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ABSTRACT ARTICLE HISTORY
Background: Cultural activities can be a valuable means of supporting individuals who are not receptive Received 3 April 2024
to physical activities. The objective was to assess the number of steps taken during the guided or free Accepted 8 April 2025
visits among sedentary individuals and compare physical capacities and well-being before and after KEYWORDS

visits for the entire group and between middle-aged and older age subgroups. Museum; health; physical
Methods: The observational study included 80 sedentary participants over 50years old. Of those, 40 demands; well-being;
participated in a guided visit and 40 visited the museum freely (one session 60-75minutes) to the older; sedentarily
Ariana and Museum of Art and History in Geneva. Before the visit, balance, gait speed, quadriceps

strength, fatigue, stress, pain, and well-being were assessed. During the visit, the participants had an

activity tracker to measure the step numbers. In the end, all tests were repeated and satisfaction was

assessed. Depending on the normality of the data, a parametric or nonparametric test was conducted

for intergroup and intragroup comparisons.

Results: Participants took 889+381 steps during the free visit and 819+244 steps during the guided

visit (p=0.195). Balance and gait speed in dual-task activities (free visit), stress, fatigue, and well-being

showed improvement after the visits (p<0.050). For older individuals (= 65years), the guided visit led to

more favorable well-being outcomes, whereas in younger individuals (< 65years), the free visit led to

increased physical demands.

Conclusion: Both visit modalities exceed the threshold of 775 steps. A museum visit is a relevant

intervention to physically stimulate sedentary individuals and improve their well-being.

Introduction

Regular physical activity has been demonstrated to improve the physical and psychological health of individuals and reduce
the risk of developing chronic pathologies (Sallis et al., 2015; Wilmot et al., 2012). However, more than one-third of adults do
not meet the World Health Organization (WHO)'s recommended minimum duration of physical activity. This rate increases to
67% in older individuals (Harvey et al., 2013) and 80% for individuals with chronic disease (Ezeugwu et al., 2017). While peo-
ple over the age of 65 should walk more than 5,000 steps per day to benefit their health, older adults walk an average of
2,000 steps per day (Tudor-Locke et al.,, 2011). After the age of 65 and in the presence of chronic disease, walking ability is
severely compromised by motor dysfunction, but also by cognitive impairment, reduced motivation, and increased isolation
(Enright, 2003; Tudor-Locke et al., 2011). It appears that individuals face significant challenges in adopting an active lifestyle
and that society often overlooks this issue. However, sedentary behavior undermines both psychological and physical health,
leading to a significant increase in chronic diseases and excessive mortality rates (Harvey et al., 2013). The main barriers to
physical activity include physical limitations (e.g. pain, discomfort, and fear of falling), conflicts in daily priorities, accessibility
challenges, lack of motivation, negative beliefs (e.g. “physical activity does not do any good”), and benefits that are poorly
perceived by participants (Franco et al, 2015). Therefore, meaningful activities that can be tailored to participants based on
their motor and cognitive abilities, while also promoting social interactions and providing motor stimulation combined with
cognitive tasks, may be more effective in enhancing motor function, adherence, and motivation than conventional physical
activity options (e.g. walking or cycling) (Green & Bavelier, 2008).
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When an individual is sedentary, they are frequently provided with recommendations for physical activity, yet they are not
systematically directed toward adopting an active lifestyle with social support (Ory et al.,, 2018). They are frequently steered
toward specific physical activities in gyms (e.g. cycling and fitness), adapted gymnastics classes (e.g. yoga), or walking clubs.
However, for individuals who are highly inactive, these approaches can often be discouraging because they are not tailored
to the individuals' cognitive-motor abilities and are not sufficiently motivating. Indeed, the effort often appears insurmount-
able, and the disparity between the abilities of these individuals and the proposed activities can quickly lead to feelings of
frustration, a sense of failure, and rapid abandonment (Franco et al., 2015). In addition, a systematic review revealed that
activities with high levels of concurrent mental (e.g. memory and attention), physical (e.g. balance and coordination), and
social demands were significantly more effective (Roberts et al., 2017).

