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Highlights

What are the main findings?

e  The emergence of museum fatigue leads to decreased viewing time, but also to in-
creased heart rate.

e  While viewing time trends are consistent between individuals, heart rate trends are
different depending on individual characteristics.

What are the implications of the main findings?

e  Heart rate may be employed as an implicit measure of museum fatigue.
e  Physiological measures must be considered when investigating individual characteris-
tics linked to museum fatigue.

Abstract

Background/Objectives: Museum fatigue decreases visitors” interest due to environmental,
social, and personal factors. However, it remains unclear whether physiological parameters
can capture museum fatigue, and whether personal factors contribute to psychophysio-
logical changes associated with museum fatigue. Methods: To fill these knowledge gaps,
61 participants visited the ETRU museum in Rome while their position and heart rate (HR)
values were continuously recorded. Emotional state was rated after the visit. Time-series
analyses assessed trends in viewing time and HR across the full sample and in three clusters
defined by personal factors, with correlations examining associations among visit time, HR,
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1. Introduction

Museum fatigue is a well-recognized phenomenon often experienced by visitors as
they progress in a museum visit. Conceptually defined as a “collection of phenomena that
represents predictable decreases in visitor interest and selectivity” [1,2], museum fatigue
can compromise both educational and recreational purposes of museum experiences. Since
the term was coined by Gilman [3], many studies investigated museum fatigue in different
contexts to understand its components [1] and contributing factors [4]. In addition, coun-
termeasures that mitigate its emergence have been studied, such as the introduction of
virtual reality (VR), augmented reality (AR) or multisensory experiences to enhance and/or
maintain visitor interest [5,6]. These studies highlighted how personal (background knowl-
edge, motivation, and interest), environmental (visit length, number of displayed artifacts,
presence of break rooms), and social (interactions with other visitors) factors can play a role
in the emergence of museum fatigue [4,7]. However, inconsistent results have been found.
While pioneering studies have demonstrated the presence of museum fatigue [8,9], others
have failed to observe fatigue effects even during long museum visits (e.g., [10]). There are
two potential explanations for these inconsistent results. The first explanation is related to
how this very complex phenomenon is measured. Indeed, previous studies mainly focused
on behavioral changes—e.g., reduction in viewing time of areas or artifacts as the visit
progresses—and on subjective reports about the visit experience—e.g., emotional state and
evaluation of museum exhibition (for a review, see [1]). However, while behavioral changes
are measured during the visit, subjective scales are typically administered after the visit.
Consequently, visitors” responses rely on retrospective evaluations based on memories,
which do not capture the psychological changes that occurred during the visit [11]. The
second explanation relies on the variability of environmental factors of the visit and/or
of personal factors of visitors across studies. Indeed, there is evidence that environmental
factors—the number of routes, the quantity of exhibited artifacts, the duration of the visit,
or the presence of breaks during the visit—play a fundamental role in the emergence of
museum fatigue [1,4,11,12]. Conversely, while it is recognized that demographic character-
istics and interest in artistic experiences are important in generating museum fatigue [4], to
the best of our knowledge, no experimental study has specifically investigated whether
behavioral and psychophysiological changes during a museum visit differentially emerge
when visitors” individual characteristics are taken into account.

To fill these gaps, in this study, 61 healthy volunteers visited the National Etruscan
Museum (ETRU) in Rome, which provided an ideal context to examine how environ-
mental factors contribute to the emergence of museum fatigue, due to the presence of
a great number of artifacts displayed on an accessible area of more than 2000 m?. To
investigate the presence of museum fatigue during the visit, the participants’ location
inside the museum was collected via a tracking system, and the viewing time of museum
areas was analyzed. Concomitantly, heart rate values—an established measure of visitors’
arousal [13-16]—were continuously recorded to examine whether they may represent an
implicit measure of museum fatigue, offering a novel implicit way to capture this complex
phenomenon. Emotional state was assessed with a subjective scale after the visit ended
to investigate potential associations between this factor, visit time, and heart rate. Demo-
graphic information and information on the interest of participants in visiting museums
were collected before the visit with the aim of exploring whether visitors” personal charac-
teristics may have modulated both viewing time and psychophysiological state during the
visit. We predicted decreased viewing time and increased arousal as the visit progressed.
In addition, we predicted that visit time and mean heart rate would be associated with
negative emotional state ratings. Lastly, these trends and associations were expected to be
modulated by visitors’ personal characteristics.
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2. Materials and Methods
2.1. Participants

Sixty-one healthy participants signed the informed consent documentation and par-
ticipated in the study, but 5 were excluded from the analysis due to missing data, and
another 11 due to the visit duration limit for museum closing hours. Therefore, only data
from 45 participants were analyzed (29 F/16 M). Demographic information (age, gender,
education) was collected before the visit (see Table 1). In addition, the number of museums
visited per year was collected before the visit to classify the participants as “non-public”
(0-2 museums per year), “general public” (3-5 per year), or “museumgoers” (more than
5 per year). The study was approved by the Ethical Committee of the University of Turin
and followed the Declaration of Helsinki.

Table 1. Demographic data of participants.

