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Abstract

Background

Dance provides a range of beneficial effects for older adults including individuals with age-

related neurological conditions such as Parkinson’s disease (PD). The COVID-19 pandemic

accelerated the development of at-home dance programs delivered digitally through live

and pre-recorded media, but little is known about how participants may engage with and

benefit from these resources.

Objective

This study explored experiences and potential benefits of digital dance participation among

healthy older adults and people with PD.

Methods

An online survey consisting of fixed-choice and open questions was designed in collabora-

tion with dance program providers and distributed between June and November 2020.

Results

Healthy older adults (N = 149) and people with PD (N = 178) participating in at-home dance

programs reported frequent engagement and a range of benefits. People with PD reported

greater levels of motor (e.g., ease of movement, balance) than non-motor (e.g., energy,

confidence) outcomes, while healthy older adults reported similar numbers of motor and

non-motor outcomes. Positive outcomes were associated with the use of movement imag-

ery during dance in both groups, while singing was associated with benefits in people with

PD and vocalising was associated with benefits in older adults. At-home dance resources

were found to offer convenience and flexibility, but participants missed the interaction, sup-

port, and routine provided by in-person classes. The majority expressed a preference to
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continue with both digital and in-person participation in the future. Qualitative analysis of par-

ticipants’ comments further revealed that digital participation could help to maintain connec-

tion and well-being, as well as identifying further considerations for improving accessibility

and facilitating digital engagement.

Conclusions

At-home dance appears to be accessible, engaging, and potentially beneficial for older

adults and people with PD, although barriers to participation should be addressed. Digital

resources will be increasingly important to enable cost-effective, large-scale provision of

home-based therapeutic activities.

Introduction

The prevalence and economic and societal burden of neurodegenerative conditions such as

Parkinson’s disease (PD) is increasing with the ageing population [1]. High levels of physical

inactivity among older adults [2] are associated with a wide range of poor health outcomes,

including non-communicable diseases, impaired activities of daily living, falls, cognitive

decline, and mental health conditions [3]. Inactivity is further exacerbated in people with PD,

who are estimated to be around one-third less physically active in comparison to the general

population [4]. There is a critical need to identify and develop sustainable methods to increase

levels of activity, independence, and quality of life in older adults and those with conditions

such as PD.

The contribution of creative approaches to health promotion and rehabilitation is increas-

ingly recognised, as indicated by a recent review of the evidence on arts and health by the

World Health Organization [5]. Dance has received particular attention from health profes-

sionals and researchers as a form of activity that may provide an engaging and beneficial

option for older people, and quantitative and qualitative studies have demonstrated a range of

promising effects. Systematic reviews and meta-analyses have documented evidence that

dance may reduce the risk of falls and increase strength, balance and mobility in older adults

[6–8], as well as improving non-motor outcomes including cognitive function [9–11] and psy-

chosocial well-being [10, 11]. The potential motor and non-motor benefits of dance for people

living with ageing-related neurological conditions, particularly PD, as well as others such as

stroke and dementia, have also been investigated. Numerous reviews of the research into

dance for people with PD have highlighted evidence for improvements in motor symptoms,

functional mobility, cognition, and quality of life [12–18], while qualitative evidence also indi-

cates further non-motor effects such as increased social participation and confidence [19–21].

In particular, there is clear evidence for motor improvements following dance participation in

people with PD. For example, a randomised controlled trial comparing Irish dancing with

standard physiotherapy exercises found greater improvements in balance, freezing of gait, and

overall motor symptom severity in the dance group [22]. Moreover, a recent study found that

long-term dance participation may slow the progression of motor symptoms in people with

mild PD [23]. There is also evidence that dance can improve physical, cognitive, and psycho-

logical outcomes in other neurological conditions including stroke [9, 24] and dementia [9,

25].

Although dance incorporates physical exercise, the complexity of dance as a motor, cogni-

tive, emotional and social activity likely contributes to its positive outcomes [26, 27], and
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dance has been associated with enhanced neural plasticity when compared with repetitive

exercise in older adults [28]. Importantly, older adults and people with PD show high levels of

adherence to dance [8, 14, 27], indicating its potential as an effective and sustainable approach.

