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Abstract: Multidisciplinary collaboration is key to strengthening the evidence base for multifaceted ill-
ness prevention interventions. We bring together health economics and behavioral science to explore
the well-being benefits and social cost-benefit of volunteer gardening at an accredited botanic garden,
Wales, UK. A health economics-informed social return on investment (SROI) evaluation was combined
with the assessment of volunteers’ basic psychological needs (autonomy, competence, and related-
ness), connection to nature, and their interrelatedness in this innovative nature-based intervention
study. Pre- and post-volunteering outcome data were collected using the Short Warwick-Edinburgh
Mental Well-being Scale (SWEMWBS), the ICEpop CAPability measure for Adults ICECAP-A), the
12-item diary version of the Basic Psychological Need Satisfaction and Frustration Scale (BPNSNF),
the Nature Connection Index (NCI), and a bespoke Client Service Receipt Inventory (CSRI). Results
indicate that volunteer gardening can provide well-being benefits to participants and cost savings
to the NHS. The well-being benefits observed were estimated to generate social value in the range
of GBP 4.02 to GBP 5.43 for every GBP 1 invested. This study contributes to the evidence base that
simple nature-based interventions such as volunteer gardening could offer low-cost supportive envi-
ronments that deliver significant well-being benefits and associated social value to local communities,
including a reduced burden on overstretched local healthcare services.

Keywords: health economics; behavioral science; social value; social cost-benefit; illness prevention;
well-being; mental health; psychological well-being; gardening; volunteering

1. Introduction

Prevention interventions to address complex societal challenges, such as the current
mental health crisis [1-3], are often multifaceted and can yield a diversity of benefits [4].
Nature-based interventions (NBIs) that provide access to non-clinical activities in natural
settings [5], for example, tend to involve multiple components, require co-production with
participants, and can deliver a wide range of health, well-being, and social outcomes [6,7].

NBIs such as woodland therapy, therapeutic horticulture, and ecotherapy can improve
feelings of life satisfaction and happiness and could result in health system cost savings
of GBP 800 to GBP 1500 per person over one year [8]. NBIs involving regular gardening
have been found to reduce perceived stress, anxiety, and depression and promote mental
well-being [9-13], with those who garden daily found to have a 6.6% higher well-being
and 4.2% lower stress levels compared to non-gardeners [14]. Community gardens which
provide access to green space and bring members of the local community together have
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been found to have a wide range of positive well-being and social impacts, such as im-
proving physical and mental health, neighbourhood safety, social cohesion, and a sense of
belonging [15-17]. It is estimated that GBP 2.1 billion per year could be saved in healthcare
costs if residents in England had good access to green space [17,18].

Volunteering has also been found to positively impact well-being, particularly for older
adults, through the social interaction and sense of purpose it provides [19-23]. The National
Council for Voluntary Organisations, for example, reported that 77% of volunteers reported
improved mental well-being and 53% experienced improved physical health, and that
volunteering helped people form new friendships and combat feelings of isolation [24]. In
a longitudinal study of adults aged 50 and over in the United States, Kim et al. (2020) found
that those who volunteered for more than 100 h per year had a lower risk of mortality and
physical limitations and higher levels of physical activity and better psychosocial outcomes
than those who did not volunteer [25].

In terms of the potential mechanisms driving the well-being benefits of NBIs and
volunteering, immersion in purposeful practical work has been seen to help people expe-
rience a sense of flow and meaning and disconnect from concerns and worries [21,26,27].
Learning new skills can help build self-confidence and self-worth [26], and volunteering
can enable the satisfaction of core psychological needs such as competence, autonomy;,
and relatedness [28], particularly with respect to autonomous forms of regulation and
motivation [29]. There is a growing body of work exploring the health and well-being
benefits of contact and proactive interaction with nature [6,7,26,30,31]. Some studies have
indicated that simply walking in nature can facilitate attentional rest and help reduce
negative rumination, supporting mental health [32,33].

Supporting the effective and cost-effective real-world implementation of complex
illness-preventation interventions such as NBlIs requires a broad multidisciplinary approach
that considers all impacts and the mechanisms through which they are realised, and
generates appropriate cost-benefit evidence [4]. Here, we apply health economics, a
mixed-method SROI evaluation, and an exploration of psychological need fulfilment in a
collaborative and innovative study to explore the well-being benefits and associated social
value of volunteer gardening at Treborth Botanic Garden (TBG), an accredited botanic
garden in Wales, UK.

2. Materials and Methods
2.1. Study Setting

Under the ownership of Bangor University since 1960, TBG comprises 15 hectares
of native woodland, 2 hectares of rich, species-diverse grassland, and 1 hectare of man-
aged orchard. TBG is also home to six glasshouses, each with regulated temperatures to
accommodate special collections of exotic flora, such as orchids and cacti. The garden is
recognised as an accredited botanic garden by Botanic Garden Conservation International
(BGCI), making it one of seven accredited botanic gardens in the UK and one of only
three accredited botanic gardens in Wales.

TBG is committed to fostering community engagement, running a local volunteer
programme and hosting a diverse array of events and workshops for the public. The
gardens are free and open to the public throughout the year and the glasshouses can
be accessed during specific times when staff or volunteers are available. TBG attracts
approximately 35,000 visitors each year.