Demographic Variable n %
Sex
Female 29 35.56
Male 16 64.44
Age
Young (18-35) 17 37.78
Adult (36-64) 15 33.33
Old (65+) 13 28.89
Education
Middle/High school 19 42.22
Bachelor’s/Master’s % 5778
Degree
Public
Non-public 10 22.22
Public 16 35.56
Museumgoers 19 42.22

2.2. Museum Visit

The visit was held at the National Etruscan Museum (ETRU, Museo Nazionale Etrusco
di Villa Giulia) in Rome, which has an accessible area of more than 2000 m? and a large
number of artifacts exhibited in 192 showcases of various sizes. The museum building
consists of two wings, each with two floors, connected to the first floor by a hemicycle. The
museum was conceptually divided into nine areas for analytical purposes. The ground
floor of the left wing comprised four areas: the main entrance room (A1), the long corridor
after the first right turn (A2), the room leading to the main artifact—the Sarcophagus of
the Spouses—(A3), and the Sarcophagus of the Spouses room (A4). The first floor of the
left wing was treated as a single area (A5), as was the hemicycle connecting the two wings
(A6). The first floor of the right wing was divided into two areas: the room where the
Bisentium vase was exhibited (A7) and most of the rest of the floor (A8). The ground floor
of the right wing was considered as a single area (A9). The museum map and areas are
depicted in Figure 1. Considering the building structure, the visit was linear and with no
multiple routes.
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Figure 1. Museum map with areas depicted with different colors (from Al to A9). Each beacon is
represented by its name (from B1 to B9) referring to its position on the museum map.

2.3. Outcome Measures

To track participants’ position in each museum area, a system consisting of Eddystone
beacons and a Raspberry Pi 4B (a single-board computer developed by Raspberry Pi Ltd.,
Cambridge, UK, raspberrypi.org) was used. Eddystone beacon parameters were set in
order to transmit Bluetooth Low Energy (BLE) signals in every direction at 10 Hz frequency
and in a 10 m range (—16 dBm transmission power). The Raspberry Pi 4B continuously
searched BLE signals at 1 Hz frequency by means of a running Python (version 3.10) script
and stored the datetime and the beacon name of each detection. The viewing time (in
seconds) of each area was calculated by subtracting the area exit time from the area entry
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time. Then, due to the substantial difference in the dimensions of museum areas (see
Table 2), the ratio between viewing time and surface (s/m?) of each area was calculated to
ensure comparability between areas.

Regarding physiological measures, an Empatica E4 (Empatica Srl, Milan, Italy) wrist-
band was used to continuously record participants’ blood volume pulse (thythmic variation
in blood volume within blood vessels, BVP) at 64 Hz using the photoplethysmography tech-
nique. Then, the E4 wristband automatically derived heart rate (HR) at 1 Hz, interpreted
as an index of sympathetic nervous system activity linked with participants” arousal state.
Intra-participant standardization was employed on HR values to reduce the interindividual
variability of data. To do so, the z-scores of the nine museum areas were calculated based
on the individual HR mean and standard deviation.

Table 2. Dimensions of each museum area.

Area Surface (m?)
Al 118.8
A2 301
A3 49
A4 36.8
A5 515.5
A6 515.9
A7 58.1
A8 271.8
A9 554.36

Total 2421.24

For the psychological measures, participants completed a questionnaire in which they
had to state their level of relaxation, involvement, calmness, and enthusiasm during the
visit (with a —2/+42 range as in [17]). This scale was used to better interpret physiological
results, as an increase in HR may be interpreted both as a negative stress response or as a
positive emotional response to the museum visit.

2.4. Experimental Procedure

Before the visit, participants signed the informed consent form and completed the
demographic questionnaire. Then, they wore the Empatica E4 wristband on their non-
dominant wrist and the position tracking system around their neck. Before starting the visit,
they completed a 5 min rest period in which the physiological baseline was collected. Then,
they completed the visit without any restriction, during which the entry and exit times in
each museum area were detected. Also, their physiological measures were continuously
collected. After the visit, they completed the emotional state questionnaire.

2.5. Data Analysis

Data analyses were performed using R (version 4.3.3). To cluster participants according
to their demographics and interest in museums, a three-step cluster analysis was conducted.
At first, we employed multiple correspondence analysis (MCA) to assess the relationships
between the categories of four variables (gender, age, education, and public). After MCA,
the relationships between categories were represented by chi-square distances on an n-
dimensional geometrical plane interpreted as Euclidean distances [18].

The second step is aimed at defining the most appropriate number of clusters. To
do so, we employed hierarchical cluster analysis (HCA) with Ward’s method on the Eu-
clidean distances between categories. This method is mainly used with small samples and
aims at minimizing the within-clusters variance while maximizing the between-clusters
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variance [18,19]. After participants were assigned to their cluster by means of HCA, in
the third step, we employed the v-test to assess the most represented categories in each
cluster. Indeed, the v-test compared the number of participants representing each category
in a specific cluster to the number of participants representing that category in the total
sample [18]. A v > 2 indicated overrepresentation of that category in the cluster compared
to the whole sample, while a v < —2 indicated underrepresentation.

To investigate the presence of behavioral and physiological changes during the visit,
the viewing time (in s/m?) and zHR values of museum areas were treated as spatial time se-
ries, which represent time series collected at fixed spatial locations [20]. The Mann—Kendall
test was used to assess the presence of monotonic trends in viewing time and zHR with visit
progression. The same analysis was then conducted on each cluster to assess the presence
of different trends between clusters in both viewing time and zHR. Lastly, associations
between visit time, mean HR, and emotional state ratings were assessed by means of
Spearman correlations both in the whole sample and in each cluster.