Partnering with museums can be a highly effective approach to collectively enhancing cultural heritage and sustainable
health by fostering well-being, which is defined as a positive or satisfying condition of existence (Camic & Chatterjee, 2013).
Museums offer many characteristics akin to those found in urban settings (such as balance, walking, dual-tasking, and orien-
tation) within a safe environment, which could aid individuals in regaining confidence in their ability to navigate daily activ-
ities on foot. The museum environment is rich and aesthetic and requires various motor (e.g. walking and balance) and
cognitive (e.g. orientation, memory, and comprehension) functions that support overall cognitive-motor learning (Green &
Bavelier, 2008; Mastandrea et al., 2019). The museum therefore challenges physical function, and it's likely that confidence in
walking in this safe environment associated with a reduction in chronic pain (Koebner et al., 2019) can improve step numbers,
post-visit walking speed, and postural control, especially when people are motivated and engaged in this cultural activity
(Fancourt, 2019). A number of studies have previously demonstrated improved physical function during museum workshops
(Beauchet, Bastien, et al., 2020; Beauchet, Cooper-Brown, et al., 2020; Beauchet et al., 2022), although the usual method of
visiting has not been studied in terms of physical demands. However, the organization of workshops is a specific construction,
often aimed at a well-defined category of people with a well-defined health objective. From the perspective of the inclusion
of diversity in cultural institutions, it is interesting to understand the effects of the usual modalities of museum visits in order
to identify whether this type of leisure activity has a real effect on motor function. The effects of usual visit modalities on
motor function may vary depending on whether the visitor visits the museum independently or with a guide, since in the
latter case the visitor may feel more secure in the activity and with less anxiety (Binnie, 2010). Several studies have identified
the immediate effects of viewing a work of art on the visitor. Observing a painting or sculpture induces an increase in zygo-
matic activation (Reber et al., 2004), an increase in cortical activity associated with emotional processes and rewards (Kawabata
& Zeki, 2004), a change in posture (Kapoula et al., 2014), and a self-reflective mechanism that encourages sharing experiences
with others (Mastandrea et al., 2019). The museum, being situated outside the healthcare setting, fosters social interaction by
offering a non-stigmatizing environment and enabling shared activities with loved ones (Koebner et al., 2019; Mastandrea
et al,, 2019). Museum Vvisits have positive effects on cognitive abilities (Camic & Chatterjee, 2013; Mastandrea et al., 2019),
stress and anxiety (Binnie, 2010), well-being (Mastandrea et al.,, 2019; Thomson & Chatterjee, 2014), pain, and social inclusion
(Koebner et al., 2019). All these beneficial effects observed above correspond to the most commonly identified barriers to
physical activity for the older individuals (Franco et al., 2015), which is why the museum may be a particularly appropriate
activity to combat sedentary lifestyles. Nevertheless, these previous studies predominantly involved independent adults or
older individuals during a free visit (unguided) to the museum and primarily aimed at outcomes linked to mental health.
Nonetheless, guided visits present an opportunity to enhance individuals’ motivation and to welcome individuals who are less
autonomous, often grappling with isolation and a sedentary lifestyle, into the museum environment. Although the effects on
physical health have received less attention, a recent research project led by Nadeau et al. at the Montreal Museum high-
lighted the excellent feasibility of physical measurements in an ecological environment and the satisfaction derived from
museum visits among individuals over 65years old (Bruyneel et al., 2019).

The primary objective of this observational study was to assess the number of steps taken during the guided visit or free
visit among sedentary individuals over 50years of age. Our hypothesis posited that the museum visit represents a sufficiently
demanding effort to improve the level of physical activity in sedentary older individuals. The visit would prompt a walk of
more than 775 steps, which is the threshold for an activity to be considered physically stimulating enough to combat sed-
entariness (Tudor-Locke et al., 2011). During the free visit, the number of steps should be higher compared to the guided
visit, given the freedom to choose one’s own route through the museum. However, the results should vary widely from one
participant to another. The secondary objective was to compare the physical performance (balance, walking speed, sit-to-
stand task, and muscle strength), fatigue, pain, anxiety, well-being, and satisfaction before and after both visit modalities.
Subsequently, the objective was to identify whether the results differed between free and guided visits and between individ-
uals aged 50-64 and those over 65. The most suitable visit modality may depend on the ages of the participants.

Methods
Study design

This observational study was conducted at the Ariana Museum of Ceramics and Glass and the Museum of Art and History in
Geneva (Switzerland) from October 2021 to February 2023. Museums were chosen because they are actively involved in
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Figure 1. Experimental design of the study. 5STS=five sit-to-stand, y=years.

including people with motor and cognitive disabilities in their structures. Two museums with different themes were chosen
to best meet people’s interests and ensure motivation.

Participants

To be eligible for inclusion, the participants had to be over 50years old, independent in walking (with or without technical
aid), sedentary, and able to give written consent to participate in the study. The WHO recommendations were used to identify
sedentary behavior: “Older adults should do at least 150-300 minutes of moderate-intensity aerobic physical activity” (WHO,
2020). Potential participants were asked to list their regular activities during the week, which made it possible to determine
whether moderate-intense activity was less than 150 minutes per week.

The individuals who were unable to follow the test procedure (e.g. due to language barriers, unstable medical conditions
such as concomitant pathologies, and pain higher than 4/10 on the Numeric Rating Scale -NRS) were excluded.

