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Abstract
Background  New approaches involving adolescents in designing and implementing interventions are an 
opportunity to improve healthy lifestyles. This study aims to describe and analyse the differences and similarities 
between the four country-specific (Greece, Spain, The Netherlands and the United Kingdom) co-created interventions 
through a Makeathon by adolescents from the European Science Engagement to Empower aDolescentS (SEEDS) 
project, to tackle unhealthy behaviours. Also, it aims to determine if the barriers/facilitators identified in previous focus 
groups were addressed in the interventions.

Methods  This comparative design study describes and analyses the differences and similarities among the four 
co-created interventions from the SEEDS project, which is a cluster-randomised controlled trial using a citizen science 
approach that actively involves participants in all steps of the scientific process. Two of the relevant steps are the 
definition of the barriers and facilitators by focus groups and the co-design of the interventions by Makeathons. The 
interventions co-created in each country related to healthy snacking and physical activity (PA) practice are described 
using the Template for Intervention Description and Replication (TIDieR) with some extra information about the 
country context (barriers and facilitators).

Results  The four interventions have some points in common: type of activities per behaviour (methodology 
used), face-to-face activities, school hours implementation, and external professionals, teachers, or researchers as 
providers. However, the difficulties in comparing the interventions are the high diversity of activities and activity 
frequency among the four countries. About barriers, 2 of 3 modifiable barriers to healthy snacking behaviour and 
4 of 6 modifiable barriers to PA and sedentary behaviour were addressed in the intervention, but 6 of 12 barriers to 
PA seemed not feasible for schools and not address in the intervention. Regarding facilitators, focusing on PA and 
sedentary behaviour, two of the four facilitators identified and focused on healthy snacking behaviour, and only one 
of the four facilitators identified was addressed in the interventions.
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Background
Adolescence is a crucial time for building the foundations 
of good health such as diet and physical activity (PA) 
practice [1]. The last Health Behaviour in School-aged 
Children (HBSC) report showed that less than 20% of 
European adolescents meet the World Health Organiza-
tion (WHO) PA recommendations of at least 60 min of 
moderate-to-vigorous PA each day, mostly aerobic [2]. 
Related to dietary behaviours, two in three adolescents 
do not eat daily fruits and vegetables [2] as WHO recom-
mends it. In addition, one in four adolescents eat sweets 
at least once a day, and one in six consumes sugary drinks 
at least once a day [2], which is an excessive consumption 
of sugary products.

Another aspect is that unhealthy lifestyles like physi-
cal inactivity and poor diet are important risk factors 
for non-communicable diseases [3]. Additionally, social 
inequalities persist in PA and dietary behaviours because 
adolescents with low socioeconomic status (SES) have 
poorer healthy behaviours compared to their peers with 
a high SES [2].

All mentioned above highlights the importance of pro-
moting healthy lifestyle behaviours to create good health 
in adolescents [2]. Adolescents need opportunities to feel 
involved in the design and implementation of interven-
tions to improve their lifestyles [1]. However, adolescents 
from deprived areas may be considered a hard-to-reach 
group [4] and adolescents from deprived areas have fewer 
opportunities to participate in science and more difficul-
ties in having a good level of science [5]. 

Evidence about school-based and community-based 
interventions for adolescents to improve their lifestyles 
demonstrated small effects in improving PA [6] or obe-
sity outcomes [7].

The WHO emphasizes the importance of empower-
ing adolescents, and providing them with the critical 
skills, confidence, and resources to make their own deci-
sions [8]. Moreover, participatory research approaches 
emerged as a new way to empower adolescents, show-
ing a higher level of engagement of participants, working 
together with researchers to improve their own health 
and well-being [9]. Additionally, participatory research 
engages relevant stakeholders with the potential to influ-
ence the target group, as a way to increase the efficiency 
of intervention to achieve positive changes [10].

In the last decade, evidence for community-based 
participatory research and youth-led interventions to 
improve healthy eating and PA practice engaging chil-
dren and adolescents in different settings, like schools 
and communities, has been growing [11–14]. These par-
ticipatory research types of interventions can involve 
participants in different stages of the project, such as data 
collection, intervention development, data interpretation 
and dissemination [11–14]. A recent narrative review 
described a big heterogeneity of participatory research 
approaches and methods used in the development of 
health interventions for children and/or adolescents such 
as the use of community-based participatory research, 
co-creation, participatory design, and user-centred 
design [15]. Although this review provides valuable prac-
tical guidance for using these participatory approaches, 
only a few of them evaluated the effectiveness of the par-
ticipatory research approaches [15]. A new systematic 
review and meta-analysis evaluated the effectiveness of 
participatory research interventions and concluded they 
may be effective in obesity-related healthy lifestyle behav-
iours, however, the overall results were inconclusive due 
to the limited amount and heterogeneity of studies [16].

