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Abstract 

Background: To have population-level impact, physical activity (PA) interventions must be effectively implemented 
and sustained under real-world conditions. Adequate Fundamental Movement Skills (FMS) is integral to children 
being able to actively participate in play, games, and sports. Yet, few FMS interventions have been implemented at 
scale, nor sustained in routine practice, and thus it is important to understand the influences on sustained implemen-
tation. The study’s aim was to use Collective Intelligence (CI)—an applied systems science approach—with stake-
holder groups to understand barriers to the implementation of FMS interventions, interdependencies between these 
barriers, and options to overcome the system of barriers identified.

Methods: Three CI sessions were conducted with three separate groups of experienced FMS intervention research-
ers/practitioners (N = 22) in the United Kingdom and Ireland. Participants generated and ranked barriers they perceive 
most critical in implementing FMS interventions. Each group developed a structural model describing how highly 
ranked barriers are interrelated in a system. Participants then conducted action mapping to solve the problem based 
on the logical relations between barriers reflected in the model.

Results: The top ranked barriers (of 76) are those related to policy, physical education curriculum, and stakeholders’ 
knowledge and appreciation. As reflected in the structural model, these barriers have influences over stakeholders’ 
efficacy in delivering and evaluating interventions. According to this logical structure, 38 solutions were created as a 
roadmap to inform policy, practice, and research. Collectively, solutions suggest that efforts in implementation and 
sustainability need to be coordinated (i.e., building interrelationship with multiple stakeholders), and a policy or local 
infrastructure that supports these efforts is needed.

Conclusions: The current study is the first to describe the complexity of barriers to implementing and sustaining 
FMS interventions and provide a roadmap of actions that help navigate through the complexity. By directing atten-
tion to the ecological context of FMS intervention research and participation, the study provides researchers, policy 
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Background
Increased physical activity has been associated with 
health benefits in young people (aged 5–17 years), includ-
ing improved physical, psychosocial and cognitive out-
comes [1]. Nonetheless, young people worldwide are not 
engaging in sufficient levels of physical activity as recom-
mended [1]. Physical activity is a multidimensional move-
ment behaviour [2]. For young people, it consists of play, 
games, sports, transportation, chores, recreation, physi-
cal education (PE) or planned exercise [2]. Underlying 
successful participation in these activities is competence 
in basic movement patterns such as running and catch-
ing–known as Fundamental Movement Skills (FMS) [3]. 
Enhancing children’s FMS proficiency contributes to 
maintaining a physically active lifestyle [4, 5]. Therefore, 
the World Health Organization recommended promot-
ing FMS development in children in recent physical activ-
ity guidelines [6]. Yet, young people’s FMS levels are low 
worldwide—a recent systematic review that synthesised 
FMS data from 25 countries revealed that children are not 
achieving FMS competence required to successfully par-
ticipate in physical activity [7]. This has occurred in spite of 
the preponderance of interventions reported as improving 
FMS (see [8–11] for reviews). This suggests these interven-
tions have rarely been implemented into routine practice 
to achieve sustained population-level impacts [12].

Translating effective research to practice requires 
understanding of implementation and sustainability [13]. 
Implementation of an intervention refers to the process of 
integrating an intervention into practice within organisa-
tions and settings [14]. The extent to which the programme 
can continue to be delivered over time and institutional-
ised within settings is defined as sustainability [15]. Inef-
fective/inadequate implementation and sustainability in 
FMS interventions need to be addressed but have received 
little attention [16]. Whilst a handful of follow-up of FMS 
interventions have been performed [8, 17, 18], there has 
been little investigation of the factors that influenced 
implementation and sustainability of such interventions 
[16]. Lander et al. [19] found a variety of barriers and facili-
tators that influenced the sustained implementation of a 
school-based programme three years post intervention. 
Higher levels of teacher’s efficacy to teach and assess FMS, 
curriculum alignment, and student’s engagement were 
highlighted as facilitators that support ongoing imple-
mentation [19]. The breadth of the study findings provide 

valuable insights into the potential mechanisms to expand 
FMS programme impact, but did not account for the com-
plex interdependencies of the influences on the implemen-
tation and sustainability of FMS interventions. The need 
to understand the system of interdependent influences is 
grounded in the nature of FMS development—a complex 
and dynamic process, that is characterised by the interac-
tion of a child’s maturation with external factors such as 
physical and social contexts, that support continuous and 
adaptive experience of movement [20]. This developmen-
tal complexity highlights the need for further examination 
on the underlying mechanisms and contextual constraints 
of sustained FMS intervention implementation success. 
This examination needs to be situated in a broader eco-
logical system within which a multitude of influences 
operate across individual, organisational, community, and 
systems levels [13, 21]. These influences are interrelated 
and dynamic in nature [22]. For instance, despite the rec-
ognition of the importance of FMS development in PE 
curricula worldwide [23], the marginal status of PE com-
pared to other core subjects limits the opportunities for 
children to develop skills needed [24]. The operation of 
these and other contextual constraints highlights the need 
for systems-based investigations of FMS interventions that 
account for the contextual complexity within which FMS 
development occurs [25].