The maintenance and development of TBG is managed by a team of three members
of Bangor University staff supported by local volunteers via the TBG staff-run volunteer
programme. Volunteers include members of Friends of Treborth Botanic Garden (FoTBG),
a charitable organisation, and the Students for Treborth Action Group (STAG). Volun-
teers assist with a variety of tasks, including the maintenance of the gardens, woodland,
and glasshouses, non-horticultural maintenance, event support (e.g., plant sales), and
representing TBG at external events.
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2.2. Study Design

This study was based on a natural experiment (NE) study design [34] and health
economic-informed SROI evaluation methodology. Due to the opportunistic and real-
world scenario nature of the study, there was no control group available and blinding
amongst researchers and participants was difficult. The study received ethics approval
from the Bangor University Medical and Health Sciences Academic Ethics Committee
(reference number: 2021-17011; 15 November 2021).

2.3. Participants

All volunteers at TBG (approx. 96 volunteers in 2021/2022) were invited to take
part in the study in November/December 2021, including existing volunteers who had
started volunteering before November 2021 and new Bangor University staff and student
volunteers who started volunteering in the first term of the academic year 2021/2022. All
TBG volunteers received a participant information sheet (PIS) that introduced the study
and provided key information about participation, along with an informed consent form.
The TBG Curator and Student Volunteer Coordinator informed volunteers of the study
and made hardcopy versions of the PIS and consent form available to volunteers attending
the garden in November/December 2021. Electronic versions of the PIS and consent form
were also circulated to all volunteers at the start of the study via the volunteer programme
mailing list, managed by the TBG Curator.

Volunteers were eligible for participating in the study if they met the following criteria:

Were aged over 18 years;
Had the capacity to give informed consent to take part in the evaluation;
Were able to speak, read, and write in English or Welsh.

2.4. Data Collection

Data collection took place between November 2021 and April 2022. Pre-volunteering
(before starting to volunteer at TBG) and post-volunteering ( “follow-up” (April 2022 out-
come data were collected from study participants using questionnaires containing the
following validated measures: the Short Warwick-Edinburgh Mental Well-being Scale
(SWEMWBS), the ICEpop CAPability measure for Adults (ICECAP-A), the 12-item diary
version of the Basic Psychological Need Satisfaction and Frustration Scale (BPNSNF), the
Nature Connection Index (NCI), and a bespoke Client Service Receipt Inventory (CSRI).
Further information about each outcome measure is provided in Section 2.6.3 and 2.7 below.
New staff and student volunteers completed outcome questionnaires at the study baseline
(November 2021) and the six-month follow-up (April 2022). Existing volunteers completed
a ‘one-time” questionnaire in April 2022 that included retrospective baseline and current
day follow-up versions of each validated measure. On average, the questionnaires took
participants approximately ten minutes to complete.

2.5. Social Return on Investment (SROI) Methodology

The National Institute for Health and Care Excellence (NICE) and HM Treasury’s
Green Book recommend the use of CBA and social CBA for evaluating the cost-effectiveness
of complex public health and well-being interventions. The SROI is a pragmatic form of
social cost-benefit analysis (CBA) that can explore the economic, environmental, and social
costs and benefits of an organisation’s activities from the perspective of the people and
organisations that benefit from them [35,36].

The SROI considers the costs and outcomes of an activity or intervention that are
relevant and significant to stakeholders and assigns a market or financial proxy value to
these. Well-being-related outcomes can be monetised using a well-being valuation, which
provides a consistent and robust method for estimating the monetary value of outcomes that
do not have market values. Recommended in the HM Treasury Green Book, a well-being
valuation uses thousands of large UK national surveys to isolate specific variables and to
determine the effect of those variables on a person’s well-being [33]. A well-being valuation
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establishes the equivalent amount of income needed to increase a person’s well-being by
the same amount.

A well-being valuation can be applied using two social value calculators developed
by the Housing Associations” Charitable Trust (HACT), a UK charity of the social housing
sector www.hact.org.uk (accessed on 5 October 2021). These include the HACT Social Value
Calculator (SVC) derived from the HACT Social Value Bank (SVB), and the HACT Mental
Health Social Value Calculator (MHSVC) that estimates the health-related social value
from reported changes in Short Warwick-Edinburgh Mental Well-being Scale (SWEMWBS)
scores [37]. Both calculators value similar elements of health and well-being and are
therefore used separately to avoid double-counting. In this study, we applied a well-being
valuation using both the SVC and MHSVC to generate a range of SROI ratios, serving as a
form of embedded sensitivity analysis and helping to verify the results. These SROI ratios
compare the costs of supporting volunteer gardening at TBG with the monetised benefits
experienced by volunteers and other key stakeholders using the below formula:

Social value of stakeholder outcomes

ROI ratio =
SROI ratio Cost of faciliting volunteering at TBG

2.6. Stages of SROI Analysis

The main stages of SROI analysis include identifying stakeholders, developing a logic
model to identify key stakeholder outcomes, evidencing outcomes, valuing outcomes,
calculating costs, and estimating the SROI ratio.