Additionally, the evidence showed other participatory 
research approaches described as a collaborative pro-
cess like Citizen Science (CS) [17]. CS aims at engaging 
and actively involving citizens in generating new scien-
tific knowledge whilst producing scientifically legitimate 
and reliable results [18]. There are multiple definitions of 
CS although, the European Citizen Science Association 
(ECSA) defined the 10 key principles to achieve good 
practice in CS [19]. One of the most important is the par-
ticipation of the target audience in multiple stages of the 
scientific process: from developing the research question 
to disseminating the results [19]. Most CS projects were 
implemented in scientific disciplines like ornithology, 
palaeontology, astronomy, and atmospheric sciences [20]. 
Health is relatively under-represented in CS, although CS 
approaches are increasingly being used in chronic disease 
prevention to support community health and well-being, 
especially in PA and/or nutrition issues [21].

From this CS perspective, the Science Engagement 
to Empower aDolescentS (SEEDS) project used a CS 
approach through focus groups and co-creation to 
actively involve the participants in the scientific process, 

Conclusions  In four co-created interventions by adolescent ambassadors, most of the barriers identified were 
addressed whereas the facilitators were not enough addressed. Thus, more effort is needed to completely adapt the 
intervention to the real interest of adolescents. Future research needs to confirm the SEEDS intervention effect and 
impact on the desired behaviour.

Trial registration  Num. NCT05002049; Date: 2021-08-12.
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promoting their critical skills and abilities to make their 
own decisions [22]. The SEEDS project aimed to listen to 
and empower adolescents living in deprived areas (disad-
vantaged adolescents) in four European countries, Spain 
(Reus), the United Kingdom (Exeter), the Netherlands 
(Rotterdam) and Greece (Athens), to make a change 
towards a healthy and active lifestyle and increase inter-
est in Science, Technology, Engineering and Mathematics 
(STEM) [22]. 

In the CS approach, focus groups facilitate participa-
tion and shared decision-making with participants [17]. 
A focus group is a qualitative data collection method 
defined as a reduced discussion group interview of 1–2 h 
duration to obtain in-depth knowledge about the atti-
tudes, perceptions, beliefs and opinions of participants 
regarding a specific health topic or issue [23, 24]. In the 
SEEDS project, focus groups were mainly used to identify 
barriers and facilitators affecting healthy lifestyle behav-
iours of adolescents.

Furthermore, a co-creation process through a 
Makeathon (people work together on solutions to a 
specific problem by collaboratively creating tangible 
and creative things within a given time frame) [25] with 
ambassadors and their peers supported by stakeholders 
and young facilitators was organized to develop school-
based healthy lifestyle interventions [22].

The aims of the present work are:

1.	 To describe and analyse the differences and 
similarities between the four country-specific 
co-created interventions through a Makeathon 
by adolescents from the SEEDS project, to tackle 
unhealthy behaviours: (1) dietary behaviour and (2) 
PA and sedentary behaviour.

2.	 To determine if the barriers and facilitators of 
adolescents identified in the focus groups by 
adolescents of each country, implemented during the 
SEEDS project, were addressed in each co-created 
interventions focused on improving the (1) dietary 
behaviour and (2) PA and sedentary behaviour.

Methods
Design of study
The SEEDS project is a multicentre cluster-randomised 
controlled trial carried out in four European countries: 
Greece (GR), The Netherlands (NL), the United King-
dom (UK), and Spain (SP), using a CS approach. The CS 
approach implemented in the SEEDS project consists of 
actively involving adolescents from high schools located 
in deprived areas in different steps of the scientific pro-
cess such as the data collection (focus groups), design 
(Makeathon), implementation of the intervention, and 
dissemination of the project. The methodology of the 
SEEDS project is explained in depth in the study protocol 

[22]. The present comparative design study [26] describes 
and analyses the differences and similarities among the 
four different six-month interventions (from each Euro-
pean country) co-created during the SEEDS project by 
adolescents. The SEEDS project had five phases: 

1)	 High school, ambassador, and peer recruitment: high 
schools were recruited from low-income or deprived 
neighbourhood. Then, the adolescents between 
13 and 15 years old from these high schools were 
recruited, and some of them were selected by the 
teachers as ambassadors (leaders) from intervention 
high schools of each country, considering their 
leadership skills. Ambassadors were representatives 
of their school or the different classrooms 
participating.

2)	 Focus groups: one with ambassadors and the other 
with stakeholders (explained in depth below).

3)	 Pre-post-assessment of the intervention: all the 
participants from intervention and control high 
schools completed questionnaires related to healthy 
and active living and STEM outcomes at baseline 
and the end of the intervention.

