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Abstract: In recent decades, extensive evidence has indicated that green spaces and physical
activity (PA) are associated with mental health, while limited research has explored the
combined effects of supervised PA in urban green spaces. To address the research gap,
this study examines whether supervised PA within green spaces improves mental health
among middle-aged adults (45-65 years) through a quasi-experimental longitudinal study
developed as part of the “Moving Parks” project in Bologna, Italy. Using the Italian
version of the Warwick-Edinburgh Mental Well-being Scale (WEMWBS), mental health
was measured at pre- and post-assessment. A total of 340 participants (258 intervention,
82 control) were included in the study. The effects of intervention, group assignment, and
their interaction on mental health scores were analysed using a two-way repeated measures
ANOVA. No significant differences in mental health improvements were observed between
the intervention group and control group. The results indicated significant main effects of
time on total WEMWBS scores and several subscales such as optimism, usefulness, energy,
and cheerfulness, but these changes were not significantly influenced by group assignment.
The only significant group-by-time interaction was found in perceived usefulness. These
findings do not provide conclusive support for the hypothesised benefits of the supervised
PA intervention. Possible explanations include seasonal variation, baseline or ceiling
effects, and the potential limitations of the WEMWBS in detecting short-term psychological
changes. Future research should consider extending intervention duration, improving
group comparability, and employing more sensitive assessment tools to better evaluate the
mental health impact of green space-based PA programmes.

Keywords: supervised physical activities; green spaces; mental health; WEMWBS assessment

1. Introduction

The COVID-19 pandemic caused multifaceted societal problems, with lockdown mea-
sures particularly affecting the mental health of middle-aged adults due to the prolonged
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isolation and movement restrictions [1-3]. As highlighted by the World Health Organ-
isation, mental health is not only a condition without mental disease, but a state that
incorporates emotional, psychological and social well-being [4-6]. Existing evidence in-
dicates that social and environmental factors influence 45%-60% of variations in general
health status [7].

Green spaces, defined as natural or semi-natural areas within urban environments,
have independently demonstrated positive associations with mental health [8-10]. The
natural environment may improve health by providing clean air, spaces for physical
activities (PA), opportunities and occasions for social interactions, and stress reduction
through contact with nature [11]. These effects can be explained by psychological theories
such as Self-Determination Theory and Attention Restoration Theory. Self-Determination
Theory suggests that green spaces fulfil three fundamental psychological needs: autonomy,
competence, and relatedness [12]. The green spaces provide the opportunities for residents
to engage in PA, connect with nature, and increase social life with others, thereby enhancing
mental health through multiple pathways [13,14]. Meanwhile, Attention Restoration Theory
believes that natural environments provide unique restorative qualities that help restore
attention by reducing mental fatigue, ultimately enhancing cognitive function and mental
health. [15,16]. Hence, although the therapeutic benefits of PA are widely reported [17-19],
developing evidence demonstrates that the environmental context in which these PA occur
may significantly modulate the mental health outcomes [20,21]. For example, Wood et al.
(2017) examined park attributes and showed that parks emphasising nature and providing
opportunities for PA were associated with positive mental health outcomes [22]. This may
be attributed to the comfortable environment provided by green spaces, which encourages
individuals to engage in more PA and contributes to synergistic effects, such as better life
satisfaction and more relaxation [23,24]. In addition, green spaces may foster an emotional
attachment to nature and attract people to interact with nature, thereby increasing their
physical activity levels [17].

Meanwhile, supervised PA has been proved to increase participation rates and consis-
tency, leading to enhanced health outcomes compared to unsupervised engagements [25,26].
Specifically, supervised PA usually provides guidance and support, ensuring proper tech-
niques and reducing the risk of injury [27]. Additionally, the group setting improves social
interaction and provides a sense of community, which increases motivation and persistence
in PA engagements [28], which leads to better long-term health outcomes.

However, the evidence regarding the potential amplification of mental health ben-
efits when supervised PA are conducted in green spaces remains limited, especially for
long-term effects on middle-aged persons [29,30]. Meanwhile, among the limited number
of longitudinal studies which examine the effects of green space on mental health, the
inclusion of a control group remains uncommon, limiting the strength of causal interpreta-
tions [31,32]. Hence, utilising the “Moving Park” project carried out in Bologna, Italy, this
study employed a quasi-experimental cohort design to investigate whether participants’
mental health improved after engaging in supervised PA carried out in green spaces. A
control group was included to assess the comparative analysis and confirm the effectiveness
of the intervention. By understanding the effectiveness of supervised PA within green
spaces, activities such as the “Moving Park” project could be further promoted, providing
reliable evidence for policy makers in urban park planning and public health policies,
thereby contributing to nature-based solutions and sustainable development.
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2. Methods
2.1. The “Moving Parks” Project