The restrictions in social contact and participation imposed in response to the COVID-19

pandemic significantly impacted older people, many of whom faced the highest levels of isola-

tion because of the age-related risk factors associated with the virus [29, 30]. In these circum-

stances, the importance of telehealth [31–33] and digital alternatives such as apps and online

programs for maintaining communication and activity [33, 34] was brought to the forefront.

Older people are increasingly confident in using digital technology, and studies during the

pandemic reported that digital resources were used by older adults to maintain social connec-

tions [35] and by people with PD to engage in physical activity [32, 36]. Nonetheless, the level

of technology use among older adults is likely still lower than in other age groups [37], and so

their use of online social and health resources may be more limited.

In response to the suspension of in-person group activities during the pandemic, providers

of community dance programs (including initiatives designed specifically for older adults and

people with PD) transitioned to delivering classes online. Although a small number of previous

studies have investigated home-based dance for older adults [38] and people with PD [22, 39],

these typically involved offline resources provided alongside in-person dance classes or within

a videogame, so the effects of online and group-based digital dance programs are unclear. Con-

sidering the potential barriers relating to the use of technology, and the differences between

in-person classes and online participation (such as levels of social contact and instructor feed-

back), the present study used an online survey to investigate users’ experiences and perceived

benefits of digital dance resources.

The survey explored access to and engagement with home-based dance programs among

older adults, as well as the potential outcomes of these programs across motor and non-motor

domains. For individuals with neurological conditions like PD, there may be additional barriers

or challenges to participation, such as reduced motivation [40] or concerns about safety [41], or

they may be less able to experience the benefits of dance without the support and guidance pro-

vided within group classes. The present study therefore also sought to identify any differences

in the types of benefits experienced by neurologically healthy older adults and those with PD, as

well as factors that may influence outcomes for each user group. Initial findings of the survey

based on data collected from people with PD [42] indicated that home-based dance programs

were accessed with high levels of engagement and revealed a range of potential motor and non-

motor benefits. This initial analysis also found that perceived benefits were greater among par-

ticipants engaging in strategies such as movement imagery during dance classes. The present

study further examines such mechanisms of engagement and their relationship with potential

benefits, in older adults without neurological conditions and people with PD. Qualitative analy-

sis was also conducted to explore participants’ experiences in greater depth.

Methods

An online survey was designed in collaboration with providers of community dance programs

for older adults and people with PD (Silver Swans1—Royal Academy of Dance; Dance for

PD1—Mark Morris Dance Group), with additional input from dance instructors, physiother-

apists, and individuals with PD who had previously participated in dance.

The survey (see S1 File) consisted primarily of fixed-choice questions addressing access to

and use of digital dance programs, including engagement in cueing strategies during dance

(e.g., imagery, vocal and rhythmic cues), perceived benefits, advantages and disadvantages of

at-home participation, and views on future participation. Two optional questions were
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included to allow participants to provide further information if they wished (“Do you have any
suggestions for how at-home dance resources could be improved?”; “Is there anything else you
would like to tell us about your experience of at-home dance resources?”). The survey was also

open to individuals who were interested but not currently participating in dance, who were

directed to a subset of questions addressing previous participation, barriers to accessing

resources, and interest in future participation.

The survey was administered using SelectSurvey.net (v4�033�002; ClassApps, Overland Park,

KS, USA). Invitations to participate in the survey were distributed between June and November

2020 through email newsletters of dance organisations and Parkinson’s UK, as well as dance prac-

titioners known to the research group, older adult groups/networks (e.g., Age of Creativity; Uni-

versity of the Third Age), research volunteer lists, and social media. The study was approved by

the University of Manchester Research Ethics Committee and participants provided informed

consent via an online form, completion of which was required in order to access the survey.

Participants

Valid survey responses were collected from 466 individuals, including 276 people living with

PD and 16 with other neurological conditions, as well as 5 who did not report whether or not

they had a neurological condition. Respondents were aged between 43 and 89 years, and the

majority were based in the UK (72.1%) or USA (20.4%).

Data analysis

Since only 3.4% of participants reported a neurological condition other than PD, and a further

1.1% did not report whether or not they had a neurological condition, the present analysis

focuses on older adults without any neurological condition (OA) and people with PD.