2.6.1. Identifying Stakeholders

Stakeholder identification and involvement is essential to the effective design and
conduct of SROI evaluations [35]. The main stakeholders identified in this SROI evaluation
are listed below (Table 1).

Table 1. Main stakeholders of the Treborth Botanic Garden (TBG).

Main Stakeholders Included Reason for Inclusion

Bangor University staff are responsible for
running TBG and its volunteer programme.
Well-being benefits to TBG volunteers are the
primary focus of this study.
NHS Wales may benefit if the positive
NHS Wales Outcomes included changes experienced by Treborth volunteers
reduce mental health service use.

Bangor University Inputs included

TBG volunteers Outcomes included

There were approximately 96 volunteers registered with the TBG volunteer pro-
gramme in 2021/2022. These volunteers were divided into three groups:

1.  Existing volunteers: This group included approximately 70 locally employed and
retired people (approximately 73% of the total TBG volunteer population).

2. Bangor University student volunteers: This group included approximately 20 students
(approximately 21% of the total TBG volunteer population) who attended a monthly
work party.

3. Bangor University staff volunteers: This group included approximately 6 members of
university staff (approximately 6% of the total TBG volunteer population) that spent
half a day per month at TBG learning gardening skills and participating in seasonal
garden projects.

2.6.2. Developing a Logic Model

Logic models illustrate the underlying linkages between the inputs, outputs, and
expected outcomes of a programme. A logic model was developed to explore how voluntary
gardening inputs (i.e., the costs of facilitating and enabling volunteering) were converted
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Inputs:

TBG volunteer
programme
delivery costs
including staffing
costs and
operational
running costs.

into outputs (i.e., the number of volunteering hours) and subsequently into stakeholder
outcomes to estimate the social value generated (Figure 1).

Outcomes:
Improved overall

Outputs: volunteer health Impact: Improyed

Number of volunteer quality of
and mental well- . .

regular . life. Cost savings for
being. Reduced

volunteers NHS.

NHS mental health

attending TBG. .
service use.

Figure 1. Logic model.

2.6.3. Evidencing Outcomes for Well-Being Valuation

Two validated outcome measures were included in questionnaires to assess the health
and well-being of TBG volunteers (Table 2). The ICEpop CAPability measure for Adults
(ICECAP-A) is a reliable capability-based 5-item health and well-being measure for the
general adult (18+) population [38,39]. It encompasses a broad definition of health and
well-being by including five attributes of well-being that were found to be important to
adults in the UK. These attributes include (i) feeling settled and secure, (ii) love, friendship,
and support, (iii) being independent, (iv) achievement and progress, and (v) enjoyment
and pleasure. A total tariff value reflecting an overall health-related quality-of-life state is
calculated for all five attributes. These total tariff values can range from —0.001 to 1, with
1 reflecting full capabilities or health. The ICECAP-A measure was used to assess overall
volunteer health pre- and post-volunteering.

The 7-item Short Warwick-Edinburgh Mental Well-being Scale (SWEMWBS) is a
shortened version of the Warwick-Edinburgh Mental Well-being Scale (WEMWBS) that is
validated and reliable for a range of UK populations and settings [40,41]. The SWEMWBS
contains seven statements with five response groupings linked with characteristics of
positive mental health and has a score range of 7 to 35, with 7 reflecting very poor mental
health and 35 reflecting excellent mental health [42]. Here, we used the SWEMWBS to
measure volunteer mental well-being pre- and post-volunteering.

A bespoke Client Service Receipt Inventory (CSRI) asking participants about the
number of appointments with NHS mental health services was also included in question-
naires to assess potential changes to volunteer NHS mental health service use pre- and
post-volunteering.

2.6.4. Monetising Outcomes for Well-Being Valuation

In this SROI evaluation, the social value was estimated using the SVC, MHSVC, and
national unit costs of NHS mental health service use (Table 2). For the SVC-based well-
being valuation, financial proxies from the HACT Social Value Bank v4 [43] were used to
assign monetary values to the outcomes of ‘regular volunteering” and ‘good overall health’.
The SVB proxy value of GBP 20,791 for ‘good overall health” was applied to volunteers
who reported a >10% improvement in ICECAP-A scores between the baseline and follow-
up, following a similar approach to Hartfield et al. (2023) [44]. The SVB proxy value of
GBP 5344 was applied to participants who volunteered regularly (i.e., at least once per
month for two months). To complement the above SVC approach, the MHSVC well-being
valuation derived financial proxies from changes in volunteer SWEMWBS scores pre- and
post-volunteering.

Finally, to explore the social value generated for NHS Wales by volunteer gardening
at TBG, the national unit cost of NHS mental health services in 2022 were used to estimate
the social value generated by the change in the number of volunteer visits to psychother-
apists, counselling, psychologists, and mental health nurses pre- and post-volunteering
(Table 2) [45,46].
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Table 2. Well-being valuation outcomes and outcome measures.

