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Abstract

Children with Attention Deficit Hyperactivity Disorder can face difficulties with inattention,

hyperactivity, and impulsivity, which can impact many areas of their lives, including their

educational attainment and social and emotional wellbeing. Involvement in nature-based

activities can reduce these difficulties and improve wellbeing, but there are limited resources

for supporting children with this diagnosis to access these approaches and no nature-based

interventions designed with and for this group. This protocol describes a co-production

study in which children diagnosed with Attention Deficit Hyperactivity Disorder aged 5–11

years old, their parents/guardians, and professionals will attend a series of workshops to

share their knowledge to co-produce a new nature-based intervention for this population of

children. We aim to understand how the children’s’ experiences of Attention Deficit Hyperac-

tivity Disorder may affect their interactions with nature, identify how activity in and with

nature may help with symptom reduction and general wellbeing, and co-produce an inter-

vention for families which applies our learning. The result of this study will be the designed

intervention and insights into how children and young people with Attention Deficit Hyperac-

tivity Disorder interact with nature. The prototype intervention will then undergo feasibility

testing in a future study.

Trail registration: NIHR203043; ISRCTN11763460.

Introduction

Background

Attention Deficit Hyperactivity Disorder (ADHD) is a neurodevelopmental condition which

is estimated to affect approximately 5% of children and adolescents globally [1]. In the UK 2%
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of adults and between 3–5% of children in the UK have ADHD [2]. It is characterised by symp-

toms of inattention, hyperactivity, and impulsivity, each of which can have a significant impact

on daily functioning. Children with ADHD can experience difficulties with concentration and

are frequently over-active regardless of setting. Additionally, they often have comorbid mental

health difficulties (e.g. autism, speech and language difficulties, anxiety, low mood), poorer

social and emotional wellbeing and educational outcomes, and an increased likelihood of rela-

tionship breakdowns [3].

Early identification and support can prevent the development of further mental health con-

ditions for those with ADHD and can have a positive impact on quality of life. The current

study is set within the context of the UK and the healthcare provision provided by the National

Health Service (NHS). This provision, particularly within the context of mental health care,

does not sufficiently meet the needs of this population [4]. Long waiting lists for access to treat-

ment through Child and Adolescent Mental Health Services (CAMHS) mean that currently

6% of families wait over 12 weeks for a first appointment with CAMHS and a further 48% of

families have their referrals closed before treatment is offered [5]. It is also reported that at

time of diagnosis, families do not routinely receive appropriate intervention [4] which can lead

to deterioration in the child’s wellbeing.

ADHD can also have a negative impact on the parents or guardians and informal caregivers

of children with ADHD. The Caregiver Perspective on Paediatric ADHD study reported 38%

of caregivers (n = 2872) had been late for work in the past month because of their child’s

ADHD, and that 31% of caregivers (n = 3688) had altered their employment status [6]. Telford

et al [7] identify the need to develop and evaluate early interventions which have the potential

to reduce the longer-term burden of ADHD.

Green spaces such as parks, allotments, and woodlands are increasingly recognised as ‘natu-

ral capital’ that offer public health benefit for both adults and children [8]. These health bene-

fits can extend to children with ADHD. According to a study reported in The Lancet,

increased exposure to green spaces for children is strongly associated with lower rates of

ADHD diagnoses and occurrence of ADHD symptoms [9]. Furthermore, improvements are

seen in attention restoration, memory, stress and academic test scores [10], as well as reduced

need for medication [11]. Green and blue spaces may help with ADHD symptoms in several

ways, for example through availability of space and the associated benefits of physical activity

to expend excess energy [12]. Natural spaces can provide a multi-sensory space, removing

external distractions such as technology, and increasing the ability to stay focused [13]. The

relaxing effects of natural spaces can also impact on behavioural patterns often associated with

ADHD, including impulsivity, inattention, aggression, and reduced sociability [14] Moreover,

children with ADHD have reported that engaging in outdoor activity which incorporates

nature and is done with others makes their life “really good”, i.e. is important for their life sat-

isfaction [15].

Children who experience social and economic deprivation are more likely to be diagnosed

with ADHD [16] and have less access to green space [17, 18]. Furthermore, much of the evi-

dence about green space and health benefits for children with ADHD is premised on exposure

rather than active participation in nature. Evidence consistently shows the benefits for children

and young people of engaging with nature for their physical activity levels, health outcomes,

increased wellbeing, reduced stress, and development of a positive affinity with nature [19].

