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Abstract: Dominant psychological models of wellbeing neglect the role that nature connection and 
other key factors, such as positive health behaviours and behaviour change, play in determining 
wellbeing. The present mixed-methods evaluation explores the impact of ”Surf-Ability”, an adapted 
surf therapy intervention delivered in collaboration with a UK neurorehabilitation service, on indi-
viduals with acquired brain injury (ABI) as part of an effort to design interventions based on ad-
vances in wellbeing science. Following five surf-therapy sessions, within-subjects analysis (n = 15) 
revealed significant improvements on the Warwick–Edinburgh mental wellbeing scale (t (15) = 
−2.164, p = 0.048), as well as in anxiety and happiness as measured via a brief visual analogue. No 
significant changes occurred in the Hospital Anxiety and Depression Scale (HADS) or resting heart 
rate variability (HRV). A ripple effects mapping (REM) session at 6–10 months follow-up (n = 6) 
revealed that the physical and psychological experience of a nature-based challenge initiated a 
mindset shift in participants, which ultimately led to them adopting wellbeing-promoting long-
term behaviour changes. These changes occurred at the scale of (1) individual wellbeing—increased 
mindfulness and physical activity; (2) collective wellbeing—improved relationships, community 
participation and contribution to organisations; and (3) planetary wellbeing—connection to nature. 
These findings align with the GENIAL theoretical framework, which defines wellbeing from a bi-
opsychosocial ecological perspective across multiple levels of scale. The findings support the need 
for healthcare providers—including neurorehabilitation services—to enhance interventions for pa-
tients by incorporating novel factors that improve wellbeing, such as nature-connection. 

Keywords: surf therapy; wellbeing; positive psychology; GENIAL model; heart rate variability; 
brain injury 
 

1. Introduction 
Acquired brain injury (ABI) is the leading cause of death and disability in young 

people in the United Kingdom [1]. It is a chronic condition, commonly resulting in perva-
sive cognitive, psychological, physical and social difficulties, including, but not limited 
to, memory and executive functioning impairments [2], fatigue, pain [3], increased psy-
chological distress, depression [4,5], loss of relationships [6], change in identity [7] and 
reduced social integration [8]. As a result, individuals with ABI frequently report having 
reduced quality of life and wellbeing following their injury [9,10]. One major challenge 
for the treatment of chronic conditions, including ABI, is that the “medical model” is still 
the predominant model of treatment in healthcare, despite being originally designed to 
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treat acute conditions. The aim of the medical model is to diagnose deficits and reduce 
specific symptoms, as opposed to promoting whole health and wellbeing. Given that the 
impact of chronic conditions is pervasive and often cannot be “reversed”, the medical 
model’s reductionist approach is not equipped to manage the long-term consequences of 
chronic disease alone [11]. 

Within neurorehabilitation, the predominant healthcare model is now the holistic ap-
proach [12], which typically involves six steps: (1) psychoeducation, (2) cognitive assess-
ment and intervention, (3) psychological intervention, (4) physiotherapy, (5) functional 
and daily living skills and (6) vocational training. The holistic approach proposes that ABI 
must be treated via integrated insights from a multi-disciplinary team [13], and such pro-
grams have been successful in improving employability outcomes [14,15], community in-
tegration, quality of life and self-efficacy [16] for ABI patients. However, it is argued that 
there are still improvements that might be made to the holistic approach via integration 
of advances in wellbeing research. 

One criticism of the holistic approach to neurorehabilitation is that, of all the compo-
nents, social contributions to recovery are most poorly defined [13]. Yet, evidence suggests 
that it is the difficulty maintaining a social life that makes the cognitive and physical im-
pairments detrimental to lives. For example, one study found that cognitive symptoms in 
stroke are associated with reduced wellbeing (r = −0.36), but this relationship is mediated 
by one’s capacity to maintain group memberships (r = −0.30). This suggests that cognitive 
symptoms negatively impact wellbeing only to the extent to which they hamper one’s 
capacity to integrate socially [17]. According to social identity theory, belonging to multi-
ple social groups protects wellbeing following ABI, as it provides individuals with more 
opportunity for social interaction and, thus, time to develop self-regulation skills (manag-
ing emotional distress, taking goal-oriented action and conforming to societal rules) [18]. 
It is essential that neurorehabilitation moves beyond individual social skills training and 
creates opportunities for patients to acquire new social groups in the community post-
ABI, particularly given the common loss of social roles within the family, work and leisure 
participation [6,19–21]. 

Moreover, the holistic approach to neurorehabilitation does not specifically utilise 
nature connection as a strategy to promote wellbeing. Human beings have a complex and 
inter-connected relationship with nature [22], and it has been argued that high levels of 
wellbeing can only be achieved through the experiential realisation of nature connected-
ness [23]. Feeling connected to nature, including living animals, plants, geological pro-
cesses and ”blue” and ”green” environments, such as parks, forests, mountain ranges, 
oceans, rivers or lakes, may reflect a basic human psychological need [24]. This argument 
is supported by the ever-growing body of evidence that spending time in natural envi-
ronments promotes individual wellbeing. One example is from a representative survey of 
the English population (n = 7814) that found that having access to a domestic garden was 
associated with improved self-reported wellbeing [25]. Furthermore, a study on census 
data on 48.2 million people in England found that people who rated their health as ”good” 
were more likely to live in closer proximity to the coast [26]. Nature-based interventions 
such as Shinrin-yoku (“forest bathing”) have been found to improve physiological mark-
ers of health and wellbeing, such as increased parasympathetic activity (increased heart 
rate variability (HRV)) [27]. In addition, improving nature-connectedness may aid us in 
moving toward the goal of achieving ”planetary wellbeing”, which is defined as “the 
highest attainable standard of wellbeing for human and non-human beings and their so-
cial and natural systems” (Antó et al., 2021, p1). This is supported by recent evidence (n = 
4960) that nature connectedness is positively related to eudemonic wellbeing and in-
creased pro-environmental behaviour [28], leading the authors to propose that interven-
tions that ”promote contact with and connection to nature are needed to make harmoni-
ous progress to both human and planetary health” [28]. 

Moreover, there is evidence to suggest that nature connection may be particularly 
beneficial for individuals with ABI. Firstly, according to attention restoration theory 
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(ART) [29], being in natural environments triggers involuntary attentional processes, 
which allow top-down controlled mechanisms a chance to replenish [30]. Given that indi-
viduals with ABI commonly suffer from fatigue [31] and are more likely to suffer from 
heightened sensory sensitivity to light and noise [32], nature is likely to improve their 
ability to complete tasks that require such controlled processing. Moreover, individuals 
with ABI commonly face challenges with emotional regulation, particularly individuals 
with damage to the prefrontal cortex, given its role in dampening down emotionally 
charged signals from the amygdala [33–35]. According to the stress reduction theory of 
nature (SRT) [36], being in the presence of nature supports individuals to experience a 
parasympathetically dominated “relaxation response”, reducing cortisol, heart rate and 
blood pressure [37,38]. Both these hypotheses thus warrant further exploration regarding 
the potential positive role of nature connection in ABI neurorehabilitation. 

