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In the past two decades, social robots have been utilized in the 
healthcare of elderly individuals with dementia to assist in 
exercising and companionship. In this research, we investigated 
whether elderly individuals with dementia were more engaged 
when receiving varying mobility sessions from a social robot than 
non-varying mobility sessions. Groups of elderly individuals with 
dementia (N=18) of differing dementia levels participated in 
three exercise sessions either with varying sessions (n=9) or with 
non-varying sessions (n=9). Our results show a small 
improvement in engagement in varied sessions compared to 
non-varied sessions, however, the difference was not significant. 
Additionally, the study gives insights into the application of this 
technology and the challenges involved in conducting this type 
of experiment. 
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1 Introduction 
 
As society faces an ever-increasing aging population (Kanasi et al., 2016; Luchsinger, 
2023), different systems are under greater strain (Lee & Mason, 2017). These strains 
are particularly evident in elderly care, where there is a shortage of caregivers 
(Resnick et al., 2022) while care must be provided to an increasing influx of elderly 
patients. That is, by 2023, there were 55 million people worldwide with dementia, 
most of them elderly people, with 10 million new cases added every year (World 
Health Organization, 2023). 
 
This development has inspired research into the application of technological 
innovations to improve the quality of life for this ever-increasing aging population 
(Fares et al., 2021; Penno & Gauld, 2017; Stone & Harahan, 2010). Further research 
is needed because in the US, for example, only half of the geriatricians needed for 
elderly care are available because of a financial disadvantage (e.g., there is a decrease 
in income when becoming a geriatrician due to the fee-for-service system) (Rowe et 
al., 2016). This exacerbates loneliness among the elderly population (Gardiner et al., 
2020; James Alexander Crewdson, 2016), which can affect physical and mental 
health (James Alexander Crewdson, 2016). Especially when it comes to elderly 
individuals with dementia, who experience even more social loneliness than those 
without dementia (Holmén et al., 2000). Due to these concerns, different methods 
and technologies are being explored for the healthcare system.  
 
One example of the exploration of technology is the use of social robots (SRs), 
which proofs to be applicable in healthcare (Aymerich-Franch & Ferrer, 2021). That 
is, SRs can become a tool for a caregiver, to ease or support care for the elderly 
(Kachouie et al., 2014). Previous research has shown the potential of SRs in 
healthcare. For example, the companion robot Paro provided a positive experience 
when it was used as a comfort buddy for the elderly (Chen et al., 2022). Indeed, Paro 
is a robotic seal used in elderly care for companionship, emotional support, and as a 
distraction for patients exhibiting challenging behavior (Wada et al., 2003). 
Moreover, Paro has also been shown to have positive effects on elderly individuals 
with dementia in particular (Kang et al., 2020; Kelly et al., 2021). Another example 
of using the application of SRs to assist elderly individuals with dementia is the use 
of the Tessa robot from tinyBots, which can help elderly individuals with dementia 
establish a daily structure using reminders (Smit et al., 2021).  
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Offering multicomponent interventions, which include physical activity, to older 
people with dementia can alleviate the negative effects of dementia (Blankevoort et 
al., 2010). Moreover, exercise can be effective in maintaining and improving the 
health of elderly people (Dawe & Moore‐Orr, 1995; McMurdo & Rennie, 1993). A 
SR could be useful in this regard, as it can be used as an on-demand exercise program 
(Lotfi et al., 2018). With this in mind, the SR NAO can be of particular interest due 
to its humanoid form and the wide range of motion possible with this robot 
(Robaczewski et al., 2021). Furthermore, to ensure that participants remain 
motivated and focused during the exercises, the session should remain engaging for 
them. Since there are different stages of dementia (Reisberg et al., 1982), a later stage 
of dementia may affect engagement due to the novelty effect (Suchy et al., 2011). In 
this context, the novelty effect can occur again because elderly individuals with 
dementia cannot remember a previous session and therefore experience the same 
exercise as new. However, this novelty effect may not apply to the elderly with early-
onset dementia, who might remember the previous, and therefore, the repetition of 
exercises may negatively impact engagement. To explore the effect of repeating 
exercises on the engagement of elderly individuals with dementia, we beg to answer 
the following main research question in this paper: “How does introducing a new exercise 
routine through three sessions with an NAO robot affect the engagement of elderly individuals with 
dementia?”  
 