While nature-based interventions align with National Institute for Health and Care Excellence

(NICE) guidelines [2] for children with ADHD there are no well evidenced nature-based inter-

ventions for use in the community or in NHS Child and Adolescent Mental Health services

(CAMHS).
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Rationale

The CO-production of a Nature-based Intervention For children with ADHD Study (CONI-

FAS) aims to co-produce a nature-based intervention for use with families of children and

young people with ADHD to reduce the impact of ADHD symptoms and improve quality of

life. Co-production has been chosen as the methodology as its central value is the development

of more equal partnerships between people who use services and people who design and

implement them. Co-production has been linked with better outcomes for people who use ser-

vices and higher levels of accessibility, acceptability, and engagement [20–22]. Co-produced

mental health interventions can also be created fairly quickly and for a relatively low cost [23].

The prototype intervention will be developed in the first instance to be used in the NHS by

Child and Adolescent Mental Health services (CAMHS). Throughout co-production, the

study team will work closely with child and adolescent mental health professionals and other

stakeholders in ADHD services and nature-based recreation (e.g. education and charity pro-

fessionals). This will ensure the creation of links and knowledge-sharing between the end users

(families of children and young people with ADHD), local mental health services, and those

with expertise in delivering nature-based activities. Additionally, links made between a local

wildlife charity partner (Yorkshire Wildlife Trust) and the ADHD Foundation will add value

to current practice and knowledge.

Materials andmethods

Ethical approval for this study was granted by the University of York’s Department of Environ-

ment and Geography Research Ethics Committee (REC) on 23/05/2022 (S1 File). This study

will be conducted in accordance with ICH Good Clinical Practice guidelines. The study is reg-

istered with ISRCTN (11763460) and any changes to this protocol will be reported in the

ISRCTN registry [24].

Objectives

The CONIFAS study consists of two elements: co-production of a nature-based intervention,

and user testing of the co-produced intervention. These elements will be based on the Design

Council’s Double Diamond model (Design Council, 2017): Discover, Define, Develop, and

Deliver. These phases will map on to four phases of the research study, each of which has a spe-

cific objective: Phase 1 will involve discovery workshops in which we aim to understand the

problem (objective 1); phase 2 will involve co-production workshops to define the intervention

(objective 2); phase 3 will involve user testing to test and develop the intervention (objective

3); and phase 4 will include refinement of the intervention with the co-production groups

based on outcomes from phase 3, ready for feasibility testing (objective 4). The flow and

sequence of the study components are shown in Fig 1.

Three of the above listed phases are part of the co-production element of the study and one

is part of the user testing element. This protocol reports the methods for three of the four

phases, the ones which make up the co-production element of the trial (phases 1, 2, and 4

which map onto objectives 1, 2, and 4). The co-production element is not considered to be

research as no data will be collected. Phase 3 and objective 3, which make up the user testing

element, will be covered by a separate protocol and ethical review once the prototype interven-

tion has been created. The user testing phase is considered to be research as data will be

collected.

The study objectives are:
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1. Create a co-production team of parent/guardian-child dyads with lived experience of

ADHD, voluntary organisations working in green spaces, NHS professionals, clinicians,

education professionals, and researchers. Investigate the strengths and difficulties associ-

ated with an ADHD diagnosis in children and how nature can be used to support affected

children (Phase 1).

2. Develop an appropriate and acceptable intervention for families of children and young peo-

ple with ADHD through discovery and co-production workshops, using existing campaigns

(such as the five ‘Ways to Wellbeing’ andWildlife Trust’s 30 Days Wild) and resources for

inspiration (Phase 2).

Fig 1. Flow diagram of study components and phases. PIS: Participant information sheet.

https://doi.org/10.1371/journal.pone.0274375.g001
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3. Recruit a further 10 families to conduct a user testing trial to test the usability, acceptability,

and accessibility of the created intervention (Phase 3). This data collection element of the

study is detailed in a separate protocol.

4. Refine the intervention with co-production participants from phases 1 and 2 using feedback

from the user testing (Phase 4).

Patient and public involvement

Patient and public involvement (PPI) is central to CONIFAS. A parent of a child with ADHD,

a professional from the ADHD foundation, and two professionals from the Yorkshire Wildlife

Trust are co-investigators on the study. They have been involved in the development stages

and they will be involved for the duration of the study. Key responsibilities for this PPI group

will be to review all participant-facing documents and contribute to the Study Management

Group (SMG). Participant-facing documents have also been reviewed by the sponsor’s

(LYPFT NHS) research patient ambassador. We also enhanced inclusivity and reach of our

PPI strategy by holding a picture drawing competition for children and young people and this

image is used to promote the visual identity of the study (Fig 2).