Systems thinking is an emerging approach to under-
stand intervention scenarios and the dynamics. It has 
recently been recommended as a means to enhancing 
intervention implementation and sustainability [26] by 
examining the interconnectedness of key components in 
an intervention [27]. The application of systems thinking 
in health interventions is emerging, although this think-
ing has received critique for its limited reflection on what 
it might mean for the development and evaluation of 
interventions [26].

One applied systems science approach–Collective Intel-
ligence (CI)–has been widely used to facilitate group-
based problem solving, specifically, to both understand 
a complex issue and map options and actions relevant to 
the problem [28] (see [29–32] for recent social science 
applications; and see [33–35] for further details on meth-
odology and application). The benefits of applying this 
approach to understand the complexity of FMS interven-
tions has recently been outlined in an exploratory study 
[36]. For example, CI helped the stakeholder group to map 

makers, and practitioners with a framework of critical components and players that need to be considered when 
designing and operationalising future projects in more systemic and relational terms.

Keywords: Physical activity, Motor competence, Motor skills, Implementation science, Systems science, Child, 
Adolescent, Physical education
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and understand the relationship between barriers to the 
implementation of FMS interventions. A major strength 
of the CI method used in the current study is the way in 
which key systems thinking products can be combined 
from across multiple group design sessions. Application 
of the CI method results in the production of a matrix-
based structural map (i.e., a systems thinking output) gen-
erated from collective, deliberative input from a group, 
which allows for a meta-analytical examination of multi-
ple structural maps that combine the ideas and reasoning 
across multiple sessions. This allows for a synthesis of per-
spectives and the development of an integrated roadmap 
that can be used to inform practical recommendations 
and enhance sustainability of strategies to promote FMS 
in children and adolescents in various contexts [23].

Considering the need to translate effective research 
into practice to enhance FMS proficiency at the popula-
tion level, and given the complex nature of FMS interven-
tions, the current study sought to understand barriers to 
the implementation and sustainability of FMS interven-
tions, interdependencies between these barriers, and 
options to address the system of barriers identified. To 
do so, we used CI with three stakeholder groups in the 
UK and Ireland who have expertise in FMS interventions. 
To our knowledge, this will be the first meta-analytical 
examination of FMS implementation issues and the first 
time an applied systems science approach is used to 
identify barriers and their interdependencies along with 
options to address these barriers.

Methods
Participants
A purposeful sampling adopting a ‘criterion-I’ strategy 
was used [37]. This strategy is commonly applied in 
studies that seek to engage participants from organisa-
tions and systems involved in the implementation pro-
cess. The criterion used in our study are also consistent 
with the prerequisites for the optimal outcome of CI 
sessions [38], in particular, engaging with stakeholders 
and content specialists who have a stake in the issues 
being considered (i.e. school teachers, coaches, FMS 
researcher, public health specialists). This was done by 
identifying individuals named in publications/reports 
associated with FMS interventions in the UK and Ire-
land. A snowball sampling technique was also used to 
identify additional individuals that had a significant 
role in the intervention setting. Twenty-two partici-
pants were conveniently recruited across Location  A1 
and B in the UK and Location C, Ireland (Table 1). The 

selection assumed that the individuals and the organi-
sations they are embedded in possess expert knowl-
edge of FMS intervention implementation by virtue of 
their experience in developing, implementing, deliver-
ing and evaluating FMS interventions. Most individu-
als worked across both academic institutions and local 
intervention practice settings, and thus were in a posi-
tion to provide information that is both detailed and 
generalisable across the lifecycle of FMS intervention 
project work. Individuals were contacted via e-mail/tel-
ephone and provided with a plain language statement. 
All participants provided their written consents prior 
to engaging in the CI process. Ethics clearance was 
granted by Ethics Committees of Coventry University 
(P90462) and Deakin University (HEAG-H 173_2020).