3. Results
3.1. Clustering Analysis Results

Results from the MCA revealed that the overall variance of the data could be displayed
in six dimensions. However, since the first two dimensions explained the highest amount of
variance (27% and 21.9%, respectively), the relationships between categories were plotted
in a two-dimensional plane, where each variable category was a point in the plot indicating
how much it contributed to the variance of each of the two dimensions. HCA was then
applied to the Euclidean distances between variables. Visual inspection of the resulting
dendrogram indicated that a three-cluster solution was the most appropriate for the sample.
Therefore, each participant was assigned to one of three clusters (see Figure 2): Cluster 1
(n =19), Cluster 2 (n = 16), and Cluster 3 (n = 10).

Cluster Plot
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Figure 2. Cluster plot showing the distribution of participants across three clusters based on MCA
dimensions 1 (MCAL1) and 2 (MCA?). Participants are represented by jittered circles colored according
to the assigned cluster. Centroids of each cluster are highlighted with colored crosses.
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Results from the v-test revealed that Cluster 1 was significantly overrepresented by
adults (66.67% of the total number of participants representing this variable, v = 2.462,
p < 0.014) classified as the general public (100%, v = 6.335, p < 0.001), Cluster 2 by partici-
pants with higher education (57.69%, v = 3.2, p = 0.001) classified as museumgoers (89.47%,
v =6.4, p <0.001), and Cluster 3 by participants classified as non-public (100%, v = 6.292,
p <0.001). In Table 3, the distribution of each demographic variable within each cluster
is depicted.

Table 3. Demographic data of participants per cluster.

Demographic Variable Cluster 1 Cluster 2 Cluster 3
n % n % n %
Sex
Female 15 78.95 8 50.00 6 60.00
Male 4 21.05 8 50.00 4 40.00
Age
Young (18-35) 5 26.32 10 62.50 2 20.00
Adult (36-64) 12 63.16 6 37.50 3 30.00
Old (65+) 3 10.52 2 20.00 4 50.00
Education
Middle/High school 11 57.89 2 12.50 6 60.00
Bachelor’s/Master’s Degree 8 42.11 14 87.50 4 40.00
Public
Non-public 0 0.00 0 0.00 10 100.00
Public 15 78.95 1 6.25 0 0.00
Museumgoers 4 21.05 15 93.75 0 0.00

3.2. General Results

A Mann—Kendall test on viewing time and zHR during the visit revealed a significant
negative trend in viewing time (v = —0.437, p < 0.001; see Figure 3A) and a significant
positive trend in HR (7 = 0.092, p = 0.005; see Figure 3B) as the visit progressed.

Spearman correlations revealed a significant negative correlation between visit time
and mean HR (p = —0.481, p < 0.001). In addition, significant positive correlations be-
tween visit time and involvement (p = 0.366, p = 0.013), calmness (p = 0.373, p = 0.012),
and enthusiasm (p = 0.346, p = 0.02) ratings were observed. On the other hand, signifi-
cant negative correlations were found between mean HR and involvement (p = —0.346,
p =0.02), calmness (p = —0.355, p = 0.017), and enthusiasm (p = —0.474, p = 0.001) ratings.
A correlation matrix for all variable pairs is depicted in Figure 4.

To examine the robustness of these trends and correlations, a Mann-Kendall test
and Spearman correlation were employed at the individual level. The results showed
that a decrease in viewing time emerged in 44 participants (97.78%), while an increase in
HR appeared in 31 participants (68.89%). Moreover, 34 participants (75.56%) showed a
negative correlation between viewing time and HR, but the correlation was significant in
17.78% of the sample. A table with the individual trends and correlations can be found in
Appendix A (Table Al).

Lastly, an exploratory analysis was conducted to examine whether the baseline HR was
related to the viewing time or zHR trends. Two linear regression models were employed
between the Mann-Kendall T values and the baseline HR. For these analyses, no significant
results emerged (p > 0.05).

https:/ /doi.org/10.3390/brainscil6020225


https://doi.org/10.3390/brainsci16020225

Brain Sci. 2026, 16, 225 8 of 18

(A) Viewing time with visit progression
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Figure 3. Distribution plot of participants: (A) viewing time and (B) heart rate (HR, z-values) for
each area (A1-A9), with lines depicting linear trends. Participants are represented by jittered circles
colored according to the related museum area. ** = p < 0.01; ** = p < 0.001.
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Figure 4. Correlation matrix between visit time, heart rate and emotional state adjectives. * = p < 0.05;
= p < 0.01;** = p < 0.001.
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3.3. Cluster Results

A Mann-Kendall test on viewing time and zHR was employed for each cluster. Re-
garding viewing time, a significant negative trend was observed in all clusters (Cluster
1: T = —0.466, p < 0.001; Cluster 2: T = —0.45, p < 0.001; Cluster 3: T = —0.391, p < 0.001;
see Figure 5A). Conversely, a significant positive trend in zZHR was observed in Cluster 1
(t =0.116, p = 0.024) and Cluster 2 (t = 0.168, p = 0.003), but not Cluster 3 (t = —0.043,
p = 0.549; see Figure 5B).