Responses to fixed-choice questions were summarised as percentages and are reported

descriptively in the following section. Statistical analyses were conducted to further examine

outcomes of participation in the two main respondent groups (OA and PD). Twelve items

from a checklist of potential outcomes of dance participation were categorised as either motor

or non-motor outcomes (6 items per category), which were then compared using a group

(OA, PD) x type (motor, non-motor) ANOVA. Given that the majority of respondents were

from the UK or USA, the numbers of perceived benefits reported by people with PD in the

two countries (UK N = 97; USA N = 69) were compared using an independent t-test. This

analysis was not conducted for the OA group because the data included a much larger number

of OA respondents from the UK (N = 116) than the USA (N = 20). To explore how the use of

particular strategies within at-home dance participation might be associated with reported

benefits, linear mixed effects modelling was conducted in R [43] using the package lme4 [44].

This approach enables the effects of fixed factors (predictors) to be analysed while adjusting

for random effects arising from individual variation between participants. Responses to the

two open-ended survey questions were analysed using an inductive/data-driven thematic

approach [45]. Two of the authors (CG and JB) independently coded the responses, using

Microsoft Excel and NVivo to identify and categorise codes. Candidate themes were generated,

which were then discussed further with a third author (MG) before being finalised.

Results

Experiences and perceptions of accessing and using at-home dance resources

The characteristics of all respondents (including OA and PD, as well as individuals reporting

other neurological conditions or not reporting any neurological conditions) currently using
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at-home dance programs (N = 348) are summarised in Table 1. The length and frequency of

participation in at-home dance programs was similar between OA and PD respondents: the

majority had been participating for less than 12 months and most were currently participating

at least once a week. Most of the OA respondents (95.3%) and 78.7% of the PD respondents

had previously attended in-person classes.

Table 2 summarises the responses to questions exploring access to and use of digital

resources, barriers to participation, preferences in the selection and use of resources, and con-

siderations for future provision. The results are summarised separately for OA and PD respon-

dents in addition to the overall results from all respondents using digital dance resources.

Both live and pre-recorded classes were widely used, although the use of DVDs was more

common among people with PD, possibly reflecting the availability of at-home DVDs from

the Dance for PD1 program predating the pandemic. Among those using both live and

recorded media, there was a preference for live classes, although this was more evident in the

data from participants with PD (64.5%) than OA (45.8%). The most important factor in choos-

ing at-home programs was the style of dance, followed by familiarity and scheduled classes.

Half of all participants experienced some technical difficulties when accessing or using

resources, most commonly involving connectivity/network problems, although OA respon-

dents reported more difficulties than PD respondents.

The reported advantages and disadvantages of home-based dance participation are illus-

trated in Fig 1, which shows a broadly similar pattern of results between groups, although OA

respondents tended to report disadvantages more frequently and advantages less frequently

than those with PD. In both groups, the most widely reported advantages were not having to

travel, flexible timing, and ease of access enabling more frequent participation. The key disad-

vantages were the lack of social interaction and one-to-one support, and reduced motivation

resulting from the loss of routine.

Participants previously attending in-person classes primarily missed the interaction with

other participants and instructors, and these aspects were more frequently noted by OA than

PD respondents. Nonetheless, the data clearly indicated a desire among both groups to con-

tinue participating in at-home digital classes alongside in-person classes when these resumed.

Table 1. Characteristics of participants currently using home-based resources, summarised for all users of at-home dance programs (including those with and with-

out any neurological conditions) and separately for older adults without a neurological condition (OA) and individuals with Parkinson’s disease (PD).

All users (N = 348) OA (N = 149) PD (N = 178)
Age (years: M; range) 66.9; 43–88 66.0; 50–89 69.5; 47–88

Gender (% female; male) 83.2; 14.5 94.6; 4.7 75.8; 24.2

Previous in-person dance participation (% yes) 85.2 95.3 78.7

Frequency of at-home practice (%):

Less than once weekly 5.7 6.7 5.1

Once weekly 30.5 32.2 29.2

Twice weekly 31.6 36.2 28.1

More than twice weekly 29.6 24.2 36.5

Length of participation (%):

0–3 months 37.3 48.3 29.2

3–6 months 26.8 28.2 26.4

6–12 months 13.4 8.1 18.5

>12 months 15.1 12.8 16.9

Use of other resources for home-based activities (% yes) 64.7 53.7 77.5

Use of online platforms/media for social interaction (% yes) 74.4 83.2 73.6

https://doi.org/10.1371/journal.pone.0277645.t001
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Table 2. Survey responses summarised as percentages of participants endorsing each item presented separately

for all users of at-home dance programs, older adults (OA), and individuals with Parkinson’s disease (PD). The

most frequent responses to each item are indicated in bold for each group.