Data collection
CI is a facilitated group consultation process designed 
for collective problem-solving [28, 29, 33, 39]. Given the 
novelty of this approach in the context of FMS research, 
a protocol has been recently published to detail its ration-
ale, procedures, and benefits [36]. In summary, the same 
four-stage process (Fig.  1) as described in the protocol 
paper was used in the current study. Stage one involved 
inviting all 22 participants to generate five barrier state-
ments in response to a trigger question delivered via email: 
“From your understanding and previous involvement in 
FMS interventions, what do you consider are the key bar-
riers to the adoption, implementation and institution-
alisation of effective FMS interventions?” These barriers 
were collated and categorised by the CI facilitation team 
in Stage two. Stage three involved a closed voting process 
in which each participant was asked to select seven barri-
ers they perceived as most critical across the categorised 
barrier field. Barriers which received most votes were con-
sidered most critical and these barriers were then struc-
tured using Interpretive Structural Modelling (ISM [28];) 
software in a facilitated process with participant groups 
during pre-organised CI sessions. This structuring process 
was detailed in [36] and involves a process of matrix struc-
turing. In particular, to generate a systems model derived 
from a matrix of relations between barriers, the relation-
ship between pairs of barriers was explored in a facili-
tated dialogue focussed on the reasoning of participants, 
prompted in each case using a relational question, “Does 
Barrier A significantly aggravate Barrier B?”. After reasons 
and objections were considered by participants, a vote was 
taken to determine the group’s judgment about the rela-
tionship (i.e., either ‘yes’ or ‘no’ to the relational question). 
Upon completion of all pairwise judgements, the matrix of 
relations is converted by ISM software into a graphical sys-
tems model illustrating relations across the set of barriers. 
In Stage four, during the CI sessions, participants engaged 

1 Locations are indicated using letter identifiers rather than naming specific 
locations.
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in a process of generating options for overcoming the bar-
riers identified. In this stage, participants were asked to 
generate, clarify, and present options according to the ISM 
structural map, in particular, focusing on key driver barri-
ers and associated categories that were identified to signifi-
cantly aggravate other barriers in the system. Overall, the 
CI sessions each lasted approximately five hours.

Three sessions were conducted between December 
2019 and November 2020 with three separate FMS pro-
ject teams in the UK and Ireland. These sessions were 
facilitated by the lead author and/or Author 2. Each ses-
sion was scheduled at a time that was convenient to the 
majority in the participant group and some participants 
were not present due to unavailability (4/22, 18.2%). CI 
sessions one (N = 5) and two (N = 6) were conducted 

face-to-face on a university campus accessible to all par-
ticipants, and session three (N = 7) was conducted online 
via Zoom due to pandemic restrictions. The lead author 
took field notes during and following each session. Field 
notes are an essential component of rigorous qualitative 
research and used to capture contextual information of 
the data collection and aid understanding of the outcome 
[40]. Consideration was given to observations of paired 
comparison that required extended discussions and 
reflective data including researcher thoughts and ideas 
relating to the group discussion and reasoning.

Data analysis
The analysis and reporting process used in the cur-
rent study follows the standard processes of generating 

Fig. 1 The four-stage Collective Intelligence process

Table 1 Key stakeholder characteristics

Session 1
(UK, N = 5)

Session 2
(Ireland, N = 6)

Session 3
(UK, N = 7)

Number of males/females 2/3 3/3 1/6

Primary profession:
    - Academic

5 1 7

    - Schoolteacher 0 3 0

    - Health promotion officer 0 2 0

Subject areas participants have expertise/experience in %(N)

Physical Education 40(2) 83(5) 43(3)

Sports Coaching 60(3) 17(1) 29(2)

FMS intervention design and evaluation 80(4) 67(4) 100(7)

FMS intervention delivery 80(4) 83(5) 100(7)

Public health specialists 40(2) 33(2) 29(2)

Primary/Secondary school teaching 20(1) 50(3) 29(2)
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categorised field representations of ideas and for meta-
analysis of ISM structure as described in [41]. Barrier 
statements in response to the initial trigger question 
collated from participants were analysed by barrier cat-
egories. For each of the three CI sessions, participants 
voted to select barriers for structuring from across the 
category field and were facilitated to generate a struc-
tural model through a process of deliberation and 
matrix structuring in the session. Each structural map 
was analysed in conjunction with field notes. Addition-
ally, a structural meta-analysis of the three models was 
conducted to understand the relationship between cat-
egories of barriers and to identify high-level structural 
relations emergent across the three FMS interven-
tion scenarios. The meta-analysis process is therefore 
described in the results section, following presentation 
of three structural models.

Option statements generated in response to barri-
ers categories were collated and analysed. These option 
statements were then summarised by Author 1 and 
Author 2 to generate synthesised options. These options 
were then thematically categorised based on conceptual 
clusters aligned with the Expert Recommendations for 
Implementing Change (ERIC) framework [42, 43]. The 
ERIC framework provides a compilation of strategies to 
improve implementation of interventions and has been 
used to advance school-based intervention research [44]. 
Mapping options generated in this study with the ERIC 
framework enables a systematic recommendation on 
particulars that can be taken to improve implementation 
and sustainability of FMS interventions. This also follows 
good practice in implementation science by advocating 
the consistent use of theoretical frameworks and termi-
nology [45].