(A) Viewing time for each cluster
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Figure 5. Distribution plots of (A) viewing time and (B) heart rate (z-values) across each area.
Participants are represented by jittered circles colored according to the assigned cluster, while the
colored lines represent the trend for each cluster. * = p < 0.05; ** = p < 0.01; *** = p < 0.001.

Also, correlation analyses were employed in each cluster. For Cluster 1, a significant
positive correlation was observed between visit time and relaxation (p = 0.528, p = 0.02),
and significant negative correlations were found between mean HR and both engagement
(p = —0.543, p = 0.016) and enthusiasm ratings (p = —0.569, p = 0.011). For Clus-
ter 2, a significant negative correlation was found between visit time and mean HR
(p = —0.902, p < 0.001) and significant positive correlations were observed between visit
time and involvement (p = 0.563, p = 0.023), calmness (p = 0.633, p = 0.008), and enthusiasm
(p = 0.671, p = 0.004) ratings. In addition, significant negative correlations were found
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between mean HR and involvement (p = —0.629, p = 0.009), calmness (p = —0.572,
p = 0.021), and enthusiasm (p = —0.59, p = 0.016) ratings. For Cluster 3, a significant
negative correlation between visit time and relaxation ratings (p = —0.688, p = 0.028) was
found (see Figure 6).
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Figure 6. Correlation matrix for each cluster between visit time, mean heart rate and emotional state
adjectives. * = p < 0.05; ** = p < 0.01; *** = p < 0.001.
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A) Baseline HR vs Viewing Time Trend for each cluster

0.0

Viewing Time Trend (Mann Kendall 1)
[ ]

Cluster 1

------ Cluster 2

The robustness of these results was assessed for each cluster by employing a Mann—
Kendall test and Spearman correlation at the individual level). The results showed that
a negative trend in viewing time emerged in 19 participants in Cluster 1 (100%), 16 par-
ticipants in Cluster 2 (93.75%) and 10 participants in Cluster 3 (100%). Moreover, a pos-
itive trend in HR appeared in 14 participants in Cluster 1 (73.68%), 12 participants in
Cluster 2 (75%), and 5 participants in Cluster 3 (50%). Regarding the negative correlation
between viewing time and HR, 16 participants in Cluster 1 (84.21%), 12 participants in
Cluster 2 (75%), and 6 participants in Cluster 3 (60%) showed this correlation, but it was
significant in 15.79%, 25%, and 10% of participants, respectively.

Lastly, an exploratory analysis was conducted to examine whether baseline HR pre-
dicted the viewing time or zHR trends within each cluster. Linear regression models were
employed between Mann-Kendall T values and baseline HR. Interestingly, baseline HR
significantly predicted the zHR trend in Cluster 1 (3 = —0.0091, 95% CI [-0.0169, —0.0013],
R? = 0.472, p = 0.028) and the viewing time trend in Cluster 3 (3 = —0.0173, 95% CI
[—0.0339, —0.0007], R? = 0.222, p = 0.042) (see Figure 7).

B) Baseline HR vs zHR Trend for each cluster
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Figure 7. Linear regression plot for each cluster between baseline HR, (A) viewing time trend, and
(B) zHR trend. Participants are represented by jittered circles colored according to the assigned
cluster; the colored lines represent the regression slope for each cluster, and the colored areas the
confidence interval of the relative regression model. * = p < 0.05.

4. Discussion

In this study, we aimed (1) to determine whether museum fatigue could emerge during
a visit to the ETRU museum in Rome, (2) to assess whether heart rate could represent a
reliable implicit measure of museum fatigue, and (3) to test whether the emergence of
museum fatigue may be modulated by visitors’ personal characteristics. To fulfill these
goals, we investigated changes in viewing time and heart rate with visit progression and
their associations with the visitors” perceived emotional state after the visit. Moreover,
we explored whether these changes and associations differed when taking into account
visitors” personal characteristics. In line with the predictions, we observed a decreasing
trend in viewing time and an increasing trend in heart rate values during visit progression.
These findings suggest that museum fatigue occurred during the ETRU visit and that
heart rate values may represent a novel implicit measure of the phenomenon. In addition,
different correlations between visit time, mean heart rate, and emotional state ratings
emerged within each cluster. While these results should be interpreted cautiously due
to the relatively small sample size of the three clusters, they suggest that the underlying

https:/ /doi.org/10.3390/brainscil6020225


https://doi.org/10.3390/brainsci16020225

Brain Sci. 2026, 16, 225

12 0f 18

mechanisms of museum fatigue may be modulated by visitors” personal characteristics.
The following paragraphs discuss these results in greater depth.