This acknowledgement that nature plays a significant role in health is reflected in the 
evolution of wellbeing science across the last few decades. Early positive psychology ini-
tially defined wellbeing according to purely positive experiences [39]. Whilst this early 
work successfully highlighted the field’s biased attention on ill-being and paved the way 
for a new focus on wellbeing and flourishing, new waves of positive psychology have 
acknowledged a need to move beyond individualistic definitions of wellbeing to also in-
clude collective (or social) and planetary wellbeing [11,40–42]. For example, the Ge-
nomics—Environment—Vagus Nerve—Social Interaction—Allostatic Regulation—Lon-
gevity (GENIAL) theoretical framework of wellbeing is an evidence-based biopsychoso-
cial ecological model integrating transdisciplinary research from across wellbeing science, 
including the role of nature and wellbeing [11,43,44]. It proposes that wellbeing both im-
pacts and is impacted by: (1) self-connection (e.g., emotional regulation, meaning and pur-
pose, as well as health behaviours, such as sleep, diet and exercise); (2) social connection 
(including personal relationships, social capital, social cohesion and social identity); and, 
finally, (3) nature connection. The framework proposes that, mechanistically, wellbeing is 
supported by the functioning of the vagus nerve. 

The vagus nerve is the tenth cranial nerve, which connects the brain to most organs, 
including the heart, gut and lungs, and plays a key role supporting the parasympathetic 
nervous system, making it a worthy candidate for supporting wellbeing [45]. The func-
tioning of the vagus nerve can be measured using heart rate variability (HRV) [46], 
whereby a higher HRV reflects greater vagal tone. The GENIAL model is supported by 
evidence that vagal function is promoted via interventions that increase self, social and 
nature connectedness; for example, via promoting a healthy lifestyle [47], mindfulness-
based interventions [48], yoga and tai chi [49], loving kindness meditation [50] and forest 
bathing [27]. Across healthcare settings, there is still a focus on individual recovery that 
neglects the role of collective and planetary wellbeing, despite large epidemiology studies 
showing that social connections and nature connectedness reduce all-cause mortality and 
improve health/wellbeing outcomes [51–54]. To provide a truly “holistic” approach to 
neurorehabilitation, it is vital that services begin to implement the latest advances in well-
being science and consider individual, collective and planetary wellbeing when designing 
interventions. 

The healthcare service described herein (a National Health Service (NHS) community 
neurorehabilitation service in the UK) adapted its service model by forming collaborative 
partnerships between local community organisations and academics to create novel inter-
ventions for patients, underpinned by the GENIAL model of wellbeing [11,43,44]. Here, a 
pivotal intervention is presented—surf therapy, which was provided in collaboration with 
a third sector organisation (Surf-Ability) as part of neurorehabilitation treatment for indi-
viduals living with ABI. Surf therapy is a method of intervention that combines surf in-
struction/surfing and structured individual and/or group activities to promote wellbeing 
(International Surf Therapy Organization, 2019). Surf therapy is a relatively new interven-
tion, with peer-reviewed evidence only emerging in the last 10 years—a systematic review 
in 2020 identified only 29 studies across six countries to be included. Initial data suggest 
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that surf therapy has a beneficial impact on emotional regulation, personal growth, well-
being and positive affect [55–57]; however, the majority of studies are solely qualitative 
designs and quantitative studies vary hugely in quality. The surf-therapy intervention 
was designed to facilitate the key determinants of wellbeing, as defined by the GENIAL 
model, whilst utilising the natural environment as a treatment opportunity [11,43,44]. 

A qualitative service evaluation was previously conducted using individual inter-
views from participants immediately after completing surf therapy [58]. The evaluation 
revealed seven central themes, including: (1) connection to nature, (2) facilitating trust and 
safety, (3) managing and accepting difficult emotions, (4) facilitating positive emotion, 
meaning and purpose, (5) building community through social connection, (6) positive 
change and (7) barriers and opportunities. Importantly, dynamic interactions between 
themes highlighted the importance of designing holistic interventions that consider the 
individual within the context of their community and natural environment, as well as so-
cio-structural barriers. 

The aim of the present evaluation was to assess whether surf-therapy intervention 
promoted wellbeing according to quantitative survey and physiological data. A second 
aim was to conduct an REM session with a sub-sample of participants at approximately 
one year follow-up to assess whether the impact of the intervention had longevity and, 
thus, determine whether it is an appropriate long-term use of service resources. 

2. Materials and Methods 
2.1. Study Design 

A partially mixed sequential equal-status design was employed [59]. The term “se-
quential” describes the fact that the qualitative and quantitative phases of the study oc-
curred separately; in this instance, the quantitative phase occurred at the time of the in-
tervention and the qualitative phase occurred at 6–10 months follow-up. In partially 
mixed methods, both the quantitative and qualitative elements are conducted separately, 
only being mixed at the data interpretation stage. The design puts equal emphasis on both 
qualitative and quantitative components with respect to addressing the evaluation aims. 

2.1.1. Quantitative Study Design 
The quantitative component was a within-subjects repeated-measures design. Partic-

ipants who attended the intervention each completed a routine series of survey measures 
related to wellbeing prior to and upon completion of the intervention. The aim was to 
compare participants’ scores using within-subjects analysis to establish whether there was 
a change in wellbeing-related measures following surf therapy. A within-subjects com-
parison was used because between-subjects comparison is not possible during a routine 
service evaluation. 

2.1.2. Qualitative Study Design 
Ripple effects mapping (REM) [60] was used to facilitate a follow-up focus group 

session 6–10 months prior to the intervention. REM is a qualitative tool to evaluate pro-
gram outcomes using both participants and stakeholders, such as group facilitators or cli-
nicians [60]. This method of evaluation was employed because it aligns with the goal of 
”co-production”, given that it engages participants to reflect upon and visually map the 
effects of the program. REM has four key components: 1) appreciative inquiry, whereby 
participants in the session briefly share their experiences in pairs; (2) a participatory ap-
proach (participant involvement); (3) interactive group interviewing and reflection; and 
(4) “radiant thinking”. All of these components are incorporated in to one session that 
ends with a mind map of key themes and effects, as well as a recorded transcript of all 
discussions. REM is unique in its ability to capture a complex chain of events triggered by 
programs. There are three variations of REM, to be chosen depending on the context of 
the intervention. Variation two, ”In Depth Rippling”, was used in this instance, which 
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involves mapping out rich and detailed narratives from each of the participants describing 
follow-up stories from the intervention. This approach was chosen because it allowed us 
to capture short-, medium- and long-term outcomes as resulting ”ripples”, which is im-
portant in ensuring interventions are helpful for patients long-term and, thus, that limited 
resources are used efficiently. In addition, it was felt that it would be beneficial for patients 
to share their personal stories in-depth, given this is an activity that is therapeutic in itself 
[61]. 