Results
Category analysis of barriers
The three sessions generated a total of 76 barriers. These 
barriers were categorised using the paired-comparison 
method ([28]; cf. [41]). The CI facilitation team (Author 
1 and Author 2) conducted open coding and category 
creation. Specifically, pairs of barriers were systematically 
assessed for conceptual similarity and conceptually simi-
lar barriers were grouped under higher-order categories. 
This process is continued until all ideas have been placed 
into final categories. The facilitation team followed this 
process and identified 13 categories (see Table 2). Table 2 
also provides a description of each category of barriers, 
along with sample ideas in the category.

When selecting barriers for inclusion in the ISM 
structuring, participants each voted independently for 
seven critical barriers, with a total number of aggre-
gate votes at the group level reflecting the perceived 

importance of barriers. The total number of votes per 
category received from each session is presented in 
Fig.  2. Category [F. Knowledge and Appreciation], [B. 
Government and Institutional] and [G. Conflicts and 
Purposes within PE] received most votes from Group 1, 
Group 2, and Group 3, respectively. These three catego-
ries also received most cumulative votes from the three 
groups collectively. Group 2 did not identify any criti-
cal barriers in Category [C. Curricular Conflicts] and [L. 
Testing]. Category [L. Testing] received the least votes 
across three groups.

Structural models generated in each session
A brief description of structural models generated from 
each session is presented below. Structures are to be read 
from left to right, with the barriers on the left signifi-
cantly aggravating (i.e., make worse) the barriers to the 
right. Barriers grouped together in one box are recipro-
cally interrelated and they significantly aggravate each 
other.

Session 1
Five participants attended Session 1 and generated a 
model of 10 barriers (Fig.  3). In the model, “Refusal 
of government to offer greater time for PE and sport in 
schools” was considered to be a fundamental driver of 
all other barriers. It was argued that this barrier further 
aggravates “PE competing with demand from core sub-
jects for curricular time”, which further influenced all 
other barriers, including barriers to engaging parents and 
carers, and seven reciprocally interrelated barriers (i.e., 
time and resources constraints, insufficient knowledge of 
teachers and stakeholders, lack of training, lack of con-
tinued implementation, and lack of evaluation evidence).

During the pair-wised reasoning, one main emer-
gent theme was challenges associated with practice on 
school grounds, including teachers’ knowledge, time 
and resources to support delivery. Notably, participants 
recognised the cyclical relationship among these factors 
and also judged these barriers are the result of “PE not 
being recognised as a core subject”. Interestingly, par-
ticipants also agreed this influences parents and carers 
willingness to interact with interventions. Participants 
reasoned that, without continued practice outside the 
school environment, children would not have sustained 
improvement of skills from the intervention. Barriers 
related to Efficacy and Attitude were not perceived as 
critical, particularly in comparison to barriers related to 
Knowledge and Appreciation. Participants argued deliv-
erers’ (e.g., teachers) attitudes towards the intervention 
are largely driven by their understanding and subject 
knowledge of FMS which influence perceived benefits of 
the intervention.
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Table 2 All 13 categories of barriers generated from the CI process

Category Clarification Sample statements from CI process

A. Time Time constraints to integrate the proposed pro-
gramme

A demand for time in the curriculum, impacting time 
allotted for interventions

B. Government and Institutional Factors relating to policy that may support institution-
alisation of the programme.

Refusal of government to offer greater time for PE/sports 
in schools

C. Curricular Conflicts The contextual appropriateness and congruence with 
the existing curriculum and schools’ priorities

Conflict between school targets and research targets

D. Design and Implementation The compatibility and adaptability of the proposed 
programme

Lack of considerations of long-term sustainability and 
implementation of the programme

E. Research Challenges Challenges relating to conducting intervention 
research

Failure to recruit schools/children to interventions

F. Knowledge and Appreciation Perceived need and benefits of the proposed 
programme and possession of the relevant skills and 
knowledge

Lack of teacher knowledge of FMS and PA in children

G. Conflicts and Purposes within PE The contextual appropriateness and congruence with 
the current PE curriculum and practice

Conflicting interpretations among PE teachers of the 
aims and the purpose of FMS interventions

H. Resources and Funding Factors relating to funding and resources at the gov-
ernment level and individual organisational level.