4.1. The Presence of Museum Fatigue During the Visit at ETRU

When considering all 45 participants, viewing time decreased progressively over
the course of the visit, suggesting the emergence of fatigue during the ETRU experience.
This result appears robust, as it emerged in the majority of participants when individual
analyses were conducted. Moreover, visit time was negatively associated with involvement,
calmness, and enthusiasm ratings at the end of the visit. This is in line with previous
studies that linked short visit time and negative emotional state with museum fatigue [1].
These results were expected given the environmental characteristics of the ETRU visit. First,
the visit lasted on average 80 min, substantially exceeding the typical duration of visitor
attention to exhibitions, which is less than 20 min [21]. According to the attention—value
model proposed by [22], visitors are motivated to pay attention to an artifact when its value
is high. An artifact’s value is high when the ratio between benefits (utility /satisfaction)
and costs (time/effort) is positive. In the initial stages of the visit, visitors spend more time
in each area as they are implicitly attracted by a wide range of stimuli, a process called
capture of automatic attention [22,23]. When fatigue occurs, visitors focus on fewer artifacts
by using goal-directed voluntary attention [22,23]. This process increases the cognitive
resource demand of each artifact, reducing their value and thus the viewing time [24,25].
Moreover, many areas featured a very large number of homologous artifacts. This repetition
is known to generate a phenomenon associated with museum fatigue called satiation or
hedonic decline, that is, the habituation response induced by repeated exposure to similar
stimuli, reflected by decreased interest and viewing time [11,12,26,27]. Lastly, the visit at
ETRU lacked rest areas, which, according to optimum stimulation level theory, can increase
the likelihood of satiation [11,28,29].

4.2. Heart Rate as an Implicit Measure of Museum Fatigue

Across all 45 participants, heart rate values increased progressively over the course of
the visit. Again, the result was robust, as it emerged consistently at individual level. More-
over, the average heart rate during the visit was negatively associated with both visit time
and emotional state ratings. Therefore, the increase in heart rate may represent an increase
in arousal (sympathetic activation) induced by decreased emotional state, rather than a
positive emotional response related to the visit. This is in line with previous studies employ-
ing psychophysiological measures to assess the attention of participants and their interest
in specific artifacts [13-16]. Indeed, sympathetic activation has been associated with low
perception of aesthetic quality [16], and a longer time spent in a museum has been related
to decreased emotional arousal [13]. Taken together, these results suggest that decreasing
viewing time and increasing heart rate as a museum visit progresses may reflect museum
fatigue, particularly in relation to diminished motivation and interest in continuing the
visit. This indicates that not only viewing time, but also implicit measures of arousal, such
as heart rate, may represent valuable measures of the phenomenon during museum visits.
However, it must be noted that, especially in ecological contexts, heart rate fluctuations
may also reflect physical movement or cognitive load, which may not be related to museum
fatigue. Furthermore, both branches of the autonomic nervous system (ANS) contribute to
heart rate, restricting the possible interpretations on these results. To better understand
the observed physiological changes, future investigations should employ physiological
measures that are specifically linked to the sympathetic or the parasympathetic activity.
For instance, electrodermal activity (EDA) is known to be exclusively modulated by the
sympathetic branch of ANS [18,30]. Conversely, heart rate variability (HRV) indices, such
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as root mean squared values of successive differences or high-frequency power bands, are
known to be specifically linked with parasympathetic activity [31]. Another interesting
approach would be to investigate the change in balance between the two branches by
employing the normalized high-frequency index of HRV [31,32]. To do so, future studies
should employ devices that are more sensitive and with higher sample rates.

4.3. The Role of Personal Factors in Modulating the Emergence of Museum Fatigue

When examining specific participant clusters, the decreasing viewing time trend was
found in all three visitor groups. This suggests that the environmental factors present
during the visit—long visit, great number of artifacts, no rest areas—may have played a
primary role in the emergence of the museum fatigue, independently from visitors’ personal
characteristics. Conversely, differences between clusters were found in heart rate values
and in the association between emotional state and both visit time and heart rate. Moreover,
baseline heart rate values were found to shape these trends in some clusters. These results
suggest that environmental characteristics play a role in the emergence of museum fatigue
across all participants, but that the underlying mechanisms of museum fatigue may vary
across visitor clusters, potentially due to differences in their individual characteristics.

In particular, adults classified as the general public (Cluster 1) showed a positive
correlation between relaxation ratings and visit time, and an increasing heart rate trend
during the visit. Also, the visit time trend was more pronounced in those visitors who
demonstrated low heart rate values at rest. These results indicate that museum fatigue
emerged in these visitors even though the positive correlation between visit time and relax-
ation suggests that they appreciated the visit. Thus, environmental factors and baseline
physiological values may have contributed to the emergence of museum fatigue in this
cluster, and positive emotional states did not mitigate these effects. The case of highly
educated participants classified as museumgoers (Cluster 2) is different. Indeed, in these
visitors, an increasing heart rate trend was observed, and their heart rate during the visit
was strongly negatively correlated with visit time and with perceived involvement, calm-
ness, and enthusiasm. Hence, we may hypothesize that the environmental characteristics
of ETRU did not match the expectations of these experienced visitors, leading to negative
physiological and emotional responses that consequently reduced the visit time. Therefore,
in this visitor cluster, both environmental and personal factors may have contributed to the
emergence of museum fatigue. Lastly, visitors classified as non-public (Cluster 3) showed
no heart rate trends but showed a negative association between visit time and perceived
relaxation. These results may be expected by visitors who were less motivated to visit the
museum, as they demonstrated increased relaxation, but only in the case of short visits.
This is consistent with the steeper decline in viewing time observed in those visitors in
Cluster 3 who demonstrated high sympathetic activity at rest. Indeed, this parameter
has been linked with low perception of aesthetic quality [16], but also with difficulties
in maintaining attention [33]. Therefore, in those visitors, the reduction in artifact value
and the use of voluntary attention described by the attention—value model [23] may have
appeared rapidly, decreasing viewing time without generating negative emotions. Thus,
the characteristics of the ETRU visit may have also exacerbated fatigue in these visitors
due to their initial lack of interest in the visit, again suggesting that both environmental
and personal factors contributed to museum fatigue. Hence, future studies should take
into account visitors’ individual characteristics when drawing conclusions from viewing
time results, as they may influence the psychophysiological responses to the environmental
characteristics of the museum visit. However, the results emerging from single clusters
should be interpreted cautiously due to some limitations. First, the cluster sample sizes are
small (fewer than 20 participants), potentially limiting the reliability of the observed results.
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Moreover, while sex, age, education, and type of public represent interesting variables for
participant clustering, other variables are similarly important and yet were not considered
in the present study. For instance, future studies should investigate whether visiting alone
or in groups may modulate the emergence of museum fatigue, or whether prior visits may
facilitate or diminish the occurrence of this phenomenon.

