were filled out three times, just after the completion of each of 483 

the three stepping tasks. Participants answered the three items assessing perceived warmth 484 

(e.g., “I think the APA teacher is friendly”), the three items assessing perceived competence 485 

(e.g., “I think the APA teacher is competent”), the three items assessing perceived 486 

adaptiveness (e.g., “I think the APA teacher can be adaptive to what I need”), and the three 487 

items assessing perceived sociability (e.g., “I find the APA teacher pleasant to interact with”) 488 

on a 1 (strongly disagree) to 5 (strongly agree) Likert scale. Internal consistency was 489 

satisfactory for perceived warmth (WTask A = .788, WTask B = .716, WTask C = .897), for perceived 490 

competence (WTask A = .776, WTask B = .902, WTask C = .868), for perceived adaptiveness (WTask A 491 

= .874, WTask B = .891, WTask C = .904), and for perceived sociability (WTask B = .722, WTask C = 492 

.802), but somewhat weak for perceived sociability assessed after the Task A (WTask A = .661).  493 

2.4.7. Self-confrontation interviews 494 

Comprehensive qualitative methodology embedded in the “enactive 495 

phenomenological” research program [48, 57] was also conducted to identify the typical lived 496 

experience of the participants during the two sessions, using videos and self-confrontation 497 

interviews. The 20 self-confrontation interviews were performed just after the learning 498 

session, 10 in the MTR condition and 10 in the Face-to-face condition (length 60min +/- 10). 499 

During each interview, participant was confronted with his own audio-video recording to help 500 

him/her to re-live an experience closer than previous experience and to access to his/her 501 
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experience [58]. Different components of the experience were investigated during those 502 

directive interviews: perceptions, intentions, knowledge in action. Questions focused on the 503 

video to allow participant to describe, comment on, and show his/her own lived experience 504 

step by step. The initial question was: “What are you doing here (pointing to the video 505 

image)?”, then: “What do you perceive at this moment?”, “What are your intentions?”. 506 

According to the participant’s response, the questioning goes deeper, starting from the 507 

participant’s evocation, as suggested for phenomenological research [59]. 508 

2.5.  Data analyses 509 

Quantitative analyses were conducted using the JASP software (version 0.14.1). The 510 

chosen level of significance was p < .05. Univariate normality was checked with skewness 511 

and kurtosis. Variables non-normal in distribution had values ≥ |2| for skewness and ≥ |7| for 512 

kurtosis [60]. Effect sizes were calculated using Cohen’s d for t-tests, partial eta-squared (ηp²) 513 

for repeated-measures ANOVAs, and rank biserial correlation (rB) for Mann-Whitney U-tests. 514 

Independent samples t-tests were used to analyze the potential differences in physical 515 

performance (unipedal balance, Timed Up and Go, grip strength) between participant in the 516 

Face-to-Face and the MTR conditions. The MMSE score, initially used as an inclusion 517 

criterion, was also used as a cognitive test to compare the two groups at baseline. 518 

For each participant, the time taken to complete each trial in the different tasks was 519 

recorded. Then, for each participant, time performance recorded in the first four and the last 520 

four trials were averaged and repeated-measures ANOVAs with two factors -- Trials (Trials 521 

1-4, Trials 5-8) and Condition (Face-to-Face, MTR) -- were conducted on the mean 522 

performance of each participant. In case of interaction effects, differences were evaluated 523 

post-hoc with Holm tests. The number of errors was also analyzed in the same way. However, 524 

since the distribution of the data did not meet the assumptions of normality, two non-525 

parametric tests were used. First of all, Friedman tests were conducted to examine a potential 526 
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effect of Condition (Face-to-face, MTR) on the evolution of the number of errors between the 527 

first four trials and the last four trials of each task. Secondly, Mann-Whitney U-tests for 528 

independent samples were conducted to compare the number of errors in Trials 1-4 and in 529 

Trials 5-8 in each task (Task A, Task B, Task C), as a function of Condition (Face-to-face, 530 

MTR). For the Mann-Whitney tests, the alternative hypotheses specified that number of errors 531 

of participants in the Face-to-face condition would be lower than those of the MTR condition. 532 

Several one-sample t-tests were used to investigate potential differences between the 533 

theoretical mean of the scale (i.e., 3 for a 5-point Likert scale) and the scores of perceived 534 

usefulness, perceived ease of use, perceived enjoyment, and intention to use the MTR. These 535 

analyses were conducted only for the participants in the MTR condition after the effective use 536 

of the MTR. The alternative hypothesis specifies that the mean would be different from 3. 537 

Repeated-measures ANOVAs with the factors Time (Before, After) and Condition (Face-to-538 

face, MTR) were also conducted on the scores of MTR acceptance (perceived usefulness, 539 

perceived ease of use, perceived enjoyment, and intention to use the MTR) to determine 540 

whether significant differences occurred between the experimental group and the control 541 

group.  542 

Since the distribution of the data did not meet the assumptions of normality, Mann-543 

Whitney U-tests for independent samples were conducted on each variable assessing the 544 

perception of the APA teacher (perceived warmth, perceived competence, perceived 545 

adaptiveness, perceived sociability) according to Condition (Face-to-face, MTR) and Task 546 

(Task A, Task B, Task C). For all tests, the alternative hypotheses specified that scores of 547 

participants in the Face-to-face condition were greater than those of the MTR condition.  548 

Similar data analyses than for acceptance scores were also carried out to examine potential 549 

differences between the theoretical mean of the scale and perception of the APA teacher along 550 
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the APA session (perceived warmth, perceived competence, perceived adaptiveness, 551 

perceived sociability). 552 

 Finally, analyses were conducted on the qualitative data according to a five steps 553 

procedure. First, the enactive interviews were transcribed. Secondly, the elements of the 554 

participants’ experience during the task performance were identified: perception, intention, 555 

knowledge in action. Thirdly, the typical experiences of each participant were analyzed in 556 

correspondence with their frequency and the importance in the experience of the actor [61]. 557 

Fourthly, the identification of typical experiences of all the participants in each condition was 558 

performed by comparing all the individual typical experiences. Finally, a comparison of the 559 

MTR condition and the Face-to-face condition was performed, identifying the common and 560 

singular aspects of the typical experiences. 561 

3. Results 562 

3.2.  Preliminary tests 563 

Prior to the experiment, no significant differences appeared between participants’ 564 

scores of the two groups for: i) the MMSE, (p = .347, MFace-to-face = 27.80 ± 1.64, MMTR = 565 

28.25 ± 1.33), ii) the unipedal balance test (p = .885, MFace-to-face = 26.65 ± 24.93, MMTR = 566 