With a power of 0.90, a significance level of 0.05 (one-sided), a minimum clinically important difference of 775 steps
(Tudor-Locke et al., 2011), and a standard deviation of 106 steps/visit based on pretests, 36 participants were needed to
assess whether a visit to the museum would elicit sufficient effort (G*Power-3.1.9.7, 2020, Disseldorf, Germany). As such, 40
participants were to be included in each visiting group (free vs. guided visit).

The participants were recruited by means of flyers and emails sent to associations and to the museum and the Geneva
School of Health Sciences networks. Individuals interested in participating in the project received both written and oral expla-
nations about the study. They were given a 24-hour reflection period before signing the consent form. Ethical approval was
granted by the Swiss Ethics Committee of the CCER, Geneva (2021 - 00744).

Procedure

Given the observational and ecological design, participants were given the choice of taking part in the free visit or guided
visit groups. Before the museum visit, an initial evaluation session in which pain, fatigue, stress, well-being are measured in
the museum context, walking speed (normal and maximal speed and during dual-tasking), postural control (single and dual
tasks), five times sit-to-stand, and quadriceps strength tests were assessed in a random order was completed (Figure 1).
Following a 15-minute rest period to avoid fatigue, the guided or free visit could start. During the visit, the number of steps
and the displacement were recorded. At the end of the visit, a second evaluation session identical to the one conducted
before the visit was completed, and satisfaction levels were assessed. All tests were conducted by trained healthcare
professionals.

Museum visit modalities: free vs. guided

The visits were conducted in the exhibitions of the Ariana Museum (three floors, 2000m?, and 30000 artworks) and the
Geneva Museum of Art and History (four floors, 4000m?, and 650000 artworks).

During the free visit, participants were invited to explore the museum at their leisure for a minimum of onehour and a
maximum of onehour and 15 minutes. This visit was conducted in the museum’s permanent exhibition under the usual con-
ditions (attendants and mediators were available to provide information or help upon request). Random checks were
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performed at crossing points (by asking questions) to ensure that the visit was effective. Participants could be accompanied
(e.g. by an assistant, family, or friends) if they wished.

The guided visit was led by a museum staff member who was an expert in the field, with the assistance of two individuals
from the Geneva School of Health Sciences to ensure the safety of the participants. The visits were conducted in small groups
of five to ten individuals and included an introduction to the museum’s exhibitions as well as detailed explanations of a
selection of prechosen works to ensure a coherent experience. The visit lasted onehour to onehour and 15 minutes.

Demographic characteristics

Participant characteristics included age, gender, height, weight, body mass index, occupation or retirement status, previous
injuries, previous cultural experiences, level of physical activity, and mode of transportation used to reach the museum.

Test description

Primary outcome

The number of steps taken during the visits was measured using an activity tracker (Fitbit Inspire HR, Google, San Francisco,
USA, 2020) positioned on the wrist of the nondominant side for each participant. For older individuals, the validity of the
number of steps parameter is greater than r>0.85 and the inter-device reliability is good (Straiton et al., 2018). Fitbit tends
to underestimate the number of steps with a maximum error of 3% in older adults (Feehan et al., 2018). In addition to the
number of steps, heart rate was recorded for safety.

Secondary outcomes

Fatigue, anxiety, and pain levels were assessed by having participants rate their feelings using a NRS. Participants were asked,
“Now, how would you rate your fatigue between 0, no fatigue, and 10, the greatest fatigue imaginable?” The same question
was subsequently asked for anxiety and pain levels. In instances of pain, participants were asked to identify their location.
The NRS is sufficiently reliable for patient-reported outcomes regarding fatigue, anxiety, and pain (Gries et al., 2017; Williamson
& Hoggart, 2005).

Walking speed was assessed using the 10-Meter Walk Test (10MWT), which is reliable for older adults (ICC > 0.96) (Peters
et al, 2013). This test involves measuring the time it takes to walk 10m at normal speed, at maximal speed, and while per-
forming a dual task, with a setting of 14m to allow acceleration (2m) and deceleration (2m). Two trials were conducted for
each condition. The dual-task involved walking at normal speed while simultaneously performing a cognitive task, which
consisted of counting backward by threes from a number between 30 and 50 (Yang et al., 2016).

A stabilometric platform (K-Force Plates, 2020, Kinvent, Montpellier, France) was used to assess postural control while
standing (feet in a standardized position and upper limbs at sides). The extracted data included the sway area of the center
of pressure (CoP) and the CoP total displacement at a frequency of 100Hz. Participants performed two 10-seconds single-task
trials, followed by two dual-task trials (Portnoy et al., 2017). The dual-task consisted of reading aloud an extract from a
museum text displayed on a wall. The CoP sway area and path length have good to excellent test-retest and intrarater reli-
abilities (Hébert-Losier & Murray, 2020).