The “Moving Parks” project is an annual proposal which has been carried out by the
Municipality of Bologna, Italy, in collaboration with the Department of Public Health of
the Bologna Local Health Authority since 2010 with the aim of promoting outdoor PA and
improving the quality of life of citizens through the interaction between PA and nature.
Bologna is a city rich in public green spaces, which comprise 7% of the municipal terri-
tory, including 250 parks and gardens. The “Moving Parks” project 2023 operates across
12 public parks in the city (Appendix A.1 and Appendix A.2), where multiple sport as-
sociations offer free organised PA such as stretching, functional training, tabata, yoga,
Pilates, and capoeira (Appendix B). These activities are conducted twice a week from May
to September under the supervision of qualified trainers. Each activity lasts about one hour,
including both a warm-up (10 min) and a cool-down (10 min) period. All the activities
are planned to achieve a moderate intensity (5-6 of the 10 points Borg’s rate perceived
exertion scale).

The study followed a quasi-experimental longitudinal design, with a pre-assessment
in May 2023 and a post-assessment in October 2023, over a period of five months. The
questionnaires were distributed to the participants directly by research teams both in
person (with paper forms) and online (with Google Forms). The trained instructors taught
participants how to fill out the questionnaire, and each participant could opt to complete it
on paper or online. The study included an intervention group and a control group. The
intervention group included the participants who engaged the “Moving Parks” project.
While the control group was recruited through communities using a random sampling
approach within urban areas similar to those of the intervention group, the control group
participants were not enrolled in any structured or supervised outdoor PA during the study
period. Full equivalence between groups was not feasible due to the real-world setting of
the project, but pre-assessment data were used to account for initial differences in mental
health conditions.

To encourage participation from “Moving Parks”, the project employed some outreach
strategies, including distributing fliers at local businesses, such as pharmacies, clinics, and
markets, advertising through posters on buses and in public spaces, and by newsletters,
social media, and a dedicated webpage on the municipal website.

All participants were selected according to two criteria:

1.  Aged 45 to 65 years old;
Able to write and read in Italian.

The University of Bologna Bioethics Committee granted approval for the study (Prot.
No. N 169182).

2.2. The Questionnaire

The study involved the administration of specific questionnaires before and after the
participation of the “Moving Parks” project. The questionnaires were created ad hoc to
examine the participants” demographic, habits and mental health status before and after
the three months of the participation in the project. In particular, the questionnaires were
composed of three parts: the first part on general demographic information about the
participants, such as sex, age, and educational level; the second part regarding information
about the behavioural variables, such as smoking status, working status, and pathological
status; and the third part about subjective mental health, assessed by the validated Italian
version of the Warwick-Edinburgh Mental Well-Being Scale (WEMWBS) [33]. The Italian
version of the WEMWBS is a self-reported questionnaire using a 12-item Likert scale of 1
(not at all) to 5 (as always) to measure the positive attitude to life over the past two weeks.
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The reliability of the Italian version was valued by Gremigni and Stewart-Brown (2011) on
two groups: the Cronbach alpha value was 0.86 for group 1 (n = 345) and 0.83 for group 2
(n =52) [33]. Compared with the original English version, question No. 4 and No. 12 were
excluded due to weak item—total correlations and a negative impact on the overall factor
structure [34], so the total scores of the 12 items ranged from 12 to 60, with a higher score
representing a more positive mental health result.

2.3. Data Analysis

We used Stata for Windows, version 19 (Stata Corp LLC, College Station, TX, USA),
to perform all the data analysis. Descriptive statistics were developed to summarise
WEMWBS scores across the group, sex, and assessment phase by reporting means and
standard deviations (SD). Aside from the total scores, item-level means were also exam-
ined to explore the response distribution and variability across different dimensions of
mental health.

The two-way repeated measures ANOVA analysis was conducted to examine the
effects of supervised PA on mental health in order to further investigate the effects of the
intervention on mental health, including the main effect of time (assessment phase), the
main effect of group, and the interaction effect between group and time. The analysis
included two independent factors: group (control and intervention, between-subject factor)
and assessment phase (pre vs. post, within-subjects factor). The main effect of time exam-
ined whether the WEMWABS scores changed between assessments across all participants.
The main effect of group evaluated overall differences between control and intervention
groups. Notably, the interaction effect (group x time) was also determined to understand
whether the intervention group showed a different pattern of change compared to controls,
indicating any potential effectiveness of the supervised PA intervention. The longitudi-
nal plots were used to visualise the interaction between group and time, demonstrating
estimated means of total score and each item over time with 95% confidence intervals.
For interpretation, partial eta squared values of 0.01, 0.06 were considered to represent
small, moderate, and large effects, respectively (5> < 0.01 considered small, 0.01 < 1% < 0.06
moderate, and 72 > 0.06 large) [35].