25.62 ± 19.37), iii) the Timed Up and Go (p = .750, MFace-to-face = 7.86 ± 2.67, MMTR = 7.67 ± 567 

1.27), and iv) the maximal handgrip strength test (p = .095, MFace-to-face = 28.56 ± 8.97, MMTR = 568 

33.47 ± 9.17). These results indicated that the two groups compared in the subsequent 569 

analyses were equivalent at baseline with respect to cognitive and physical performance. 570 

3.3.  Quantitative results 571 

3.3.3. Task performance.  572 

For trial duration, the results of the ANOVAs with repeated measures on the factors 573 

Trials (Trials 1-4, Trials 5-8) and Condition (Face-to-face, MTR) showed a significant effect 574 

of Trial for Task A (F(1, 38) = 76.05, p = < .001, ηp²  = .67), Task B (F(1, 38) = 44.30, p = < 575 
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.001, ηp²  = .54), and Task C (F(1, 38) = 79.26, p = < .001, ηp²  = .68). Holm post-hoc tests 576 

revealed that time to complete the task decreased in the last four trials, relative to the first four 577 

trials, regardless of the level of task difficulty and conditions (ps <.001 for the three tasks and 578 

for each Condition). Whatever the level of task difficulty, the effect of Condition and the Trial 579 

x Condition interaction effect were non-significant (ps > .862, and ps > .196, respectively).  580 

No significant effect of Condition (Face-to-face, MTR) on the number of errors was 581 

found (ps > .206 for the three tasks). Moreover, the number of errors did not significantly 582 

decrease between the first four trials and the last four trials, regardless of task difficulty (ps > 583 

.715). Mann-Whitney tests also showed that number of errors of participants in the Face-to-584 

face and of the MTR conditions did not differ (ps > .212) in the first and last trials, whatever 585 

the level of task difficulty (Task A, Task B, Task C).  586 

The decrease in time between the two sets of four trials during each task combined 587 

with a maintenance of the number of errors highlighted the learning of the task by the elderly, 588 

which validated Hypothesis 1. Descriptive statistics of time and number of errors are 589 

presented in Table 2. 590 

3.3.4. Acceptance of the MTR – Comparison with the mean of the scale 591 

The results of the one-sample t-tests showed that perceived usefulness (t(19) = 3.96, p 592 

< .001, d = 0.88.87, M = 3.98, SD = 1.11), perceived ease of use (t(19) = 6.42, p < .001, d = 593 

1.44, M = 4.43, SD = 1.00), perceived enjoyment (t(19) = 2.92, p = .009, d = 0.65, M = 3.93, 594 

SD = 0.49), and intention to use (t(19) = 3.04, p = .007, d = 0.68, M = 3.78, SD = 1.15) were 595 

significantly higher than the mean of the scale for the older adults in the experimental group 596 

who have actually used the MTR (Figure 3), indicating that, after a first use, the MTR was 597 

found to be useful, easy to use, and enjoyable and that older adults have intention to use it for 598 

physical activity. Hypothesis 2 was supported. 599 

Please insert Figure 3 
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3.3.5. Acceptance of the MTR – Evolution 600 

The results of the repeated-measures ANOVAs with the factors Time (Pre-test, Post-601 

test) and Condition (Face-to-face, MTR) conducted on the four TAM variables revealed no 602 

significant effects of Condition and no significant Time x Condition interaction effects for 603 

perceived usefulness (p = .323 and p = .534, respectively), perceived enjoyment (p = .635 and 604 

p = .367, respectively), and intention to use (p = .189 and p = .743, respectively). For 605 

perceived ease of use, a significant effect of Time was found (F(1, 38) = 12.79, p = < .001, ηp²  606 

= .25), but no significant effect of Condition and of Time x Condition interaction (p = .537 607 

and p = .414, respectively). Contrary to Hypothesis 3, all the results indicated that no 608 

significant differences of acceptance of the MTR have been found between participants in the 609 

MTR condition (experimental group) and participants in the Face-to-face Condition (control 610 

group), especially after the actual use by the experimental group. 611 

 All the descriptive statistics of perceived usefulness, perceived ease of use, 612 

perceived enjoyment, and intention to use the MTR are presented in Table 1.  613 

Please insert Table 1 

 614 

3.3.6. Perception of the APA teacher – Comparison between Face-to-Face 615 

and MTR conditions. 616 

The results of the Mann-Whitney U-tests firstly showed that perceived warmth of the 617 

Face-to-face APA teacher was significantly higher than that of the MTR APA teacher in Task 618 

A (U = 252.5, p = .027, rB = .263), but that there were no longer any significant differences in 619 

Task B (p = .192) and in Task C (p = .149). No significant differences have been found 620 

between perceived competence of the Face-to-face APA teacher and the MTR APA teacher in 621 

Task A (p = .491), in Task B (p = .210), and in Task C (p = .286). Perceived adaptiveness of 622 

the Face-to-face APA teacher was significantly higher than that of the MTR APA teacher in 623 
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Task A (U = 257.5, p = .032, rB = .288) and in Task B (U = 248, p = .026, rB = .240), but not 624 

in Task C (p = .164). Finally, perceived sociability of the Face-to-face APA teacher was 625 

significantly higher than that of the MTR APA teacher in Task A (U = 258.5, p = .023, rB = 626 

.292), in Task B (U = 252, p = .018, rB = .260, and in Task C (U = 252.5, p = .017, rB = .263). 627 

Results are presented in Figure 4. Hypothesis 4 was partially supported, except for perceived 628 

sociability, because no significant differences have been found for perceived competence, no 629 

significant differences have been found for perceived warmth in Tasks B and C, and for 630 

perceived adaptiveness in Task C. 631 

Please insert Figure 4 

 632 

3.3.7. Perception of the MTR APA teacher – Comparison with the mean 633 

of the scale 634 

The results of the one-sample t-tests showed that perceived warmth of the MTR APA 635 

teacher (t(19) = 30.72, p < .001, d = 6.87, M = 4.83, SD = 0.27), its perceived competence 636 

(t(19) = 30.78, p < .001, d = 6.88, M = 4.87, SD = 0.27), its perceived adaptiveness (t(19) = 637 

15.10, p < .001, d = 3.38, M = 4.66, SD = 0.49), and its perceived sociability (t(19) = 16.67, p 638 

< .001, d = 3.73, M = 4.68, SD = 0.45) were significantly higher than the mean of the scale 639 

(Figure 5), indicating that the APA teacher who conducted the APA session using the MTR 640 

was found to be highly warm, competent, adaptive, and sociable. Hypothesis 5 was supported. 641 