Lack of funding to support implementation phase

I. Staffing Specific considerations on staffing, internal advocates 
and managerial support necessary for successful 
implementation

Shortage of staff to support interventions, therefore 
prevents the ‘adoption’ of an intervention going forward

J. Efficacy and Attitude Motivation and self-efficacy to implement the pro-
posed programme

Unwillingness by PE teachers to implement strategies 
that they are not familiar with

K. Training Approaches to insure providers proficiencies in the 
skills and knowledge required to implement the 
programme

Lack of Continuing Professional Development for PE 
teachers (i.e. minimal contact time with PE teachers) and 
therefore inadequate training

L. Testing Challenges Challenges relating to conducting outcome assess-
ments

Failure of test subjects to engage with demonstration 
from researchers

M. Intervention Evaluation Practice and knowledge on programme evaluations. Inadequate reporting on interventions, such as interven-
tion process, actual ‘on-task’ time for FMS practice, and 
actual delivered dose of the intervention

Fig. 2 Votes received from each session, by barrier category
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Session 2
Six participants attended Session 2 and generated a 
model of 12 barriers (Fig. 4). This group considered the 
lack of school/community holistic approaches and the 
misalignment between health, education, and sports as 
interrelated and critical drivers of the barrier system. 
Aggravated by these critical drivers are the lack of gov-
ernment supports and FMS curriculum focus. These 
barriers spill over into teacher’s understanding and 
appreciation of FMS, which, in turn, impact teaching 
practice and intervention effectiveness. Participants 
also attributed teacher’s unwillingness to focus on FMS 

to teacher’s insufficient FMS content knowledge and 
pedagogical content knowledge, as well as poor self-
efficacy in this area. These two sets of barriers were 
considered to be caused by the lack of focus on FMS in 
official documents and curriculum.

Session 3
Seven participants attended Session 3 and generated a 
model of 11 barriers (Fig. 5). This group identified two 
barriers as fundamental drivers of negative influence in 
the system. The first was the “Lack of PE assessment”. 
The group agreed that the absence of PE assessment 

Fig. 3 Barrier structure from Session 1. Structure are to be read from left to right, with the barriers on the left significantly aggravating (make worse) 
the barriers to the right. Barriers are grouped together in one box are reciprocally interrelated and they significantly aggravate each other

Fig. 4 Barrier structure from Session 2. Structure are to be read from left to right, with the barriers on the left significantly aggravating (make worse) 
the barriers to the right. Barriers are grouped together in one box are reciprocally interrelated and they significantly aggravate each other
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is central to curriculum conflicts and impacts nega-
tively on stakeholder and teacher’s perceived benefits 
of FMS interventions. This barrier further led to the 
lack of funding and training opportunities to support 
intervention implementation. The lack of funding was 
considered to aggravate the time pressure in delivering 
interventions and providing ongoing support to teach-
ers, as well as to limit availability of resources within 
schools. Another fundamental driver was “Lack of PE 
teacher or trained expert working in the school contin-
uously”, which resulted in teacher’s lack of confidence 
to continue intervention delivery.

Notably, when participants reviewed the ISM struc-
ture, debates emerged as regards other overarching 
influences. Participants argued that their structure 
needs to be interpreted “in the context of a wider sys-
tem”, specifically, in relation government and policy 
influences. The group arrived at a consensus that bar-
riers in their structure “needs to be addressed at the 
macro level before a meaningful long-term change can 
be made at the micro level”.

Meta‑analysis of three structural models: influence map 
of barriers
Barriers from across 10 of the 13 categories appeared 
in the three ISM structures. A structural meta-analysis 
of the three models was conducted to understand the 

relationship between categories of barriers. In order to 
carry out this analysis, the following scores (i.e., position 
score, antecedent/succedent score, influence score) were 
computed to estimate the influence of each category, as 
per reported process in [41].

Position score
Each structural map places barriers in levels (i.e. the col-
umns barriers are positioned in) [46]. Ideas to the far 
right are assigned the lowest position score (i.e., 1), and 
those in the leftmost position are assigned the high-
est score (i.e., depending on the number of levels in the 
structure). For instance, in the structural map generated 
in Session 1 (Fig. 3), there are three levels; the idea to the 
far left is assigned a score of 3, ideas to the far right are 
assigned a score of 1.

Antecedent and succedent score
The antecedent score is the number of barriers lying to 
the left of a particular barrier that aggravates it. The suc-
cedent score is the number of barriers lying to the right 
of a barrier in the structure that are aggravated by it. 
The net succedent/antecedent (net SA) score is the suc-
cedent score minus the antecedent score. A positive net 
SA score indicates the barrier is a net aggravation influ-
ence. A negative net SA score indicates the barrier is a 
net receiver of aggravation [46].

Fig. 5 Barrier structure from Session 3. Structure are to be read from left to right, with the barriers on the left significantly aggravating (make worse) 
the barriers to the right. Barriers are grouped together in one box are reciprocally interrelated and they significantly aggravate each other
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Influence score
The influence score is the sum of the position score and 
the net SA score. Influence scores were calculated for 
each of the 33 barriers appearing in the three structural 
models. Total category influence scores were calculated 
by summing the individual barrier scores. Average cat-
egory influence scores were calculated by dividing this 
total category influence score by the number of barriers 
in the category. The meta-analytical model arranges bar-
rier categories from left to right based on their average 
influence scores (see Fig. 6).