4)	 Intervention: (1) Makeathon: design intervention 
activities in a co-creation process through a 
Makeathon event with the collaborative participation 
of ambassadors or ambassadors and their peers, 
stakeholders, and young facilitators (people who act 
as a near link with participants like Master and PhD 
Students related to health topics); (2) implementation 
of the intervention in high schools with the 
collaboration of ambassadors, teachers, stakeholders, 
researchers and/or external professionals.

5)	 Dissemination of the project: the ambassadors 
of the intervention high schools of each country 
travelled to Brussels to disseminate the interventions 
co-created in their high school and the results of 
their interventions to the rest of their European 
peers. Also, they expressed their experience as 
ambassadors of the SEEDS project.

6)	 Focus groups: From each of the four target countries, 
at least two focus groups were developed: (1) one 
focus group with a minimum of three ambassadors 
and (2) one focus group with stakeholders. The 
duration of them was a maximum of 75 min. The 
focus groups were audio-recorded, transcribed, and 
translated into English.

Focus groups
From each of the four target countries, at least two focus 
groups were developed: (1) one focus group with a mini-
mum of three ambassadors and (2) one focus group with 
stakeholders. The duration of them was a maximum of 
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75  min. The focus groups were audio-recorded, tran-
scribed, and translated into English.

1)	 The focus groups with ambassadors aimed to gain 
insights about the barriers and facilitators related to 
healthy snacking and active living behaviours and 
how to engage their peers in the different phases of 
the project. Moreover, ambassadors could choose 
an extra healthy lifestyle behaviour to address in the 
intervention. However, ambassadors from Spain 
were the only that selected an extra behaviour 
(screen time).

2)	 The focus groups with stakeholders aimed to discuss 
the barriers and facilitators identified in the focus 
group made with ambassadors, to indicate the 
feasibility of changing the behaviours in the 6-month 
intervention and, to identify the role of stakeholders 
in the SEEDS intervention like supporting 
adolescents to overcome barriers [22].

Co-creation process: Makeathon
The summary of transcriptions of each focus group’s 
insights led to drawing up the two questions related to 
the two behaviours that guided the co-creation process 
through a Makeathon: (1) “What experiment would you 
create to improve snacking and drinking inside or out-
side your school?”; and (2) “What experiment would you 
create to be more physically active and sit less during the 
school day?”.

The Makeathon was a co-creation event where ambas-
sadors or ambassadors and their peers actively par-
ticipated to create and develop the intervention to be 
implemented in high schools. The Makeathon lasted 
2–5 h and consisted of various steps explained in depth 
in the SEEDS protocol article: empathise (general intro-
duction), define (presentation of the challenge), ideate 
(generate ideas), prototype and test (develop and test 
ideas), pitch (expose ideas), a summary of the event, and 
evaluation (evaluation questions about the event) [22].

One Makeathon per high school or a single Makeathon 
with all high schools was carried out, depending on the 
COVID-19 situation and feasibility. Young facilitators 
supported and guided the adolescent Makethon partici-
pants in the phases of co-creation without participating 
actively, and stakeholders supported adolescents in the 
creation, development, and testing of interventions with-
out diminishing or influencing their ideas.

After the co-creation event, the researchers discuss the 
intervention co-created by adolescents and define the 
final version of the intervention following the Template 
for Intervention Description and Replication (TIDieR). 
Then, the final intervention was exposed to the ambas-
sadors to obtain their agreement.

Participants
The SEEDS project targeted high schools located in low 
socioeconomic neighbourhoods defined by different 
statistical official tools in each country [27–31]. In each 
country, the recruitment process was:

a)	 the high schools received an information letter 
explaining the study,

b)	 when once high schools agreed to participate in this 
project, the high schools were randomised to an 
intervention (IG) or control group (CG),

c)	 then, 13–15 years old adolescents from high schools 
located in socioeconomically disadvantaged areas, 
representing a low socioeconomic status, were 
recruited,

d)	 finally, adolescents and their parents/caregivers 
signed the informed consent to participate in the 
project.

In addition, in each country, 16–21 adolescent ambassa-
dors from high schools assigned to the IG were recruited 
by teachers considering their leadership skills [32, 33].

A total of 12 IG and 14 CG high schools were recruited. 
However, the present study focused only on intervention 
high schools because the focus groups and intervention 
development were only performed with participants of 
IG whereas CG maintained their habitual activity.