4.4. Practical Implications

Some practical implications for museum exhibition design may originate from the
findings of the present study. First, environmental characteristics should be adjusted to
preserve the perceived value of individual artifacts throughout the visit. To achieve this, the
number of displayed artifacts should be reduced and aligned to the physiological decline
of automatic attention. For long visits, rest areas should also be included and strategically
placed. This approach would sustain visitors’ engagement while counteracting satiation
effects and reducing the emergence of museum fatigue. In addition, the results of this study,
although limited by the relatively small sample size, suggest the importance of tailoring
the visitor experience to personal characteristics. Pre-visit questionnaires could be used
to assess visitors’ interest and expertise, allowing the provision of customized content,
visit duration, routes, or interaction modes. This personalized approach could better align
exhibition features with visitor expectations, thereby optimizing engagement, and reducing
the onset of fatigue across different visitor profiles. However, these implications are derived
from results restricted to the ETRU exhibition and are not fully generalizable due to the lack
of a control condition. Future investigations should be conducted in different settings and
with larger sample sizes to confirm these findings. Moreover, although the tracking system
used in this study determined the visitors” entry and exit time in each museum area, it
could not specify their exact location within each area. Future investigations should employ
more precise tracking systems to triangulate visitors’ position, enabling the visualization
of visiting trajectories, stopping duration, and physiological changes in specific locations.
This would provide deeper insights into the visitors” behavior throughout the visit, further
refining the proposed systems aimed at tailoring the experience to individual visitors.

5. Conclusions

Despite some limitations, the study conducted at ETRU confirmed that environmental
characteristics—long visits, great number of artifacts and absence of rest areas—induce
museum fatigue in visitors. Moreover, it revealed that heart rate may be employed as
an objective and implicit measure of museum fatigue. Lastly, the findings of this study
revealed that the emergence of museum fatigue may be modulated by visitors’ personal
characteristics, emphasizing the relevance of these factors for future research on museum
fatigue and for the planning of museum exhibitions.
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Appendix A

Table Al. Individual trends in viewing time and zHR and individual correlations between viewing
time and zHR.

Viewing Viewing
Participant Viewing Time Trend (7) zHR Trend (1) Time-zHR Time-zHR
Correlation (p) Correlation (p)
Cluster 1
1 —0.78 0.17 —0.08 0.83
4 —0.56 0.33 —0.45 0.22
6 —0.50 —0.44 0.28 0.46
11 —0.89 0.28 —0.15 0.70
13 —0.67 0.28 —0.47 0.21
16 —0.83 0.28 —0.57 0.11
17 —0.44 —0.44 0.23 0.55
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Table Al. Cont.

Viewing Viewing
Participant Viewing Time Trend (7) zHR Trend (7) Time-zHR Time-zHR
Correlation (p) Correlation (p)

Cluster 1
18 —0.56 0.33 —0.58 0.10
20 —0.11 —0.28 —0.55 0.12
23 —0.89 0.56 —0.85 0.00
24 —0.89 0.28 —0.35 0.36
26 -0.17 0.22 0.23 0.55
27 —0.61 0.39 —0.82 0.01
33 —0.33 -0.11 —0.03 0.93
34 —0.67 0.22 —0.48 0.19
36 —0.33 0.28 —0.27 0.49
45 —0.28 0.11 —0.10 0.80
57 —0.39 —0.33 —0.15 0.70
58 —0.67 0.67 —0.80 0.01

Cluster 2
8 —0.67 0.33 —0.18 0.64
9 —0.33 —-0.17 0.40 0.29
10 —0.61 -0.22 0.10 0.80
41 —0.50 0.28 —0.67 0.05
42 0.28 —0.44 —0.17 0.67
43 —0.44 0.22 —0.68 0.04
44 —0.61 0.44 —0.33 0.38
48 —0.94 0.44 —0.70 0.04
49 —0.72 0.39 —0.23 0.55
50 —0.22 0.44 0.15 0.70
53 —0.50 0.67 —0.47 0.21
54 —0.61 0.67 —0.52 0.15
55 —0.67 0.22 —0.62 0.08
56 —0.44 0.28 —0.85 0.00
60 —0.72 —0.33 0.17 0.67
61 —0.56 0.06 0.00 1.00