3. Results

A total of 340 participants were included in this study, with 258 participants in the
intervention group and 82 participants in the control group. Regarding the age distribution,
the mean age in the intervention group was 58.01 years old (SD = 5.690), ranging from 45.09
to 65.87 years old. In the control group, the mean age was 56.36 years old (SD = 5.370), with
a range of 45.13 to 65.08 years old.

3.1. Descriptive Analysis

Table 1 presents the descriptive statistics for the WEMWBS scores, categorised by
group (control and intervention), sex (female and male), and assessment phase (pre
and post). In the control group, the mean total score of the female participants was
41.68 & 6.68 in the pre-assessment and 43.44 & 6.65 in the post-assessment. The item-level
means ranged from 3.00 to 4.00 in the pre-assessment and from 2.96 to 4.20 in the second.
The highest mean score was observed in Q11 (decisiveness), with scores of 4.00 + 0.65
(pre) and 4.20 & 0.58 (post). The lowest mean score was found in Q3 (relaxed) during
the pre-assessment (3.08 & 0.64) and Q5 (energetic) in the post (3.32 £ 0.95). The highest
variability, as indicated by the standard deviation, was observed for Q5 (energetic) in the
pre-assessment (SD = 1.16) and Q13 (explorative) in the post (SD = 0.99). Male participants
in the control group showed a higher mean total score of 43.06 & 4.99 in the pre-assessment
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and 45.75 &+ 5.27 in the post. The item means ranged from 3.06 to 4.06 in the pre and from
3.44 to 4.19 in the post-assessment. Similarly to female participants, Q11 (decisiveness)
had the highest mean scores in both assessments (4.06 &= 0.57 and 4.19 + 0.54), while Q3
(relaxed) exhibited the lowest mean scores (3.06 &+ 0.77 and 3.44 & 0.51). The greatest vari-
ability was found in Q5 (energetic) in the pre-assessment (SD = 1.11) and Q13 (explorative)
in the post (SD = 0.98).

Table 1. Descriptive statistics of WEMWBS scores by group, sex, and assessment phase.

Control Group Intervention Group
WE MWFS Female Male Female Male
Dimensions
Pre Post Pre Post Pre Post Pre Post

Q1. Optimistic 3.20 £0.82 3.56 £ 0.92 3.50 +£0.73 3.75 £ 0.58 3.61 £0.96 3.67 £0.79 3.77 £1.03 3.82 £ 0.81
Q2. Useful 3.68 +£0.85 3.84 +£0.69 3.50 + 0.82 4.00 £0.63 3.72+£0.79 3.74 £ 0.74 3.82 +0.95 3.71 £ 0.69
Q3. Relaxed 3.08 £0.64 296 +£0.84 3.06 £ 0.77 344 £0.51 3.52 +£0.98 3.78 £0.80 3.77 £0.90 3.77 £ 0.66
Q5. Energetic 3.00 £ 1.16 3.32£0.95 3.19 £ 1.11 3.50 +0.82 3.13 £1.09 3.29 £ 0.95 347 +£0.72 3.53 £ 0.51
Q6. Capable 3.52+£0.77 3.68 £ 0.63 3.81 £ 0.66 3.81 £0.83 3.69 £0.83 3.61 £0.72 3.77 £ 0.66 3.77 £ 0.56
Q7. Clear-minded 3.72 £0.68 3.72 £0.61 3.94 +0.57 4.00 £0.63 3.88 £0.76 3.79 £ 0.66 3.82+0.73 3.77 £ 0.44
Q8. Self-satisfied 344 +£092 3.56 £ 0.82 3.69 £ 0.70 3.63 £0.81 3.81 £1.01 3.88 £0.87 3.77 £0.90 3.71 £0.59
Q9. Connected 3.92 £091 3.96 £0.79 3.81 £ 0.54 3.88 £ 0.62 3.81 £0.77 3.66 £+ 0.67 3.82 +0.81 3.77 £ 0.66
Q10. Confident 3.20 £ 0.91 3.36 £ 0.81 3.63 £+ 0.62 3.88 +£0.62 349 +1.01 3.54 +0.88 3.59 + 0.80 3.71 £0.59
Q11. Decisive 4.00 £ 0.65 420 £0.58 4.06 £ 0.57 419 £0.54 3.99 £0.78 410 £ 0.85 394 +0.75 412 +£0.78
Q13. Explorative 348 +£1.01 3.68 +£0.99 3.38 +£1.03 3.81 £0.98 3.70 £0.87 3.77 £ 0.84 3.65 + 0.79 3.71+£0.77
Q14. Cheerful 344 £0.58 3.60 £0.71 3.50 £ 0.73 3.88 £ 0.50 3.80 £0.78 3.86 £0.72 3.77 £0.75 3.71 £0.59
Tot Score 41.68 +6.68 4344 +6.65 43.06 £499 4575+527 4413+793 4467 +6.82 4494 +7.15 45.06 +6.10