Well-Being . . . .
Stakeholder Outcomes Outcome Measures Valuation Method Financial Proxy Financial Proxy Source
Regular volunteering
Regular volunteering involves volunteering at SvC GBP 5344 per person Social Value Bank v4 [43]
least once a month for a per year
Volunt minimum of two months
olunteers
Good overall health ICECAP-A SVC GBP 20,791 per Social Value Bank v4 [43]
person per year
Varies depending .
Mental well-being SWEMWBS MHSVC on total Me“gl[jjf‘ali‘rsv"f‘[zl7¥alue
SWEMWBS score
Psychotherapist: GBP Personal Social Services
Bespoke Client Service 216 per visit Research Unit (PSSRU) [45]
.. Receipt Inventory (CSRI) Counselling: NHS Eneland [46
NHS Wales " isits to NFHS ?‘e“tal asking participants about  National unit cost GBP 75 per visit & [40]
health services the number of Psychologist: GBP ,
. ] . NHS England [46]
appointments with NHS 125 per visit
mental health services Mental health nurse:
GBP 21 per visit NHS England [46]

2.6.5. Valuing Outcomes Using the SVC

When using the SVC for well-being valuation, the SROI methodology requires that
the deadweight, attribution, and displacement are considered to prevent overclaiming the
amount of social value generated by a programme or activity. The deadweight reflects
the possibility that a proportion of the outcomes may have happened anyway without
the programme; attribution acknowledges that a proportion of the outcomes may be
attributable to factors other than the programme; and displacement considers whether
participants had to give up any other activities from which they might have benefitted.
The below follow-up questions were included in questionnaires to assess the deadweight,
attribution, and displacement:

Deadweight: ‘How much of this change do you think would have happened anyway,
if you hadn’t participated in the TBG volunteering?’

Attribution: ‘How much of the change do you think is due to the Treborth programme?’

Displacement: ‘By participating in TBG volunteering, how much have you had to give
up other activities that benefitted you?”

2.6.6. Valuing Outcomes Using the MHSVC

After a total SWEBWBS score was recorded for each participant pre- and post-volunteering,
a monetary value was assigned to each total score using the MHSVC financial proxies [37].
The pre-volunteering monetary value was then subtracted from the post-volunteering
monetary value for each participant. A standard deadweight percentage of 27% for health
interventions was then subtracted to calculate the total social value for each participant [37].

2.6.7. Calculating Costs

TBG volunteer programme delivery costs included staffing costs and running costs.
Staff costs were estimated based on Bangor University salary scales. TBG volunteer pro-
gramme running costs were estimated by apportioning a percentage of the total TBG
operational running costs towards the volunteer programme. These cost estimates were
provided by TBG staff.

2.6.8. Estimating the SROI Ratio

SROI ratios were calculated by comparing the total costs with the monetised outcomes
calculated using the SVC, MHSVC, and NHS national unit costs.
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2.7. Additional Volunteer Outcomes

Alongside outcomes for inclusion in the well-being valuation for SROI estimation,
volunteers’ basic psychological needs and connection to nature were also explored.

2.7.1. Basic Psychological Needs and Nature Connection

Volunteers’ basic psychological needs were assessed using the validated Basic Psycho-
logical Need Satisfaction and Frustration Scale (BPNSFS) [47,48]. To reduce the question-
naire burden and fatigue of participants, the 12-item diary English version of the BPNSFS
was used. The BPNSEFS is based on Basic Psychological Need Theory and assesses the
extent to which the psychological needs for autonomy, competence, and relatedness are
met (satisfaction) or not met (frustration). Whilst a lack of need satisfaction does not
imply need frustration, need frustration does imply low need satisfaction [49]. Changes
in volunteer-reported psychological need satisfaction and psychological need frustration
were assessed separately.

Volunteers’ connection to nature was measured using the validated Nature Connection
Index (NCI) [50]. Total scores on the NCI range from 0 to 100, with 0 reflecting no connection
to nature and 100 reflecting a strong connection to nature. Changes in volunteers’ basic
psychological need satisfaction and frustration and connection to nature between the
baseline and follow-up are reported alongside the SROI results.

2.7.2. Data Analysis

To accompany the mixed-method SROI evaluation in this study, simple statistical
analyses on volunteer-reported outcomes were undertaken to explore the differences pre-
and post-volunteering, as well as the interrelatedness between them. A nonparametric
sign test for two related samples was used to compare participant baseline and follow-
up (pre- and post-volunteering) ICECAP-A, SWEMWBS, BPNSFS, and NCI scores. The
nonparametric Spearman rank correlation coefficient was also applied to explore the
correlation between these outcomes. All statistical analyses were conducted in IBM SPSS
Statistics Version 29.0.1.0.

3. Results

Thirty-five out of a total of ninety-six TBG volunteers completed the baseline and
follow-up (pre- and post-volunteering) questions (a 37% response rate). Baseline demo-
graphic characteristics for these participants are presented in Table 3. The proportional
representation of existing volunteers, Bangor University student volunteers, and Bangor
University staff volunteers was 74%, 20%, and 6%, respectively. The study sample is there-
fore considered to be proportionally representative of the total TBG volunteer population
(see Section 2.6.1).

Table 3. Baseline characteristics of Treborth Botanic Garden (TBG) volunteers (complete cases only).