The five sit-to-stand (5TSTS) test measured the time taken to rise from a chair five times as quickly as possible without using
the upper limbs for assistance (Bohannon, 2011). The test-retest reliability of the 5TSTS test is excellent (ICC > 0.81) (Bohannon, 2011).

For quadriceps strength, participants were asked to perform a maximal isometric contraction of the quadriceps in a seated
position with 90 degrees of knee flexion (Katoh & lIsozaki, 2014). A portable hand-held dynamometer (MicroFET2, Hoggan,
USA) was placed at the distal extremity of the leg for the two trials performed. The test-retest reliability is excellent (ICC >
0.95) (Katoh & Isozaki, 2014). The strength test assessed the muscular fatigue induced by the visit. Hence, it was conducted
directly after the visit to prevent participants from resting in between.

The Museum Well-being Measures Toolkit was utilized (Thomson & Chatterjee, 2014). This tool, validated for older adults,
is a diagram to characterize six positives (absorbed, active, cheerful, encouraged, enlightened, and inspired) and six negatives
(distressed, irritable, nervous, scared, unhappy, and upset) of well-being components. For each component, the participant
was required to provide a score between 0 (I don't feel) and 5 (I feel extremely). After the visit, a 12-item questionnaire was
completed to assess well-being (items described in Table 5) (Thomson & Chatterjee, 2014).

After the visit, participants were asked to name three words that characterized their experience during the visit. The choice
was completely free. The words were then collected and coded in a tool that generates a word cloud (https://www.
nuagesdemots.fr/). The more words cited, the larger the word cloud.

Statistical analysis

Data processing and statistical analysis were conducted using Python (v.3.8.3) with the SciPy package (v.1.5.2). This package is open
source and Open Source Initiative (OSI) approved and modified by the BSD (Berkeley Software Distribution) license (3-clause).
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Table 1. Demographic characteristics.

Guided-visit Free-visit
p value = p value =
> 65 years < 65 years 65 vs. < 65 > 65 years < 65 years 65 vs. < 65
Entire (N=40) (N=20) (N=20) years Entire (N=40) (N=20) (N=20) years
Age (years) 67.3£10.95 75.9+8.47 58.70+4.29 <0.001 66.29+11.71 75.78+8.21 56.8+£4.95 <0.001
Sex (women) 25 14 1" 0.443 26 12 14 0.507
Height (cm) 168.2+9.3 165+10.59 171.4£6.62 0.028 168.52+9.27 166.97 £9.52 170.07 £8.98 0.026
Weight (kg) 72.38+7.84 63.9+£12.63 80.85+18.5 0.003 71.08+17.18 68.42+15.36 73.72+18.84 0.122
BMI 2543+5.44 23.36+3.7 27.49+6.17 0.016 24.83+4.68 24.31+3.90 25.34+£541 0.335
Retired 25 (62.5%) 20 (100%) 5 (25%) <0.001 17 (45.9%) 15 (88.2%) 2 (10.0%) <0.001
Previous cultural 37 (92.5%) 18 (90%) 19 (95%) 0.548 37 (92.5%) 20 (100%) 17 (85.0%) 0.717
activities (yes)
Transports to the 21 (52%) 12 (60%) 9 (45%) 0.437 26 (65.0%) 15 (75.0%) 11 (55.0%) 0.114
museum (car/ 15 (37.5%) 7 (35%) 8 (40%) 7 (17.5%) 1 (5.0%) 6 (30.0%)
tram/walk) 4 (10%) 1 (5%) 3 (15%) 7 (17.5%) 4 (20.0%) 3 (15.0%)
Accompanying 25 (62.5%) 13 (65%) 14 (70%) 0.737 27 (77.1%) 13 (68.4%) 14 (87.5%) 0.737

person (yes)

Significant results (p < 0.050) are indicated with bold and italic text in the p value column.

Descriptive data was calculated for both groups (guided visit and free visit) as well as for the subgroups by age (50-
64years and > 65years). Qualitative variables were represented by frequency and percentages. For quantitative variables,
when more than one trial was performed for one test, the mean between the trials was calculated. These variables were
expressed by mean+standard deviation (age, weight, height, body mass index [BMI], number of steps, fatigue, pain, anxiety,
well-being, walking speed, postural control, 55TS, and strength).

After verifying the normality of the data using the Shapiro-Wilk test, paired t-tests were used to compare pre- and post-
results in free and guided visit groups. To compare visit modalities, independent t-tests were used. The same test was applied
to assess differences between age subgroups (middle vs. older age). Where the distribution of data was abnormal, the Mann-
Whitney or Wilcoxon test was used. A p-value < 0.05 was considered a significant difference.