Note. Values are presented as mean = standard deviation (SD) for each item and total score.

In the intervention group, females exhibited total scores of 44.13 + 7.93 (pre) and
44.67 £ 6.82 (post), respectively, with individual item means ranging from 3.13 to 3.99 in
the pre-assessment and 3.29 to 4.10 in the post-assessment. Q11 (decisiveness) consistently
showed the highest scores in both assessments (3.99 £ 0.78 and 4.10 =+ 0.85), while Q5
(energetic) showed the lowest (3.13 &+ 1.09 and 3.29 + 0.95). The highest variability was
observed in Q5 (energetic) in the pre-assessment (SD = 1.09) and Q10 (confident) in the
post (SD = 0.88). Males in the intervention group had a mean total score of 44.94 + 7.15
in the pre-assessment and 45.06 & 6.10 in the post, with item means ranging from 3.47 to
3.94 in the pre and 3.53 to 4.12 in the post-assessment. Consistent with other subgroups,
Q11 (decisiveness) had the highest mean scores (3.94 £ 0.75 and 4.12 & 0.78), while Q5
(energetic) reported the lowest scores (3.47 &+ 0.72 and 3.53 £ 0.51). The highest variability
was observed in Q3 (relaxed) and Q8 (self-satisfied) in the first assessment (both SD = 0.90)
and Q11 (decisiveness) in the second (SD = 0.78).

Across all groups and assessments, Q11 (decisiveness) consistently had the highest
mean scores, ranging from 3.94 to 4.20, while Q5 (energetic) had the lowest scores, ranging
from 3.00 to 3.53. Standard deviations varied between 0.44 and 1.16, reflecting differences
in item-level response variability. Total scores ranged from 41.68 & 6.68 to 45.75 £ 5.27,
with intervention group participants generally tending to score higher than those in the
control group.

3.2. Two-Way Repeated Measures ANOVA Analysis

Two-way repeated measures ANOVA were employed to examine the effects of group
(intervention vs. control) and time (pre- and post-assessment) on mental health (subscales
and total score of the WEMWBS).

3.2.1. Main Effect of Group

The statistical analysis revealed mixed findings regarding the impact of the interven-
tion. Most variables showed no significant group effects except Q3 (relaxed: F = 22.70,
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p <0.001, #% = 0.120) and Q9 (connected: F = 4.50, p = 0.034, %> = 0.027) (Table 2). The visu-
alisation analysis of Q3 demonstrated that participants in the intervention group reported
a higher relaxation score compared to the control group (Figure 1a,b). However, the result
of Q9 (Connected) showed a different pattern. The intervention group reported higher
scores in the pre-assessment, but the scores decreased in the post. Instead, the control group
maintained relatively stable scores. The unexpected trend challenges the initial hypothesis

about the intervention’s impact on social connectedness.

Table 2. Repeated measures ANOVA results for WEMWBS scores.

Main Effect (Group) Main Effect (Time) Main Effect (Sex) Interaction (Group x Time)