Data analyses of co-created interventions and insights 
obtained from focus groups
In the first part of the present study, the four co-created 
country-specific interventions related to healthy snack-
ing behaviour and, PA and sedentary behaviour, were 
described and assessed by TIDieR [Additional file 1], 
a quality checklist to describe interventions [34]. The 
TIDieR checklist details important intervention aspects 
and was used to identify similarities and differences 
between the four interventions and activities focused on 
healthy snacking behaviour or PA and sedentary behav-
iour. The sections are: (1) Brief Name: phrase describ-
ing intervention; (2) Why: rationale, theory, or goal; (3) 
What: materials and procedures, specifically the meth-
odology used (training, lessons, workshops, challenges, 
competitions, etc.),; (4) Who provided: expertise, back-
ground and any specific training; (5) How: modes of 
delivery the intervention; (6) Where: location(s); (7) 
When and How much: number of sessions, schedule, 
duration, intensity or dose; (8) Tailoring: If the interven-
tion was planned to be personalised, titrated or adapted; 
(9) Modifications: describe the changes (what, why, 
when, and how); and (10) How well: intervention adher-
ence or fidelity assessment and strategies were used 
to maintain or improve fidelity. Moreover, consider-
ing the importance of adapting the interventions to the 
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context of these adolescents, taking into account their 
socio-cultural and environmental situation, adolescents 
experienced barriers and facilitators were introduced as 
complementary variables in the TIDieR checklist.

In the second part of this study, we investigated 
whether the barriers and facilitators related to healthy 
snacking and, PA and sedentary behaviour, mentioned in 
focus groups, were addressed in the interventions of each 
country.

 	• Barriers and facilitators were extracted from the 
summary of transcribed information from audio-
recorded focus groups with ambassadors in each 
country.

 	• Then, the insights about the two behaviours 
from focus groups led to the creation of the two 
questions that were addressed in the co-creation 
process (Makeathon). Also, these focus group 
insights allowed knowing the socio-cultural 
and environmental situation of each country’s 
participants, which is relevant for adaptation of 
the co-created intervention to the cross-cultural 
difference in each country.

Results
Description and comparison of the four co-created 
interventions according to the TIDieR checklist
Activities of all interventions took place in the first six 
months of 2022. The interventions were divided into two 
components, healthy snacking behaviour activities, and, 
PA and sedentary behaviour activities. The intervention 
of each country is explained in depth in Additional File 2. 
However, a summary of each country’s intervention using 
the TIDieR checklist is detailed in Table 1.

TIDieR Section 2: Why
The goal of healthy snacking behaviour activities was to 
improve the choice of healthy snacks inside and/or out-
side the high school and, the goal of PA and sedentary 
behaviour activities was to increase PA and reduce sed-
entary time inside the high school.

TIDieR Section 3: What (intervention type)
The types of co-created activities (methodology used as 
is explained in the methods section) focused on improv-
ing healthy snacking behaviour were similar among 
countries. GR and the NL focused on a healthier school 
canteen, but in the NL the participants worked on some 
sessions to improve the healthiness of the canteen. They 
carried out the next multiple steps (implemented the 
change in the canteen) during the present scholar year 
(2023–2024). SP and the NL, both focused on a train-
ing and cooking workshop about healthy eating. Finally, 

the UK and SP organized a challenge or competition for 
healthy snacks.

The types of co-created activities to improve PA and 
reduce sedentary behaviour in school are similar among 
countries. In SP and NL, workshops to practice new 
sports were organized. The UK and GR both focused on 
more active participation in PE lessons. Lastly, SP, the NL 
and the UK all focused on active breaks during school 
hours.

TIDieR section 4: Who (intervention provider)
The activities focused on healthy snacking behaviours 
were provided by external professionals (SP, NL), own-
ers of the canteen (NL, GR), or researchers with the col-
laboration of ambassadors and peers (NL, UK, GR). The 
activities related to PA and sedentary behaviours were 
provided by PE teachers when implemented in PE classes 
or by researchers with the collaboration of ambassa-
dors and peers, and by external professionals like sports 
instructors and youth workers (SP and NL).

TIDieR sections 5 and 6: How and Where (delivery format and 
location of intervention)
Most intervention activities were implemented during 
school hours (in high school) and face-to-face. The PA 
and sedentary behaviour activities were implemented 
during PE classes and breaks between high school 
classes. However, healthy snacking behaviour activities 
were implemented at different moments of the day: dur-
ing school hours (GR, SP, NL, UK), outside high school 
(NL, UK), and during extracurricular hours in high 
school or online at high school (NL).

TIDieR section 7: When and How much (duration and number 
of sessions activities of intervention)
Whilst the type of activities was similar, the duration and 
frequency (sessions) of activities differed greatly. Some 
activities were only organized once, whereas others had a 
frequency of a couple of times a week for several months.

TIDieR section 10: How well (compliance of intervention and 
method to register compliance)
The compliance of intervention is defined as the active 
participation in the activities of each country’s interven-
tion. The method to register compliance was by partici-
pation in the activities mostly using a list/checklist of 
activities attendance, or recurrent meetings with ambas-
sadors to know how the activity was going on and the 
attendance at activities. In addition, in the final assess-
ment questionnaire of the project, all participants were 
asked about their participation in each activity of their 
country’s intervention. The compliance of healthy snack-
ing behaviour activities ranged from 9.1 to 81.2%, and 
PA and sedentary behaviour activities ranged from 9.1 to 
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82.9%. In general, the biggest compliance rate was in the 
SP intervention (activities mean of 59.8% in all activities) 
and the lowest compliance rate was in the NL interven-
tion (activities mean of 10.9%).