2.2. Participants 
Participants were patients receiving neurorehabilitation under a Community Brain 

Injury Service or Community Neurorehabilitation Service in South Wales. Patients were 
invited to attend the surf-therapy intervention if (1) they met the eligibility criteria for the 
service and (2) their treating clinician felt they would benefit from attending the group 
because it had the potential to support them to achieve their rehabilitation goals and they 
would be able to engage in the intervention safely and meaningfully. Of 27 patients who 
were invited, 18 attended and 9 had to drop out before starting the intervention or very 
early on due to travel or health restrictions. Everyone who attended gave informed con-
sent. See Figure 1 for the participant CONSORT flow diagram. 

 
Figure 1. Quantitative data CONSORT flow diagram. 
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Participants were not randomly assigned to the intervention because the data were 
collected as part of a service evaluation, and so it was not appropriate to assign patients 
randomly. This decision instead, was centred around whether Surf-Ability might help 
them achieve their individual rehabilitation goals. Common goals that participants’ in-
volvement aimed to address included: creating new social connections, developing social 
skills, initiating the process of forming a post-injury identity, increasing independence, 
finding purpose in life, increasing physical activity and improving balance. Given that 
surf-therapy is a novel intervention for ABI, this individualised approach avoided engage-
ment being negatively impacted due to patients’ expectations not matching their ‘as-
signed’ treatment [62]. 

All participants’ injuries were classed as moderate to severe, in line with the service’s 
eligibility criteria. Common challenges experienced by participants included cognitive 
difficulties, such as memory, attention and executive functioning, in addition to psycho-
social challenges, such as increased psychological distress. Some participants had physical 
difficulties, including fatigue, dizziness and balance impairments, which were accommo-
dated for using adaptive surf equipment and extra staff support. 

Inclusion criteria: in accordance with the eligibility criteria for the service, partici-
pants were 18 years of age or older, had a confirmed diagnosis of an acquired brain injury 
and lived in the community and in the health board catchment areas. They were able to 
take part meaningfully and safely in the intervention. 

Exclusion criteria: patients who had any medical, physical, cognitive or psychosocial 
difficulties that would prevent them engaging with neurorehabilitation or the surf ther-
apy intervention (as assessed by their treating clinician) were excluded; for example, if a 
patient had uncontrollable epilepsy and was deemed not medically fit to take part. Risk 
assessments were carried out by clinicians, and all staff involved were made aware of 
individual participants’ needs and requirements. Patients who were unable to give in-
formed consent were excluded from the evaluation. Patients who dropped out of the in-
tervention due to ill health and travel difficulties (before completing at least four out of 
five sessions) were excluded. 

2.3. Intervention 
The intervention took place between 2019 and 2021 during the summer/autumn 

months, with a new cohort participating each year. The intervention was provided as part 
of a collaborative relationship between two NHS neurorehabilitation services and a local, 
community-based third sector organisation. Surf-Ability is a community interest group 
who provide adapted surf lessons for individuals with additional needs. Surf-Ability UK 
is located at Caswell Bay on the Gower Peninsula of South Wales and their mission is to 
make surfing accessible for everyone. 

The intervention took place over 5 weeks and included a two-hour session once per 
week in a small group of no more than five participants. In each session, two members of 
the neurorehabilitation service were present to assist participants with their rehabilitation 
goals during the session. At least two qualified adaptive surf instructors were present, 
along with enough volunteers to support participants 1:1. 

Surf-Ability staff assessed individual participants’ needs during the first session and 
provided appropriate equipment based on these needs; for example, if a participant had 
a physical disability and required a seated surfboard. A seated surfboard is an extra-large 
surfboard with a seat attached to the top (see Figure 2), which allows the surf instructor 
to paddle out to sea with the participant seated on the board, so they are still able to ex-
perience catching the waves. All participants were given a demonstration on shore on 
how to safely manage the board in the water and how to safely stand up, fall, call for 
assistance and recognise safety signals. In each session, staff helped participants guide or 
paddle their board out into the sea and ride the wave to shore. They chose to lie down or 
kneel or attempted to stand up on the board. 
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Clinicians from the neurorehabilitation service encouraged participants to set goals 
for themselves at the start of every session based on their rehabilitation. Sometimes these 
were surfing-related, such as building confidence to stand on the board, sometimes psy-
chosocial, such as engaging in more conversations with peers, or sometimes they were 
related to physical needs, such as managing fatigue. Clinicians also aimed to bring thera-
peutic concepts into the water; for example, by encouraging participants to practice mind-
fulness by staying present and aware during the session. They also encouraged them to 
savour their achievements and recognise their progress. 

 
Figure 2. Photographs of participants at Surf-Ability with an example of a seated surfboard. 

Written informed consent was obtained and permission granted from staff and pa-
tients to publish photographs. These were anonymised by the authors to reduce revela-
tions of unnecessary information regarding patient identity. 
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2.4. Quantitative Data Collection 
The lead author (LW) collected the data. LW is a part-time assistant psychologist 

within the neurorehabilitation service and a PhD candidate. Patients had met LW before 
because she works in the service and were therefore comfortable meeting her alone. LW 
arranged to meet participants at the neuropsychology department to collect physiological 
and questionnaire measures. Following the onset of COVID-19-related social distancing 
restrictions in the UK in March 2020, participants who attended the intervention during 
summer of 2020 were posted a HRV monitor through the mail and were asked to wear 
the device for 10 min at home whilst on a Zoom conferencing call to LW. At the start of 
the session, the participant was made aware of the purpose of the service evaluation, that 
their data would be used for service development purposes and that, if it were to be writ-
ten up for publication in the future, data would be anonymised. Data collection only con-
tinued if the participant understood this, agreed to take part and signed the consent form. 
During HRV collection, participants were asked to wear the small device and were then 
left alone in the room for ten minutes. They were asked not to engage in any activities, 
such as using their phone, during this time and to simply sit in silence. Once ten minutes 
had passed, the device was removed and LW re-entered the room to administer the ques-
tionnaires. When HRV data were collected via Zoom, the exact same process occurred; 
however, LW gave instructions remotely and turned off their video and audio, retuning 
it after 10 min. If the participant was able to, they read through and answered the ques-
tionnaire measures themselves; if they required further support, LW read the questions 
aloud and marked the appropriate answer based on the participants’ responses. The data 
were managed by LW, who also transcribed scores on to a database on a secure NHS 
password-protected laptop. 

2.5. Quantitative Outcome Measures 
The following questionnaire measures are routinely administered in the service dur-

ing patients’ first assessments and throughout their treatment because they provide im-
portant information about psychological functioning and whether it changes following 
different aspects of neurorehabilitation. They also allow us to follow changes in patients’ 
scores across their rehabilitation to track progress. These measures were chosen because 
they have robust psychometric properties and had been normed in the brain injury or 
clinical population. Since 2018, heart rate variability (HRV) has also become a routine 
method of evaluation in the service based on the emerging evidence supporting its link to 
wellbeing. HRV is potentially a more inclusive way to measure changes in patients’ health 
and wellbeing, given that many patients may face communication or visual impairments, 
which make surveys challenging. HRV has provided clinicians with invaluable insights 
into patients’ lifestyles, health behaviours and stress-activity. Physiological measures are 
also less vulnerable to social desirability, making them a less biased and more robust 
method for evaluation. 