Cluster 3
15 —0.44 —0.50 0.03 0.93
19 —0.44 0.00 —0.37 0.33
25 —0.56 —0.22 0.48 0.19
31 —0.17 0.22 —0.37 0.33
32 —0.33 0.00 0.02 0.97
35 —0.72 0.44 —0.87 0.00
37 —0.44 -0.17 0.35 0.36
38 —0.44 0.11 —0.30 0.43
52 —0.67 0.17 —0.12 0.77

References

1. Bitgood, S. Museum Fatigue: A Critical Review. Visit. Stud. 2009, 12, 93-111. [CrossRef]

Davey, G. What is museum fatigue? Visit. Stud. Today 2005, 8, 17-21.

Gilman, B.I. Museum Fatigue. Sci. Mon. 1916, 2, 62-74.

Kim, M,; Dillon, J.; Song, J. The Factors and Features of Museum Fatigue in Science Centres Felt by Korean Students. Res. Sci.
Educ. 2020, 50, 419-436. [CrossRef]

Ll

https:/ /doi.org/10.3390/brainscil6020225


https://doi.org/10.1080/10645570903203406
https://doi.org/10.1007/s11165-018-9695-x
https://doi.org/10.3390/brainsci16020225

Brain Sci. 2026, 16, 225 17 of 18

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

D’Agostino, G.; Serra, H.; Zavattaro, C. The emotional impact of cultural heritage on the public: Physiological and psychological
effects of multisensorial experiences. In Design for Inclusion, AHFE International: New York, NY, USA, 2023; Volume 75,
pp. 103-113. [CrossRef]

Miao, J.; Bahauddin, A.; Feng, J. Museum Fatigue: Spatial Design Narrative Strategies of the Mawangdui Han Tomb. Buildings
2024, 14, 3852. [CrossRef]

Dierking, L.D.; Falk, ].H. Family behavior and learning in informal science settings: A review of the research. Sci. Educ. 1994,
78,57-72. [CrossRef]

Porter, M.C.B. Behavior of the Average Visitor in the Peabody Museum of Natural History; Yale University: New Haven, CT, USA, 1938.
Available online: https:/ /npshistory.com/publications/interpretation/vis-behavior.pdf (accessed on 12 December 2025).
Robinson, E.S.; Sherman, I.C.; Curry, L.E.; Jayne, H.H.F. The Behavior of the Museum Visitor; New Series; Publications of the
American Association of Museums: Washington, DC, USA, 1928; p. 72.

Marino, M. Prehistoric Journey: Summative Evaluation Report; Denver Museum of Natural History: Denver, CO, USA, 1996.
Antén, C.; Camarero, C.; Garrido, M.-]. A journey through the museum: Visit factors that prevent or further visitor satiation. Ann.
Tour. Res. 2018, 73, 48-61. [CrossRef]

Jeong, J.-H.; Lee, K.-H. The physical environment in museums and its effects on visitors” satisfaction. Build. Environ. 2006,
41, 963-969. [CrossRef]

Mitas, O.; Mitasova, H.; Millar, G.; Boode, W.; Neveu, V.; Hover, M.; van den Eijnden, F,; Bastiaansen, M. More is Not Better: The
Emotional Dynamics of an Excellent Experience. ]. Hosp. Tour. Res. 2022, 46, 78-99. [CrossRef]

Trondle, M.; Greenwood, S.; Bitterli, K.; van den Berg, K. The effects of curatorial arrangements. Mus. Manag. Curatorship 2014,
29,140-173. [CrossRef]

Trondle, M.; Tschacher, W. Art Affinity Influences Art Reception (in the Eye of the Beholder). Empir. Stud. Arts 2016, 34, 74-102.
[CrossRef]

Tschacher, W.; Greenwood, S.; Kirchberg, V.; Wintzerith, S.; Van Den Berg, K.; Trondle, M. Physiological correlates of aesthetic
perception of artworks in a museum. Psychol. Aesthet. Creat. Arts 2012, 6, 96-103. [CrossRef]

Dreyer, J.; Bergmann, ].M.; Kohler, K.; Hochgraeber, I.; Pinkert, C.; Roes, M.; Thyrian, J.R.; Wiegelmann, H.; Holle, B. Differ-
ences and commonalities of home-based care arrangements for persons living with dementia in Germany—A theory-driven
development of types using multiple correspondence analysis and hierarchical cluster analysis. BMC Geriatr. 2022, 22, 723.
[CrossRef]

Cirillo, E.; Zavattaro, C.; Gammeri, R.; Serra, H.; Ricci, R.; Berti, A. Feeling touch through a mirror: The role of vision and body
ownership in generating non-veridical tactile experiences. Cortex 2025, 187, 16-28. [CrossRef]

Guo, Z; Gao, S.; Wu, F. Research on the Features of Physiological Data Effectively Representing Cognitive Engagement. In 2023
3rd International Conference on Educational Technology (ICET); IEEE: New York, NY, USA; pp. 105-109. [CrossRef]

Serrell, B. Paying Attention: The Duration and Allocation of Visitors” Time in Museum Exhibitions. Curator Mus. ]. 2010,
40, 108-113. [CrossRef]