Findings
Participants

A total of 80 individuals participated in the study, including 20 middle-aged participants (50 to 64years) and 20 older partic-
ipants (= 65years) in each group. The demographic characteristics are presented in Table 1. No significant differences were
observed between the participants in both visit groups (free visit and guided visit) for age, height, weight, and BMI (p>0.277).
However, these demographic characteristics were significantly different when comparing the two age subgroups.

Primary outcome: number of steps for the museum visits

The participants walked 819+ 244 steps (displacement 577 +183 m) during the guided visit, and 889+ 381 steps (displacement
778+375m) during the free visit. Both visit modalities exceeded the threshold of 775 steps. However, the number of steps
varied widely between participants, particularly for the free visit.

Comparison between pre and post visit results for secondary outcomes

The fatigue reported by the participants decreased after the museum visit, although this difference was statistically significant
only in the free visit condition (Table 2). Although the museum visit did not affect pain levels, stress decreased significantly
following both the guided visit and the free visit.

The free and guided visit groups demonstrated no significant difference for normal speed in the T0OMWT when comparing
values before and after the visit (Table 3). Maximal speed was significantly slower after the visit in both groups. When the
test involved an additional cognitive task, the walking speed increased after the museum visit, although the difference was
significant only for the free visit group.

Postural control during standing on a force plate indicated that both guided and free visits resulted in a reduction in total
CoP displacement after the visit (Figure 2). For the free visit group, the difference was significant in both single (before:
138.42+77.09mm vs. after: 119.12+47.47 mm, p=0.033) and dual tasks (before: 145.79+65.75mm vs. 131.55+58.89mm,
p=0.038). For the guided visit group, only the single task showed improvement after the intervention (before: 146.47 +78.62 mm
vs. after: 134.72+68.35mm, p=0.018).
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Table 2. Fatigue, pain, and stress results (numeric rating scale — NRS/10 points).

Guiding visit (N=40) Free visit (N=40) Comparison
guided- vs.
free-visit groups (p
Total > 65 ans < 65 ans Total > 65 ans < 65 ans value)
Fatigue
Before 2.48+239 2.15+2.30 2.80+2.48 2.75+2.67 2.05+2.42 345+2.78 0.628
After 2.18+2.30 1.89+1.94 245+2.63 1.49+1.88 2.02+£2.12 0.95+1.47 0.145
p value 0.408 0.653 0.472 0.005 0.958 <0.001 0.088
Pain
Before 14+£2.19 0.95+2.33 1.85+2.01 1.95+2.32 1.55+2.24 2.35+2.39 0.279
After 1.67+2.38 1.26 +2.56 2.05%£2.19 2.0+231 2.3+2.68 1.7+1.89 0.475
p value 0.496 0.514 0.718 0.899 0.201 0.222 0.733
Stress
Before 1.63+£2.45 1.50+2.65 1.75+£2.29 0.85+1.69 0.7+£1.98 1.0+1.38 0.103
After 0.82+1.60 0.70+1.30 0.95+1.88 0.23+£0.73 0.25+£0.91 0.2+£0.52 0.035
p value 0.043 0.226 0.084 0.035 0.384 0.009 0.715

Significant results (p < 0.050) are indicated with bold and italic text in the p value column.

Table 3. TOMWT results.

Guided-visit (N=40) Free-visit (N=40) Comparison
guided- vs.
free-visit groups
Entire > 65 years < 65 years Entire > 65 years < 65 years (p value)
Normal (m/s)
Before 1.24£0.25 1.16£0.27 1.32+0.20 1.21£0.26 1.17£0.25 1.26£0.26 0.576
After 1.25+0.21 1.18+£0.24 1.33+0.15 1.20+0.25 1.19+£0.26 1.21+£0.24 0.254
p value 0.409 0.728 0.363 0.809 0.352 0.030
Maximal speed
(m/s)
Before 1.84+0.40 1.69+0.33 2.00+0.41 1.75+0.46 1.71+047 1.78+0.45 0.2312
After 1.76£0.37 1.65+0.31 1.88+£0.40 1.66+0.42 1.63£0.52 1.68+0.27 0.2315
p value 0.025 0.401 0.023 0.013 0.066 0.111
Dual task (m/s)
Before 1.26+0.31 1.10+0.27 1.41+0.27 1.10+0.35 1.04+0.37 1.17+£0.33 0.019
After 1.29+£0.29 1.13£0.26 1.46+0.22 1.17£0.29 1.13+£0.27 1.20£0.29 0.045
p value 0.120 0.495 0.091 0.014 0.041 0.189

Significant results (p < 0.050) are indicated with bold and italic text in the p value column.

Figure 2. CoP Total displacement (mm) for both groups (guided- and free-visits) during standing in single and dual-task. The "*" sign represents a significant
difference (p < 0.050).

After visit, the 5STS test was improved for the guided visit group (before: 9.86+3.73 s vs. after: 9.25+3.57 s, p=0.018) but
not for the free-visit group (before: 8.98+3.14 s vs. after: 8.40+£2.41 s, p=0.167).
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Table 4. Isometric quadriceps strength results (N).