Fig 2. CONIFAS study logo based on the winning entry to the drawing competition.

https://doi.org/10.1371/journal.pone.0274375.g002
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Participants

Participants will be children with ADHD, their parent or guardian, and professional stake-

holders in ADHD (e.g., professionals from CAMHS, education, young people’s charities) who

live in the local areas (Yorkshire and the Humber, which encompasses York, East Riding of

Yorkshire, South Yorkshire, West Yorkshire, and North Yorkshire counties). For the co-pro-

duction phases (1, 2, 4), a total of 30 participants will be recruited: 10 children, their parent/

guardian, and 10 professionals.

Eligibility criteria. Participating children and young people must: be aged between 5–11

years; have a diagnosis of ADHD as reported by their parents/guardians; and have sufficient

understanding of English to participate in the co-production events and/or the intervention

testing. Children who pose a risk of harm to themselves or others and children who would not

be able to participate in the co-production groups due to profound additional difficulties as

determined by parents/guardians will not be eligible to take part.

Participating parents/guardians and professionals must also have sufficient understanding

of English to participate in the co-production events and/or the intervention testing.

All participants will live or work in the area local to York and be able to travel to the desig-

nated meeting location: Barlow Common, Selby, North Yorkshire.

Recruitment

Families will be identified via social media (including our websites [comic.org.uk; www.york.

ac.uk/healthsciences/research], Twitter, and relevant parenting forums), posters, local council

advertisements, schools, and community groups. We will work with our networks (NHS staff,

the University of York and York Environmental Sustainability Institute, green social prescrib-

ing champions, research inclusivity champions e.g. the Ethnic Minority Research Inclusion

group, and local national park contacts), researcher groups, and known community groups to

try to recruit underrepresented families by promoting our study to wider audiences. A mixture

of professional stakeholders in ADHD from different fields will be recruited through northern

and regional CAMHS, third sector, and education settings via established contacts in these

organisations, email, and telephone contact utilising existing links. These links include profes-

sional networks of co-investigators and ongoing and previous research studies conducted by

the team.

Interested parents/guardians will complete an expression of interest survey which includes

a short demographic questionnaire containing questions about identity, family structure, and

locality. The intention of this procedure is to capture the needs of children across the specified

age range, diverse cultures, large and small families, parent/guardian education levels, and

location types (urban, rural, and coastal locations) to co-produce an intervention which meets

the needs of a diverse range of life experiences. Recruitment will be opportunistic, but we are

working with partners and stakeholders who can offer access to a diverse range of potential

participants.

If we do not receive a large number of EOIs by an agreed-upon date and are unlikely to

meet the recruitment target, the study team will cease the use of this tool for recruitment pur-

poses. Eligible families will be recruited by approaching the study team directly and will be

asked to complete the EOI for the purposes of consent to retain contact details rather than for

collection of demographic details.

All interested participants will receive appropriate and ethically approved participant infor-

mation sheets and will be given sufficient time to review these and ask any questions. If partici-

pants wish to proceed, professionals will be asked to provide informed consent, and parents/
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guardians will be asked to provide informed consent both for themselves and on behalf of

their child. Children will complete an assent form where appropriate.

Sample size and data

It is intended that a total of 30 participants will be recruited for the co-production part of this

research study: 10 children, one parent/guardian for each child, and 10 professionals. Group

size is based on guidance for co-production methodology that allows for varied views but

equal participation [25].

Study activities—workshops

The three phases of this research study which constitute the co-production element (phases 1,

2, and 4) will be carried out via a series of workshops described below. Recruited participants

will be asked to attend all workshops to ensure continuity of input. All workshops will be

attended by members of the research team, the Yorkshire Wildlife Trust, and a graphic

designer who will create visual notes from each workshop which will then be shared with sub-

sequent workshops. An alternate activity will be offered in cases where families need to bring

participating children’s siblings to the workshops. Families will be given a £20 Love2Shop

voucher after each in person workshop as well as a ‘goodie bag’ (e.g. stickers, pencil, small

magnifying glass for insect observation) for children to take home. Lunch will be provided for

all participants at each in-person workshop and travel expenses will be reimbursed. Water-

proof and cold-weather clothing will be available for any participants who need them.

Pre-workshop. Workshops will be designed to be positive and accessible experiences for

participants. At the point of recruitment, we will offer the ADHDHero Activity Book [26] to

families as a supplementary source of positively framed information on the impacts of ADHD.

This booklet contains a series of activities which help children to understand their diagnosis

and how they can be supported and seek support. This resource was also co-produced with

children and families. Although we will not require that the workbook be used or completed,

this resource will provide a piece of psychoeducation before families attend the workshops and

serve to dispel any myths about ADHD, whilst also setting a positive tone ahead of the work-

shops. We are aware that discussing a disorder such as ADHD with young children and fami-

lies may be difficult, that children may not be able to articulate their feelings, and that children

may not be entirely aware of their diagnoses and its impacts. We therefore do not want to

focus on any deficits or to make children feel negatively about themselves, but instead to cele-

brate the positives and talk about the challenges in a solution-focused way.