2 Background and Related Work 
 
With a limited number of caregivers, there is a need to address the shortage so that 
the elderly get the care they need (Resnick et al., 2022). Besides, elderly individuals 
with dementia need even more support with daily activities, i.e., elderly individuals 
with dementia often need help with traveling or become incontinent, depending on 
the stage of dementia (Reisberg et al., 1982). Moreover, it is important for the quality 
of life that elderly individuals with dementia in long-term care facilities have the 
opportunity to participate in meaningful physical activities (Sampaio et al., 2021; 
Telenius et al., 2022). This is because physical activities are associated with a reduced 
risk of dementia (Kirk-Sanchez & McGough, 2013) and have been shown to have a 
significant positive treatment effect on elderly individuals with dementia (Heyn et 
al., 2004). It introduces benefits such as reducing depression, improving cognitive 
skills, and consequently improving the quality of life (Zhou et al., 2022). Regarding 
physical activity, a greater positive effect on cognition in people with dementia was 
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found with physical activity of less than 30 minutes (Jia et al., 2019). Therefore, 
arranging a physical activity for the elderly can take up to 30 minutes, but as 
caregivers have little time, a solution is needed. 
 
One solution could be to use SRs that help support activities for elderly individuals 
with dementia. For example, one study demonstrated the suitability of telepresence 
robots for remote research because they evoke more engagement in people with 
dementia compared to Skype or phone calls (Hung et al., 2023). Another example is 
that elderly individuals with dementia have benefited from a SR pet which was often 
used on a daily basis (Harris-Gersten et al., 2023). Moreover, caregivers found that 
SRs can improve physical activity by, e.g., motivating and guiding elderly individuals 
to exercise (Zuschnegg et al., 2022). For example, research included dance sessions 
led by the SRs Pepper and NAO, in which the robots invited elderly individuals 
(without dementia) to dance (Li et al., 2022). These dance sessions were positively 
received by both the elderly and the caregivers (Li et al., 2022). Such an approach 
could help maintain physical functionality without increasing the burden on 
caregivers. Moreover, it also provides opportunities for conversations between 
people with dementia by coming together in a common room to engage with a SR 
(Blindheim et al., 2023). For example, research showed that using a SR led to 
conversation and joking in the common room of a long-term care facility (Blindheim 
et al., 2023). Besides physical activities, SRs can help people with dementia by 
communicating with them, which also improves their quality of life through 
engagement (Mordoch et al., 2013). In addition, SRs can provide assistance by 
communicating in group sessions, allowing caregivers to provide individual support 
when needed (Raß et al., 2023). Lastly, it was found that caregivers felt that a SR 
could help them avoid danger, e.g., by preventing injury through assistance in 
walking (Zuschnegg et al., 2022). 
 
Research, on the other hand, shows that even though SRs can be used to help in 
healthcare, there are still some areas for improvement. For example, research with a 
robot used to comfort children before a blood draw showed that caregivers do not 
have all the time or experience to use such a SR (Smakman et al., 2021). In addition, 
functionalities of a SR are also missed due to, e.g., not being aware of certain 
keyboard shortcuts when using a SR (Blindheim et al., 2023). Moreover, when AI is 
built into a SR that monitors elderly individuals with dementia, recognizing speech 
patterns can be an issue because the speech of a person with dementia is sometimes 
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unclear. This can lead to failure to summon help, for example, because the robot 
does not pick up on the user’s behavior properly (Felzmann, 2020). This is due to 
the problem of SRs being used to help vulnerable individuals and not being able to 
understand their vulnerability themselves (Ragno et al., 2023). Furthermore, 
Misselhorn et al. (2013) argue that a SR should not replace human-human interaction, 
as it is important to be empathetic towards the person with dementia. Moreover, 
caregivers also expressed concerns about the usability of SRs for people with 
dementia, as computer interfaces would be inaccessible to these people (Pino et al., 
2015). Finally, caregivers expressed concern about SRs looking too much like 
humans, as they might confuse individuals with dementia (Pino et al., 2015). On the 
other hand, an elderly individual with dementia in research suggested that the SR 
used looked too mechanical (Moyle et al., 2016).  
 
In conclusion, research has shown that SRs can help elderly individuals with 
dementia in many ways, through physical activity and sociability, both one-on-one 
and in group settings, despite there being areas for improvement. However, to the 
knowledge of the authors, no research has yet been conducted on the engagement 
of older people with dementia with SRs and whether the difference in type of 
exercises affects engagement. 
 
3 Research Method 
 
The purpose of this research was to determine the extent to which varying exercise 
sessions improve the engagement of elderly individuals with dementia compared to 
non-varying exercise sessions. Therefore, the same experiment was conducted twice 
with two separate groups. In addition, a short interview with caregivers was 
conducted.  
 