WEMWBS F Effect Size F Effect Size F Effect Size F Effect Size

Dimensions r (Partial #?) P (Partial #?) P (Partial #?) P (Partial #?)
Q1. Optimistic ~ 2.96 0.087 0.017 513 0.025* 0.030 0.57  0.450 0.003 232 0.129 0.014
Q2. Useful 0.02 0.898 <0.001 405 0.046* 0.024 0.76  0.385 0.005 405 0.046* 0.024
Q3. Relaxed 22.7  <0.001 *** 0.120 259  0.110 0.015 047  0.495 0.003 0.67 0414 0.004
Q5. Energetic 0.23 0.631 0.001 811 0.005** 0.046 1.62  0.205 0.010 191  0.169 0.011
Q6. Capable 0.03 0.860 <0.001 0.03  0.858 <0.001 0.67 0415 0.004 116  0.283 0.007
Q7. . 0.07 0.787 <0.001 019  0.662 0.001 0.83 0.363 0.005 0.62 0431 0.004
Clear-minded
Qs - 3.52 0.062 0.021 039 0531 0.002 0.00  1.000 <0.001 0.00 0973 <0.001
Self-satisfied
Q9. Connected  4.50 0.036 * 0.027 018  0.669 0.001 0.78 0378 0.005 219  0.141 0.013
Q10. Confident  0.92 0.340 0.005 237 0125 0.014 0.61 0.435 0.004 076  0.386 0.004
Q11. Decisive 0.32 0.570 0.002 356  0.061 0.021 0.00  1.000 <0.001 013 0721 0.001
Qls. . 0.98 0.324 0.006 3.88  0.050 0.023 047 0492 0.003 147 0227 0.009
Explorative
Q14. Cheerful 3.48 0.064 0.021 650 0.012* 0.037 0.89 0.348 0.005 348  0.064 0.020
Tot Score 1.38 0.243 0.008 6.82  0.010** 0.039 0.89 0.346 0.005 332 0.070 0.019

Note. Statistical significance is indicated as follows: p < 0.05: *, p < 0.01: **, and p < 0.001: ***; values with
p > 0.05 are considered not statistically significant; partial 72 represents effect size, with 7% < 0.01 considered

small, 0.01 < 172 < 0.06 moderate, and 172 > 0.06 large.
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Figure 1. (a) Total WEMWBS score over time. (b) WEMWBS dimension scores over time.

3.2.2. Main Effect of Time

The statistical analysis indicated significant time effects across several mental health
dimensions, including total score (F = 6.82, p = 0.010, 172 =0.039), Q1 (optimistic: F = 5.13,
p =0.025, 172 = 0.030), Q2 (useful: F =4.05, p = 0.046, 172 = 0.024), Q5 (energetic: F = 8.11,
p = 0.005, 4% = 0.046), and Q14 (cheerful: F = 6.50, p = 0.012, > = 0.038) (Table 2). The
visualisation analysis showed a detailed pattern of different dimensions (Figure 1a,b). The
control group exhibited increased means between the two assessments in dimensions
such as total score, Q1 (optimistic), Q5 (energetic), and Q14 (cheerful). Surprisingly, the
intervention group showed relatively stable scores over time. In Q7 (connected) and Q9
(clear-minded), the scores even showed the tendency to decrease, suggesting that the
mental health may be influenced by external factors such as seasonal variations, rather than
being affected by the PA intervention.

On the contrary, several dimensions did not show significant time effects. For example,
Q3 (relaxed: F =2.59, p =0.110, 172 =0.015), Q10 (confident: F =2.37, p = 0.125, 172 =0.014),
and Q13 (explorative: F = 3.88, p = 0.050, 7> = 0.023) reported relatively stable scores across
both groups. Despite the intervention group having higher scores in pre-assessment in some
of these dimensions, the lack of significant time effects suggests that the PA intervention’s
impact may be more complex than the initial hypothesis.

3.2.3. Main Effect of Sex

The influence of sex on mental health showed no significant main effects across any of
the WEMWBS subscales or the Total Score (p > 0.05). The effect sizes measured by partial
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eta squared were consistently small (172 < 0.01), indicating that there were no significant
differences between males and females (Table 2).

3.2.4. Interaction Effect Between Group and Time

The analysis of the interaction effect between group and time showed a statisti-
cally significant result for Q2 (useful: F = 4.05, p = 0.046, > = 0.024), while total score
(F =3.32,p=0.070, %> = 0.020) and Q14 (cheerful) (F = 3.48, p = 0.064, > = 0.020) approached
statistical significance (Table 2). The visualisation analysis also revealed interaction patterns
(Figure 1a,b). For the total score, the control group showed a marked increase after the
post-assessment, while the intervention group showed minor change. Similarly, Q2 (useful)
and Q14 (cheerful) also showed significant improvement in the control group, while the
scores of the intervention group remained stable, further supporting the potential role of
environmental factors during the study period. Hence, the PA intervention did not provide
additional mental health benefits for usefulness and cheerfulness in the intervention group,
possibly due to higher baseline levels or ceiling effects.

4. Discussion

This study examined whether the supervised PA intervention carried out in urban
green spaces could improve mental health, as measured by the WEMWBS. Contrary to the
original hypothesis, the control group unexpectedly showed greater improvements over
time than the intervention group on several dimensions, indicating that the intervention did
not provide significant improvements to mental health. However, the prevailing studies
have reported the positive mental health effects of PA interventions conducted in green
spaces [36]. For example, Rogerson et al. (2020) reported the significant contribution of
medium-term green exercise interventions to participants” well-being, with particularly
strong effects among those with low baseline well-being [37]. Similarly, Zuo et al. (2024)
found that urban green space contributes to improved mental health in older adults,
through mediating pathways involving PA and perceived social inequality. [38]. Therefore,
our counterintuitive results challenge general assumptions about PA interventions on
mental health and suggest that multiple interacting factors aside from the intervention, such
as seasonal variations, baseline effects, ceiling effects, instrument sensitivity, or intervention
duration, may have contributed to the results. In the following paragraphs, we explore the
possible explanations of the unusual findings in greater detail.