Please insert Figure 5 

 642 

 All the descriptive statistics of perceived warmth, perceived competence, 643 

perceived adaptiveness, and perceived sociability are presented in Table 2. 644 

Please insert Table 2 
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3.4.  Qualitative analyses 645 

Qualitative analyses showed that, in both conditions, the participants’ typical experience 646 

was similar regarding the task and the APA teacher’s perception. On the other hand, the typical 647 

experience was specific in the MTR condition, gradually leading to a form of disappearance of 648 

the MTR in favor of the APA teacher. 649 

3.4.3. Typical experience in the cognitive-motor task SSE 650 

The 20 participants in the two conditions (Face-to-face and MTR) structured their 651 

experiences in the same way. Five stages were identified for the cognitive-motor task SSE: (1) 652 

for each new task, their typical perceptions were shared between curiosity and fear of failure, 653 

(2) as soon as they understood what they had to do, they entered a phase of memorization by 654 

mentally repeating the movement, (3) during the first trial, they intention were “to do the 655 

exercise well” and to explore the task, (4) during the other trials they were more and more 656 

confident and they build different strategies to better perform the task, and (5) finally their 657 

experience in the task was structured by an alternation between risk taking and safety. 658 

3.4.4. Typical experience with the APA teacher 659 

The results showed that four typical perceptions of the APA teacher are similar for all 660 

participants in both conditions (Face-to-Face and MTR). First, the APA teacher’s interventions 661 

were experienced as reassuring, explanatory, comprehensive, allowing progress, and surpassing 662 

oneself. Reassuring, because they allowed them to de-dramatize the error and put the 663 

participants at ease in relation to their worry of failure. Positive feedback, while pointing out 664 

errors, restored confidence in participants even when they failed. They felt valued and thought 665 

that they were capable to succeed. Secondly, another typical perception common to different 666 

participants in both groups was that the APA teacher explained patiently. This perception was 667 

significant for the participants and allowed them to organize their action in the task. These 668 

elderly people were embarrassed to be repeated or not to understand. They perceived that the 669 
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APA teacher spent time to explain in detail and listening to them. Thirdly, the fact that the APA 670 

teacher was understanding was also typical in their experience. In their interactions, they 671 

perceived that the APA teacher build knowledge on their way of functioning, on their health 672 

problems, and their limitation to do certain exercises. These perceptions motivated participants 673 

to engage in the task. Finally, the APA teacher was typically perceived as resource to progress 674 

and surpass oneself. The APA teacher allowed them to self-regulate in the task due to various 675 

personalized feedback, useful to perceive errors that they had not seen in action or to point out 676 

effective strategies. These perceptions of progress and help in progress were experienced very 677 

positively by the participants. Thus, they wanted to surpass themselves and did things that they 678 

would never have done on their own. 679 

3.4.5. Specific typical experience in the MTR condition 680 

The results also highlighted the specific typical dynamics of the participants’ experience 681 

in the MTR condition, gradually making the MTR transparent to the benefit of the APA teacher 682 

who piloted it. The relationship with the APA teacher in telepresence evolved rapidly as the 683 

experiment progresses to finally lead to the very positive perception of the APA teacher 684 

previously described. Initially, the participants did not focus on the APA teacher who piloted 685 

the MTR, they focused instead directly on the MTR. The first reaction when seeing the MTR 686 

was surprise, they say “we’re not used to it”. This experience generated different perceptions 687 

among the participants. Some lived it positively by telling themselves that they were “in the 688 

future”. Other participants perceived the atmosphere as cold, “it’s freezing”, the MTR scared 689 

them by updating negative experiences they have already had with technologies. Then in use, 690 

they focused on the APA teacher who piloted the MTR and they perceived the MTR as 691 

ultimately friendly and useful. This excerpt is an example of the experience of the participants: 692 

“I'm not a fan (of technology)... but... but there, in use... uh, it helps me a lot, it’s not complicated 693 
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robot, I found it very interactive and very… very interesting. And... and I think that... indeed, 694 

that... it's fine... it can help a lot the... people to work uh... physically.” 695 

Beyond the first apprehensions of the start, in use, the participants appreciated 696 

interacting with the MTR which they found playful. In action, they were particularly sensitive 697 

to certain characteristics such as its displacement in space or the rotation of the screen. They 698 

lived these peculiarities of the MTR as very interesting because the MTR followed them and 699 

can therefore better see what they were doing, with more precise feedback. A participant 700 

specified for example “She… She puts herself in the right place to… to be able to see my 701 

exercise clearly and to be able to correct me, to say the mistakes I have made. I found that 702 

great... I really liked it.” 703 

In fine, as the interactions progressed, the MTR became more and more transparent in 704 

the experience of the participants to make way for the APA teacher. This tendency has been 705 

found in all the participants who, in the interview, no longer talked about the MTR that helped 706 

them, but about the APA teacher. For example, this participant said: “Here (showing the video), 707 

I come back to the coach (the robot's screen where we see the image of the women coach), I 708 

discuss with her as if I had in front of me a face-to-face being”, another clearly explained this 709 

transparency of the MTR for the benefit of the APA teacher “At that moment, I completely 710 

concealed that it was a robot, huh! (Laughter) I assure you. I saw, it's ... this pretty young girl 711 

in front of me, and we were chatting both”. 712 

The bad quality of the sound on the MTR was the only negative experience mentioned 713 

by all the participants. They perceived the sound as sharp, choppy, unpleasant. These sound 714 

problems made them perceive the situation as uncomfortable, particularly in the familiarization 715 

task (at the start) and in task C (the most difficult) due to comprehension problems. Notably 716 

however, this negative perception of sound was not present during the easier tasks A and B.  717 
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4. Discussion 718 

The present study aimed at investigating the potential of MTR as a new service to 719 

remotely supervise older adults’ physical activity.  720 

To fulfil this objective, we first investigated learning effectiveness of the MTR 721 

intervention compared to the face-to-face intervention. Results showed that participant 722 

succeeded in learning the tasks in both conditions. Indeed, the time to complete the different 723 

tasks decreased from the first four trials to the last ones, while error rates were unchanged. 724 

This result suggests that participants aimed at preserving accuracy, while focusing on 725 

improving speed of motor execution. Thus, increase in performance reflected better 726 

coordination of stepping and more efficient management of the cognitive-motor resources 727 

required to perform the tasks. Importantly, no significant difference was found in older adults’ 728 

performance (time and errors) between the sessions supervised face-to-face and via the MTR. 729 