Participants (TBG Volunteers) (1 = 35)

Gender Male 44%, 56% female

Age Mean age of 55 years, ranging from 20 to 91 years
Ethnicity 88% White British, 6% unstated, 3% Black British, 3% Mixed
Mean time volunteering at TBG 11 years, 4 months (112 months)

74% existing volunteers, 20% student volunteers,

Type of volunteer 6% staff volunteers

3.1. Reported Outcomes

Changes in volunteer well-being outcomes are reported in Table 4. Overall, volunteers
reported an improvement in overall health ICECAP-A mean % difference of +9 £ 14 SD)
and mental well-being (SWEMWBS mean % difference of +9 =+ 16 SD), and reduced basic
psychological need frustration (BPNSFS mean % difference of —11 & 17 SD). Small increases
in mean basic psychological need satisfaction and nature connection were also reported.
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Table 4. A comparison of outcome measures at the baseline and follow-up (complete cases only).

o,
Volunteer Outcome # of # OIf{:g)é;Itril:;ers Mean at Mean at DI;/;fe:;r(::e
Outcomes Measure Complete Cases Positive Change Baseline £ SD  Follow-Up + SD 1 SD
Good overall health ICECAP-A 33 23/33 0.805 £ 0.149 0.891 £ 0.077 +9+ 14
Mental well-being SWEMWBS 35 27/35 22+6 25+4 +9 + 16
Basic psychological BPNSFS 32 16/32 245 2444 +5+17
need satisfaction
Basic psychological BPNSFS 32 21/32 1545 1244 —11£17
need frustration
Connection to nature NCI 34 10/34 75 + 26 78 + 27 +3 + 12

3.2. Statistical Analysis of Outcomes

The related sample sign test results indicate a significant difference in volunteer-
reported ICECAP-A and SWEMSBW scores pre- and post-volunteering (p-value < 0.001),
suggesting a significant improvement in volunteer overall health and mental well-being
(Table 5). There was also a significant difference (p-value of 0.012) in the volunteer-reported
basic psychological need frustration, indicating an improvement in psychological well-
being due to a perceived reduction in the violation or loss of autonomy, competence, and
relatedness. Positive changes in the sense of autonomy and competence, in particular,
seemed to drive this difference pre- and post-volunteering.

Table 5. Related sample sign test results for volunteer outcomes.

Volunteer

Standardised Test Standard

Outcomes Outcome Measure N Statistic Error p-Value
Good overall health ICECAP-A 33 3.726 2.550 <0.001 ***
Mental well-being SWEMWBS 35 3.482 2.872 <0.001 ***
Basic psychological need satisfaction BPNSFS 32 0.981 2.550 0.327
Basic psychological need frustration BPNSFS 32 —2.514 2.784 0.012 *
Connection to nature NCI 34 0.671 2.236 0.503

* p-value < 0.05, 95% CL *** p-value < 0.001, 95% CI.

The exploration of the interrelatedness between the above volunteer outcomes at
the follow-up using Spearman’s rank correlation found a significant positive correla-
tion between SWEMWBS and basic psychological need satisfaction scores (r = 0.634;
p-value < 0.001) and a significant negative correlation between SWEMWBS and basic
psychological need frustration scores (r = —0.514; p-value = 0.009). A negative correlation
was also found between basic psychological need satisfaction and frustration scores at the
follow-up (r = —0.623; p-value < 0.001).

3.3. Monetising Well-Being Outcomes

The total social value per volunteer estimated using the SVC was GBP 16,750 before
considering the deadweight, attribution, and displacement (Table 6).

Table 6. Social value per participant calculated using SVC methodology.

. . . Total Social Value Social Value per
Outcomes Outcome Measure Quantity Improved Financial Value for Volunteers Volunteer (1 = 35)
. 28/35 reported
Volunteering Regular Volgnteer1ng volunteering regularly for GBP 5344 per GBP 149,632 GBP 4275
question two months or more person per year
Good Overall Health ICECAP-A 21/33 reported an GBP 20,791 per GBP 436,611 GBP 12,475
improvement > 10% person per year
Total Social Value GBP 586,243 GBP 16,750
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With respect to the estimation of the deadweight, TBG volunteers indicated that 10%
of the change they experienced would have happened anyway. TBG volunteers also in-
dicated that 57% of the change they had experienced occurred due to the programme
(attribution) and that they had to forego 43% of other supportive, beneficial activities (dis-
placement). When the above estimates for the deadweight, attribution, and displacement
were considered, the total social value per volunteer per year was GBP 3695 (Table 7).

Table 7. SVC social value outcomes adjusted for deadweight, attribution, and displacement.

Total Social

Total Social Total Social

Outcomes Value Deadweight Attribution  Displacement Value Value per
Volunteer
Volunteering GBP 149,632 10% (% 0.90) 57% (x0.43) 43% (x0.57) GBP 33,007 GBP 943 (n = 35)
Good overall health GBP 436,611 10% (% 0.90) 57% (x0.43) 43% (x0.57) GBP 96,312 GBP 2752 (n = 35)
Social impact GBP 586,243 GBP 129,319 GBP 3695

In comparison, the application of the MHSVC to volunteers” SWEMWBS scores gave
us an estimated total social value of GBP 2684 per volunteer per year (Table A1).