We will also use the Iriss Inclusion Checklist [27] for families before the sessions to maxi-

mise accessibility. ADHD often coincides with various co-morbidities such as autism, dyslexia,

anxiety, and motor difficulties and we want to ensure that children and parents/guardians

with non-excluding difficulties are supported to participate.

Phase 1 –Discover. The discovery phase aims to understand and define ADHD and its

symptomatology for children, the potential methods of improving symptoms, any barriers, the

role of nature-based activities in this, and which nature-based activities may be helpful for chil-

dren with ADHD. This will occur over three separate workshops:

1. An in-person, half-day event with professional stakeholders in ADHD services.

2. An in-person, half-day event with children and their parent/guardian to gather children’s

views and for them to participate in some preliminary nature-based activities.

3. An online workshop with just parents/guardians to gather parent/guardian views.
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Our session activities and co-production methodology have been further informed by the

Diversity for Design Framework for ADHD developed by Fekete and Lucero [28]. All work-

shops will be structured to facilitate co-production. For example, participants will be encour-

aged to bring their own resources to lead sharing and discussion, ‘teacher-classroom’

structuring will be avoided by sitting/standing together, and equal roles will be encouraged for

everyone involved. Professional sessions will use different prompting questions but will follow

a similar structure to the parent/child sessions with experiential nature-based breaks included.

To support the children, we will use a visual schedule at every session which will incorporate

break times.

At the beginning of each workshop, we will set our priorities together. This will include

describing the ground rules, ensuring that everyone feels included, helping everyone to under-

stand their role, and understanding what we aim to achieve at each session and how. The child

and parent/guardian sessions will start with initial icebreaker activity, for example designing a

name badge. We will then move on to two rounds of nature-based activities to allow partici-

pants to experience and discuss the types of activities which might make up the intervention.

Phase 2 –Define. This phase will focus on the development of the intervention ready for

user testing. It will likely involve refinement of the activities suggested and discussed in phase

1. We will use existing resources to facilitate our discussions, such as the Yorkshire Wildlife

Trust 30 Days Wild programme, and the New Economics Foundation’s ‘5 Ways to Wellbeing’.

This will occur across four workshops:

1. An in-person, half-day event with professionals.

2. An in-person, half-day event with children and parents/guardians.

3. An online workshop with parents/guardians.

4. An in-person, half-day event with all participants.

Phase 3 –Develop. Phase 3 will involve recruiting 10 new child and parent/guardian

dyads to conduct user testing of the designed intervention. This phase will be described in fur-

ther detail in a future protocol developed following phases 1 and 2 of the co-production part of

this research study.

Phase 4 –Deliver. In the final phase, all 30 participants from phases 1 and 2 will attend

two workshops to look at the results of the user testing phase, refine and make any changes to

the intervention, and finalise the intervention and any intervention materials for wider use.

Missed activities and participant contact. If a participant misses a workshop but wishes

to continue in the study, they will be offered a phone/video call with a member of the research

team to go through the summary of the day and to add any of their thoughts, experiences, or

ideas.

We will also agree with each participant group (parent/child dyads and professionals) how

they may like to keep in contact with the research team in-between sessions, should they like

to. This may include emailing, the use of online knowledge-sharing tools (e.g. Google Jam-

board or WhatsApp groups) with the purpose of sharing any relevant information, experi-

ences, or ideas in the meantime. These reflections will be discussed at the next available

workshops. Participant contact details will not be shared by the research team.

Safety and risk. We do not anticipate that participants will be subject to any substantial

risks during this study. However, the focus of this study is on nature-based and outdoor activi-

ties, with workshop sessions involving participation in these activities and being outdoors

(weather dependant). As such, usual risks associated with being outdoors may be expected
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including but not limited to slips, trips, sunburn, insect bites and stings. All children will be

attending with a parent/guardian or carer who will remain responsible for their child. All par-

ticipants will be reminded of the risks, encouraged to proceed with caution, notified of any

particular risk areas (e.g. slippery ground) and reminded to attend sessions wearing appropri-

ate footwear and clothing with plenty of notice. Where needed, additional clothing, particu-

larly for cold or wet weather, will be provided by Yorkshire Wildlife Trust on site. A risk

assessment of the Yorkshire Wildlife Trust site and the planned activities will be conducted,

and experienced Yorkshire Wildlife Trust staff members will be present at each event.

Participants will be asked to complete a risk management form where they can report

known risks. Participants will be reminded before each session to bring any relevant medica-

tion including inhalers and emergency medication. It will be the responsibility of the partici-

pants (or their attending parents/guardians) to manage and administer their own medications.