Corbetta, M.; Shulman, G.L. Control of goal-directed and stimulus-driven attention in the brain. Nat. Rev. Neurosci. 2002,
3,201-215. [CrossRef] [PubMed]

Bitgood, S. Attention and Value: Keys to Understanding Museum Visitors; Routledge: New York, NY, USA, 2016. [CrossRef]
Gammeri, R.; Lucisano, S.; Zavattaro, C.; Serra, H.; Cirillo, E.; Schintu, S.; Berti, A.; Boldreghini, M.; Albera, A.; Albera, R.; et al.
Altered orienting of visuospatial attention in patients with vestibular disorders. Cortex 2025, 188, 69-80. [CrossRef]

Bitgood, S.; McKerchar, T.L.; Dukes, S. Looking Back at Melton: Gallery Density and Visitor Attention. Visit. Stud. 2013,
16, 217-225. [CrossRef]

Galak, J.; Redden, ].P. The Properties and Antecedents of Hedonic Decline. Annu. Rev. Psychol. 2018, 69, 1-25. [CrossRef]
McAlister, L. A Dynamic Attribute Satiation Model of Variety-Seeking Behavior. . Consum. Res. 1982, 9, 141-150. [CrossRef]
Nelson, L.D.; Meyvis, T. Interrupted Consumption: Disrupting Adaptation to Hedonic Experiences. J. Mark. Res. 2008, 45, 654—664.
[CrossRef]

Steenkamp, J.-B.E.M.; Baumgartner, H. The Role of Optimum Stimulation Level in Exploratory Consumer Behavior. J. Consum.
Res. 1992, 19, 434-448. [CrossRef]

Yin, J.; Zhu, S.; MacNaughton, P.; Allen, ].G.; Spengler, ].D. Physiological and cognitive performance of exposure to biophilic
indoor environment. Build. Environ. 2018, 132, 255-262. [CrossRef]

Dawson, M.E; Schell, A.M_; Filion, D.L. The electrodermal system. In Handbook of Psychophysiology; Cambridge University Press:
Cambridge, UK, 2007; pp. 200-223.

Shaffer, F; Ginsberg, ].P. An Overview of Heart Rate Variability Metrics and Norms. Front. Public Health 2017, 5, 258. [CrossRef]

https:/ /doi.org/10.3390/brainscil6020225


https://doi.org/10.54941/ahfe1003331
https://doi.org/10.3390/buildings14123852
https://doi.org/10.1002/sce.3730780104
https://npshistory.com/publications/interpretation/vis-behavior.pdf
https://doi.org/10.1016/j.annals.2018.08.002
https://doi.org/10.1016/j.buildenv.2005.04.004
https://doi.org/10.1177/1096348020957075
https://doi.org/10.1080/09647775.2014.888820
https://doi.org/10.1177/0276237415621187
https://doi.org/10.1037/a0023845
https://doi.org/10.1186/s12877-022-03310-1
https://doi.org/10.1016/j.cortex.2025.03.011
https://doi.org/10.1109/ICET59358.2023.10424180
https://doi.org/10.1111/j.2151-6952.1997.tb01292.x
https://doi.org/10.1038/nrn755
https://www.ncbi.nlm.nih.gov/pubmed/11994752
https://doi.org/10.4324/9781315433455
https://doi.org/10.1016/j.cortex.2025.04.016
https://doi.org/10.1080/10645578.2013.827024
https://doi.org/10.1146/annurev-psych-122216-011542
https://doi.org/10.1086/208907
https://doi.org/10.1509/jmkr.45.6.654
https://doi.org/10.1086/209313
https://doi.org/10.1016/j.buildenv.2018.01.006
https://doi.org/10.3389/fpubh.2017.00258
https://doi.org/10.3390/brainsci16020225

Brain Sci. 2026, 16, 225 18 of 18

32. Serra, H.; Zavattaro, C.; Eid, M.; Farina, P.; Abbatescianna, D.; Cirillo, E.; Gammeri, R.; Celi, L.; Scariot, V.; Ricci, R. Biophilic
interventions in real and virtual environments reduce stress during cognitively demanding tasks. Sci. Rep. 2025, 15, 39642.
[CrossRef]

33. Siennicka, A.; Quintana, D.S.; Fedurek, P.; Wijata, A.; Paleczny, B.; Ponikowska, B.; Danel, D.P. Resting heart rate variability,
attention and attention maintenance in young adults. Int. J. Psychophysiol. 2019, 143, 126-131. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/brainscil16020225


https://doi.org/10.1038/s41598-025-23224-3
https://doi.org/10.1016/j.ijpsycho.2019.06.017
https://www.ncbi.nlm.nih.gov/pubmed/31255739
https://doi.org/10.3390/brainsci16020225

	Introduction 
	Materials and Methods 
	Participants 
	Museum Visit 
	Outcome Measures 
	Experimental Procedure 
	Data Analysis 

	Results 
	Clustering Analysis Results 
	General Results 
	Cluster Results 

	Discussion 
	The Presence of Museum Fatigue During the Visit at ETRU 
	Heart Rate as an Implicit Measure of Museum Fatigue 
	The Role of Personal Factors in Modulating the Emergence of Museum Fatigue 
	Practical Implications 

	Conclusions 
	Appendix A
	References