Overall, the SP and NL interventions had many simi-
lar types of activities between them such as in the healthy 
snacking behaviour, training with adolescents and cook-
ing workshop; and in the PA and sedentary behaviour 
with the implementation of active breaks and workshops 
to practice new sports. The UK had at least one com-
mon activity for each behaviour with the other countries 
(active breaks with SP and NL, competition of healthy 
snacks with SP and actively participating in PE classes 
with GR). GR only had one common activity with NL 
(healthy canteen) and another with the UK (actively par-
ticipating in PE classes). In addition, the GR intervention 
was composed of one activity per behaviour whereas the 
other countries’ interventions were composed of at least 
two activities per behaviour.

Ambassadors identified barriers and facilitators addressed 
in the interventions
A summary of barriers and facilitators per country is 
explained in Table 2.

Barriers
Focusing on healthy snacking behaviours, two coun-
tries (GR and NL) detected the school canteen offering 
unhealthy snacks as a barrier. This aspect was solved 
with a similar activity in those countries, which was add-
ing healthier food choices in the school canteen (GR) 
and creating a healthy school canteen (NL). The other 
common barrier detected was that students did not eat 
anything during high school hours (SP and UK). The 
SP intervention tried to solve this with the competi-
tion for healthy snacks and the free fruit service, and the 
UK intervention launched a challenge to progressively 
increase the healthy snacks eaten each week.

Regarding barriers to PA and sedentary behaviour, 
there are two common barriers in all countries: insuf-
ficient space and time during breaks to be active and a 
long time sitting down during school hours (GR, SP, NL, 
and UK). The long-time sitting down was solved by some 
activities like active classes and active breaks (SP), more 
PA opportunities during breaks (NL) and getting active 
during school hours (UK). However, the GR intervention 
did not have any intervention activity to address these 
barriers. Additionally, a barrier to the lack of variation 
in sports and activities during PE classes was detected in 
three countries (GR, SP, and NL). All of three countries 
addressed the lack of variation in sports with an inter-
vention activity. Either by organizing activities related 
to practising new sports (SP, NL) or extending the vari-
ety of activities during PE classes (GR). Even though the 

UK ambassadors did not detect this barrier in the focus 
groups, they co-created an intervention activity as a chal-
lenge to participate actively in PE classes.

Even though, the barrier of the lack of clean material in 
PE classes was only mentioned by GR and was addressed 
by providing better and new equipment for PE classes.

Moreover, some barriers depending on external fac-
tors (non-modifiable barriers) were not tackled within 
interventions, including the insufficient space and time 
during breaks to be active (GR, SP, NL and UK), dura-
tion and frequencies of PE classes per week (GR and NL), 
the warm temperatures during the summer season that 
burden the PA practice (GR and SP), tiredness of stu-
dents and conserver energy to school work (GR and UK), 
among others.

Facilitators
Focusing on healthy snacking behavior facilitators, two 
common facilitators were detected in different countries. 
The first one was that the high schools did not allow stu-
dents to bring energy drinks (SP and NL), however, they 
can consume them outside the school. For this reason, 
a workshop/training for adolescents about healthy eat-
ing and/or PA to increase adolescents’ understanding 
of the importance of snacking healthy eating and PA 
practice (SP and NL), and a cooking workshop about 
healthy snacks, were implemented to have ideas to bring 
to school or cook at home (SP and NL). In SP, the high 
school, specifically, the Department of Education, was 
seen as a facilitator, as they provided breakfast to stu-
dents with economic difficulties. Moreover, to reinforce 
healthy snacking an activity of SP intervention focused 
on offering a free fruit service in high schools.

The second common facilitator detected by NL and UK 
was parents’ restriction or control of unhealthy snacks 
consumed by adolescents, but any activity of the NL and 
UK intervention involved parents as facilitators. One of 
the reasons for the non-involvement of parents was the 
restrictions of the COVID-19 pandemic in high schools 
which did not allow for the entrance of external people in 
some countries (NL, SP). In the SP intervention, despite 
the ambassadors not identifying the parents as a facilita-
tor, e-learning training about snacking healthy eating and 
PA practice was implemented for parents of adolescents.

Regarding facilitators of PA and sedentary behaviour, 
the influence of peers to motivate participants to get 
active during school hours and PE classes was detected 
in three countries (GR, NL and UK), however, peer influ-
ence was also identified as a barrier to being active during 
recess in two countries (GR and UK). The peer influence 
is a facilitator may be addressed in all the interventions 
because the SEEDS project empowered the ambassadors 
and their peers involving them in the design and imple-
mentation of the interventions about PA. For example, 
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ambassadors created leaflets promoting an active lifestyle 
to be more active during school hours (GR) and ambassa-
dors organized small tournaments during the breaks and 
created a poster to be more active during school breaks 
(NL).