All users OA PD
Media type used:

Live-streamed class 63.5 63.1 66.3

Interactive online class (e.g., Zoom) 49.6 55.0 47.2

Pre-recorded online class 62.7 57.7 69.1

DVD 17.1 1.3 28.7

Other (e.g., printed instruction) 1.1 0.7 1.1

Preferred media:

Live 64.0 45.8 64.5

Pre-recorded 19.8 15.0 18.7

Both live and pre-recorded 21.8 28.0 11.2

No preference 3.6 1.9 3.7

Factors influencing choice of resources:
Dance style (e.g., ballet, modern, mixed) 68.4 79.9 60.1

Familiar program/instructor 57.3 61.7 55.6

Free classes only 27.1 23.5 32.0

Low cost 35.6 31.5 39.9

Scheduled classes 53.0 53.7 53.4

Opportunities for social connection 29.1 27.5 30.9

Reputation/brand 35.0 35.6 34.3

Recommendation 35.3 34.2 37.6

Difficulty level 36.8 32.9 41.6

Type of media/platform 40.2 43.6 37.6

Difficulties in accessing or using resources:
Connectivity/network problems 35.9 42.2 29.2

Setting up or using software 7.7 8.1 7.3

Image quality 8.8 10.7 6.7

Sound quality 20.5 27.5 15.2

No problems 50.4 42.3 61.8

Aspects missed from in-person participation:

Interaction with the instructor 69.5 77.2 63.5

Interaction with others 77.8 89.3 70.8

Support/encouragement 44.7 51.7 38.8

Live music 31.1 30.2 31.5

Social activities before/after class 43.3 47.0 40.5

Plans for future participation:

Attend in-person classes only 18.2 24.2 12.4

Continue with home practice only 9.7 6.0 13.5

Both attend classes and continue with home practice 68.4 69.1 70.8

Neither 0.3 0.0 0.6

Interest in educational resources to supplement practice:
Written information 8.9 8.7 9.6

Educational video 11.1 8.7 13.5

Both written information and video 51.6 47.0 56.2

Neither 26.5 34.9 19.7

Interest in trying new technology-based approaches to dance:
Practicing dance movements using an app 20.8 22.8 19.1

(Continued)
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The majority of participants were also interested in receiving written and visual resources to

supplement their practice, as well as using apps or virtual reality for dance.

Reported benefits and strategies

As shown in Fig 2 (left panel), both OA and PD respondents reported a range of motor bene-

fits (e.g., improved posture and balance, greater ease of movement) and non-motor benefits

(e.g., improved mood, reduced stress/anxiety, increased energy). Only 6% of OA respondents

and 5.1% of PD respondents did not perceive any benefits of at-home dance participation.

Statistical analysis showed no significant effect of group on the overall number of benefits

reported (F(1, 312) = 1.89; p = .17; η2G = .0045), but there was a significant effect of outcome

type (F(1, 312) = 3.99; p = .047; η2G = .0033), and a significant group x type interaction (F
(1,312) = 10.02; p = .0017; η2G = .0082). Paired t-tests revealed that people with PD reported

significantly more motor than non-motor benefits (mean difference = .53; t(171) = 4.16; p<
.0001; d = .32), while OA respondents reported similar numbers of motor and non-motor ben-

efits (mean difference = .12; t(141) = .73; p = .47; d = .061). Comparison of the outcomes

reported by people with PD in the UK versus USA revealed a significant difference (t(129) =

2.37; p = .0019; d = .38), with participants in the USA reporting more benefits (M = 5.94;

SD = 3.38) than those in the UK (M = 4.74; SD = 2.85).