2.5.1. Primary Outcome Measure 
Warwick–Edinburgh Mental Wellbeing Scale—Short Version (SWEMWBS): this sur-

vey was developed at the request of NHS Scotland in the UK to measure mental wellbeing 
and evaluate interventions designed to improve wellbeing [63]. It includes seven state-
ments about the participant’s thoughts and feelings (mental wellbeing). Participants are 
asked to respond by choosing one of five responses, ranging from 1 = ”none of the time” 
to 5 = ”all of the time”. The total raw score is then transformed into metric scores using 
the conversion table. WEMWBS is reported to be valid, reliable and also responsive to 
meaningful change in clinical populations [64,65]. Spearman correlations between 
SWEMWBS and WEMWBS are above 0.95, demonstrating the effectiveness of the short 
version [66]. The WEMWBS also shows high test–retest reliability at one week (0.83) [63]. 
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2.5.2. Secondary Outcome Measures 
Hospital Anxiety and Depression Scale (HADS) [67]: HADS was designed to meas-

ure anxiety and depression in the patient population. It focuses on non-physical symp-
toms in order to diagnose patients who also have physically ill health. The HADS contains 
seven questions for anxiety and seven for depression. The HADS has been validated in 
studies on stroke populations, which found good internal consistency and sensitivity and 
adequate specificity when lowered stroke-specific cut-off scores were used [68,69]. The 
HADS is often sensitive to change over time and thus is helpful in tracking changes in 
mood [70]. 

Visual analogue scale: visual analogue scales are used to measure subjective charac-
teristics or symptoms [71]. The VAS used in the present evaluation aimed to gather weekly 
data on participants’ anxiety, happiness and connection to others across the intervention 
period. The questionnaire consisted of three horizontal lines, marked at each end to indi-
cate the extremes of the feeling. The three questions consisted of: “How anx-
ious/happy/connected to others do you feel in this moment right now?” and participants 
were asked to mark down the number that best reflected their current state on a scale of 
0–10. Participants were asked to complete the VAS at baseline, at the start of each weekly 
session (before the session took place) and once post-intervention. The aim was to track 
any fluctuations in relevant characteristics across the intervention period. 

Resting heart rate variability (HRV): collecting HRV is a non-invasive approach; the 
devices used were commercial products (Firstbeat technologies monitors) available for 
public use. The data collected on the device contained no personal data that could identify 
the participants and was uploaded to a secure laptop only accessible to LW; all data was 
deleted from the device once saved on the laptop. Firstbeat monitors claim to detect the 
heartbeat with 1 ms accuracy (1000 HZ) and calculate RR intervals. Participants were 
asked to sit for ten minutes without moving or using a phone whilst their HRV was meas-
ured at baseline and post-intervention. HRV data were then analysed in Kubios Premium 
(version 3.5.0). Artefact correction threshold was adjusted individually; this is stated by 
Kubios to be best practice because inter-individual difference in HRV is significant, and 
therefore a fixed threshold (e.g., 5%) will not work for all participants [72]. The optimal 
threshold was identified by choosing the lowest correction level that identified all arte-
facts (RR intervals that fell outside of the 600–1200 ms range, but without identifying too 
many normal RR intervals as artefacts (<5% of all beats removed) [72]. On average, three 
beats were removed from each sample (range = 0–12 single beats, 0–4.23% of beats). Data 
were then extracted and entered in SPSS. Root mean square of successive differences 
(RMSSD) and normed high frequency were used as outcome measures because they are 
thought to reflect parasympathetic activity [73,74]. 

Relevant participant demographics and states: relevant lifestyle and demographic 
questions were asked [75]. To accurately interpret HRV data, it is important to know when 
the participant last exercised, ate, consumed caffeine and alcohol, slept and smoked ciga-
rettes, as well as understanding any blood pressure, heart or respiratory conditions, to 
ensure these factors are not responsible for a change in HRV [75]. 

2.6. Statistical Analysis 
All primary and secondary quantitative measures were subjected to tests of signifi-

cant difference for HRV and survey scores between baseline and post-intervention. Sig-
nificance was set at 0.05 and an effect size was calculated using Cohen’s guidelines (0.2 = 
small, 0.5 = medium, 0.8 = large). Normality was assessed by examining histograms and 
pp plots and conducting a Shapiro–Wilk test. Paired t-tests were used to compare the dif-
ferences in measures that met parametric assumptions and the Wilcoxon signed ranks test 
was used as a non-parametric alternative if variables violated assumptions. 
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2.7. Qualitative Data Collection 
All participants who attended surf therapy in the cohort for summer and autumn of 

2021 were invited to attend an REM session in April 2022. Participants who attended in 
the cohort of 2019 and 2020 (whose quantitative measures were included in the evalua-
tion) were not invited to the REM session because they had been discharged from the 
service by April 2022, when the session took place. Of eight potential participants, four 
accepted and attended the session, and four were unable to attend due to work, family or 
travel commitments. A three-hour session took place at the local hospital in which the 
neuropsychology service is based. Written consent was obtained at the start of the session. 
The session was facilitated by the lead author (LW), and the written whiteboard content 
and a voice recording of the entire session was captured. At the start of the session, par-
ticipants interviewed each other as part of the appreciative inquiry process. They were 
provided with question prompts (see Supplementary Materials) and space to make notes 
from the conversation, which could later be used in group discussion. A facilitated group 
discussion then took place whereby participants shared what they had discussed with 
their partner in their interviews. Key details from each participant’s story were mapped 
out on a large whiteboard and the facilitator used probing questions to encourage rich 
reflections and narratives (What happened next? How did that impact you?). After each 
participant’s story was told, the group brainstormed possible theme names to capture the 
most significant impacts that arose during the discussion. Finally, a list of the key themes 
was written on the whiteboard, which everyone approved of. 

2.8. Qualitative Data Analysis 
The recording of the REM session (which totalled 78 min) was transcribed and up-

loaded to ATLAS.ti for Mac for data management. Data analysis followed the six steps for 
thematic analysis [76]. Stages one to four involved the lead author (LW) only. Stage one 
was familiarisation through listening to the audio recording and re-reading the transcript, 
and stage two involved reviewing the data with the initial generated themes in mind to 
ensure they captured distinct concepts and reflection on whether effects were short or 
long term. Steps three and four were an iterative process whereby the transcripts were 
coded and themes were modified to ensure all discussed ideas were reflected in the final 
themes. In stage five, all authors reviewed the themes until an agreement was made and, 
finally, the results were reported in stage six. 

2.9. Ethical Considerations 
Evaluations of service user experiences associated with the delivery of interventions 

in the healthcare sector are excluded from ethical review in the United Kingdom because 
they are considered to contain minimal risk. No randomisation, experimental or control 
condition was used, and the intervention was not withheld from any eligible participants. 
Patient care did not deviate from usual care and participants continued to receive usual 
healthcare treatments in addition to surf therapy. All participants were invited to take 
part in the evaluation. Only those who gave informed consent were included and partici-
pants understood their rights to withdraw. When the data were transcribed, any identifi-
able information was removed. All participants included valued the opportunity to par-
ticipate in evaluation, provide feedback on their experiences and help support service de-
velopment. 