Qualitative analyzes confirmed the similarity of the two intervention conditions, with respect 730 

to the subjective experience of individuals. For instance, participants experienced the same 731 

five steps, in the two conditions, when they performed the motor-cognitive task SSE, namely: 732 

curiosity about the MTR, fear of making errors while performing the task, memorization of 733 

the instructions, doing their best in the task, and managing the risk/security relationship. 734 

In summary, in the present study, the face-to-face and the MTR interventions showed 735 

comparable effects. However, it can be argued that, in real life, MTR may provide secondary 736 

benefits for the participants. Indeed, it may help distant older adults to access to supervised 737 

physical activity, while the structures allowing to accommodate this kind of service are not 738 

accessible to older adults in isolated geographical areas. Of course, such an argument also 739 

applies to static videoconference [24]. However, the qualitative analyses suggested that 740 

participants identified added values of the MTR, that do not exist with videoconference. For 741 

instance, participants mentioned that they were positively sensitive to the displacement of the 742 
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MTR and to the rotation of its screen, the rotation of the head, which gives it a “human” 743 

appearance, and which allows the APA teacher to observe the participants and give precise 744 

feedback. Thus, the mobile functionality of the MTR, recognized by all the interviewed 745 

participants, seemingly constituted a real superiority of mobile telepresence compared to fixed 746 

videoconference. 747 

The second objective of the study was to investigate how the MTR was accepted by 748 

older adults following the completion of a remote physical activity session. First, the study 749 

investigated the magnitude of acceptance. The results showed that after a first use, the MTR 750 

was found to be significantly useful, easy to use, and enjoyable, and that older adults had 751 

intention to use it for physical activity. These results are in line with those of other studies 752 

[38,39] that have highlighted that the MTR was found to be useful and easy to use, and that 753 

perceived usefulness, perceived ease of use, and perceived enjoyment were significantly (but 754 

slightly) higher than the mean of the scale. These results add to previous findings which 755 

concerned the acceptance of the MTR before a first use, while in the present study acceptance 756 

was measured for the first time after an effective use of the MTR during an APA training 757 

session.  758 

Overall, our results are consistent with those reported by Isabet et al. [7] in their 759 

review. Indeed, these authors concluded that older adults generally have a good acceptance of 760 

MTR in many domains (e.g., teleconsultation, breaking isolation and loneliness). This is also 761 

the case in the APA domain, as confirmed by the analyses of the participants’ discourses 762 

during their self-confrontation interviews. Indeed, they experienced the MTR as friendly, 763 

playful, and useful. If the term “useful” has already been identified in different studies on the 764 

use of videoconference to remotely supervise older adults’ physical activity [e.g., 21,22], the 765 

terms “friendly” and “playful” have not been used in these studies, whereas they are used here 766 

by seniors to characterize the reasons that lead them to accept the MTR. The study also 767 
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examined whether acceptance by older adults of the MTR after effective use was higher than 768 

acceptance of older adults who have never used the MTR (control group). Contrary to our 769 

prediction, no significant differences appeared. This was certainly due to the fact that the 770 

scores for each variable of the TAM were high for all participants at the first measurement 771 

time and remain so at the second measurement time. In any case, they were higher in the 772 

present study than in the only study that investigated the MTR acceptance before first use for 773 

older adults’ physical activity [39]. These high initial scores probably prevented observing a 774 

significant difference between the participants who have used the MTR and the participants 775 

who did not in the control group.  776 

The third aim of the study was to compare older adults’ perception of the APA teacher 777 

in the Face-to-face condition and in the MTR condition. Results showed that the scores 778 

observed in the Face-to-face condition were higher than those observed in the MTR condition 779 

for perceived sociability, for perceived warmth in Task A, and for perceived adaptiveness in 780 

Tasks A and B. On the other hand, no significant differences were found for perceived 781 

competence, for perceived warmth in Tasks B and C, and for perceived adaptiveness in Task 782 

C. These differences can be explained thanks to qualitative analyses. Indeed, the results of the 783 

self-confrontation interviews showed that the robot was very quickly forgotten by the 784 

participants, leading them to interact more with the APA teacher than with the MTR. In other 785 

words, the robot became “transparent” to the participants in the MTR condition, so that the 786 

prominently mainly evaluated their perception of the APA teacher, instead of the MTR, 787 

thereby explaining that it was the same as in the Face-to-face condition. Notably, these results 788 

strongly suggest that the MTR is a device that allow interactions with the APA teacher, which 789 

is an important finding. The differences highlighted for perceived sociability may be, at least 790 

partially, explained by the bad quality of the sound provided by that MTR, which likely 791 

limited the perception of a sociable relationship. Regardless, scores on all the four variables 792 
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were very high for the APA teacher in the MTR condition, indicating that the APA teacher 793 

using the MTR was very well appreciated by the older adults to supervise remote physical 794 

activity. Moreover, the displacement of the MTR, the possibility of calling the MTR to come 795 

and meet the participant, the human size of the robot (1.60m) which facilitates 796 

communication and discussion, the possibility that the MTR can follow the participant 797 

throughout the motor task to give advice and encouragement were widely emphasized by the 798 

interviewed participants, which certainly contributes to this very positive perception of the 799 

APA teacher who piloted the robot. All these elements, identified as important in the 800 

participants’ experience with the MTR during the APA session, are added values of this type 801 

of device that are not found in other types of devices such as videoconference. 802 

5. Limitations of the present study 803 

Some limitations of the present study can be identified, that could be addressed in 804 

future studies. First, the MTR was used during a single physical activity session, which had 805 

possibly led to a “novelty effect”. Thus, using the MTR throughout a training program lasting 806 

several weeks or months might add to the understanding of its effectiveness, acceptance, and 807 

perception over a long-term intervention. This would also make possible to evaluate its 808 

effectiveness thanks to the tests classically used in the literature to assess training effects in 809 

older adults (e.g., Timed Up and Go, handgrip strength, 6-minute walking test). We 810 

hypothesize that all the benefits of using the MTR that have been identified in the present 811 

study (e.g., mobile functionality, rotation of the screen, rotation of the head, ability to provide 812 

more accurate feedback by being closer to the participant) would result in significant positive 813 

effects of a longer training program conducted with older adults. For the same reasons, the 814 

positive effects of physical activity programs would be greater when delivered through the 815 