Guiding visit (N=40) Free visit (N=40) Comparison
guided- vs.
free-visit groups
Total > 65 ans < 65 ans Total > 65 ans < 65 ans (p value)
Right
Before 205.37+£76.70 186.10+£51.44 224.64+92.99 214.13+£73.32 201.45+71.11 226.81+£75.1 0.603
After 200.30+85.06 179.79+50.28 220.81+106.90 208.98+£79.54 178.05+41.75 236.81+95.07 0.661
p value 0.382 0.430 0.660 0.464 0.069 0.485
Left
Before 205.36+£78.12 189.03 £54.53 221.69+94.82 211.87+£63.5 187.6+£52.03 236.15+£65.81 0.684
After 196.43+80.0 175.78 +53.08 217.09+97.07 207.85+79.85 180.06 +50.62 232.86+93.45 0.595
p value 0.152 0.156 0.591 0.525 0.465 0.808

Significant results (p < 0.050) are indicated with bold and italic text in the p value column.

Figure 3. Positive and negative components of the well-being umbrella for before and after visits in the guided- and free-visit groups. The "*" sign represents a
significant difference (p <0.050).

The museum visit in both modalities did not lead to significant differences in isometric quadriceps strength after the visits
compared to previsit results (p>0.152, Table 4).

Compared to their state of well-being before the museum visit, participants in the guided visit group showed significant
improvement in positive (before: 3.77+1.20 / 5 vs. after: 4.30+0.81 / 5, p<0.001) and negative (before: 1.27+£0.72 / 5 vs. after:
1.14+0.45, p=0.041) well-being components (Figure 3). The positive (before: 3.55+£0.75 / 5 vs. after: 4.01+0.77 / 5, p<0.001)
and negative (before: 1.30+0.58 / 5 vs. after: 1.09+0.18 / 5, p=0.031) well-being components were also improved in the free
visit group.

Postvisit assessments of participants’ feelings regarding their well-being during the museum visits are detailed in Table 5.
The free visit yielded better scores than the guided visit: “I felt comfortable,” “I talked to other people,” and “I felt healthy”
(p<0.014).

The words used to characterize the visit were predominantly positive (Figure 4).

Comparison between guided and free visits

No significant difference between both groups was observed for the number of steps (p>0.195).

While pain and stress levels were not significantly different between both visit modalities, the stress level was significantly
lower after the free visit compared to the guided visit (p=0.035). The TOMWT results highlighted that the guided visit group
showed significantly higher values than the free visit group both before and after the visit for the dual-task condition
(Table 3). No significant differences were observed between the free and guided visits for 55TS postural control and quadri-
ceps strength results.

Participant satisfaction was higher for the guided visit (NRS = 9.17 / 10) than for the free visit (NRS = 8.48 / 10; p=0.022).
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Figure 4. Words cited by participants to characterize the museum visit.

Figure 5. Number of steps according to age subgroups (> 65years vs. < 65years) for guided- and free-visit modalities. The "*" sign represents a significant dif-
ference (p <0.050).

Comparison between age groups (< 65years vs. = 65years)

The middle-age subgroup completed significantly more steps than older participants in both the guided visit (middle-age:
899+381 steps vs. older: 739+221 steps; p=0.036) and the free visit (middle-age: 1047 +387 steps vs. older: 731+310 steps;
p=0.014; Figure 5). The middle-aged subgroup exceeded the 775-step threshold, whereas the older-aged subgroup was below it.

For fatigue, pain, and stress levels, no significant results were observed regarding the effect of the guided visit in both
subgroups (p>0.084). However, the free visit led to a decrease in fatigue (NRS: before: 3.45+2.78 / 10 vs. after: 0.95+1.47 /
10; p<0.001) and stress levels after the visit (NRS: before: 1.00+1.38 / 10 vs. after: 0.20+£1.52 / 10; p=0.009) among the
middle-aged group.

The middle-aged participants exhibited a slowdown in the 10MWTnormal speed after the free visit (p=0.030) and
10MWTmaximal speed after the guided visit (p=0.023); and showed improvement in their dual-task walking speed perfor-
mance after the free visit (p=0.041; Table 3).
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Table 6. Well-being measure in the museum context before and after the visit for both subgroups in both visit modalities (quided- vs. free-visit).

Guided-visit Free-visit
> 65years (N=20) < 65years (N=20) > 65years (N=20) < 65years (N=20)

Negative components (score /5)

Before 1.17£0.49 1.38+0.89 1.27+0.58 1.33+£0.59

After 1.08+0.35 1.21+£0.53 1.08+0.20 1.10+0.15

p value 0.242 0.248 0.193 0.045
Positive components (score /5)

Before 3.89+1.17 3.64+1.21 3.44+0.76 3.65+0.72

After 446+0.74 4.15+0.85 3.82+0.85 4.20+0.63

p value 0.001 0.008 0.0779 <0.001

Significant results (p < 0.050) are indicated with bold and italic text in the p value column.