The service described in this evaluation is highly research-driven; interventions are 
designed based on strong theoretical foundations and are updated using advances in the 
wellbeing literature. It is acknowledged that service evaluations are often heterogeneous 
and are not generalisable beyond the patient group. However, this work is still vital, as it 
represents how all service evaluations should use rigorous methodology to assess out-
comes in patients, yet this is seldom done. If service evaluations only use sub-par meth-
ods, remain unpublished and do not keep up to date with advances in science, then the 
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research–treatment gap and lag will only continue to increase. If we want science and 
research to be translated to healthcare, and for healthcare to be grounded in a strong evi-
dence base, then more effort needs to be made to design interventions based on emerging 
evidence and to share novel treatment opportunities through well-designed, rigorous 
evaluations that can inspire clinicians to trial these within their own services. 

3. Results 
3.1. Quantitative Findings 

The participant demographics of the present sample (Table 1) are a good representa-
tive on average of the ABI patient population seen in this specific neurorehabilitation ser-
vice. 

Table 1. Quantitative data participant characteristics. 

Characteristic Mean SD 
Age 48.27 13.56 

Years Since ABI 2.97 2.16 
   

Characteristic Category N 
Gender Male 11 

 Female 4 
Employment Unemployed 11 

 Employed 2 

 
Off Sick or Medically Re-

tired Due to Injury 2 

ABI Type Traumatic 9 
 Non-Traumatic 6 

Blood Pressure Condition NO 11 
 YES 4 

Heart or Respiratory Condition NO 14 
 YES 1 

Current Smoker NO 11 
 YES 4 

Taking Medication or Contracep-
tives NO 14 

 YES 1 

All outcome variables were normally distributed except for the VAS anxiety variable. 
A Wilcoxon signed ranks test was therefore performed for the VAS anxiety variable as a 
non-parametric alternative to the T-test. The Wilcoxon signed ranks test indicated that the 
difference between VAS anxiety ratings at pre (M = 4.4 SD = 1.96) and post (M = 2.73 SD = 
2.2) was statistically significant, z = −2.367, p = 0.018. t-test results (see Table 2) revealed 
that there was a significant increase in self-reported wellbeing upon completing the surf 
therapy intervention and a significant increase in VAS happiness score. Measures of HRV 
and HADS did not differ significantly. VAS changes compared baseline to post-interven-
tion (Figure 3). 
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Table 2. Paired t-test results. 

 N Mean (Before/After) SD (Before/After) t 
p Value (Two-

Tailed) 
d BF10 BF01 Bayes Interpretation 

Wellbeing 15 19.52/21.11 3.47/2.15 −2.164 0.048 * 0.56 3.062 0.327 Moderate 
HADS Anxiety 15 9.4/7.47 4.1/2.45 2.094 0.055 0.54 2.759 0.362 Anecdotal 

HADS Depression 15 9/7.93 5.52/3.88 0.913 0.377 0.24 0.599 1.669 Anecdotal 
VAS Happy 15 6.2/7.47 1.78/1.55 −3.3 0.005 * −0.85 9.486 0.105 Moderate 

VAS Connection 15 5.13/6.87 3.14/1.6 −2.01 0.065 −0.52 1.261 0.792 Anecdotal 
RMSDD 13 22.84/22.95 13.37/13.24 −0.04 0.969 −0.01 0.287 3.490 Moderate 

HR 13 76.69/79.18 11.54/11.26 −0.882 0.395 −0.25 0.165 6.051 Moderate 
Normed HF 13 28.3/32.78 19.86/25.91 −1.143 0.275 −0.32 0.813 1.231 Anecdotal 

* Significant change at level of p < 0.05. 

 
Figure 3. Weekly self-reported scores from visual analogue scale: “On a scale of 1–10 how 
happy/anxious/connected to other people do you feel?” 

3.2. Qualitative Findings 
Four participants and two clinicians participated in the REM session. The age range 

of this sub-sample of participants was 21–60 years old, with 50% male, 50% TBI injury 
type and 75% unemployed. Time since injury range was 2–5 years. The two clinicians at-
tended the intervention with participants but were not involved in the evaluation. In keep-
ing with common practice in REM [60], the clinicians represented wider stakeholders’ 
views and reflections from the intervention. 

During thematic analysis, a series of themes were identified as being significant con-
sequences of attending the intervention (see Table 3), these themes could be clustered in 
to three key phases of change (see Figure 4). Firstly, participants noted that it was the 
unique physical and emotional experience of this nature-based challenge (phase 1) that 
initiated a powerful mindset shift towards empowerment and optimism for their future 
(phase 2). This mindset shift then led to long-term behaviour change (phase 3), which 
promoted participants’ wellbeing on an individual level, as well as contributing to im-
proving collective and also planetary wellbeing. 
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Table 3. Summary of qualitative themes that arose during ripple effects mapping session. 

Phases Which Themes Occurred Themes 
Phase 1: The Physical and Emotional Experience of a Nature-

based Challenge 
Intense Physical Challenge 

 Support to Overcome Fear 
 Invigoration and Achievement 
 Shared Experience 

Phase 2: Experience of a Mindset Shift Inspiration and Optimism 
 Increased Self-Confidence and Empowerment 

Phase 3: Long-Term Wellbeing-Promoting Behaviour Change Increased Mindfulness 
 Physical Activity and Movement 
 Improved Relationship Quality 
 Increased Community Participation and Connections 
 Organisational Benefits 
 Increased Connection and Appreciation of Nature 

 
Figure 4. A summary of the ”phases” in which significant changes took place for the participants. 

3.3. Phase 1: The Physical and Emotional Experience of a Nature-Based Challenge 
Participants identified four components of surf therapy that significantly contributed 

to shifting their mindset. 

3.3.1. Intense Physical Challenge 
The activity of surfing was very physically demanding for participants, especially 

given that fatigue is one of the most common consequences of ABI. Most reported that 
even walking down to the beach or getting changed into a wetsuit was tiring. This meant 
that they pushed themselves to tolerate much more activity than they had done since their 
injury and enabled them to recognise their limits and when they should rest. 

“It gave me confidence that I could tolerate things that I thought, no way could 
I tolerate.” (P1) 

3.3.2. Supported to Overcome Fear 
The prospect of attending the intervention evoked a degree of fear and anxiety in all 

participants. Many felt unsure if they were capable of such a strenuous activity following 
their injury and many had negative preconceptions of the ocean, believing it was a dan-
gerous environment. The intervention gave participants a safe and supported environ-
ment to challenge their negative perceptions and fully experience the beauty and benefits 
of nature and the ocean whilst trusting that they would not be in danger. This allowed 
them to confront a substantial fear and overcome it successfully. 

“We hear via social media and the news, that the sea is so dangerous, and it’s 
always a negative thing to be, sort of, in a wave and riptides and whatnot. But 
when you’re actually in it, it’s, again, euphoric.” (P4) 
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“I remember the two people either side of me, when we were walking…the two 
helpers, you know. And the surf was really, really rough, and I was, like, going 
forward like this… But the sense of, actually, I’m battling through this, really big 
time, was actually huge.” (P1) 

3.3.3. Invigoration and Achievement 
The experience of surfing and being immersed in the ocean and nature was invigor-

ating and energising for participants; several described this feeling as a “buzz”. They felt 
that being so immersed in nature was unique, one describing it as “magical” and another 
as “euphoric”. This was combined with a sense of pride in their achievement, after over-
coming challenges and pushing themselves beyond their limits. 