3.4. NHS Mental Health Resource Use

Overall, TBG volunteers reported using less psychotherapist, counselling, and mental
health nurse services when they were volunteering compared to the period before they
started volunteering (Table 8). In contrast, the average number of visits to a psychologist
increased. This change in the average psychologist visits was driven by the service use of a
very small number of volunteers and may not be representative of the whole study sample
or volunteer population.

Table 8. TBG volunteers’ NHS mental health resource use.

Average Number  Average Number

of Visits in Difference in Cost per Visit Cost Saving per Cost Saving per
3 Months Before 3 Months prior to Visits 4 3 Months 12 Months
Volunteering Follow-Up
Psychotherapist 0 12 GBP 216 per visit 2 GBP 2592 GBP 10,368
Counselling 12 0 GBP 75 per visit ! GBPO GBP O
Psychologist 17 —-10 GBP 125 per visit ! GBP —1250 GBP —5000
Mental health 5 0 GBP 21 per visit ! GBP 0 GBPO
nurse
Total cost saving GBP 1342 GBP 5368
Total cost saving per volunteer (1 = 27) GBP 199

1 NHS Reference Costs 2021/22; 2 PSSRU 2022.

3.5. Valuing Inputs

TBG staff were consulted to determine the total operational costs of running TBG,
including staffing and annual running expenses, and the proportion of these costs that
could be attributed to facilitating the TBG volunteer programme.

3.5.1. Staffing Costs

TBG employed three full-time-equivalent (FTE) Bangor University staff members at an
average annual salary of GBP 27,396 or GBP 14.53 per hour. Staffing costs for volunteering
included the number of hours spent each year on recruiting, planning, and managing
volunteers, which TBG staff estimated to be 8 hours per day, 160 h per month, and 1920 h
per year on average. Three FTE staff members worked an average of 7.25 h per day, which
totalled to 21.75 h. The eight hours spent on volunteering tasks each day represented 37%
of the total staff time.
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3.5.2. Running Costs

The running costs consisted of ongoing expenses like the building lease, maintenance,
utilities, equipment, materials, catering, and insurance. Since 37% of staff costs were
attributed to volunteers, we apportioned 37% of operational expenses to facilitating the
TBG volunteer programme. The cost per volunteer was estimated based on a total of
96 volunteers registered on the TBG volunteer programme in 2021/2022 (Table 9).

Table 9. Costs attributed to TBG volunteering.

Cost Category

Time Annual Costs Daily Cost Cost per Volunteer (1 = 96)

Annual staff costs

Time recruiting, planning, and

. 160 h/mo GBP 27,396 GBP 75 GBP 285
managing volunteers
Total staffing costs GBP 27,396
Annual running costs
Building lease and maintenance costs GBP 10,000 GBP 27 GBP 104
Utilities (heating, water, etc.) GBP 96,000 GBP 263 GBP 1000
Average total equipment cost GBP 2000 GBP 5 GBP 21
(tools, etc.)
Average total material cost (compost, GBP 3000 GBP 8 GBP 31
plants, etc.)
Catering for volunteers (refreshments) GBP 600 GBP 2 GBP 6
Insurance GBP 600 GBP 2 GBP 6
Total running costs GBP 112,200 GBP 307 GBP 1168
Apportioned for volunteers (37%) GBP 41,514 GBP 114 GBP 432

Annual total costs (staff costs + running costs)

Total

GBP 68,910 GBP 189 GBP 717

3.6. Calculating the SROI Ratio

SROI ratios were calculated using the SVC and the MHSVC, both incorporating the
national unit costs of NHS mental health service use. When the total social value per
volunteer was compared with the total cost per volunteer, the SROI ratios ranged from
GBP 4.02 to GBP 5.43 for every GBP 1 invested (Table 10).

Table 10. SROI ratios using SVC and MHVC.

SvC MHSVC

Total social value per person per year GBP 3695 GBP 2684

NHS cost savings per person per year GBP 199 GBP 199

Total monetary value per person per year GBP 3894 GBP 2883

Total cost per person per year GBP 717 GBP 717
SROI ratio for volunteers GBP 5.43: GBP 1 GBP 4.02: GBP 1

4. Discussion

Although the body of evidence regarding the health and well-being benefits of regular
gardening and volunteering is expanding, little is known of their social cost-benefit and the
mechanisms behind their positive impact. This information is essential for supporting the
real-world implementation of these multifaceted illness prevention interventions. Quantita-
tive data from this study indicate that many TBG volunteers experienced improvements in
overall health (23 out of 33 participants) and mental well-being (27 out of 35 participants),
and reported reduced levels of basic psychological need frustration (21 out of 32 partici-
pants). This is supported by the significant statistical differences pre- and post-volunteering
indicated by our statistical analyses. Some volunteers also reported small positive changes
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in basic psychological need satisfaction (16 out of 32 participants) and reported a greater
connection to nature (10 out of 34 participants), but no significant difference was observed
between pre- and post-volunteering for these outcomes. Whilst the small, non-significant
change in the nature connection may seem surprising in a nature-based intervention such
as volunteer gardening, it may be that this voluntary activity attracted individuals who
already had a good connection to nature. This is reflected in the mean NCI score of 75 out
of 100 at pre-volunteering baseline.