Analysis of options
Based on relationship between barriers in their ISM 
structure, each CI group generated options to overcome 
barriers in relevant barrier categories. Participants used 
the idea writing technique [28] to generate and share 
ideas. Participants generated option statements on a set 
of shared sheets, with opportunity to add ideas as they 
silently read the ideas written by others. Participants gen-
erated option statements starting with action verbs, such 
as create, develop, encourage, plan.

In total, 125 option statements were generated across 
three sessions. Options were generated targeting barriers 
across Level 1 to Level 5 in the metal-analytical influence 
map (Fig. 6). Barriers across Level 1 to Level 5 have posi-
tive influence scores, which indicates that they are net 
aggravation influences in the barrier system that need to 
be prioritised. All option statements and the associated 
barrier category they address are presented in Addi-
tional  file  1. During analysis, these option statements 
were clustered into 38 higher level synthesised solutions, 
which were further categorised into nine conceptual 
clusters linked to the ERIC (see Table 3). To adapt to the 
context of FMS intervention research for future dissemi-
nation, we made surface changes to terminology, which 
are noted in Table 3. Focusing on Level 1 to Level 5 in the 
meta-analytical influence map (Fig. 6), each solution was 
assigned a score corresponding to the level of the barrier 
it aims to address in the influence map that represented 
the solution’s potential to address barriers across the 
field. For instance, solutions designed to overcome bar-
riers relating to [B. Government and Institutional] (i.e., 
Level 1 in Fig. 6, which includes barriers with the highest 

net aggravating influence) were assigned a score of 5. This 
high score of 5 corresponds to the high level of potential 
influence of solutions addressing Level 1 barriers. Follow-
ing this scoring method and logic, a solution addressing 
barriers in Level 2 was assigned the next highest score of 
4, a solution addressing barriers in level 3 was assigned 
a score of 3, and so on. After all solutions were scored, 
and a roadmap representing a hierarchy of actions that 
corresponds to the barrier meta-structure was developed 
(Fig.  7). The roadmap reads from top to bottom with a 
synthesis of essential activities described on the right in 
each level. Level 1 actions target barriers at the govern-
ment and institutional level (Category B) and include 
activities to create and improve infrastructures. These 
actions are considered most influential in resolving bar-
riers to implementing and sustaining FMS interventions. 
Level 2 actions correspond to the barriers associated with 
curricular conflicts (Category C) and purposes within 
PE (Category G). Actions focus on training and supports 
provided to multiple change agents, as well as strategies 
that researchers and practitioners can employ to moni-
tor and evaluate programme implementation. Level 3 
actions are designed to overcome various disincentives to 
engage in interventions (Category J), with emphases on 
implementation adaptations and stakeholder interrela-
tionships. At Level 4, there are three sets of solutions to 
enhance intervention user’s knowledge and appreciation 
(Category F) and to alleviate negative influences from 
practical challenges relating to staffing (Category I).

Discussion
This is the first study to use CI methodology to identify, 
rank, categorise, and structure relations between barri-
ers related to implementation and sustainability of FMS 
interventions, and offer solutions. The study has provided 
an understanding of needs, expectations, and factors rel-
evant to the implementation and sustainability of FMS 
interventions. Participants identified 76 barriers which 
were structured and analysed to provide an influence 
map of barriers and their inter-relationships. The top 
ranked barrier categories were: Category [B. Government 
and Institutional], [G. Conflicts and Purposes within 
PE] and [F. Knowledge and Appreciation]. Analysis of 
the structural models further revealed other influential 

Fig. 6 Meta-analysis of three influence structures (meta-structure)
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Table 3 Strategies to implementing and sustaining FMS interventions

Original Label for the Strategy Cluster Adapted Label Strategy Cluster Implementation strategies falling under each strategy 
cluster

Engage Consumers* Engage teachers, students, school leaders, researchers Report impact from the programme and disseminate 
knowledge in relation to quality of life, health, and learning 
 outcomesc

Promote publicity and impact of the intervention programme 
to potential stakeholders and build reciprocal relationships 
with them to involve them in future  researche

Expand programme reach to parents and mobilise parental 
engagement in  interventionsf

Use Evaluative and Iterative Strategies No change In advance of programme implementation, generate shared, 
measurable goals in a collaboration between schools, 
researchers and policy makers, and build coalitions and part-
ner relationships to support implementation  effortsc

Evaluate, adapt, and create the physical structures, 
equipment, and school resources to support programme 
 implementationc

Improve and change the current evaluation practice to incor-
porate more appropriate techniques, change the priority of 
what determines an intervention success and conduct more 
long term and follow-up evaluation to monitor  sustainabilityb

Conduct more rigorous and comprehensive evaluation 
including pilot research, long term follow-up that yields 
sustainability data, and evaluation of what determines inter-
vention  successm