MTR than when using static videoconference, because the added values of the MTR 816 
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identified above are not available when using videoconference. Of course, these hypotheses 817 

remain to be tested in future studies. 818 

Secondly, each physical activity session was conducted individually, that is, with the 819 

teacher dedicated to each older adult during all the session long. Future studies could be 820 

conducted to test collective training sessions, to be closer to more traditional teaching 821 

conditions. This type of study could also demonstrate the value of using MTR over 822 

videoconference because group physical activity is difficult to supervise in a fixed 823 

videoconference session since either not all participants will fit into the camera’s view or they 824 

will be too small on the APA teacher’s screen to be able to give truly relevant and appropriate 825 

advice and feedback. 826 

Thirdly, in the present study, we used the motor-cognitive task SSE, which was well-827 

adapted to the teaching remotely physical activity with the MTR and developing capacities 828 

necessary to prevent risk of fall. This task would have been much more difficult to supervise 829 

in a fixed videoconference session because if the computer screen had been placed at one end 830 

of the mat the participant would have been more than four meters away from the camera 831 

during the entire first part of the task. Of course, a number of physical activities, among those 832 

highly appreciated by older adults cannot be performed with the use of the MTR (e.g., Nordic 833 

walking) but some of them, such as Tai Chi, could be investigated with MTR since they are 834 

well-suited to telepresence and particularly effective to improve cognitive and motor 835 

capacities in older people (e.g., [62]). 836 

6. Conclusion 837 

 The purpose of the present study was to examine effectiveness, acceptance, and 838 

perception of MTR as a new service to remotely supervise older adults’ physical activity. 839 

Results showed that using MTR was as effective as a face-to-face intervention to help older 840 

adults learning a cognitive-motor task during a single session. They also showed, for the first 841 
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time to our knowledge, that the MTR was very well-accepted by older adults and the APA 842 

teacher using the MTR was perceived warm, competent, adaptive, and sociable. Finally, the 843 

results showed that the participants clearly identified the added values of the MTR, especially 844 

its mobile functionalities, that does not exist in other types of devices used for supervising older 845 

adults’ physical activity, such as autonomous robots and videoconference. All these promising 846 

results make it possible to envisage the implementation of APA sessions supervised by qualified 847 

APA teachers for isolated older adults who do not benefit from this type of service, so that they 848 

too can experience the health advantages of physical activity. 849 

 850 

All the data are available on request to the corresponding author. 851 

 852 

Compliance with Ethical Standards 853 

The present study was carried out in accordance with the Declaration of Helsinki and has 854 

been approved by the National Ethics Committee (N°IRB00012476-2021-10-03-93).  855 

Funding 856 

This study was funded by AG2R-La Mondiale as part the experimental program developed by 857 

the Chair Active Aging. 858 

Conflict of Interest 859 

The authors declare that they have no conflict of interest. 860 

 861 

References  862 

[1] Berchicci M, Lucci G, Di Russo F (2013) Benefits of physical exercise on the aging brain: 863 

the role of the prefrontal cortex. J Gerontol A Biol Sci Med Sci 68(11):1337-1341. 864 

https://doi.org/10.1093/gerona/glt094  865 



 37 

[2] Insee (2019) 68,1 millions d’habitants en 2070 : une population un peu plus nombreuse 866 

qu’en 2021, mais plus âgée. Insee Première 1881. 867 

[3] World Health Organization (2021) Guidelines on Physical Activity and Sedentary 868 

Behaviour, Geneva, Switzerland: World Health Organization. 869 

[4] Hupin D, Roche F, Gremeaux V, Chatard JC, Oriol M, Gaspoz JM, Barthélémy JC, 870 

Edouard P (2015) Even a low-dose of moderate-to-vigorous physical activity reduces 871 

mortality by 22% in adults aged ≥60 years: a systematic review and meta-analysis. Br 872 

J Sports Med 49(19):1262-1267. https://doi.org/10.1136/bjsports-2014-094306  873 

[5] Cunningham C, O'Sullivan R, Caserotti P, Tully MA (2020) Consequences of physical 874 

inactivity in older adults: A systematic review of reviews and meta‐analyses. Scand J 875 

Med Sci Sports 30(5):816-827. https://doi.org/10.1111/sms.13616  876 

[6] Harvey JA, Chastin SF, Skelton DA (2013) Prevalence of sedentary behavior in older 877 

adults: a systematic review. Int J Environ Res Public Health 10(12):6645-6661. 878 

https://doi.org/10.3390/ijerph10126645  879 

[7] Isabet B, Pino M, Lewis M, Benveniste S, Rigaud AS (2021) Social telepresence robots: a 880 

narrative review of experiments involving older adults before and during the COVID-881 

19 pandemic. Int J Environ Res Public Health 18(7):3597. 882 

https://doi.org/10.3390/ijerph18073597  883 

[8] World Health Organization (2018) Continuity and coordination of care: a practice brief to 884 

support implementation of the WHO Framework on integrated people-centred health 885 

services. Geneva, Switzerland: World Health Organization. 886 

[9] Trost SG, Owen N, Bauman AE, Sallis JF, Brown W (2002) Correlates of adults’ 887 

participation in physical activity: review and update. Med Sci Sports Exerc 888 

34(12):1996-2001. https://doi.org/10.1186/s12889-017-4255-2  889 



 38 

[10] Schulz R, Wahl HW, Matthews JT, De Vito Dabbs A, Beach SR, Czaja SJ (2015) 890 

Advancing the aging and technology agenda in gerontology. Gerontologist 55(5):724-891 

734. https://doi.org/10.1093/geront/gnu071  892 

[11] Henkel AP, Čaić M, Blaurock M, Okan M (2020) Robotic transformative service 893 

research: deploying social robots for consumer well-being during COVID-19 and 894 

beyond. J Serv Manag 31(6):131-1148. https://doi.org/10.1108/josm-05-2020-0145  895 

[12] Savage N (2022) Robots rise to meet the challenge of caring for old people. Nature 896 

601(7893):S8-S10. https://doi.org/10.1038/d41586-022-00072-z  897 

[13] Avelino J, Simão H, Ribeiro R, Moreno P, Figueiredo R, Duarte N, Nunes R, Bernardino 898 

A, Čaić M, Mahr D, Odekerken-Schröder G (2018) Experiments with Vizzy as a 899 

Coach for Elderly Exercise. Procedia Comput Sci 88:505-511. 900 

https://doi.org/10.5898/jhri.2.2.fasola  901 

[14] Čaić M, Avelino J, Mahr D, Odekerken-Schröder G, Bernardino A (2020) MTR versus 902 

Face-to-face coaches for active aging: An automated social presence perspective. Int J 903 

Soc Robot 12(4):867-882. https://doi.org/10.1007/s12369-018-0507-2  904 

[15] Fitter NT, Mohan M, Kuchenbecker KJ, Johnson, MJ (2020) Exercising with Baxter: 905 

preliminary support for assistive social-physical human-robot interaction. J Neuroeng 906 