The significant correlations between SWEMWBS and basic psychological need satis-
faction and frustration scores indicate the close relationship between mental well-being
and the fundamental human need for autonomy, competence, and relatedness [51,52]. The
negative correlation between need satisfaction and frustration was expected given the
asymmetrical relationship between the two [49].

The SROI evaluation based on volunteer-reported changes in ICECAP-A and SWEMWBS
measures used to assess overall health and mental well-being, respectively, and the reported
changes in NHS mental health services use, indicates that the TBG volunteer programme
generated positive social value ratios in the range of GBP 4.02 to GBP 5.43 for every GBP
1 invested in 2021/2022. This is greater than the social value estimated by a recent SROI
evaluation of a community garden in London, which revealed that for every GBP 1 invested,
GBP 3 of social value was generated, based on the increased confidence, social isolation,
and emotional well-being of garden users and reduced hospital admissions [53].

The increased capability and psychological well-being reflected in the improved
ICECAP-A, SWEMWBS, and basic psychological need scores (especially in terms of auton-
omy and competence) may reflect that immersion in purposeful practical work enabled
TBG volunteers to learn, develop, and maintain new and existing skills [21,26,27], as well
as exercise their autonomous motivation in well-being-promoting activities [28,29].

4.1. Strengths of This Study

This study used well-known, validated, and reliable measures for assessing changes
in overall health and mental well-being (ICECAP-A and SWEWBS) and validated measures
for exploring basic psychological needs (BPNSFS) and nature connections (NCI). We also
utilised two well-established well-being valuation approaches using the SVC derived from
the HACT Social Value Bank (SVB) [43] and the MHSVC derived from the SWEMWBS [37].
These two well-being valuation approaches were used separately alongside each other to
avoid double-counting and give robustness to the SROI evaluation results.

4.2. Limitations of This Study

This SROI evaluation focused on two stakeholder groups, TBG volunteers and NHS
Wales. Volunteer gardening at TBG may have impacts for other stakeholders, for example,
Bangor University and the environment. The collection of this wider data, however, was
outside the scope of this study and may have resulted in an underestimation of the total
social value generated by the TBG volunteer programme. In contrast, the nature of this
small-scale natural experiment(NE)-based study, the low volunteer response rate and small
sample size (complete cases: N = 35 out of 96 TGB volunteers), and lack of a control group
means that the ability to generalise the participant-reported outcomes and estimated social
value to the wider population is limited. The true return on investment at a scale across the
total population is uncertain and may be lower than the social cost-benefit presented here.

There may be differences in the outcomes and social value generated between the
three groups of TBG volunteers included in this analysis (existing volunteers, student
volunteers, and staff volunteers). There may also be differences in the experience of
outcomes between volunteers with different experiential time frames, i.e., the total amount
of time spent volunteering and the frequency and duration of volunteer sessions. Robust
subgroup analysis to explore individual differences was not possible due to the small
sample size, especially with the limited amount of complete case data for student and
staff volunteers.
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The small sample size of this study may have resulted from the lack of an incentive
offered to volunteers to encourage participation and/or the time of year at which the study
was undertaken (November to April, when volunteers may be less active at TBG during
winter months). The sampling strategy may also have influenced the nature of volunteers
who chose to participate in the study, which could bias the results.

The lack of a comparator intervention or control group is a common limitation shared
by other nature-based interventions [54], making it difficult to ascertain causality. We
acknowledge that the benefits of volunteering, gardening, and simply spending time in
nature are likely to overlap and that there are wide range of potential mechanisms by
which contact with nature can influence health [31]. The investigation of causality and
mechanisms of change would require a more controlled and rigorous study design and
analysis than this small-scale NE-based study allowed for.

The small sample size, 6-month time horizon of the study, and lack of a control group
made it difficult to consider potential confounding variables, such as different experiential
time frames and the time of year/season. The application of the deadweight, attribution,
and displacement in the SROI methodology, however, helped to mitigate against overclaim-
ing the positive social impact directly attributed to the TBG volunteer programme.

4.3. Future Research

Robust quantitative evidence of the well-being benefits of regular volunteer gardening,
particularly regarding mental health service use, cost savings for the NHS, and the mech-
anisms of change behind these outcomes, would support the integration of this simple,
low-cost intervention into policy and practice, i.e., through green social prescribing.

Future evaluations to explore well-being benefits and the social cost-benefit of NBIs
such as volunteer gardening would benefit from better controlling for confounding factors
and exploring causality in greater depth. This could be achieved by studying change
over longer time horizons, i.e., a minimum of 12 months to account for seasonal variation,
improving sample sizes, and using more controlled, rigorous study designs and statistical
analysis that allow for the investigation of individual differences, including how different
people or groups might fulfil different psychological needs (i.e., autonomy, competence,
and relatedness) through participation in the same activity. The above would ultimately
improve our understanding of the extent to which observed health and well-being benefits
are a result of gardening and/or volunteering activity and provide greater insight into the
mechanisms of change behind these benefits.