Free and guided visits had no significant effects on postural control for the subgroup > 65years in both single and dual
tasks for all CoP parameters (p=0.136). In post-visit assessments for both modalities, middle-aged participants demonstrated
a significant decrease in the CoP total displacement in a single task (guided visit: pre = 130.21+64.68 mm vs. post =
117.06+53.03mm, p=0.024 / free visit: pre = 107.35£36.3mm vs. post = 95.51+28.63mm, p=0.034). This improvement in
postural control was also observed for the dual task following the free visit (pre = 113.72+32.84 mm vs. post = 98.92+27.27 mm,
p=0.007). No other significant differences were observed for this group.

The 5STS test performance was improved after visit for the middle-age subgroup (guided visit: before = 10.08+3.32 s vs. after
= 9.32+1.99 s ; free-visit: before: 7.86+2.38 s vs. after: 7.72+1.71s) and older subgroup (guided visit: before = 9.62+4.19 s vs.
after = 9.17+4.76 s ; free-visit: before: 10.09+3.27 s vs. after: 9.13+2.85 s), although the results were nonsignificant (p=>0.086).

Isometric quadriceps strength did not exhibit significantly different values before and after the guided or free visit in either
age subgroup (p=0.069).

The beneficial effect of the visits on well-being components was more visible for the middle-aged subgroup than the older
subgroup (Table 6). Although the free visit appeared to improve the well-being of younger participants, the guided visit
seemed to be more beneficial for older participants.

Post-visit assessments of participants’ feelings regarding their well-being during the museum visits demonstrated no signif-
icant difference for all items between age subgroups for the free visit (Table 5). The guided visit revealed differences between
subgroups according to age. Participants over 65years were more engaged, comfortable, interested, happy, and confident
than younger individuals (p<0.019). Nevertheless, all items scored higher than 3/5 except for “| talked to other people”

Older participants exhibited lower satisfaction levels than younger ones for the free visit (= 65years: NRS = 8.00+1.78 /
10 vs. < 65years: NRS = 8.95+0.99, p=0.044). In contrast, satisfaction levels were higher for the subgroup of older participants
for the guided visit (= 65years: NRS = 9.60+0.82 / 10 vs. <65years: NRS = 8.75+1.29, p=0.018).

Discussion

The main objective of this study was to assess the impact of a guided or free visit to a museum on the physical demands,
well-being, and satisfaction of sedentary individuals over 50. The number of steps taken during the visits was sufficiently high
to consider this activity relevant in combating sedentary behavior. Postural control was improved after both types of visit
modalities, whereas maximum walking speed was reduced. Thus, participants appeared to experience physical fatigue. Despite
this finding, participants experienced a decrease in stress levels and an improved sense of well-being after the museum visit.
However, while both types of visits yielded beneficial results, exploring the museum independently and freely was more
enjoyable and effective in inducing high levels of physical effort as well as improving walking speed and balance in the
dual-task condition compared to the guided visit. A comparison between age subgroups revealed that participants aged
65years and older took fewer steps during the visit but were more engaged, comfortable, interested, happy, and confident
than younger individuals. Sedentary older individuals experienced greater improvement in their well-being when the visit was
guided, and they preferred this modality to the free visit.

Combating sedentary lifestyles among older individuals is a major challenge amid population aging and a notable increase
in chronic diseases (Ezeugwu et al., 2017; Harvey et al., 2013). Creative arts and cultural activities should be recognized as
public health resources (Cann, 2017). Indeed, the “cultural capital” of individuals has a profoundly positive impact on their
physical, psychological, and social well-being (Clift, 2012). These positive health effects have been linked to emotion, cognitive
stimulation, and social interaction, as well as a strong sense of engagement, because of the perceived benefits for partici-
pants. Nevertheless, one of the key factors in combating sedentary lifestyles among older individuals is finding motivating
activities (Franco et al., 2015). However, although active cultural activities are often proposed, such as dance (Hwang & Braun,
2015), the effects of receptive cultural activities are less clear. Our findings highlighted the fact that visiting a museum
involves pedestrian movements that are intense enough to be deemed physically beneficial for individuals with sedentary
lifestyles. Participants completed over 775 steps during this activity, which represents a 38% increase in the number of steps
per day (2000 steps) for sedentary older individuals (Tudor-Locke et al., 2011). It should be noted, however, that the activity
tracker only measured the steps taken during the visit, though individuals had to leave their homes and reach the museum,
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which represents a large number of additional steps. Despite these physical demands, the participants were highly diverse in
terms of age (50 to 94years) and physical ability, and all were able to safely complete the tests and interventions. Whereas
our study assessed the physical demands of a single visit sequence, two longitudinal studies conducted over one workshop
in a museum per week for 12weeks revealed that participants engaged in more vigorous activity and experienced improve-
ment in their well-being (Beauchet, Cooper-Brown, et al., 2020; Beauchet et al., 2022). Therefore, museum visits appear to be
a relevant approach for stimulating physical activity in older individuals.