Lunch will be provided for participants when they attend an in-person session. All partici-

pants and attending staff members will be asked to report any allergies and intolerances to the

study team, and these will be catered for accordingly.

The research team recognise that children with ADHDmay find it hard listening to and

retaining instructions due to the nature of the disorder. The researchers will be advised by

experienced co-investigators who work with this population and will ensure that instructions,

particularly pertaining to any risks, are clearly communicated in an accessible way and that

parents/guardians, carers, and staff are attentive to the children.

‘Data’ and data capturing

We will not record workshops nor qualitatively analyse any data using formal methodology, as

we feel this will not be indicative of true co-production. Notes will be taken on the day by

researcher observers and visual notes will be created by a graphic designer. At the end of each

session the co-production group will go through the notes together and collaboratively agree

on what our main conclusions/takeaways for each session are. Notes from previous sessions

will then be available at subsequent sessions somewhere that they can be seen by all partici-

pants. This will include the visual notes created by the graphic designer and researcher notes

in different formats, all of which will be easy to read and child friendly.

Results and discussion

This study is currently open for recruitment of families and professionals for the co-produc-

tion phases of the research. Recruitment for this phase will conclude on the 19th August, 2022.

Discovery and co-production workshops will be held between August and November 2022.

Phases 1 and 2 of this study will result in a prototype intervention which we will put

through user testing. Our user testing protocol will be prepared when we have a better under-

standing of what our intervention may look like. We plan to recruit 10 further child-parent/

guardian dyads for this phase who will complete data regarding symptom severity and anxiety

and mood will be collected at baseline and at 8 weeks. Participants will also be asked to com-

plete a reflection diary as they use the intervention and report on acceptability, accessibility,

and impact.

Once the intervention has been tested and refined through phase 4, we plan to conduct fur-

ther testing in a feasibility and then a fully powered trial. We hope that the designed interven-

tion will meet the needs of our intended population whilst encouraging these children to

participate in nature-based activities. The intervention will be intended to address some of the

inequalities outlined in the beginning of this paper, whilst also producing the first green social

prescribing intervention designed with and for children with ADHD, that we are aware of.
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The intervention will be designed to be situated within services and/or in the community as

shall be seen as appropriate by our co-production team of families, professionals, and research-

ers. We intend to share the progress of this co-production study, our findings regarding how

those who experience ADHD experience nature, and the produced intervention once this

study is completed.

Dissemination

Presentations of study findings will be taken to relevant research conferences, local research

symposia and seminars for CAMHS, and child health and educational professionals. In addi-

tion, our PPI lead and further appropriate PPI and organisation members will be consultees in

the development of dissemination strategy which will reach families of children with ADHD.

Additionally, we will produce a lay summary of the study results and the designed intervention

that can be distributed to all study participants as well as relevant interest groups via social

media and networks like schools and Local Authorities. We aim to utilise our child-friendly

visual notes created at the sessions by our graphic designer to aid dissemination to lay audi-

ences. We will publish findings in appropriate formats on relevant websites such as the Child

Oriented Mental health Innovation Collaborative and the University of York research websites

and other child mental health websites, and in academic journals. We will also collaborate

with our partners (The ADHD Foundation and Yorkshire Wildlife Trust) to hold dissemina-

tion events with relevant audiences.

Supporting information

S1 File. Confirmation of ethics approval. Confirmation of ethical approval by the University

of York.

(PDF)

S2 File. Protocol. CONIFAS Co-Production Protocol V1.4 14.07.2022.

(DOCX)

S3 File. NIHR outcome feedback. Official letter from the NIHR detailing recommendation of

study for funding.

(PDF)

S4 File. NIHR peer review. The reviews conducted by anonymous peer reviewers as part of

the NIHR RfPB funding scheme.

(PDF)

Acknowledgments

The authors would like to acknowledge the support of all study co-applicants including staff

from the Yorkshire Wildlife Trust, the ADHD Foundation, the COMIC research team, and

our patient and public involvement representative. We also acknowledge the support and con-

tributions of Professor Barry Wright in the early conceptualisation of this research idea. Public

contributors were involved in the formulation of this study from the grant writing phase. Fam-

ilies with children with ADHD were consulted and approved the initial idea, and our protocol

has been written with the aid of our Patient and Public Involvement (PPI) lead who is a parent

of a child with ADHD and an NHS paramedic. We are grateful for every PPI member’s time

and efforts.

PLOS ONE Protocol for the co-production of a nature-based intervention for childhood ADHD

PLOSONE | https://doi.org/10.1371/journal.pone.0274375 September 20, 2022 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0274375.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0274375.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0274375.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0274375.s004
https://doi.org/10.1371/journal.pone.0274375


Author Contributions

Conceptualization:Hannah A. Armitt, Megan Garside, Peter A. Coventry.