Fig 2 (right panel) shows the reported use of strategies and cues during at-home dance par-

ticipation. The relationship between strategy use and perceived benefits within each group

(PD and OA) was explored using linear mixed-effects modelling. A baseline model included

the intercept for participants as a random effect and outcome type (motor vs. non-motor) as a

fixed factor. To determine the potential influence of specific aspects of engagement, the follow-

ing strategies and their interactions with outcome type were entered into the model for each

group: counting, vocalising, singing, visual imagery, kinesthetic imagery, and analogy/meta-

phor imagery. Two further items, “watching the instructor closely” and “playing my own

Table 2. (Continued)

All users OA PD
Virtual reality dance 9.4 8.7 9.0

Both app and virtual reality 44.2 37.6 51.7

Neither 23.4 30.2 19.1

https://doi.org/10.1371/journal.pone.0277645.t002

Fig 1. Advantages (left) and disadvantages (right) of at-home dance participation reported by older adults (OA) and people with PD.

https://doi.org/10.1371/journal.pone.0277645.g001
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music in the background”, were omitted from the analysis due to the respectively very high

and low percentages of participants endorsing these. Strategies were added sequentially into

the models for each group to identify which factors contributed significantly to the reported

benefits. Likelihood ratio tests were used to compare each model with the previous one. Based

on these tests, strategies significantly improving the fit of the model were retained and those

not significantly contributing to the model were removed.

For OA respondents, vocalising contributed significantly compared to the baseline model

(χ2(2) = 7.30; p = .026) and visual imagery further improved the prediction of outcomes (χ2(2)

= 6.04; p = .048). The final model showed a significant main effect of visual imagery (b = .78,

SE = 0.32, t(243.4) = 2.43; p = .016) and a significant interaction between vocalising and out-

come type (b = .98, SE = 0.37, t(142) = 2.65; p = .009), indicating a specific positive associa-

tion with non-motor benefits.

For PD respondents, the baseline model was improved by the addition of singing (χ2(2) =

9.0; p = .011), and both visual imagery (χ2(2) = 9.91; p = .007) and analogy/metaphor imagery

(χ2(2) = 13.95; p< .001) contributed further to the model. In the final model there were signif-

icant main effects of singing (b = .53, SE = 0.26, t(272.2) = 2.04; p = .042) and visual imagery

(b = .71, SE = 0.29, t(272.2) = 2.44; p = .015), as well as a significant interaction between anal-

ogy/metaphor imagery and outcome type (b = - 0.633, SE = 0.29, t(172) = -2.17; p = .031),

indicating a stronger association with motor than non-motor benefits.

Qualitative analysis

Thematic analysis did not indicate any clear differentiation between OA and PD respondents

in the content of the open comments, so themes were generated across the combined OA and

PD data. The themes are summarised in Table 3 with example quotes. Full details of the

themes are provided in the S2 File.

Discussion

The present study provides initial evidence that dance programs delivered through digital

media are accessible and engaging for older adults and people with PD, and may provide a

range of motor and non-motor benefits similar to those reported from in-person participation

Fig 2. Outcomes of at-home dance (left; percentage of participants reporting effects) and strategies used during dance (right; percentage of participants

engaging in each strategy) as reported by older adults (OA) and people with PD.

https://doi.org/10.1371/journal.pone.0277645.g002
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Table 3. Themes generated from open comments of older adults (OA) and individuals with PD (PD).

Theme 1. Maintaining connection and well-being.

Participants missed the social connection of in-person classes, but a sense of community could nonetheless be found

through connecting with others online:

“Nothing replaces actually being in the dance studio with a teacher and other dancers” [OA]
“Although I . . . am enjoying them at present, I still prefer real life classes, with all their interaction” [PD]
“You feel connected to the rest of the group even if it’s done remotely” [OA]
“. . .feel I am part of something even though no-one else is there!” [PD]
Being able to access at-home dance programs supported participants in maintaining their physical and mental

health during COVID-19 restrictions:

“I feel as though I have met new friends. What could have been better during this period of lockdown and global
pandemic. I do think it is of paramount importance that people of my age continue to do the things they love, to keep
them fit and healthy and in a good place mentally.” [OA]
“I am really enjoying dance at home and feel much better physically and mentally after a class. It is especially
beneficial at this time, when there are so many restrictions.” [PD]
Theme 2. Advantages and opportunities offered by online participation.