4.1. Potential Influence of Seasonal Variations

A rational explanation of the results is the influence of seasonal variations. The PA
intervention was conducted from May to October 2023. During this period, there were
changes in weather, temperature, and other environmental conditions which may have af-
fected participants’ perception, behaviours, and mental health status [39]. Previous studies
have indicated seasonal influence on mental health. For example, the high temperatures in
summer are associated with increased mental health problems including depression, stress,
anxiety, and suicide rate [40—43]. Notably, Garriga et al. (2021) found that PA engagement
typically increases during summer, particularly among more active populations [44]. This
suggests that seasonal temperature or humidity variations may have naturally affected the
PA patterns of the participants, especially for the control group, potentially diminishing the
observable effect of the supervised intervention. Therefore, considering seasonal variation
may be essential for nature-based PA programmes aiming to improve mental health, as it
can affect both participation patterns and psychological outcomes.
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4.2. Baseline Effect and Ceiling Effect

Another potential explanation for the lack of significant intervention effects is the
presence of baseline and ceiling effects in the intervention group. When participants
begin with relatively high levels of mental health at pre-assessment, the potential for
further improvement can be limited, both statistically and psychologically. This reflects the
baseline effect, where dimensions with lower pre-assessment scores tended to show greater
improvements [45]. In our sample, several dimensions with relatively high pre-assessment
scores in the intervention group might limit the extent of measurable improvements.
Specifically, the Q3 scores (relaxed) of the intervention group were already initially higher
than the control group, with unobvious changes in the post-assessment. For Q1 (optimistic),
Q5 (energetic), and Q14 (cheerful), the variables showed significant main effects of time,
but the intervention group also showed little change. Meanwhile, a few other dimensions
such as Q10 (confident), Q11 (decisive), Q14 (cheerful), and especially Q11 (decisive) had
mean scores approaching the maximum score of 5 on the scale. This pattern suggests a
potential ceiling effect, where the 5-point Likert scale may lack the sensitivity to capture
further improvements once scores approach the upper limit. As a result, even if participants
experienced greater psychological benefits, these changes may not have been captured in
the measurement [46].

4.3. Sensitivity of the WEMWBS

In addition, the findings also raise the question of the sensitivity of the WEMWABS in
capturing mental health improvements induced by supervised PA interventions. In our
previous longitudinal studies of the “Moving Park” project, simpler Likert scales reported
significant effects of PA on well-being [47,48]. Therefore, the WEMWBS may have relatively
low sensitivity to the effects of PA on mental health. Similar results in sensitivity have also
been observed in other existing studies. For example, Bell et al. (2019) found no association
between PA and mental health when measured by WEMWBS, but did report significant
associations with emotional symptoms using a Strengths and Difficulties Questionnaire
(SDQ), highlighting that the WEMWBS may underestimate specific psychological changes
related to PA interventions. [49]. A possible explanation for this limitation is the design
of the scale, as WEMWBS measures subjective general mental well-being over two weeks
rather than the stress reduction and mood diversion induced by PA [50,51]. Considering
that overall well-being is affected by various domains, including social interactions, en-
vironmental factors, and life events, the impact of PA may be diluted within this more
comprehensive framework [52-54]. In future studies, alternative psychological assessment
scales which focus on mood fluctuations, stress reduction, or cognitive function should
be used to improve the sensitivity. Additionally, portable assessment devices are also a
reasonable approach [55,56].

4.4. Duration and Dosage of the PA Intervention

The limited duration and dosage of the PA intervention may have also caused the
unexpected results. Existing research has shown that the psychological benefits of PA
require long-term engagement, and it is possible that the few months of intervention in
this study were not enough to provide substantial and lasting improvements in mental
health [57,58]. Evidence suggests that the psychological benefits of physical activity often
require sustained engagement over several months or longer, particularly when aiming
to influence general well-being rather than immediate mood states [59-61]. Meanwhile,
one of our cross-sectional studies of the “Moving Parks” project revealed a dose-response
relationship between the duration and intensity of PA and the MWBS score [62], which also
highlights the critical role of PA dosage. Future research should consider extending the



Urban Sci. 2025, 9, 192

10 of 18

PA intervention duration and monitoring participants over a longer follow-up period to
determine whether long-term engagement in supervised PA provides better mental health
effects. At the same time, the intensity of the PA should also be taken into the consideration
as a parameter.