In the first session, both groups included the same exercise session. In the second 
session, the non-varied group included the same exercise session, while the varied 
group had a different one. In the third session, the non-varied group again included 
the same exercise session, while the varied group, once again, received a different 
exercise session along with additional human-voiced instructions through the NAO 
robot. The robot executed various exercises based on gym workouts and dances, as 
these were observed to be enjoyable to other elderly individuals (Li et al., 2022). The 
exercises by the robot were developed after interviews with several caregivers about 
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their strategies for motivating the elderly to engage in physical activity. These 
exercise sessions were created using the ‘Robots in de klas’ and ‘Choreographe’ 
platforms. In addition, the robot movements were designed to allow the elderly to 
perform an entire exercise session in a seated position for safety. To complement 
the exercise sessions, NAO had sporty wrist and headbands, as shown in Figure 1. 
 

 
 

Figure 1: NAO Robot and Observer 
Source: Own 

 
To consistently measure and evaluate participant engagement, an adapted version of 
the ZIKO evaluation instrument (Self-evaluation Instrument for Care Settings) was 
used (Laevers, 2005). The adapted version of this evaluation instrument for robot 
interactions has more often been used with children in human-robot interactions (de 
Haas et al., 2022). Although this form is originally designed for children of 5 years 
old, it is also applicable to the elderly with dementia because the decline in cognitive 
abilities over time can reach a point where it intersects with the cognitive 
development of children (Rubial-Álvarez et al., 2012). Additionally, the engagement 
instrument emphasizes the interaction that the elderly with dementia had with both 
the tasks and the robot. Given that the exercises provided by the robot were 
relatively simple, the engagement instrument had criteria for the specific moments 
of interest related to the robot’s behavior. Therefore, we argue that ZIKO is an 
appropriate measurement instrument in this study. The form includes an evaluation 
scale ranging from 1 (extremely low) to 5 (extremely high), with specific criteria for 
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each level of engagement. Using this form, the overall engagement of the elderly 
could be consistently and accurately assessed. To ensure the validity of the 
instrument, each elderly individual was coded twice by two researchers and the mean 
of the scores was used. 
 
The experiment took place in two different retirement homes in the Netherlands 
that were visited three separate times with a week between sessions. The participants 
were 65 years and older and consisted of both men and women. A purposive sample 
was used to ensure that only elderly people with different stages of dementia 
participated, detemined by their caregivers, excluding those with early-onset 
dementia. Only participants who were able to give informed consent were 
approached and asked if they wanted to participate in the experiment. Participants 
signed a consent form and if at any time they decided not to participate, they could 
opt out. The experiment took place in two retirement homes, where caregivers 
selected the participants and divided the participants randomly into four groups of 
four/five people. This resulted in two non-varied groups (NV) of a total of nine 
participants and two varied groups (V) of a total of nine participants. During each 
visit, group NV performed the same exercise session, while group V was presented 
with a different session each time. 
 
In each 10-minute exercise session, participants were brought into a room and 
placed on stools in a semicircle around a table on which the NAO robot stood. By 
placing NAO on a table, its instructions were easier for participants to see. The robot 
gave verbal instructions on what to do and demonstrated the instructions through 
movements. In each session, the robot introduced itself at the beginning and 
informed participants about what would happen during the session. Then the 10-
minute practice session begins with exercises such as twisting the wrists, opening 
and closing the fingers, and forward punches. Each of these exercise sessions 
consists of a program that the robot will execute. After each session, the robot 
expressed thanks for the participation and wished the participants goodbye. During 
the exercise sessions, the engagement of each participant with NAO was graded by 
two researchers at two 5-minute intervals as described above. After the three 
sessions, the caretakers were interviewed to reflect on the robot interaction.  
  



686 37TH BLED ECONFERENCE: 
RESILIENCE THROUGH DIGITAL INNOVATION: ENABLING THE TWIN TRANSITION 

 

 

4 Data Analysis and Results 
 
Before the data was analyzed, engagement scores were calculated. To ensure a non-
biased engagement score, the average score was used during the data analysis of two 
researchers who individually scored the participants. Moreover, a mean score per 
session was calculated for each participant, leading to three scores for each 
participant in total. Not every participant was able to attend every session (session 
1: n = 18, session 2: n = 15, session 3: n =15). The average engagement scores of 
each group of participants per session are shown in Figure 2. Because of the small 
sample size, we were not able to perform any statistical analyses.  
 