“[the days the ocean was rough] was more exhilarating and fulfilling than the 
days when it was really calm.” (P3) 

3.3.4. Shared Experience 
Participants reported feeling invested in each other’s progress. One described their 

group as being a “temporary family”, and they felt excitement and pride towards each 
other’s achievements. One reason for this was because they had empathy for how 
uniquely tough this challenge was following an ABI. It was this shared experience that 
subsequently led to feelings of inspiration and optimism described in phase 2. 

“Because doing something extreme brings people together, but doing something 
extreme when you’re actually living…when you’ve survived something, and 
you’ve, you know, you’ve got those limitations anyway is…is much greater.” 
(P3) 

3.4. Experience of a Mindset Shift 
3.4.1. Inspiration and Optimism 

Participants felt that observing fellow survivors of ABI endure this challenge and 
achieve their goals provided them with inspiration and enthusiasm for their own lives. It 
gave them a sense of hope and optimism for what they also might be able to achieve in 
their future. One participant described how they watched their fellow participant pro-
gress from sitting on the seated board to swimming completely independently by the final 
session and how this had a powerful impact on their own mindset. 

“Just to see the progress…to see the progress that somebody can make, that 
makes you want to do the same? Makes you want to be a better person? If some-
body can do…can be that brave, to make that sort of jump. You feel that you 
can…you can do anything as well.” (P3) 
“I find that, with the community. I find that sense of inspiration.” (P2) 

3.4.2. Increased Self-Confidence and Empowerment 
This theme reflects a positive change that occurred in participants’ perceptions of 

themselves following the intervention. Participants felt that the achievements they had at 
surf therapy demonstrated that they were capable of being more independent than they 
previously thought. They reported a new zest for life and that their experience gave them 
a sense of “normality” post-ABI. Participants reported feeling empowered to take control 
of their life in some way. 

“There’s no way you can get in that water’… Having got in there and survived 
it, I’m thinking, ‘yes I can.” (P1) 
“[Surf-Ability] has helped me with other things. Because I know that I’m 
stronger than I thought, because I had that experience.” (P3) 
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3.5. Phase 3: Long-Term Wellbeing-Promoting Behaviour Change: Individual Scale 
The long-term benefits of Surf-Ability were reflected in positive behaviour change 

which endured 6–10 months following the intervention (see Figure 5). It was evident that 
this positive behaviour change did not only improve individual wellbeing but, on a 
broader scale, also improved collective wellbeing; e.g., participants engaged in behaviour 
that improved the wellbeing of family, friends, their community and even local organisa-
tions. The rippling effects of Surf-Ability also improved planetary wellbeing, whereby 
participants felt more appreciative of nature and so began engaging with it more con-
sciously and frequently. 

 
Figure 5. A visual representation of the long-term wellbeing-promoting behaviour changes (phase 
3), grouped according to level of scale (individual, collective or planetary). 

3.5.1. Increased Mindfulness 
Some participants reported that they felt Surf-Ability initiated an interest in mindful-

ness for them. Participants learned how to notice sensations and beauty in their surround-
ings, especially when spending more time in nature. 

“It did give us time to be very mindful. And I realise more and more the im-
portance of that to my wellbeing.” (P3) 

3.5.2. Physical Activity and Movement 
Some participants began participating in more physical activities following the inter-

vention, including paddle boarding, surfing and cold-water swimming. One participant 
reported that they stopped taking anti-depressant medication because of attending the 
intervention. They felt this was because of the confidence they gained, which enabled 
them to continue cold-water swimming and begin exercising again, giving them a “natu-
ral high” (P3). Other participants felt that surf therapy empowered them to improve their 
mobility and their fatigue, which increased their capacity for activity and self-regulation. 

“It leads me onto the cold water swimming. I just…I’m just one of those addicts 
now.” (P3) 

3.6. Phase 3: Long-Term Wellbeing-Promoting Behaviour Change: Collective Scale 
The behaviour changes that followed the intervention not only positively impacted 

the participants’ individual wellbeing but also improved wellbeing on a collective scale 
(see Figure 6). 
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Figure 6. Chain of events that occurred following Surf-Ability which improved collective wellbeing. 

3.6.1. Improved Relationship Quality 
One participant reported that the intervention empowered them to realise their ca-

pability for “independence”, which improved their mood long-term and made them more 
accepting of their family’s support instead of feeling resentful, thus improving their fam-
ily dynamic. Other participants felt that they shared the skills and passions they learned 
at surf therapy with family and friends, which improved their connection and bond. 

“Yeah I have got to say, again, turn a negative in to a positive, if I hadn’t have 
had the stroke, I wouldn’t have spent so much time on the beach with my boy 
[son].” (P4) 

3.6.2. Improved Community Participation and Connections 
Some participants made new connections from the intervention that still endured at 

follow-up; for example, meeting up in the community to go for cold swims together. An-
other participant created an online group chat following the intervention where they keep 
in contact with the group, and they now attend other community projects together such 
as a gardening group. 

“I’ve been cold water swimming with my niece, friends, with all sorts of people! 
Even a friend who’s never done it before is going to come with me, because she 
loves the idea of it.” (P3) 

3.6.3. Organisational Benefits 
On an organisational level, one participant began to organise cold swim fund-raising 

events following surf therapy, and their first event raised £500 for an ABI charity. One 
participant began mentoring at Surf-Ability with other ABI participants and another has 
begun volunteering in a befriending scheme at a local hospice because of the confidence 
they gained from surf therapy. Some were involved in filming surfing and swimming 
content for (1) a documentary promoting the work of Surf-Ability and (2) a short educa-
tional video for a brain injury charity. 

“When I was offered the chance to mentor within the Surf-Ability group, it gave 
me the chance to… help others.” (P4) 
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3.7. Phase 3: Long-Term Wellbeing-Promoting Behaviour Change: Planetary Scale 
Increased Connection and Appreciation of Nature 

Most participants reported that after attending surf therapy, they now spend signif-
icantly more time out in natural environments, such as the beach. Participants reported 
feeling an increased connection to nature and appreciation of its beauty, power and vast-
ness. 