This theme highlighted advantages of at-home participation, such as the convenience of not having to travel, the

capacity to dance more frequently, and the provision of a safe space for movement and expression:

“Please continue after COVID-19. No traveling to class huge benefit!!!” [PD]
“The online experience of classes enables me to choose (having tried several different ones) which one I feel I am able to
do that day and at a time convenient to me.” [OA]
“Allows people who are physically restricted to move freely and use their creativity and imagination without being
judged” [PD]
The desire to continue with online classes was also evident:

“I have enjoyed the dance experiences and intend to continue in class and online in the future” [OA]
“I also believe it would continue to be useful in the future for those who are unable to travel to ordinary live classes,
and for those who are keen to dance as much as possible” [PD]
Online participation led to new experiences and opportunities for some participants, such as the possibility of

joining classes in remote locations and meeting new people online, or trying new dance styles:

“I have also enjoyed some online classes found on YouTube which were taught in different ways” [OA]
“I also like meeting dancers from all over the world. If not virtual, I would not be able to attend. A gift!” [PD]
“. . .the interaction with people from across the world was fascinating and motivating” [PD]
It was also noted that the learning of new technology skills had been accelerated during the pandemic:

“It has made me feel more confident using video and computer technology” [OA]
Theme 3. Effectiveness of engagement, teaching, and learning.

This theme encapsulated both positive and negative aspects of at-home classes. For example, it was noted that it

could be difficult to maintain motivation, although scheduled classes encouraged regular participation:

“I find having a regular time slot enables me to plan for it” [PD]
“It was good to be able to keep the connection with the weekly class as it helps motivate a structure in the day at a
specific time.” [OA]
It was also suggested that consistency and familiarity of the group and the instructor were important:

“Teachers should maybe keep a class small and there should be a registration so you are in an actual group like a real
class without so much come and go of the students” [OA]
“I like the contact with my regular teacher and understand her way of teaching” [OA]
While the above points could apply equally to in-person and digital classes, other feedback indicated aspects more

specific to the home-based context. For example, clear visibility of the movements was noted to be important to

facilitate learning:

“Demonstrations of the steps using more than one camera so we can see different angles” [OA]
“One thing we really value in the at-home dance resources is when instructors are very visible and both describing and
doing the movements when showing us a new segment” [PD]
It was also noted that the home environment could be restrictive or unsuitably equipped for dance:

“I find space restricts me—I like to really MOVE and travel while dancing” [PD]
Issues concerning accessibility were highlighted, such as the need to improve technical knowledge and the

availability of guidance on how to find suitable resources:

“Training for both instructors and users on how best to use videoconferencing” [PD]
“Providing a directory or central portal where resources, classes etc. could be located” [OA]
The need to support participation across different locations, languages, and cultures was suggested:

“More classes in other languages. . . I often think about all the other people that may not participate because of
language barriers. In general too, I think the at-home resources need to increase advertising for racial and ethnic
minorities because it’s a very homogeneous group that participates.” [PD]

(Continued)
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[8, 9, 14–18, 26, 46]. This is further supported by other recent evidence from small-scale stud-

ies indicating the safety, feasibility, and reported benefits of online dance for people with PD

([47, 48]; for review, see [16]) and findings that virtual PD-specific exercise was well-received

and provided motor and non-motor benefits [49].

Although the overall number of perceived benefits of at-home dance participation was simi-

lar between OA and PD respondents, people with PD reported a greater number of motor

effects, including improvements in posture, balance, and ease of movement. This difference in

perceived outcomes between groups may reflect the specific features of the programs used

(e.g., PD-specific classes), or different goals and objectives for participating in dance. The latter

suggestion is supported by previous qualitative research indicating that addressing motor

symptoms is a priority outcome of dance among people with PD [19]. It is also possible that

people with PD are simply more aware of their movement difficulties and thus also more

aware of any improvements, but differences in outcomes between groups should be examined

with quantitative measures in future research. For many older adults without a long-term

health condition, dance may be enjoyed primarily as a social leisure activity, with a reduced

focus on physical benefits. Consistent with this suggestion, the present study found a greater

emphasis on the importance of social interaction in dance among older adults without any

neurological conditions.

Analysis of the use of cueing strategies in dance revealed further insights into potential

mechanisms of the benefits of digital participation. In both OA and PD respondents, the use of

visual imagery was associated with the overall number of benefits reported, while there were

differences between the groups for other strategies. Among OA respondents, vocalising the

movements was associated with non-motor benefits, while for PD respondents singing was

associated with overall benefits and analogy/metaphor imagery was associated with the num-

ber of motor benefits. Our previously reported initial analysis of the data from respondents

with PD [42] associated imagery and singing with overall benefits, while the further break-

down by outcome domains in the present study indicates that different forms of imagery may

be differentially associated with outcomes of dance.