Additionally, teacher support was identified as a com-
mon facilitator but for different behaviour, to be more 
active in PE classes in GR and for improving healthy 
snacking in the UK. The facilitator was only addressed by 

an activity involving PE teachers to offer a large variety of 
activities in PE classes in GR.

The common facilitators were family influence in 
healthy snacking behaviour, and peers in PA and seden-
tary behaviour.

The summary of the barriers and facilitators addressed 
in the intervention healthy snacking behaviour and, PA 
and sedentary behaviour is shown in Table 1.

Table 2  Summary barriers and facilitators identified in each country by ambassadors
Country Barriers Facilitators
Greece PA School hours:

- Insufficient space and time to get active during breaks*
- Tiredness at the end of the school day*
- Long-time sit-down during classes
- Sit-down and talk with peers during breaks
PE classes:
- Duration and frequency of the classes*
- Warm temperature in summer*
- The lack of variation in the activities
- Lack of clean mattress equipment
- Students do not want to wear athletic outfits*

PE classes:
- Teacher support
- Take their mind off the daily pressure of the les-
sons and have fun with their friends (peers)

Snacking - The school canteen offers limited (healthy) choices
Spain PA School hours:

- Teacher inflexibility to be active during classes and breaks
- The lack of time between classes to be active*
- Long-time sit down
- A lot of theory classes
PE classes:
- Warm temperature in summer*
- The lack of variation in the activities
- The unbalance of the groups during activities

Snacking - Irregular meals during school hours (some students did not 
bring breakfast at high school)
- Influence of friends’ decisions related to unhealthy snacking 
outside high school

- Rules about sweets and energy drinks at high 
school
- Providing healthy sandwiches for students with 
economic difficulties

Netherlands PA School hours:
- Lack space to move during the breaks*
- Long-time sit down
PE classes:
- Duration and frequency of the classes*
- Lack of space*
- Girls do not want to compete against boys (unbalanced)
- Students do not like activities in front of the whole class*
- Peers’ complaints (demotivate the others)
- The lack of variation in the activities

School hours:
- Peers (do the same thing during recess)
- Opportunity of extracurricular activities at 
school

Snacking - Breaks are too short to eat*
- Not much healthy food and drinks options in the vending 
machine or the canteen

- Rules about energy drinks at high school
- Parents restriction of unhealthy snacks 
consumption

United Kingdom PA School hours:
- Insufficient space to get active during breaks*
- Long-time sit down
- Sit down and talk with peers during breaks
- Conserve energy to focus on school work*

School hours:
- Opportunities to be active during classes
PE classes:
- Gets competitive and work together with their 
peers.

Snacking - Some students do not eat anything during school hours - Students can request their parents to add 
healthier options to shopping basket
- Near accessibility of healthy snacks (near shops)
- Teachers support

*non-modifiable barriers
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Discussion
This study aimed to describe and compare the four coun-
try-specific co-created interventions to tackle unhealthy 
behaviours: (1) snacking behaviour and (2) PA and sed-
entary behaviours. It also sought to determine if the bar-
riers and facilitators identified in the focus groups are 
addressed in the four co-created interventions.

The four co-created interventions generated by a 
Makeathon have key points in common analysed by 
the TIDieR checklist. The type of activities (methodol-
ogy used as is explained in the methods section) and 
the delivery format were based on practical face-to-face 
activities like training, lessons, workshops, challenges, 
and competitions.

Focusing on location and providers, most activities are 
implemented during school hours in high school mainly 
by external professionals (like PE professionals, youth 
workers, local fruit providers, nutrition education com-
panies, etc.), high school teachers, or/and, sometimes, 
by the project researchers with or without ambassadors’ 
collaboration.

However, the duration and frequency of the activi-
ties differed among countries. The socio-cultural and 
environmental situations like accessibility and availabil-
ity, resources, cultural beliefs, etc. in each country can 
be perceived as barriers or facilitators and a reason for 
selecting the characteristics of co-created activities [35]. 
Additionally, two countries, SP and GR, showed more 
than 50% rate of compliance and the other two, NL and 
UK, showed a low rate of compliance about less than 
30%. The low rate of activity compliance can be explained 
because in the NL and UK, during the implementation of 
the intervention, the COVID-19 restriction influenced 
strongly scholar attendance [36, 37]. Whereas, in GR and 
SP the restrictions were more indulgent with the scholar 
presential attendance. Additionally, some activities in NL 
had a limited number of participants to guarantee the 
well going of the activity, limiting the range of participa-
tion. The heterogeneity among co-created interventions 
difficult the comparison between countries and suggests 
the necessity of standardization. Future studies for avoid-
ing heterogeneity, should develop a common co-creation 
process with the participation of all adolescents from 
each country taking into account the barriers identified 
in each country, or from the barriers identified by ado-
lescents of each country, create a common catalogue of 
activities that could be effective to address each of the 
barriers identifies.