In their 2020 study, Beauchet et al. offered weekly group workshops for 2.3hours. Museums, however, are most often
visited freely or with a guided tour. Although the number of steps was quite similar between the two types of visits, the free
visit induced greater beneficial effects than the guided visit, particularly for postural balance and walking speed in dual-tasking.
During guided visits, dual-task stimuli are mainly limited to listening and observing. During free visits, the visitor is required
to search for information by reading signs and the museum brochure while walking. Thus, our findings appear to confirm
that the dual task with visual attention is easier than the cognitive dual task (Motealleh et al., 2021). The second positive
effect of the free visit was the reduction of general fatigue. Museum fatigue is defined as a collection of phenomena that
represent a predictable decline in visitor interest due to a combination of individual factors (e.g. cognitive processing and
physical fatigue), factors within the museum environment, and the interaction between them (Davey, 2005). According to this
definition, a guided visit, where the visitor is obliged to follow the guide, may imply a greater sense of fatigue. In fact, the
advantage of a free visit lies in the visitor's ability to dictate the movements and pace according to their interest in the art-
work, level of fatigue, and pain. These aspects may explain why participants felt healthier and increased their social interac-
tions in this free modality. Nevertheless, although satisfaction was excellent for both visit modalities, individuals over 65 years
were more engaged, comfortable, and interested and enjoyed the guided visit. However, there may be other benefits to this
visit modality. Tymoszuk et al. (2020) have highlighted that engagement in receptive artistic activities such as art galleries,
museums, theater or cinema are effective in combating the isolation of older people because they are practiced in groups
(Tymoszuk et al., 2020). However, when people visit the museum on their own, they are more likely to be alone and interac-
tions are less important, whereas social support is essential for motivation. The guided tour could also be a very good
approach to secure and give access to the museum to people with limitations that do not allow them to visit the museum
freely. In addition, it would be interesting to compare cognitive engagement between the two visit modalities and the link
with motivation for implementing museum visit recommendations with sedentary older people.

Well-being is directly linked to aesthetic emotions, motivation fueled by the interest in discovery, and social interaction
(Fancourt, 2019). The positive effects observed on well-being and mental health are systematic and confirm the importance of
engaging with the arts in managing emotions and improving quality of life, self-esteem, and confidence (Fancourt, 2019;
Mastandrea et al, 2019). Museums are also regarded as an effective means to combat loneliness among older individuals
(Tymoszuk et al., 2020), which was confirmed by the participants, who appreciated sharing this moment with others. Thus,
visiting a museum is a highly motivating activity for sedentary individuals and offers a number of advantages for addressing
barriers to physical activity in older adults (Franco et al., 2015). Additionally, museum visits combine full-body aerobic activity
with cognitive stimulation, which is particularly useful for incorporating physical skills into daily activities (Green & Bavelier, 2008).

Limitations

Participants were not blinded to the intervention. Randomization to divide participants into guided and free visits was not
used because it was not compatible with the museum’s organization. However, enrollment in a visit category was offered
according to the availability of individuals and the museum. Blinding was used to limit the risk of bias. A learning effect may
be present in dual-task tests. However, the text to be read and the first number to be counted varied from trial to trial and
session to session to avoid this risk. We performed two trials per condition, and the second was not systematically better. All
tests complied with methodological recommendations, except for the postural balance test. The duration of the test was
10-seconds, whereas the recommended duration was 30-seconds. However, this duration had already been used, and we
started the dual-task activity before the start of the recording.

Conclusion and implications

Healthy aging is a significant challenge for contemporary sedentary societies, for which there is an urgent need to broaden
the range of leisure activities on offer to meet people’s motivations. When people visit a museum, with or without a guide,
they take a sufficiently high number of steps to be considered a leisure activity that can help combat sedentary lifestyles.
Participants improved their physical function, well-being, and psychological health after the visit. While the free visit modality
highlighted better beneficial effects, the guided visit was more popular with older visitors, which was related to satisfaction,
including confidence. Accompanying museum visitors with a guide could therefore be an excellent way to make visits safer
and to reach people who are unable to visit the museum on their own. Participation in cultural activities and museum visits
seem to be activities that are particularly suitable and motivating for older people. Hence, museums can be public health
partners in combating sedentary lifestyles, even among older individuals with physical limitations.
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