A better understanding of the mechanisms involved in dance participation could help to

enhance its beneficial effects. Further to the more commonly recognised elements of dance

such as physical activity, rhythm, and social interaction, the present findings clearly indicate

the potential value of imagery as a motor-cognitive strategy that may boost positive outcomes

for older adults with and without PD. In particular, the use of narrative themes and music [21,

50] could support engagement in the analogy/metaphor-type imagery that often features in

dance for people with PD and older adults [51, 52]. Additionally, most of the participants in

the present study reported attending closely to the instructor’s movements during their dance

practice, and the qualitative data further indicated the importance of clear visual

Table 3. (Continued)

Theme 4: Different preferences.
It was evident that preferences varied between participants, such as in the format of digital classes:

“The interactive sessions are great fun, the pre-recorded sessions I have greater difficulty. I like both” [OA]
“I wish there were more opportunities to access more than one weekly interactive class” [PD]
“I would like to be able to access classes in a library, to be able to repeat them if wished” [PD]
There were also different preferences for having classes provided as complete sessions or in shorter segments to aid

learning:

“I would like a continuous 30–40 minute workout so I don’t need to click on each exercise” [OA]
“. . .it would be ideal to have starter videos that break down the steps” [PD]

https://doi.org/10.1371/journal.pone.0277645.t003
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demonstration. As discussed in a recent review [26], movement imagery is widely used in

dance, alongside observation and imitation of movements [26, 53]. These motor-cognitive

processes are known to activate brain networks overlapping with those involved in motor

preparation and execution [54], and have shown therapeutic effects in people with PD (e.g.,

[55]; for review see [56–58]).

The present findings also suggest that other strategies such as vocalising and singing may

contribute to the positive effects of dance. Previous research has indicated that singing may

help to provide a rhythmic cue for movement in people with PD [59] and can improve quality

of life and reduce anxiety [60, 61]. Researchers have also begun to investigate online delivery

of singing therapy for people with PD [62]. The relationship between singing and dancing as a

potential combined therapeutic approach should therefore be explored further. The impor-

tance of being able to connect with others through dance was clear from both quantitative and

qualitative data in the present study, and is consistent with previous reports [21, 63, 64]. While

digital participation can only partially replicate the social environment of in-person dance, live

online classes in particular could help to maintain a sense of community. The continuation of

dance programs, albeit in the virtual domain, was also noted as providing a valuable means of

maintaining physical and mental health in times of isolation and anxiety during lockdown.

Moreover, the qualitative data revealed that digital dance programs could have some unique

advantages, as participants reported their appreciation of opportunities such as discovering

new classes or different dance styles, connecting with others in distant locations, and the accel-

erated learning of digital technology skills. This digital mode of participation also provided a

safe space for individuals to practice dance without feeling self-conscious and could help to

maintain confidence. There was a desire among respondents to continue participating in

online dance alongside in-person classes (as also noted in a recent study of online exercise clas-

ses for PD [49]), with an appreciation of the convenience, variety, and frequency of participa-

tion offered by digital resources.

At-home programs have clear potential to broaden access to dance and other activities, par-

ticularly for those who have difficulty travelling to classes and those in rural communities with-

out in-person provision. Indeed, home-based activity programs have previously shown

increased levels of adherence among older adults compared with travelling to attend sessions

[65]. Nonetheless, the uptake of online dance programs is also dependent on the availability of,

and ability to engage with, the necessary technology. While around half of respondents in the

present study had experienced some technical problems, these mostly involved issues with

connectivity, rather than lacking knowledge of or access to digital technology. However, the

responses of individuals not currently using at-home programs also indicated that many may

be unaware of the availability of resources, or may need support to find and access the available

options. Moreover, the nature of the present study means that the results only reflect the expe-

riences of those who already have a certain level of digital engagement. Participants’ comments

also highlighted the need to increase accessibility of live online classes, by catering to different

time zones and more diverse sections of the community such as different language groups,

although some program providers are already working to address this [66].