4.5. Limitations

This study has several limitations. Firstly, the intervention and control groups differed
in terms of sample size and certain baseline characteristics. Although this reflects the
constraints of the participant recruitment, this difference may have affected the statistical
power and introduced bias. Future experiments should improve the matching of participant
characteristics between groups. Secondly, the study did not collect detailed information
on participants” PA patterns beyond project attendance, particularly in the control group.
This limits the ability to isolate the effects of the supervised PA from general lifestyle
factors. Meanwhile, due to practical limitations, details about participants” attendance and
engagement with specific PA types were not collected. This limited our ability to analyse
dose-response relationships. Future studies should consider monitoring attendance to
better understand how participation level influences outcomes. Thirdly, although seasonal
variation was discussed as a possible influencing factor, the study design did not control for
environmental variables such as temperature or daylight hours. However, these factors are
inherent to green space settings and are a part of the ecological context of the intervention.
Rather than viewing them only as confounding variables, they reflect the complexity and
value of natural green spaces outside of laboratory conditions. Nevertheless, future research
may consider seasonal adjustments or conduct interventions across different months to
better understand its potential influence. Fourth, although the WEMWBS is a widely used
assessment tool, it may not be the most sensitive instrument for detecting short-term or
activity-specific psychological benefits. Future studies could consider alternative measures,
such as portable devices, for more objective results. Lastly, the relatively short intervention
duration or the low intensity of the PA may not have been sufficient to produce measurable
improvements in mental health. Future studies should consider extending the intervention
period and incorporating follow-up assessments to capture longer-term effects.

5. Conclusions

This study examined the effects of supervised PA in green spaces on the mental health
of middle-aged adults (45-65 years) through a quasi-experimental longitudinal study.
Contrary to expectations, the intervention group did not show significant improvements
compared to the control group. Several factors may have contributed to these findings,
including seasonal variation, high baseline well-being, and potential ceiling effects.

Moreover, the potential limitations of the WEMWABS in capturing the short-term
psychological effects of PA indicate the need for more sensitive assessment tools.

Considering that the WEMWBS primarily measures general well-being over a two-
week period rather than short-term emotional fluctuations or stress reduction, future studies
should explore alternative assessment tools to better capture both the short-term and long-
term mental health benefits of PA interventions. Additionally, extending intervention
durations and considering the complexities of real-world settings may improve the validity
and effectiveness of the project. Despite the null results, this study contributes to the
growing body of literature on nature-based mental health interventions and highlights the
importance of methodological improvement in their evaluation.
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Figure A1. Map of Bologna, with the parks included in the project.
Appendix A.2

e  Parco dei Cedri (District Savena)
Covering approximately 11 hectares, this park is one of Bologna’s main green areas,
located in the Savena district along the Savena River and inaugurated between the
1970s and 1980s. The park boasts a rich variety of plant species such as cedars, pines,
and firs, and includes visitor amenities such as a children’s playground, benches, and
water fountains.
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Parco Vittime della Uno bianca (District Savena)

This park is a significant memorial park, located in Bologna, with a solemn monument
dedicated to the 24 victims who tragically lost their lives due to the criminal activities
of the “Banda della Uno Bianca” between 1987 and 1994. Beyond its role as a memorial,
the park functions as a community space for public events and activities.

Parco della Montagnola (District Santo Stefano)

Covering an area of 6 hectares, this park is the oldest public park in the city, inaugu-
rated in 1662. Over the centuries, the park has undergone various transformations,
including the adoption of a French-style garden design in the 19th century. Today, the
park features wide avenues, a central fountain, and a monumental staircase that offers
a panoramic view of the city.

Parco Lunetta Gamberini (District Santo Stefano)

Covering approximately 14.5 hectares, the Giardino Lunetta Gamberini is a large
public park that hosts several facilities for all ages, including four school complexes,
a sports centre, and children’s playgrounds. The park is surrounded by a dense
mixed hedge made up of Judas trees, forsythia, blood plums, spiny brooms, and other
ornamental shrubs, which shield it from surrounding traffic noise. Easily accessible,
this green area is a reference point for both residents and visitors for relaxing, sports,
and socialising.

Parco San Donnino (District San Donato-San Vitale)

Inaugurated in 2013, the Parco San Donnino is a large green space created through
collaboration between residents, associations, and institutions to provide a place for
gathering and well-being. With its 14.5 hectares, the park offers expansive green
spaces for outdoor activities, including an outdoor gym dedicated to callisthenics and
street workout.