Funding acquisition:Hannah A. Armitt, Megan Garside, Peter A. Coventry.

Investigation:Hannah A. Armitt, Ellen N. Kingsley, Leah Attwell, Piran C. L. White, Kat

Woolley, Peter A. Coventry.

Methodology:Hannah A. Armitt, Ellen N. Kingsley, Leah Attwell, Piran C. L. White, Natasha

Green, Michael Hussey, Peter A. Coventry.

Project administration:Hannah A. Armitt, Ellen N. Kingsley, Leah Attwell, Peter A.

Coventry.

Supervision:Hannah A. Armitt, Piran C. L. White, Kat Woolley, Megan Garside, Natasha

Green, Michael Hussey, Peter A. Coventry.

Writing – original draft:Hannah A. Armitt, Ellen N. Kingsley, Leah Attwell, Piran C. L.

White, Peter A. Coventry.

Writing – review & editing:Hannah A. Armitt, Ellen N. Kingsley, Leah Attwell, Piran C. L.

White, Kat Woolley, Megan Garside, Natasha Green, Michael Hussey, Peter A. Coventry.

References
1. Polanczyk GV., Willcutt EG, SalumGA, Kieling C, Rohde LA. ADHD prevalence estimates across three

decades: An updated systematic review and meta-regression analysis. International Journal of Epide-
miology. 2014; 43(2):434–42. https://doi.org/10.1093/ije/dyt261 PMID: 24464188

2. National Institute for Health and Care Excellence. Attention deficit hyperactivity disorder: diagnosis and
management NG87. [Internet]. NICE; 2018 March 14. [Cited 2022 May 20] Available from: www.nice.
org.uk/guidance/ng87

3. Vibert S. Your Attention Please: The Social and Economic Impact of ADHD. Demos 2018 February
[Cited 2022 May 20]. [Internet] Available from: https://www.demos.co.uk/wp-content/uploads/2018/02/
Your-Attention-Please-the-social-and-economic-impact-of-ADHD-.pdf

4. Children’s mental health briefing. Health and Social Care Committee [Internet] 2018 May 9. [Cited 2022
May 21]. Available from: https://social.shorthand.com/CommonsHealth/3CYE7IOL7n/thousands-of-
children-to-miss-out-on-mental-health-support

5. Waiting times for children and young people’s mental health services, 2019–20. NHS Digital 2018 Octo-
ber 29. [Cited 2022 May 20]. Available from: https://digital.nhs.uk/data-and-information/find-data-and-
publications/supplementary-information/2018-supplementary-information-files/waiting-times-for-
children-and-young-peoples-mental-health-services-2017—2018-additional-statistics

6. Flood E, Gajria K, Sikirica V, Dietrich CN, Romero B, Harpin V, et al. The Caregiver Perspective on Pae-
diatric ADHD (CAPPA) survey: Understanding sociodemographic and clinical characteristics, treatment
use and impact of ADHD in Europe. Journal of Affective Disorders. 2016 Aug 1; 200:222–234. https://
doi.org/10.1016/j.jad.2016.04.011 PMID: 27137089

7. Telford C, Green C, Logan S, Langley K, Thapar A, Ford T. Estimating the costs of ongoing care for
adolescents with attention-deficit hyperactivity disorder. Social Psychiatry and Psychiatric Epidemiol-
ogy. 2013 Feb; 48(2):337–344. https://doi.org/10.1007/s00127-012-0530-9 PMID: 22699685

8. Improving access to greenspace: A new review for 2020 [Internet]. PHE Publications 2020 March [Cited
2022 May 21]. Available from: https://assets.publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/904439/Improving_access_to_greenspace_2020_review.pdf

9. Donovan GH, Michael YL, Gatziolis D, Mannetje A t., Douwes J. Association between exposure to the
natural environment, rurality, and attention-deficit hyperactivity disorder in children in New Zealand: a
linkage study. The Lancet Planetary Health. 2019 May 1; 3(5):226–34.