Variation in preferences among participants indicates that providing alternative options,

such as different levels of intensity or difficulty, or different dance styles, may increase motiva-

tion and engagement. This is consistent with qualitative studies indicating the need for appro-

priate challenge in dance for people with PD [19, 21]. High-quality instruction, and the

experience of instructors in working with particular groups, was noted to be important (see

also [33]). The availability of regular scheduled classes was also suggested to help in providing

structure and motivation.
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Respondents expressed an interest in receiving educational resources to supplement their

dance practice. Given the preliminary evidence that the use of strategies such as imagery, sing-

ing, and vocalising might enhance outcomes, these could be highlighted within educational

materials. There was also interest in trying new technologies for dance participation. Dance

exergames have been associated with physical, cognitive and social benefits in older adults

[38], and virtual reality based dance has been found to improve balance, daily activities, and

mood in PD [67]. There is potential for these technologies to further enhance the at-home

dance experience for older people and those with PD. For example, the use of immersive

media could facilitate engagement by enabling participants to view the instructors from differ-

ent angles or focus in on particular movements, thereby supporting motor-cognitive

processing.

It should be noted that the findings of the present study may not fully capture the diversity

of experiences of older adults using at-home dance programs and resources. As noted above,

the nature of the online survey method means that only those with sufficient ability and

engagement with digital technology would be reached, and others using offline resources such

as DVDs may be less well represented by the results of the survey. In addition, the survey was

advertised through groups and networks for older adults and people with PD (including the

Silver Swans and Dance for PD networks), but other neurological conditions (e.g., stroke,

dementia, and multiple sclerosis) were not specifically targeted. It is also important to

acknowledge the limitations of self-report data and the potential influence of fixed-choice

responses. For example, in the present survey, participants may have felt obliged to report

some benefits or strategies rather than none, or may have over-reported benefits or advantages

of their dance practice. Finally, although the survey was shared internationally, the majority of

respondents were based in the UK or USA. An exploratory analysis revealed that people with

PD in the USA reported a higher number of overall benefits compared to those in the UK.

Speculatively, this might reflect differences in the specific programs accessed and/or cultural

influences on self-reported outcomes, such as higher levels of optimism among people with

PD in the USA. Further research should thus investigate potential cultural differences in the

use and outcomes of home-based dance resources.

Based on the present findings, key considerations for the further development of at-home

dance programs are summarised in Fig 3. While the provision of digital resources for home-

based activities was accelerated as a result of restrictions during the COVID-19 pandemic,

online classes are already being integrated into ongoing programming by dance organisations

[66], and their use and importance will likely continue to grow as older people’s proficiency in

using digital technology increases. Moreover, although digital programs cannot entirely

replace in-person activities, they can offer widely available resources to support health and

well-being, with the possibility of providing benefits to individuals across geographic and cul-

tural landscapes.

Conclusion

The present findings indicate that, similar to in-person programs, home-based dance partici-

pation can be beneficial for older adults and people with PD, having positive outcomes in both

motor and non-motor domains. Additionally, the use of imagery and vocal/rhythmic strategies

could enhance the effects of dance participation. Further work is needed to address barriers to

participation and to identify longer-term benefits of home-based dance programs, incorporat-

ing both quantitative and qualitative outcome measures. Feedback from participants and

instructors will also be a valuable tool in the ongoing development of accessible and engaging

dance programs.
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25. Ruiz-Muelle A, López-Rodrı́guez MM. Dance for People with Alzheimer’s Disease: A Systematic

Review. Current Alzheimer Research. 2019; 16: 919–933. https://doi.org/10.2174/

1567205016666190725151614 PMID: 31345149

26. Bek J, Arakaki AI, Lawrence A, Sullivan M, Ganapathy G, Poliakoff E. Dance and Parkinson’s: A review

and exploration of the role of cognitive representations of action. Neuroscience and Biobehavioral

Reviews. 2020;109. https://doi.org/10.1016/j.neubiorev.2019.12.023 PMID: 31846651

27. Dhami P, Moreno S, DeSouza JFX. New framework for rehabilitation—fusion of cognitive and physical

rehabilitation: the hope for dancing. Frontiers in Psychology. 2015;5. https://doi.org/10.3389/fpsyg.

2014.01478 PMID: 25674066
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