Conduct research on participant understanding of and 
engagement in intervention programmes and create solu-
tions to overcome perceived barriers and  misconceptionsm

Change Infrastructure No change Change school ethos and values around PE through learning 
workshops and mission documents that promote awareness 
and understanding of FMS and its impact on core school 
outcomes including cognitive and social  skillsc

Use and promote a whole-school approach to embed 
movement opportunities throughout the whole school day, 
including curricular, extracurricular, cross-curricular, active 
transport, and  homeworkc

Establish a multi-sector task force to develop, implement, 
and evaluate child health and development policies and pro-
grammes that support PE in schools by directing appropriate 
funding and resources to local  councilsb

Develop structures to support programme sustainability, 
including developing knowledge hub and partner relation-
ships, educating undergraduates, and promoting programme 
integration into  curriculumb

Establish specific, mandated targets on FMS and PA and 
demand these to be achieved and reported by schools, in 
order to direct intervention time and resources and encour-
age programme uptake by  schoolsc

Challenge the idea of correct technique in children’s move-
ment and encourage children to explore under  guidancef

Encourage integration of programmes and interventions with 
pre-existing school curriculum and  syllablesm

Integrate intervention science and associated field work in 
undergraduate teaching  programmese

Create norms of knowledge building and continuous learning 
to support students, teachers, parents, and  coachesf

Adapt and Tailor to Context No change Develop theory-based interventions and resources as well as 
adapt pedagogical  approachesb

Apply and prioritise PE/skills assessment for children and 
provide context-specific feedback to allow them to reflect on 
their progress and  performanceg
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Table 3 (continued)

Original Label for the Strategy Cluster Adapted Label Strategy Cluster Implementation strategies falling under each strategy 
cluster

Develop Stakeholder Interrelationships Build collaborations between research, schools and policy 
holders to promote joined-up  thinkingb

No change Conduct stakeholder to clarify intervention aims and results 
and consult stakeholders on ways to translate intervention 
findings into practical  settingsg

Establish cross-disciplinary collaborations in research to 
access new tools, methods and  expertisee

Promote collaborations between research institutes for wider 
 impactm

Create communities of practice among research institutes 
and consult stakeholders on bids for  fundingh

Utilize Financial Strategies Utilise planning strategies Create a checklist of essentials for quality PE which guides 
schools planning on  provisionsh

Conduct research planning based on available resources 
including proposing suitable research questions, creating 
cost-effective solutions in research activities such as training 
teachers to collect research  datah

Support Clinicians Support policy makers, school leaders, teachers Build and communicate robust evidence with stakeholders to 
encourage uptake of PE and FMS at government  levelb

Establish a feedback method for teachers to report fidelity on 
programme  deliverye

Promote common outcome metrics in PA and FMS across all 
 stakehodlersm

Translate evidence base into practical solutions coupled with 
evaluation techniques and measurable outcomes to create 
clear FMS guidelines, programme methods, and assessments 
to be embedded in PE  curriculumb

Create practical and appropriate resources and build struc-
tures to promote continuity of FMS messages following a 
life span approach and provide practitioners confidence and 
rewards to carry out  ideasg

Provide Interactive Assistance No change Provide support for practitioners and teachers to co-lead the 
delivery of  projectsg

Create a learning collaborative for stakeholders to share their 
knowledge and experience regarding FMS and existing FMS 
resources, as well as to link with researchers to disseminate 
importance of FMS and best  practicef

Train and Educate Stakeholders Train and Educate policy makers, training providers, 
school leaders, teachers

Promote recognition and importance of PE and FMS at 
national and local level through educating policy holders 
based on evidence drawn from high quality  researchb

Demand and organise better training for  teachersb

Strengthen CPD for teachers and include intervention and 
educational aims in the  trainingg

Create appropriate resources and disseminate them in 
different formats to be shared with stakeholders, including 
guidelines on creating suitable skill learning environments, 
fun games for children to practice FMS, social marketing of 
programme benefits on children’s development and skill 
specific curriculum  programmesg

Plan and implement effective pre-service and in-service 
teacher training programme to include relevant pedagogies 
and techniques, learning workshops on knowledge and 
understanding of  FMSf

*The nine higher-level themes of strategies are based on the conceptual categories of the Expert Recommendations for Implementing Change (ERIC) (Waltz et al., 
2015). Superscripts stand for which barrier categories the solution is generated in response to. b, Government and Institutional; c, Curricular Conflicts; e, Research 
Challenges; f, Knowledge and Appreciation; g, Conflicts and Purposes within PE; h, Resources and Funding; m, Intervention Evaluation
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barrier categories [C. Curricular Conflicts] and [J. Effi-
cacy and Attitude]. Together, these five barrier categories 
consistently emerged as influential sources of aggravat-
ing influence across all three groups included in the cur-
rent study and are present in the first five levels in the 
meta-structure (Fig. 6). While a number of studies have 
focused on factors that impede intervention success, less 
often have solutions been proposed to address a system 
of barriers in an applied context [26]. Our study provides 
solutions designed to address barriers and presents these 
solutions in the form of a roadmap that corresponds to 
the system of barriers and associated interdependencies 
(Fig.  7). These results are discussed below by reference 
to their relevance for policy, research, and practice in the 
implementation and sustainability of FMS interventions.