Rehabilitation 17(1):1-22. https://doi.org/10.1186/s12984-020-0642-5  907 

[16] Görer B, Salah AA, Akın HL (2017) An autonomous robotic exercise tutor for elderly 908 

people. Auton Robots 41(3):657-678. https://doi.org/10.1007/s10514-016-9598-5  909 

[17] Schneider S, Kümmert F (2016) Exercising with a humanoid companion is more 910 

effective than exercising alone. IEEE-RAS 16th International Conference on 911 

Humanoid Robots (pp.495-501). Cancun: Mexico. 912 

https://doi.org/10.1109/humanoids.2016.7803321  913 



 39 

[18] Werner F, Krainer D, Oberzaucher J, Werner K (2013) Evaluation of the acceptance of a 914 

social assistive robot for physical training support together with older users and 915 

domain experts. Assist Technology 33:137. https://doi.org/10.1109/cisis.2012.36  916 

[19] Tsui KM, Desai M, Yanco HA (2012) Towards measuring the quality of interaction: 917 

communication through telepresence robots. Proceedings of the workshop on 918 

performance metrics for intelligent systems (pp 101-108). 919 

https://doi.org/10.1145/2393091.2393112  920 

[20] Hong J, Kong HJ, Yoon HJ (2018) Web-based telepresence exercise program for 921 

community-dwelling elderly women with a high risk of falling: randomized controlled 922 

trial. JMIR mHealth uHealth 6(5):9563. https://doi.org/10.2196/mhealth.9563  923 

[21] Wu GE, Keyes LM (2006) Group tele-exercise for improving balance in elders. Telemed 924 

E-Health 12(5):561-570. https://doi.org/10.1089/tmj.2006.12.561  925 

[22] Wu G, Keyes L, Callas P, Ren X, Bookchin B (2010) Comparison of telecommunication, 926 

community, and home-based Tai Chi exercise programs on compliance and 927 

effectiveness in elders at risk for falls. Arch Phys Med Rehabilitation 91(6):849-856. 928 

https://doi.org/10.1016/j.apmr.2010.01.024  929 

[23] Hong J, Kim J, Kim SW, Kong HJ (2017) Effects of home-based tele-exercise on 930 

sarcopenia among community-dwelling elderly adults: Body composition and 931 

functional fitness. Exp Gerontol 87:33-39. https://doi.org/10.1016/j.exger.2016.11.002  932 

[24] Langeard A, Bigot L, Maffiuletti NA, Moussay S, Sesboüé B, Quarck G, Gauthier A 933 

(2022) Non-inferiority of a home-based videoconference physical training program in 934 

comparison with the same program administered face-to-face in healthy older adults: 935 

the MOTION randomised controlled trial. Age Ageing 51(3):afac059. 936 

https://doi.org/10.1093/ageing/afac059  937 



 40 

[25] Niemelä M, Van Aerschot L, Tammela A, Aaltonen I, Lammi H (2021) Towards ethical 938 

guidelines of using telepresence robots in residential care. Int J Soc Robot 13(3):431-939 

439. https://doi.org/10.1007/s12369-019-00529-8  940 

[26] Wu X, Nix LC, Brummett AM, Aguillon C, Oltman DJ, Beer JM (2021) The design, 941 

development, and evaluation of telepresence interfaces for aging adults: Investigating 942 

user perceptions of privacy and usability. Int J Hum Comput Stud 156:102695. 943 

https://doi.org/10.1016/j.ijhcs.2021.102695  944 

[27] Lei M, Clemente IM, Liu H, Bell J (2022) The Acceptance of Telepresence Robots in 945 

Higher Education. Int J Soc Robot 1-18. https://doi.org/10.1007/s12369-021-00837-y  946 

[28] Hung L, Wong J, Smith C, Berndt A, Gregorio M, Horne N, et al. (2022) Facilitators and 947 

barriers to using telepresence robots in aged care settings: A scoping review. J 948 

Rehabilitation Assist Technol Eng 9:20556683211072385. 949 

https://doi.org/10.1177/20556683211072385  950 

[29] Bigot L, Langeard A, Moussay S, Gauthier A, Quarck G (2019) Activité physique à 951 

domicile pour les seniors: revue de la question et proposition d’une pratique optimisée. 952 

Mov Sports Sci - Sci Mot 103:27-37. https://doi.org/10.1051/sm/2019003  953 

[30] Chen K, Chan AHS (2014) Gerontechnology acceptance by elderly Hong Kong Chinese: 954 

a senior technology acceptance model (STAM). Ergonomics 57(5):635-652. 955 

https://doi.org/10.1080/00140139.2014.895855  956 

[31] Kuo HM, Chen CW, Hsu CH (2012) A Study of a B2C Supporting Interface Design 957 

System for the Elderly. Hum Factors Ergon Manuf 22(6):528-540. 958 

https://doi.org/10.1002/hfm.20297  959 

[32] Davis FD, Bagozzi RP, Warshaw PR (1989) User Acceptance of Computer Technology: 960 

A Comparison of Two Theoretical Models. Management Sci 35(8):982-1003. 961 

https://doi.org/10.1287/mnsc.35.8.982  962 



 41 

[33] Venkatesh V, Bala H (2008) Technology Acceptance Model 3 and a Research Agenda 963 

on Interventions. Decis Sci 39(2):273-312. https://doi.org/10.1111/j.1540-964 

5915.2008.00192.x  965 

[34] Venkatesh V, Davis FD (2000) A Theoretical Extension of the Technology Acceptance 966 

Model: Four Longitudinal Field Studies. Management Sci 46(2):186-204. 967 

https://doi.org/10.1287/mnsc.46.2.186.11926  968 

[35] Mascret N, Delbes L, Voron A, Temprado JJ, Montagne G (2020) Acceptance of a 969 

virtual reality headset designed for fall prevention in older adults: questionnaire study. 970 

J Med Internet Res 22(12):20691. https://doi.org/10.2196/20691  971 

[36] Scherer R, Siddiq F, Tondeur J (2019) The technology acceptance model (TAM): A 972 

meta-analytic structural equation modeling approach to explaining teachers’ adoption 973 

of digital technology in education. Comput Educ 128:13-35. 974 

https://doi.org/10.1016/j.compedu.2018.09.009  975 

[37] Angosto S, García-Fernández J, Valantine I, Grimaldi-Puyana M (2020) The intention to 976 

use fitness and physical activity apps: a systematic review. Sustainability 12(16):6641. 977 

https://doi.org/10.3390/su12166641  978 

[38] Mitzner TL, Stuck R, Hartley JQ, Beer JM, Rogers WA (2017) Acceptance of televideo 979 

technology by adults aging with a mobility impairment for health and wellness 980 

interventions. J Rehabilitation AssistTechnol Eng 4:2055668317692755. 981 

https://doi.org/10.1177/2055668317692755  982 

[39] Authors (submitted) Blinded for review. 983 

[40] Venkatesh V, Morris MG, Davis GB, Davis FD (2003) User Acceptance of Information 984 