We believe that an SROI underpinned by health economics, behavioral science, and
a robust study design provides a useful approach for evaluating multifaceted illness
prevention interventions that have the potential to generate a range of health and well-
being-related outcomes across different groups of stakeholders.

5. Conclusions

The findings of this study indicate that NBIs such as volunteer gardening can generate
a positive social value through the improvement of local community mental health and
reduce pressure on local healthcare systems. This evidence could help encourage further
research into the well-being benefits of volunteering and gardening and the ongoing
sustainable funding and support for volunteer gardening initiatives going forwards.

Multidisciplinary collaboration is key to strengthening the evidence base for effec-
tive and cost-effective illness prevention strategies. Viewing a problem from different
perspectives, and through different world view lenses, helps to develop a shared under-
standing. Similarly, such an approach provides convergent evidence that is more robust
and meaningful when identifying solutions and implementation actions [55]. Expanding
our multidisciplinary approach to assess the wider benefits to other stakeholders and
the potential environmental outcomes of volunteer gardening would further improve
understanding of its diverse impacts and value.
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Appendix A

Table A1. Social value per TBG volunteer calculated using MHSVC methodology.

SWEMWBS

SWEMWBS SWEMWBS Social Value

ID Score at Social Va?lue Score at Social Value Difference Difference Adj usteq for
Baseline at Baseline Follow-Up at Follow-Up (T2-T1) (T2-T1) Deadweight
1 33 GBP 26,175 35 GBP 26,793 2 GBP 618 GBP 451
2 29 GBP 25,480 29 GBP 25,480 0 GBP 0 GBP 0
3 7 0 21 GBP 21,049 14 GBP 21,049 GBP 15,366
4 23 GBP 22,944 25 GBP 24,225 2 GBP 1281 GBP 935
5 23 GBP 22,944 26 GBP 24,225 3 GBP 1281 GBP 935
6 21 GBP 21,049 22 GBP 21,049 1 GBPO GBPO
7 19 GBP 17,561 22 GBP 21,049 3 GBP 3488 GBP 2546
8 20 GBP 17,561 24 GBP 22,944 4 GBP 5383 GBP 3930
9 26 GBP 24,225 30 GBP 25,480 4 GBP 1255 GBP 916
10 25 GBP 24,225 25 GBP 24,225 0 GBP 0 GBP 0
11 24 GBP 22,944 26 GBP 24,225 2 GBP 1281 GBP 935
12 32 GBP 25,856 20 GBP 17,561 -12 GBP —8295 GBP —6055
13 25 GBP 24,225 26 GBP 24,225 1 GBP 0 GBP 0
14 24 GBP 22,944 23 GBP 22,944 -1 GBP 0 GBP 0
15 21 GBP 21,049 24 GBP 22,944 3 GBP 1895 GBP 1383
16 35 GBP 26,793 34 GBP 26,175 -1 GBP —618 GBP —451
17 21 GBP 21,049 24 GBP 22,944 3 GBP 1895 GBP 1383
18 25 GBP 24,225 27 GBP 24,877 2 GBP 652 GBP 476
19 19 GBP 17,561 26 GBP 24,225 7 GBP 6664 GBP 4865
20 15 GBP 9639 25 GBP 24,225 10 GBP 14,586 GBP 10,648
21 24 GBP 22,944 26 GBP 24,225 2 GBP 1281 GBP 935
22 23 GBP 22,944 29 GBP 25,480 6 GBP 2536 GBP 1851
23 7 0 22 GBP 21,049 15 GBP 21,049 GBP 15,366
24 17 GBP 12,255 26 GBP 24,225 9 GBP 11,970 GBP 8738
25 19 GBP 17,561 22 GBP 21,049 3 GBP 3488 GBP 2546
26 26 GBP 24,225 25 GBP 21,049 -1 GBP 0 GBP 0
27 11 0 29 GBP 25,480 18 GBP 25,480 GBP 18,600
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Table Al. Cont.

ID

SWEMWBS
Score at
Baseline

Social Value
at Baseline

SWEMWBS
Score at
Follow-Up

Social Value
at Follow-Up

SWEMWBS
Difference
(T2-T1)

Social Value
Difference
(T2-T1)

Adjusted for
Deadweight

28
29
30
31
32
33
34
35

21
19
21
21
26
26
20
19

GBP 21,049
GBP 17,561
GBP 21,049
GBP 21,049
GBP 24,225
GBP 24,225
GBP 17,561
GBP 17,561

25
20
25
24
20
25
21
23

GBP 24,225
GBP 17,561
GBP 24,225
GBP 22,944
GBP 17,561
GBP 24,225
GBP 21,049
GBP 22,944

4
1
4
3
—6
-1
1
4

GBP 3176
GBP 0
GBP 3176
GBP 1895
GBP —6664
GBP 0
GBP 3488
GBP 5383

GBP 2318
GBP 0
GBP 2318
GBP 1383
GBP —4865
GBP O
GBP 2546
GBP 3930

Total

GBP 682,658

GBP 808,155

GBP 128,673

GBP 93,930

Total social value per volunteer (1 = 35)

GBP 2684
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