 
 

Figure 2: Average engagement score of all participants per session 
Source: Own 

 
Figure 2 shows that the scores for the elderly were approximately the same across 
each session and there are only small differences. That is, there is a slight increase in 
engagement between the first and third sessions in both groups (for group NV, 
session one: M = 2.61 and session three: M = 3.21, for group V, session one: M = 
2.87 and session three: M = 3.37). Despite the scores in both groups increasing 
slightly each session, there is no statistically significant difference, due to the overall 
scores for the two conditions being roughly similar. 
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5 Discussion and Future Research 
 
The goal of this research was to evaluate whether introducing varied exercise 
sessions increases the engagement of elderly individuals with dementia compared to 
non-varied sessions. The data showed that there is no difference in engagement 
between the varied and non-varied groups. The lack of difference could be explained 
by several factors that occurred during the experiment. First, the different stages of 
dementia of the participants may have influenced the data, as this would explain the 
wide range of engagement scores. However, the decline is not present at all stages. 
For this reason, it is therefore important to conduct future research validating the 
results of this study. Second, it is possible that the ZIKO form, developed for 
children, might not have been entirely accurate because there could have been a 
difference in children's cognitive skills and elderly with dementia in an earlier stage 
of dementia. Third, an interview with caregivers present during the experiment 
revealed that participants could benefit more from a higher grade of 
individualization of the robot’s exercise program. For example, addressing a 
participant by name or responding differently to elderly individuals with dementia, 
depending on their engagement in the exercises. Therefore, future research is needed 
on personalizing exercises by, e.g., increasing length or difficulty, and personally 
addressing the elderly. In addition, future research is needed on how exercises can 
be adapted to different stages of dementia, combined with using a SR. Fourth, it was 
also mentioned by the caregivers that participants found it more difficult to follow 
smaller motor skill movements made by the robot such as opening and closing 
hands, compared to larger motor skill movements such as stretching the arms. Fifth, 
the different timing of the sessions may also have played a role. It was not possible 
to schedule all sessions at the same time of day. Some sessions took place in the 
morning and others in the afternoon. The different times of the sessions may have 
also affected engagement scores, as some participants were more active in the 
morning and others in the afternoon. Sixth,, the experiment included 18 participants. 
This makes it impossible to generalize our conclusions to a larger population and to 
perform analyses to confirm our hypotheses statistically. Future research is needed 
in which this experiment is repeated with a larger sample size of elderly individuals 
with dementia, thereby increasing the overall statistical relevance and generalizability 
of the findings. However, elderly with dementia are a particularly difficult group to 
recruit, since not all of them have the power of attorney. As a result, recruitment 
must be done through their immediate relatives, which lengthens and complicates 
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the recruitment period. Besides that, the sessions took place in December, which 
also reduced participant recruitment due to national holidays. Moreover, it was also 
difficult to recruite participants because of the study's timeframe. During the 
experiment, the robot also drew the attention of other residents and caregivers at 
the care homes. Although many of them found the robot interesting, they did not 
want to participate in the study and commit to it for three sessions. This resulted in 
these extra participants in the background not being graded and not being included 
in the research data. Future studies should take this into account.  
 
Finally, the retirement homes could also already have offered exercise activities, 
which were not checked for or taken into account. The introduction of the 
unfamiliar robot sessions, which were focused on physical exercise, could have been 
made less interesting by this. 
 
6 Conclusion 
 
With the growing aging population, the number of elderly with dementia is 
constantly increasing. However, the time caregivers have to provide individual care 
and attention is limited, requiring new solutions for the care of elderly individuals 
with dementia. SRs may be a key solution, helping with the daily activities of elderly 
individuals with dementia and thereby improving their quality of life. This paper 
investigated whether the engagement of the elderly with dementia would change by 
conducting an experiment that involved exercise sessions with the SR NAO. To do 
so, we tried to answer the following research question: “How does introducing a new 
exercise routine through three sessions with an NAO robot affect the engagement of elderly 
individuals with dementia?” The results revealed that there indeed was a small 
improvement in engagement in varied sessions compared to non-varied sessions, 
however, the difference was small. Despite that, the elderly with dementia often 
showed an interest in the robot, even if they did not perform the movements 
instructed by the robot. From a theoretical point of view, this research contributed 
to the body of knowledge of social robotics, providing research on the engagement 
of elderly with dementia in exercise sessions given by a robot. The difference 
between exercise variation and no exercise variation shows that future research is 
needed to validate this further. From a practical point of view, this research 
contributes to the practical application of SRs in healthcare, specifically in helping 
the elderly with dementia and relieving and assisting caregivers. Care homes can use 
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technology, such as SR, to encourage movement in elderly individuals with dementia, 
which seems to have a small effect, though this has not yet been significantly 
demonstrated. 
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