Technology: Toward a Unified View. MIS Q 27(3):425-478. 985 

https://doi.org/10.2307/30036540  986 



 42 

[41] Fiske ST, Cuddy AJ, Glick P (2007) Universal dimensions of social cognition: Warmth 987 

and competence. Trends Cogn Sci 11(2):77-83. 988 

https://doi.org/10.1016/j.tics.2006.11.005  989 

[42] Breazeal C (2003) Toward sociable robots. Rob Auton Syst 42(3-4):167-175. 990 

https://doi.org/10.1016/s0921-8890(02)00373-1  991 

[43] Schouten AP, Portegies TC, Withuis I, Willemsen LM, Mazerant-Dubois K (2022) 992 

Robomorphism: Examining the effects of telepresence robots on between-student 993 

cooperation. Comput Hum Behav 126:106980. 994 

https://doi.org/10.1016/j.chb.2021.106980  995 

[44] Heerink M, Kröse B, Evers V, Wielinga B (2010) Assessing acceptance of assistive 996 

social agent technology by older adults: the almere model. Int J Soc Robot 2(4):361-997 

375. https://doi.org/10.1007/s12369-010-0068-5  998 

[45] Han J, Conti D (2020) The use of UTAUT and post acceptance models to investigate the 999 

attitude towards a telepresence robot in an educational setting. Robot 9(2):34. 1000 

https://doi.org/10.3390/robotics9020034  1001 

[46] Podsiadlo D, Richardson S (1991) The timed “Up & Go”: a test of basic functional 1002 

mobility for frail elderly persons. J Am Geriatr Soc 39(2):142-148. 1003 

https://doi.org/10.1111/j.1532-5415.1991.tb01616.x  1004 

[47] Pino M, Boulay M, Jouen F, Rigaud AS (2015) “Are we ready for robots that care for 1005 

us?” Attitudes and opinions of older adults toward socially assistive robots. Front 1006 

Aging Neurosci 7:141. https://doi.org/10.3389/fnagi.2015.00141  1007 

[48] Poizat G, Flandin S, Theureau J (2022) A micro-phenomenological and semiotic 1008 

approach to cognition in practice: A path toward an integrative approach to studying 1009 

cognition-in-the-world and from within. Adap Behav. 1010 

https://doi.org/10.1177/10597123211072352  1011 



 43 

[49] Folstein MF, Folstein SE, McHugh PR (1975) “Mini-mental state”: a practical method 1012 

for grading the cognitive state of patients for the clinician. J Psychiatr Res 12(3):189-1013 

198. https://doi.org/10.1016/0022-3956(75)90026-6  1014 

[50] Bohannon RW (2008) Hand-grip dynamometry predicts future outcomes in aging adults. 1015 

J Geriatr Phys Ther 31(1):3-10. https://doi.org/10.1519/00139143-200831010-00002  1016 

[51] Springer BA, Marin R, Cyhan T, Roberts H, Gill NW (2007) Normative values for the 1017 

unipedal stance test with eyes open and closed. J Geriatr Phys Ther 30(1):8-15. 1018 

https://doi.org/10.1519/00139143-200704000-00003  1019 

[52] Stevens PJ, Syddall HE, Patel HP, Martin HJ, Cooper C, Aihie Sayer A (2012) Is grip 1020 

strength a good marker of physical performance among community-dwelling older 1021 

people?. J Nutr Health Aging 16(9):769-774. https://doi.org/10.1007/s12603-012-1022 

0388-2  1023 

[53] Shigematsu R, Okura, T (2006) A novel exercise for improving lower-extremity 1024 

functional fitness in the elderly. Aging Clin Exp Res 18(3):242-248. 1025 

https://doi.org/10.1007/bf03324655  1026 

[54] Shigematsu R, Okura T, Nakagaichi M, Tanaka K, Sakai T, Kitazumi S, Rantanen T 1027 

(2008) Square-Stepping Exercise and Fall Risk Factors in Older Adults: A Single-1028 

Blind, Randomized Controlled Trial. J Gerontol A Biol Sci Med Sci 63(1):76-82. 1029 

https://doi.org/10.1249/01.mss.0000274651.98988.33  1030 

[55] Li J, Ma Q, Chan AH, Man SS (2019) Health monitoring through wearable technologies 1031 

for older adults: Smart wearables acceptance model. Applied Ergonomics 75:162-169. 1032 

https://doi.org/10.1016/j.apergo.2018.10.006  1033 

[56] Dunn TJ, Baguley T, Brunsden V (2014) From alpha to omega: A practical solution to 1034 

the pervasive problem of internal consistency estimation. Br J Psychol 105(3):399-1035 

412. https://doi.org/10.1111/bjop.12046  1036 



 44 

[57] Theureau J (2015) Le cours d’action : L’enaction et l’expérience. Octarès, Toulouse, 1037 

France. 1038 

[58] Vors O, Cury F, Marqueste T, Mascret N (2019) Enactive Phenomenological Approach 1039 

to the Trier Social Stress Test: A mixed methods point of view. J Vis Exp 143:e58805. 1040 

https://doi.org/10.3791/58805  1041 

[59] Starks H, Brown Trinidad S (2007) Choose your method: A comparison of 1042 

phenomenology, discourse analysis, and grounded theory. Qual Health Res 1043 

17(10):1372-1380. https://doi.org/10.1177/1049732307307031  1044 

[60] Curran PJ, West SG, Finch JF (1996) The robustness of test statistics to nonnormality 1045 

and specification error in confirmatory factor analysis. Psychol Methods 1(1):16-29. 1046 

https://doi.org/10.1037/1082-989x.1.1.16  1047 

[61] Durand M (2014) Activité humaine, pratiques sociales, et éducation des adultes. Un 1048 

dialogue entre concepts et réalité. Raison et passions, Dijon, France. 1049 

[62] Chen PY, Song CY, Yen HY, Lin PC, Chen SR, Lu LH, et al. (2021) Impacts of tai chi 1050 

exercise on functional fitness in community-dwelling older adults with mild 1051 

degenerative knee osteoarthritis: a randomized controlled clinical trial. BMC Geriatr 1052 