Since the TIDieR checklist does not include informa-
tion on adaptation to the context of the target popula-
tion, two extra components were added to specify the 
barriers and facilitators identified by participants in the 
different countries.

In summary, two of three modifiable barriers (possible 
to change) to healthy snacking behaviour were addressed 
in the intervention and four of six modifiable barri-
ers to PA. Six of 12 barriers to PA seemed not feasible 
for schools and are not addressed in the intervention. 
Focusing on facilitators, not all were taken into account 
in interventions. Related to healthy snacking behaviour, 
only one of the four facilitators identified was addressed 
in the interventions; and focusing on PA and sedentary 
behaviour, two of the four facilitators identified were 
addressed in the interventions.

Previous studies described some common healthy eat-
ing and PA behaviours barriers in line with our study: 
(a) the limited PA opportunities during school hours 
and breaks, (b) the lack of students’ choice/autonomy 
in PE classes, (c) the type and quality of food items in 
the canteen, (d) the lack of variety or the easy access to 
unhealthy food near the school [38, 39]. According to the 
present study results, the influence of peers and family 
was identified as a facilitator in PA and healthy eating, 
respectively [35, 38, 39].

Previous literature on school-based interventions tar-
geting healthy lifestyle behaviours such as nutrition and 
PA outcomes without a participatory research approach 
[40–42], combined some theoretical activities includ-
ing web-based interventions such as motivational text 
messages through technology, guidebooks, workbooks, 
seminars, and educational lessons and posters given 
by professionals for students, teachers or parents. Also, 
some practice activities to change the environment 
such as healthier food options in the canteen or vending 
machines, serving breakfasts in the classrooms to ensure 
the students eat a healthy meal and, cooking workshops 
[30–34]. Related to PA behaviours, most non-co-created 
interventions combined educational materials (theo-
retical activities) and changes to the school environ-
ment and/or school curricula (such as active lessons and 
recess, high-intensity activity in PE classes or increas-
ing the frequency or duration of PE classes or sessions) 
[40–42].

Compared to the SEEDS project, in previous litera-
ture, there was a predominant use of theoretical activi-
ties in dietary behaviours instead. In the SEEDS project, 
practical activities (environmental change activities), 
challenges, and competition activities related to PA and 
dietary behaviours were included [40–44]. In addition, 
the previous evidence is focused on increasing the inten-
sity and frequency of PE classes [40–44] but not increas-
ing the variety of sports practised in classes as stated in 
the SEEDS project. Thus, the variety of sports may be the 
key to adolescents being active during PE classes.

However, some common points between previous 
school-based intervention studies and the SEEDS project 
are shown: the predominant face-to-face activities, the 
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implementation of the intervention during school hours, 
practical activities on PA behaviour, the use of training, 
lessons, and workshops related to healthy eating behav-
iours [40–44].

Although SEEDS project activities seem to be similar 
between the four countries, adaptation of interventions 
to the socio-cultural and environmental situation, that 
is, to the local barriers and facilitators of participants is 
crucial to allow adherence and effectiveness to interven-
tions and ensure long-term sustainability results [35, 39, 
45]. Additionally, the recent literature showed that the 
detection of barriers and facilitators related to lifestyle 
behaviours in adolescents is the key to the future design 
and implementation of interventions [35, 38, 39, 46, 47], 
as shown in the SEEDS project. Because of that, like we 
have done in this study, we recommend to add perceived 
barriers and facilitators addressed in an intervention as 
extra components to the TIDieR checklist to know the 
socio-cultural and environmental situation of the target 
population.

Thus, following this principle of identifying barriers 
and facilitators, the SEEDS project first conducted focus 
groups aimed at identifying such barriers and facilita-
tors, before organising a Makeathon with adolescents to 
develop the interventions. Two questions, which focused 
on healthy snacking, and PA and sedentary behaviour 
beneficial changes, were used in the intervention co-
creation process. Although ambassadors and/or their 
peers did not have the whole list of barriers and facilita-
tors, mentioned in focus groups, during the Makeathon, 
a connection between the co-created interventions and 
the barriers previously identified exists. However, the 
common facilitators detected in the SEEDS project such 
as family influence in snacking behaviours and peers 
influence in PA and sedentary behaviours, were not 
fully addressed in the interventions. In future projects, 
it is recommended to take more explicitly into account 
the identified barriers and facilitators when developing 
the interventions and adapting the instructions for the 
Makeathons, starting with an explanation of the role of 
barriers and facilitators and having the list available from 
focus group.