10. McCormick R. Does Access to Green Space Impact the Mental Well-being of Children: A Systematic
Review. Journal of Pediatric Nursing. 2017 September 4; 37;3–7. https://doi.org/10.1016/j.pedn.2017.
08.027 PMID: 28882650

PLOS ONE Protocol for the co-production of a nature-based intervention for childhood ADHD

PLOSONE | https://doi.org/10.1371/journal.pone.0274375 September 20, 2022 11 / 12

https://doi.org/10.1093/ije/dyt261
http://www.ncbi.nlm.nih.gov/pubmed/24464188
http://www.nice.org.uk/guidance/ng87
http://www.nice.org.uk/guidance/ng87
https://www.demos.co.uk/wp-content/uploads/2018/02/Your-Attention-Please-the-social-and-economic-impact-of-ADHD-.pdf
https://www.demos.co.uk/wp-content/uploads/2018/02/Your-Attention-Please-the-social-and-economic-impact-of-ADHD-.pdf
https://social.shorthand.com/CommonsHealth/3CYE7IOL7n/thousands-of-children-to-miss-out-on-mental-health-support
https://social.shorthand.com/CommonsHealth/3CYE7IOL7n/thousands-of-children-to-miss-out-on-mental-health-support
https://digital.nhs.uk/data-and-information/find-data-and-publications/supplementary-information/2018-supplementary-information-files/waiting-times-for-children-and-young-peoples-mental-health-services-20172018-additional-statistics
https://digital.nhs.uk/data-and-information/find-data-and-publications/supplementary-information/2018-supplementary-information-files/waiting-times-for-children-and-young-peoples-mental-health-services-20172018-additional-statistics
https://digital.nhs.uk/data-and-information/find-data-and-publications/supplementary-information/2018-supplementary-information-files/waiting-times-for-children-and-young-peoples-mental-health-services-20172018-additional-statistics
https://doi.org/10.1016/j.jad.2016.04.011
https://doi.org/10.1016/j.jad.2016.04.011
http://www.ncbi.nlm.nih.gov/pubmed/27137089
https://doi.org/10.1007/s00127-012-0530-9
http://www.ncbi.nlm.nih.gov/pubmed/22699685
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/904439/Improving_access_to_greenspace_2020_review.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/904439/Improving_access_to_greenspace_2020_review.pdf
https://doi.org/10.1016/j.pedn.2017.08.027
https://doi.org/10.1016/j.pedn.2017.08.027
http://www.ncbi.nlm.nih.gov/pubmed/28882650
https://doi.org/10.1371/journal.pone.0274375


11. Tillmann S, Tobin D, AvisonW, Gilliland J. Mental health benefits of interactions with nature in children
and teenagers: A systematic review. Journal of Epidemiology and Community Health. 2018 June 27;
72(10);958–966. https://doi.org/10.1136/jech-2018-210436 PMID: 29950520

12. Ulrich RS, Simonst RF, Lositot BD, Fioritot E, Milest MA, Zelsont M. Stress recovery during exposure to
natural and urban environments. Journal of Environmental Psychology. 1991; 1(11);201–230.

13. Faber A. Coping with ADD: The surprising connection to green play settings. Environment and Behav-
iour. 2001 January 1; 33(1);54–77.

14. van den Berg AE, van den Berg CG. A comparison of children with ADHD in a natural and built setting.
Child: Care, Health and Development. 2011 May; 37(3):430–439. https://doi.org/10.1111/j.1365-2214.
2010.01172.x PMID: 21143265

15. Barfield PA, DriessnackM. Children with ADHD draw-and-tell about what makes their life really good.
Journal for Specialists in Pediatric Nursing. 2018 Apr 1; 23(2); https://doi.org/10.1111/jspn.12210
PMID: 29489068

16. Keilow M,Wu C, Obel C. Cumulative social disadvantage and risk of attention deficit hyperactivity disor-
der: Results from a nationwide cohort study. SSM—Population Health. 2020 Apr 10; https://doi.org/10.
1016/j.ssmph.2020.100548 PMID: 32072007

17. Hoffimann E, Barros H, Ribeiro AI. Socioeconomic inequalities in green space quality and accessibility:
Evidence from a Southern European city. International Journal of Environmental Research and Public
Health. 2017 Aug 15; 14(8); https://doi.org/10.3390/ijerph14080916 PMID: 28809798

18. Bolte G, Tamburlini G, Kohlhuber M. Environmental inequalities among children in Europe: Evaluation
of scientific evidence and policy implications. European Journal of Public Health. 2010 Feb; 20(1):14–
20. https://doi.org/10.1093/eurpub/ckp213 PMID: 20040521

19. Sheldrake R, Amos R, Reiss MJ. Children and nature: A research evaluation for TheWildlife Trusts.
[Internet] University College London 2019 November [Cited 2022May 20]. Available from: https://www.
wildlifetrusts.org/sites/default/files/2019-11/Children%20and%20Nature%20-%20UCL%20and%
20The%20Wildlife%20Trusts%20Full%20Report.pdf

20. Bodenheimer T, Laing BY. The teamlet model of primary care. Annals of Family Medicine. 2007 Sep-
tember; 5(5);457–61. https://doi.org/10.1370/afm.731 PMID: 17893389

21. Simmons L, Baker NJ, Schaefer J, Miller D, Anders S. Activation of Patients for Successful Self-Man-
agement. Ambulatory Care Management. 2009 January; 32(1);16–23. https://doi.org/10.1097/01.JAC.
0000343120.07844.a9 PMID: 19104290