21(1):1-9. https://doi.org/10.1186/s12877-021-02390-9 1053 

  1054 



 45 

Figure 1. 1055 

The Square Stepping Exercise (SSE, Shigematsu et al., 2006, 2008; see comments in the text). 1056 

Different tasks were used for: i) familiarization task, and ii) learning, with three levels of 1057 

difficulty. 1058 

 1059 

 1060 

  1061 
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Figure 2. 1062 

The MTR Ubbo. See details in the text. 1063 

 1064 

 1065 

 1066 

 1067 

 1068 
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  1070 
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Figure 3. 1071 

Comparison of scores of perceived usefulness, perceived ease of use, perceived enjoyment, 1072 

and intention to use with the mean of the scale. 1073 

 1074 

 1075 
Notes. ** p < .01, *** p < .001, the bold horizontal line indicates the mean of the scale. 1076 

 1077 
  1078 
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Figure 4. 1079 

Comparison of scores of perceived warmth, perceived competence, perceived adaptiveness, 1080 

and perceived sociability according to condition (Face-to-face vs. MTR) and tasks. 1081 

 1082 
Notes. -*- indicates a significant difference at p < .05 between the Face-to-face and MTR 1083 

conditions; the error bars are not represented on the graph, but the exact values of the standard 1084 
deviations are indicated in table n°2. 1085 

  1086 
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Figure 5. 1087 

Comparison of scores of perceived warmth, perceived competence, perceived adaptiveness, 1088 

and perceived sociability with the mean of the scale. 1089 

 1090 
Notes. *** p < .001, the bold horizontal line indicates the mean of the scale (i.e., 3). 1091 
  1092 
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Table 1. 1093 

Descriptive statistics, skewness, and kurtosis for acceptance of the MTR. 1094 

 1095 

 Pre-test Post-test 
Variables Condition M / SD Sk. / Ku. M / SD Sk. / Ku. 

Perceived usefulness Face-to-face 3.58 / 1.22 -0.24 /-1.36 3.73 / 0.95 -0.27 / -0.97 
MTR 3.98 / 1.07 -1.24 / 1.81 3.98 / 1.11 -1.25 / 1.31 

Perceived ease of use Face-to-face 4.15 / 0.82 -0.37 / -1.38 4.48 / 0.72 -1.07 / -0.20 
MTR 3.90 / 0.84 0.27 / -1.63 4.43 / 1.00 -1.47 / 6.98 

Perceived enjoyment Face-to-face 4.05 / 0.91 -0.84 / 0.84 4.18 / 1.07 -1.21 / 0.53 
MTR 3.97 / 1.26 -1.28 / 0.78 3.93 / 1.43 -1.04 / -0.48 

Intention to use Face-to-face 3.47 / 1.45 -0.57 /-1.01 3.32 / 1.29 -0.68 / -0.51 
MTR 4.02 / 1.14 -1.11 / 0.91 3.78 / 1.15 -0.76 / 0.01 

Note. M = Mean, SD = Standard Deviation, Sk. = Skewness, Ku. = Kurtosis 1096 
  1097 



 51 

Table 2. 1098 

Descriptive statistics, skewness, and kurtosis for the perception of the APA teacher and for 1099 

task performance. 1100 

 Task A Task B Task C 
Variables Cond. M / SD Sk. / Ku. M / SD Sk. / Ku. M / SD Sk. / Ku. 

Perceived warmth Face-to-face 4.95 / 0.16 -3.44 / 11.89 4.95 / 0.16 -3.44 / 11.89 4.97 / 0.15 -4.47 / 20.00 
MTR 4.73 / 0.44 -1.47 / 0.73 4.88 / 0.27 -2.50 / 5.95 4.87 / 0.36 -2.82 / 7.21 

Perceived competence Face-to-face 4.92 / 0.21 -2.44 / 4.78 4.92 / 0.26 -3.11 / 9.05 4.95 / 0.16 -3.44 / 11.88 
MTR 4.88 / 0.33 -3.19 / 10.51 4.87 / 0.31 -2.43 / 4.97 4.85 / 0.38 -2.47 / 5.16 

Perceived adaptiveness Face-to-face 4.85 / 0.31 -1.82 / 1.93 4.95 / 0.22 -4.47 / 20.00 4.97 / 0.10 -2.89 / 7.04 
MTR 4.45 / 0.82 -1.78 / 3.21 4.78 / 0.36 -1.34 / 0.23 4.73 / 0.64 -2.54 / 5.82 

Perceived sociability Face-to-face 4.92 / 0.21 -2.44 / 4.77 4.97 / 0.15 -4.47 / 20.00 4.98 / 0.07 -4.47 / 20.00 
MTR 4.57 / 0.63 -1.27 0.63 4.73 / 0.07 -1.08 / -0.76 4.73 / 0.47 -1.55 / 1.04 

Time (seconds) 
Face-to-face 7.16 / 1.92 

5.61 / 5.34 
0.36 / 0.36 
1.05 / 1.34 

7.14 / 2.06 
5.48 / 1.16 

1.00 / -0.05 
0.95 / 1.47 

18.48 / 3.93 
13.76 / 3.17 

0.38 / -1.18 
0.02 / -1.09 

MTR 7.23 / 2.17 
5.34 / 1.51 

0.22 /-0.77  
0.72 / -0.28 

7.20 / 2.22 
5.47 / 1.48 

0.44 / -0.24 
0.87 / 0.98 

19.18 / 5.60 
12.82 / 2.77 

0.76 / -0.36 
0.84 / -0.45 

Number of errors 
Face-to-face 0.53 / 0.44 

0.39 / 0.48 
0.65 / -0.42 
0.93 / -0.68 

0.63 / 0.75 
0.41 / 0.44 

2.35 / 7.58 
1.12 / 0.80 

1.90 / 1.19 
1.74 / 1.28 

0.66 / -0.40 
1.24 / 1.10 

MTR 0.83 / 1.11 
0.41 / 0.48 

2.16 / 5.61 
2.10 / 5.94 

1.17 / 1.56  
0.57 / 0.59 

1.90 / 2.99 
1.04 / 0.65 

3.16 / 2.20 
2.24 / 2.32 

1.85 / 4.56 
1.79 / 2.94 

Notes. M = Mean, SD = Standard Deviation, Cond. = Condition, Sk. = Skewness, Ku. = 1101 
Kurtosis. The time and number of errors scores are presented for each condition on the top 1102 
row for the trials 1-4 and on the bottom row for the trials 5-8. 1103 
 1104 
 1105 
  1106 