“You can feel the joy of [the beach] that you didn’t see before.” (P3) 
“I’ve never had a negative time on the beach, which has spurred me on to, every 
chance we get to go to the beach, even if its tipping down with rain.” (P4) 

4. Discussion 
The aim of the present evaluation was to assess whether a surf-therapy intervention 

promoted wellbeing in patients with acquired brain injury (ABI) according to a survey 
and physiological data. The secondary aim was to explore, using ripple effects mapping 
(REM) qualitative data, whether the impact of the intervention endured at approximately 
one year follow-up, thus ensuring it is an efficient use of service resources. Within-subjects 
analysis revealed significant increases in self-reported wellbeing between baseline and 
post-intervention (upon completing 4–5 weekly sessions). There were also significant in-
creases in self-reported happiness and decreases in anxiety post-intervention versus base-
line according to brief visual analogue scale ratings. There were no significant differences 
between baseline and post-intervention HADS depression and anxiety scores, nor con-
nectedness (visual analogue scale rating), and no significant change in HRV measures. 
The improvement in participants’ self-reported wellbeing is coherent with previous qual-
itative findings on Surf-Ability, in which participants reported holistic improvements 
across a range of inter-connected wellbeing-promoting factors [58]. In addition, an REM 
session was conducted with a small sub-sample of participants at 6–10 months follow up. 
Thematic analysis identified four key components of the nature-based intervention that 
were unique in initiating a mindset shift in participants: the intense physical challenge, 
support to overcome fear, invigoration and achievement and a shared experience. These 
factors contributed to an increase in (1) inspiration and optimism and (2) self-confidence 
and empowerment and ultimately led to long-term wellbeing-promoting behaviour 
change. On an individual level, participants increased their mindfulness practice and their 
physical activity and movement, a change that persisted at the time of follow-up. On a 
collective level, the participants used the intervention to improve the quality of their rela-
tionships, increase community participation and engage in activities beneficial for local 
third-sector organisations in the months following the intervention. Finally, on a plane-
tary level, participants felt more connected to and appreciative of nature, a trait associated 
with pro-environmentalism [28]. 

The present evaluation highlights the unique opportunity that blue spaces offer to 
improve wellbeing. Several previous theoretical frameworks have proposed explanations 
for the relationship between nature and health; the explanation of most relevance might 
be the attention restoration hypothesis [29], which claims that scenes of nature require 
only effortless attention, allowing cognitive resources to rest and recover. Given that cog-
nitive fatigue and heightened sensory stimulation are common challenging symptoms fol-
lowing ABI [31,32,77,78], it is likely that spending time in nature might be particularly 
helpful for this population and, thus, neurorehabilitation services should consider ways 
to merge nature opportunities with clinical interventions. Moreover, given that surfing 
involves complete immersion into the (often tumultuous and cold) ocean, it is proposed 
that this experience offers a unique opportunity to be fully absorbed in nature beyond 
what one might experience from simply observing a nature scene. Whilst surfing might 
not be accessible to all neurorehabilitation services, there is a growing body of literature 
that promotes the more general use of water-based activities for improving wellbeing. For 
example a systematic review of 33 studies [79] proposed that psychosocial wellbeing can 
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be improved via blue space interventions specifically designed with a therapeutic purpose 
(examples included: ocean therapy, surf therapy, kayaking, scuba diving, sailing and oth-
ers). Theoretically, it is therefore possible that other water-based activities that it is possi-
ble to practice in other blue spaces, such as lakes or rivers (e.g., “wild” swimming, 
kayaking or paddle boarding), might also be beneficial for individuals with ABI; however, 
the evidence base for these is scarce and requires future investigation. 

The present evaluation also illuminates the role that physical activity plays in pro-
moting wellbeing. The mind–body dualism approach to health has been found to be in-
adequate, given the noteworthy role health behaviours, including exercise, have on psy-
chological wellbeing. For example, one study found that individuals with ABI who exer-
cised more than 90 min per week experienced a reduction in depression scores and higher 
perceived quality of life and mental health [80]. Moreover, a meta-analysis of 157 studies 
found a positive relationship (d = 0.360) between physical activity and subjective wellbe-
ing [81]. Given that participants in the present evaluation reported that increasing their 
physical activity was an important contribution to their long-term wellbeing changes, it is 
proposed that neurorehabilitation services, where possible, provide opportunities for in-
dividuals with ABI to safely access group exercise, particularly within their own commu-
nities, so they are able to maintain the activity independently. 

Both nature connection and positive health behaviours are factors that have com-
monly been neglected in previous models of wellbeing. The present findings support the 
need for a new biopsychosocial ecological model of wellbeing, such as the GENIAL 
model, which proposes that wellbeing is a product of (1) self-connection (e.g., emotional 
regulation, positive emotion, meaning and purpose and positive health behaviours, such 
as exercise, sleep and diet); (2) social connection (positive relationships, social capital, so-
cial cohesion and social identity); and (3) nature connection (spending time in and feeling 
connected to the natural environment) [11,43,44]. 

The present findings also suggest that it might be advantageous to incorporate more 
than one of these key determinants of wellbeing into neurorehabilitation interventions; 
e.g., social opportunity, natural environment, physical activity, mindfulness techniques, 
etc. It should be noted that improving wellbeing is not simply an effort to improve psy-
chological functioning following ABI but that enhanced wellbeing has important benefits 
for all domains of the holistic model of neurorehabilitation, given the reciprocal interac-
tions between psychological, cognitive, social and physical health. For example, evidence 
suggests that positive wellbeing improves performance in cognitive tasks including exec-
utive function, memory and processing speed [82]. In addition, higher levels of wellbeing 
are associated with physical health benefits, such as reduced inflammation, lower heart 
rate, lower blood pressure and less central obesity [83–85]. Future research may examine 
the role of wellbeing in promoting the components of the holistic model in individuals 
with ABI. It is predicted that providing opportunities for improved wellbeing will have 
simultaneous ”whole health” benefits for cognitive, functional, physical, psychological, 
social and vocational skills. 

In addition, the evaluation illuminates the role of behaviour change in promoting 
health and wellbeing, a concept commonly neglected in previous models of wellbeing 
[39,86,87]. Whilst it might be difficult for participants to maintain the levels of wellbeing 
reached during an intervention, unless they learn how to make consistent changes to their 
behaviour, they risk regressing back to their baseline level of wellbeing. The findings sug-
gest that participants required a change in their sense of identity and perception of their 
injury to change their behaviour long-term. This is in line with the ”Y-Shaped” model [7] 
that claims that the process of adaption following ABI requires individuals to resolve dis-
crepancies within one’s social identity, interpersonal relationships and personal identity. 
Forming an updated, adapted and realistic identity is important for positive growth fol-
lowing an ABI, and thus neurorehabilitation services need to provide opportunities that 
facilitate this process of meaningful personal change. The findings suggest that nature-
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based interventions, particularly surf therapy, might offer a unique opportunity to facili-
tate this process of identity change following ABI by acting as a powerful behavioural 
experiment to realise their capabilities and subsequently change their behaviour. This 
change may also be explained by social identity theory, which proposes that experiencing 
a sense of collective and personal achievement will have positive consequences for one’s 
social and personal identity [13]. 