Giardino Parker Lennon (District San Donato-San Vitale)

Covering approximately 4.8 hectares, the Giardino Parker Lennon, known also as
the Giardino Charlie Parker—John Lennon, offers green spaces, sport facilities, and
cultural activities for residents and visitors. In recent years, the park has undergone
revitalization efforts thanks to collaboration between citizens, associations, and local in-
stitutions. Improvements have been made to lighting, security, and park maintenance,
with the goal of making the space more liveable and welcoming to the community.

Parco di Villa Angeletti (District Navile)

Situated along the right bank of the Navile Canal, this 8.5-hectare park features wide
open meadows, wooded areas with native broadleaf trees, and a tinwork of cycling
paths. The park preserves the natural morphology of the area, with fruit trees and
native vegetation along the canal.

Parco dei Giardini (District Navile)

Covering approximately 9 hectares, this park is a large green space located bewteen
Via dell’Arcoveggio and Via dei Giardini, near the historic centre of Corticella. Created
in 1990s, the park is an important green lung for the city with many trees, a central
pond, children’s play areas and fitness trails.

Parco 11 Settembre 2001 (District Porto—Saragozza)

Located in the heart of Bologna, this park covers an area of about 2 hectares, offering
children’s play area and dogs area. The park is a peaceful and social green space, ideal
for families, students and anyone looking to enjoy a moment of relaxation outdoors.

Giardino Giacomo Bulgarelli (District Porto—Saragozza)
Covering approximately an area of 3.3 hectares, this urban park is inaugurated in 2015
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and named in honour of the legendary captain of Bologna F.C. The park provides wide
grassy spaces with a variety of vegetation and sports areas for outdoor activities.

Parco Nicholas Green (District Borgo Panigale—Reno)

With its 8 hectares, the Parco Nicholas Green is a recreational park equipped with
various sports facilities, including a basketball court, a skating ring, a football field,
and a bocce court. Furthermore, multiple playgrounds are available, making it an
ideal spot for families with children. For relaxing and social gatherings, the park offers
benches and fountains.

Parco dei Pini (District Borgo Panigale—Reno)

Covering approximately 4 hectares, the park is located on an area that originally
belonged to the municipal aqueduct. The park is characterised by a dense and constant
tree cover: the name of the park comes from the large number of domestic and
maritime pine trees. Furthermore, this green area offers playgrounds for children,
benches, drinking fountains, and tree-lined paths.
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Appendix B

Table Al. Overview of physical activities offered in 12 parks included in the project.

Parks and Activities

Parco
Nicholas
Green

Parco di
Villa
Angeletti

Parco Della
Montagnola

Parco San
Donnino

Parco dei
Cedri

Giardino
Lunetta
Gamberini

Parco Vittime
Della Uno
Bianca

Giardino
Parker
Lennon

Parco dei
Giardini

Giardino
Giacomo
Bulgarelli

Parco 11
Settembre
2001

Parco dei
Pini

Aikido

Aerial Silks
Argentine Tango
Badminton

Belly Dancing

Body Weight Training
Body-Mind Energy
Balance

Capoeira
Contemporary Dance
Contemporary Dance
Kids

Creative and
Movement
Workshops

Cxworx

Dance

Feldenkrais
Functional Training
Gentle Gymnastics
Gymnastics
Gyrokinesis
Handstand Training
Judo Games

Juggling

Karate

Kinesis

Krav Maga

Kung Fu
Low-Intensity
Movement
Meditation

Morning Stretching
Multisport Activities
Muscle Strengthening
Nordic Walking
Orienteering

Pilates

Popular Fitness

v

v

[ N

B WK SR WA N W
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[

v
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Table Al. Cont.

Parks and Activities

Parco
Nicholas
Green

Parco di
Villa
Angeletti

Parco Della
Montagnola

Parco San
Donnino

Parco dei
Cedri

Giardino
Lunetta
Gamberini

Parco Vittime
Della Uno
Bianca

Giardino
Parker
Lennon

Parco dei
Giardini

Giardino
Giacomo
Bulgarelli

Parco 11
Settembre
2001

Parco dei
Pini

Postural Gymnastics
Pre-boxing Training
Power Hit

Qi Gong

Rugby

Run Game

Self Defence
Stretching

Tabata

Tai Chi

Tone Up

Total Body

Ultimate Frisbee
Walking

Walking and English
talking

Wing Tsun

Yoga

v

AU N N TR

[

AN

I |

v

v

[

A ]

v

A

v
v

Note. “¢/” means offered;

“_n

means not offered.
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