Currently, limited evidence is available regarding iden-
tified insights, including barriers and facilitators, in focus 
groups before the co-creation and implementation of 
interventions, unlike the SEEDS project that used this 
innovative process. A recent systematic review of meth-
ods and approaches to improve health outcomes that 
enable children, adolescents, families, and carers to be 
involved in a participatory approach yielded twenty-six 
studies. Seven of them used focus groups as an integral 
method to co-design, co-produce, or co-create interven-
tions that aligned with the definition of co-creation in 
the present manuscript [15]. However, this systematic 

review did not analyse the effectiveness of the interven-
tions [15]. In the literature, the focus group method is 
used as a tool to collect data in different steps of a partici-
patory research study: (a) Before the co-creation: infor-
mation from the focus group can provide some insights 
into the co-creation of the intervention [48, 49]; (b) Dur-
ing the co-creation process: the focus groups are used 
for the ideation/design stage previous to the co-creation 
of interventions [50–52]; and (c) After the design of 
interventions to gather feedback from participants and 
improve future interventions [53–55].

For all mentioned above, the recommendations for 
future co-creation of interventions in participatory 
research studies are: conduct focus groups to identify 
barriers and facilitators before the co-creation process, 
and explain the importance and use a list of barriers and 
facilitators detected in focus groups during the co-cre-
ation process to ensure they will be addressed in the co-
created interventions. These recommendations applied 
to the co-created interventions, guarantee the feasibility 
that the co-creation process is linked to the intervention 
aims, and so do not guarantee the effectiveness of the 
interventions to improve the aims (healthy snacking and 
PA behaviour).

The SEEDS project contributes to the literature with 
new information about the importance of design inter-
ventions adapted to the target group’s real identified 
barriers and facilitators related to healthy snacking 
behaviour and, PA and sedentary behaviour.

However, some limitations are detected. Firstly, the 
limited time to refine the co-created interventions in the 
Makeathon before carrying on the final intervention. Sec-
ondly, there is a selection bias related to the selection of 
ambassadors using leadership skills and in consequence, 
missing the perspectives of less-engaged adolescents. 
A random selection should ensure a more representa-
tive input. Thirdly, another limitation is the difficulty in 
addressing some of the barriers because, for example, the 
frequency or duration of the PE classes depends on ado-
lescent external agents like the norms of the high school 
or department of education. In addition, the focus groups 
only consider the opinion of ambassadors, however, 
when the intervention is co-created by ambassadors and 
other peers in Makeathon, as in SP and GR, new barriers 
or facilitators were identified during the co-creation of 
the intervention. Thus, new barriers and facilitators were 
taken into account when developing the intervention 
activities. Another limitation is that some of the activi-
ties were provided with the budget of the researchers to 
hire external providers. This aspect can affect the sus-
tainability of the activities implemented in the interven-
tion after the study cessation due to the limited school’s 
budget. That is, the involvement of stakeholders with a 
stakeholder partnership approach (external professionals 
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or community organizations) is a key aspect that could 
help sustain such programs in resource-constrained envi-
ronments. On the other hand, it should be important to 
assess the sustainability of the interventions co-created 
some years post-cessation of the intervention.

Additionally, the lack of standardisation of the methods 
for calculating the compliance rates between countries is 
considered a limitation, also, the adolescents’ unknown 
reasons for no attendance in the activities. In future 
research, as a complementary variable in the TIDieR 
checklist, specifically in the “How well” section, it is rec-
ommended to add the reason for adolescent non-atten-
dance to the intervention activities, leading to be able to 
identify if the non-compliance of the intervention activi-
ties will affect outcomes. Finally, the socio-cultural and 
environmental situation of participants in high schools, 
which may explain the difference between the duration, 
frequency, and compliance of interventions, can act as 
confounders when the effectiveness of SEEDS interven-
tion will be analysed. However, the present study aims 
to ensure that the co-cocreated interventions in differ-
ent countries are adapted to the barriers and facilitators 
identified by the focus groups, and are therefore adapted 
to the country context. The location of the participat-
ing schools in socioeconomically disadvantaged areas 
limits the generalizability of the findings to schools of 
higher-income areas. So, future research should consider 
applying or adapting these interventions in diverse socio-
economic European contexts to test transferability.

In conclusion, the 4 co-created interventions by adoles-
cent ambassadors have some common aspects such as the 
type of activities (methodology used), who provided the 
activities, and where and how the activities were imple-
mented. Most of the barriers identified were addressed 
whereas the facilitators were not enough addressed. So, 
barriers and facilitators identified should be taken into 
account when co-creating an intervention to completely 
adapt the intervention to the real situation. Thus, more 
effort is needed to completely adapt the intervention to 
the real interest of adolescents. Future research needs to 
confirm the SEEDS intervention effect and impact on the 
desired behaviour.
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