Barriers that may prevent individuals with ABI from integrating into social groups 
in the community include fear of stigmatisation [88], cognitive impairment (e.g., impaired 
executive functioning), behaviour challenges (e.g., disinhibition) and psychosocial chal-
lenges including depression and anxiety, lack of motivation and fatigue [89]. Whilst it is 
common for neurorehabilitation to offer group-based therapies and educational interven-
tions within services, it is less common to actively support ABI patients to participate in 
community-based activities. Yet the present findings highlight that having trusted, skilled 
professionals present provides a “safety net”, allowing them to seek support and increas-
ing their confidence that their needs will be adapted for. This finding is in line with poly-
vagal theory, which proposes that the ventral branch of the vagus nerve serves our social 
engagement system, which enables us to connect to others and navigate relationships 
[90,91]. When an environment is perceived to be safe, myelinated vagal motor pathways 
inhibit sympathetic fight or flight mechanisms via the ”vagal brake”. Alternatively, if a 
context is perceived to be dangerous, the body activates defence strategies (sympathetic 
”fight or flight” or parasympathetic ”shutdown”), compromising social behaviours 
[90,91]. Given the psychosocial impacts of ABI, individuals are more likely to experience 
fear of rejection, lack of confidence and anxiety (activated ”defence” mode) prior to enter-
ing new social groups. However, if they are accompanied by a trusting professional with 
whom they feel safe, then they will be more able to socially participate. Moreover, accord-
ing to broaden and build theory, increased vagal tone also predicts increases in positive 
emotions and social connectedness, which, in turn, further increase vagal tone in an up-
ward spiral relationship [50,92]. This helps explain how the presence of a health profes-
sional might act as a gateway resource to enable ABI patients to connect socially and might 
possibly improve their individual capacity for future community participation when the 
“safety net” professional presence is removed. 

There are an extensive number of third-sector and community organisations across 
the world providing opportunities for people to flourish, but it requires substantial confi-
dence for patients to approach these spontaneously without support. Whilst it can be prac-
tically and financially challenging for neurorehabilitation services to attend community 
projects with patients, the present evaluation demonstrates that this goal can be achieved 
via collaborative partnerships between neurorehabilitation services and local community 
third-sector organisations [58,93]. Bridging the gap between healthcare and community 
projects can help overcome barriers for individuals with ABI who feel unable to access the 
community independently and thus are at risk of become marginalised [11]. 

Strengths, Limitations and Future Directions 
One strength of the evaluation was the multi-method approach to measuring well-

being. REM as a qualitative method aligns with the need for health research to be popu-
lation-led and receive input from patients [94]. REM helps amplify the voices of people 
who may feel unheard. Adopting this approach may help ensure that wellbeing science 
evolves to reflect the needs of service users. This approach also helped to dissect the mech-
anism through which improvements in wellbeing occurred in participants, a discovery 
that would have been impossible through survey measures alone. 

The use of HRV data also aligns with the need to understand wellbeing in a more 
holistic manner, integrating psychological states with physiological feedback. In this in-
stance, coherence was not found between self-reported changes in wellbeing, and im-
provements in HRV; however, there are several potential explanations for this. One rea-
son might be that any change in resting HRV may have occurred following the cascade of 
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events that took place after the intervention. For example, the intervention alone may not 
have been enough to improve resting HRV, but the subsequent increase in physical activ-
ity, mindfulness, improved relationships, community participation and connection to na-
ture that occurred in the months following the intervention may have led to improved 
vagal functioning in the long term. The present evaluation was limited by only two time-
point measurements (pre and post). This could have been enhanced by measuring 
changes in resting HRV across all five weeks of the intervention, as well as in the months 
following. However, the evaluation took place as part of routine appraisal within an NHS 
public healthcare service and so lacked the required time and resources. Future studies 
with sufficient funding may utilise advances in smart devices, which can monitor HRV 
continuously for longer periods of time with greater ease, such as via a watch or ring. The 
monitors used in the present evaluation were not waterproof but, given the association 
between nature and parasympathetic activity [27,95–97], future research might consider 
tracking changes in HRV across the individual surf sessions and in the recovery period to 
assess whether surf therapy initiates moment-to-moment changes in nervous system ac-
tivity. 

In addition, participants in the present evaluation were not randomised into groups, 
as treatment-as-usual ensued. Therefore, those who chose to participate may have been 
more open to the experience and, thus, perhaps approached the intervention with more 
motivation or a more positive attitude than if participants were randomly assigned. Rea-
sons why individuals were excluded were most commonly due to medical issues, such as 
uncontrollable epilepsy, because the individual was deemed at high risk of a second 
stroke or because they were employed and thus unable to take time off work. This might 
also explain why more participants in the present evaluation were unemployed or on sick 
leave from work than employed. Moreover, after discussions with their clinician, some 
felt their psychosocial challenges were too intense; e.g., they were clinically depressed or 
anxious and so were not yet ready to move beyond 1:1 therapy. This is common within 
the service, as patients who attend community projects are often further along in their 
rehabilitation journey. It is common for patients at the start of the patient pathway to have 
more 1:1 and within-service interventions, before gradually progressing to community 
projects later in the pathway, preparing them for an eventual discharge into the commu-
nity. In addition, a common reason for dropping out of the intervention was because the 
neuropsychology service covers a large catchment area and, as individuals are commonly 
unable to drive following an ABI, several participants did not have access to a car, and 
public transport to the beach was not available for everyone. This barrier was acknowl-
edged, and the team later began securing funding to provide patient transport to commu-
nity projects. 

A major constraint on the present evaluation was that it dealt with applied psycho-
physiological data outside of a laboratory setting. Participants’ lifestyle behaviours, which 
are known to influence HRV, were unable to be controlled, such as alcohol consumption, 
caffeine or exercise [75], which may have caused confounds. Moreover, during the inter-
vention period, the UK faced COVID-19-related lockdown restrictions, meaning one co-
hort of participants were unable to attend appointments in person at the hospital clinic 
room, so data collection instead relied on participants fitting their own monitors whilst 
on a video call. This inevitably caused interference with HRV measurements, given that 
distractions in participants’ home environments were unable to be controlled for. Despite 
the constraints faced in the process of the evaluation, overall best efforts were made to 
utilise what resources were available to contribute towards the goal of progressing from 
single, self-reported measures toward utilising diverse methods, including physiological 
data, to understand wellbeing in a more holistic and multi-faceted way [98]. 

5. Conclusions 
The present evaluation provides new quantitative data supporting the use of surf 

therapy as a nature-based intervention to promote wellbeing in individuals with ABI. It 
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is proposed that being immersed in nature contributed to a positive change in partici-
pants’ self-perceptions and identity, which subsequently enabled some participants to 
maintain wellbeing-promoting behaviours at 6–10 months follow-up. This evaluation 
highlights the need to utilise diverse approaches to measure wellbeing in a holistic way, 
including physiological data, patient and stakeholder involvement and the capturing of 
wider collective and planetary impact of interventions. The need for wellbeing science 
and positive psychology to progress towards a transdisciplinary biopsychosocial ecolog-
ical model of wellbeing, such as the GENIAL framework, which integrates known deter-
minants of wellbeing, including nature connection and positive health behaviours, should 
be noted [43]. Findings support the need for healthcare providers—including neuroreha-
bilitation services—to enhance interventions for patients by incorporating multiple factors 
that improve wellbeing, including nature connection. To do this, it is suggested that 
healthcare services consider forming collaborative partnerships with local third-sector or-
ganisations in addition to research academics in order to identify collaborative funding 
opportunities and co-deliver innovative interventions that exploit these advances in well-
being science [99,100]. 
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