22. Wallace LM, Turner A, Kosmala-Anderson J, Sharma S, Jesuthasan J, Bourne C, et al. Co-creating
Health: Evaluation of first phase. [Internet] The Health Foundation 2012 April [Cited 2022 May 21].
Available from: https://www.health.org.uk/sites/default/files/CoCreatingHealthEvaluationOfFirstPhase.
pdf

23. Hubbard G, Thompson CW, Locke R, Jenkins D, Munoz SA, vanWoerden H, et al. Co-production of
“nature walks for wellbeing” public health intervention for people with severe mental illness: Use of the-
ory and practical know-how. BMC Public Health. 2020 Apr 1; 20(1);1–12.

24. ISRCTN—ISRCTN11763460 Co-producing a nature activity for children with ADHD. [Internet]. https://
doi.org/10.1186/ISRCTN11763460.

25. Valley J. Co-production project planner. [Internet] Iriss 2017 [Cited 2022May 21]. Available from:
https://www.iriss.org.uk/sites/default/files/2018-05/iriss-coproduction-project-planner-guide.pdf

26. The University of Sheffield. The ADHD Hero Activity Book. Available from: https://www.penninecare.
nhs.uk/application/files/9916/1478/0511/ADHD_Workbook_Final.pdf

27. Vallely J. Inclusion checklist Hearing Vision Physical Medical Speech Language Religion [Internet].
Available from: http://www.gov.scot/Publications/2014/02/1805/10

28. Fekete G, Lucero A. P(L)AY ATTENTION! Co-designing for and with children with Attention Deficit
Hyperactivity Disorder (ADHD). In: Lamas D, Loizides F, Nacke L, Petrie H, Winckler M, Zaphiris P.
Human-computer interaction. INTERACT; 2019. pp. 368–386.

PLOS ONE Protocol for the co-production of a nature-based intervention for childhood ADHD

PLOSONE | https://doi.org/10.1371/journal.pone.0274375 September 20, 2022 12 / 12

https://doi.org/10.1136/jech-2018-210436
http://www.ncbi.nlm.nih.gov/pubmed/29950520
https://doi.org/10.1111/j.1365-2214.2010.01172.x
https://doi.org/10.1111/j.1365-2214.2010.01172.x
http://www.ncbi.nlm.nih.gov/pubmed/21143265
https://doi.org/10.1111/jspn.12210
http://www.ncbi.nlm.nih.gov/pubmed/29489068
https://doi.org/10.1016/j.ssmph.2020.100548
https://doi.org/10.1016/j.ssmph.2020.100548
http://www.ncbi.nlm.nih.gov/pubmed/32072007
https://doi.org/10.3390/ijerph14080916
http://www.ncbi.nlm.nih.gov/pubmed/28809798
https://doi.org/10.1093/eurpub/ckp213
http://www.ncbi.nlm.nih.gov/pubmed/20040521
https://www.wildlifetrusts.org/sites/default/files/2019-11/Children%20and%20Nature%20-%20UCL%20and%20The%20Wildlife%20Trusts%20Full%20Report.pdf
https://www.wildlifetrusts.org/sites/default/files/2019-11/Children%20and%20Nature%20-%20UCL%20and%20The%20Wildlife%20Trusts%20Full%20Report.pdf
https://www.wildlifetrusts.org/sites/default/files/2019-11/Children%20and%20Nature%20-%20UCL%20and%20The%20Wildlife%20Trusts%20Full%20Report.pdf
https://doi.org/10.1370/afm.731
http://www.ncbi.nlm.nih.gov/pubmed/17893389
https://doi.org/10.1097/01.JAC.0000343120.07844.a9
https://doi.org/10.1097/01.JAC.0000343120.07844.a9
http://www.ncbi.nlm.nih.gov/pubmed/19104290
https://www.health.org.uk/sites/default/files/CoCreatingHealthEvaluationOfFirstPhase.pdf
https://www.health.org.uk/sites/default/files/CoCreatingHealthEvaluationOfFirstPhase.pdf
https://doi.org/10.1186/ISRCTN11763460
https://doi.org/10.1186/ISRCTN11763460
https://www.iriss.org.uk/sites/default/files/2018-05/iriss-coproduction-project-planner-guide.pdf
https://www.penninecare.nhs.uk/application/files/9916/1478/0511/ADHD_Workbook_Final.pdf
https://www.penninecare.nhs.uk/application/files/9916/1478/0511/ADHD_Workbook_Final.pdf
http://www.gov.scot/Publications/2014/02/1805/10
https://doi.org/10.1371/journal.pone.0274375