Implications for policy
Our barrier analysis confirms that barriers originated 
from multiple levels and agents that are important to 
consider when implementing and sustaining FMS inter-
ventions in practical settings. Notably, barriers associ-
ated with government and institutional policy (Category 
B) can influence curricular related barriers (Category C) 
which further aggravates barriers related to individual 
knowledge and attitude (Category J and F) (as shown 
in Fig.  6). This is consistent with a previously proposed 
ecological model of influences on intervention imple-
mentation which reported that community/systems 

level factors (Category B) have overarching influences on 
practice at an organisational (Category G) and individual 
level (Category F) [13]. Our findings suggest that the 
lack of specific and measurable targets for PE and FMS 
in schools makes it challenging to divert the focus from 
core subjects such as Maths and English. This is a direct 
consequence of the educational focus of schools which 
is stipulated by the national education standards. There-
fore, mandated changes need to be created for specific 
school targets on FMS and physical activity accompanied 
by a surveillance and report system, as well as alignment 
of PE curriculum and assessment. Setting quantifiable 
and comparable targets is essential to successful health 
policies [47]. In the current study context, evaluations 
on performance related to FMS learning and teaching 
and the accountability system for these to be achieved 
and reported on may direct the change in school’s ethos 
and values around PE. Via this mechanism (i.e., Change 
Infrastructure, see Fig.  7), effective FMS development 
strategies are more likely to be embedded into the school 
educational practice.

Government and national strategies need to facilitate 
this by advocating for a quality assurance system and by 
providing guidance to ensure PE is accorded the same sta-
tus as other subjects. The pathway to this policy change 
presents strategic challenges. As an example, UK policy 
initiatives produced top-down funding streams (e.g., 
Pupil Premium for PE) to support this mission. There are 

Fig. 7 A roadmap of actions to overcome barriers in implementing and sustaining FMS interventions
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official bodies (e.g., Ofsted in the UK) that develop met-
rics that can hold schools accountable for educational 
standards, which includes providing judgements on the 
overall effectiveness on the use of the funding to support 
school PE [48]. However, funding were used to employ 
external sports coaches to deliver PE rather than strate-
gically developing school capacity to deliver quality PE 
[49]. Consistent with this, our findings suggest despite 
the best intentions, the local implementation of policy 
varies. The United Nations Educational, Scientific and 
Cultural Organization’s (UNESCO) recent initiative to 
promote Quality Physical Education worldwide, reported 
that policy changes are most effective when accompanied 
by cohesive and tangible demands [50]. Our roadmap 
proposes several specifics on setting the agenda to shape 
the policy process and policy content on PE. Noteworthy 
is participants’ recognition of autonomy at local levels. In 
the case of FMS interventions, creating and showcasing 
best practice and benefits for teachers, school leaders, 
and other stakeholders is recommended. Local change 
agents also need to be mobilised to create joint efforts, 
including parents, community sports clubs, governing 
bodies of sports, public health and education specialists, 
and research institutions. This wider group of stakehold-
ers plays a key role in creating and maintaining social and 
physical environments that are conducive to children’s 
FMS development [51].

Implication for practice
Our findings suggest, in practice, sustainable changes 
are likely to occur when interventions change the whole-
school ethos and values that support intervention mis-
sions and PE provisions (Level 1 actions in Fig.  7). 
Therefore, central to this set of options is to promote a 
whole-school approach that embeds movement oppor-
tunities in children’s school as well as out of school time 
(i.e., PE, curricular lessons, extracurricular activities, 
active travel, and homework). This is consistent with the 
Creating Active School Framework which advocates to 
establish whole-school practice and ethos that informs 
beliefs, customs, and practices [24]. Specific to FMS 
development, a whole-school approach is a logical step 
to creating movement culture that comprises multiple 
forms and purposes [52].

School leadership (e.g. principals and head teachers) 
influences the quantity and quality of movement oppor-
tunities [53, 54]. Identifying what schools are able and 
willing to do is essential when launching an initiative 
(Level 2 actions in Fig. 7). Consistent with literature on 
implementation of school-based interventions, co-pro-
duction (i.e., creating and implementing initiatives with 
schools) is a means to create system changes that has 
the potential to sustain [51]. Furthermore, our roadmap 

points out the importance to create a community of prac-
tice to enable peer learning and sharing among schools 
and teachers (Level 3 actions in Fig. 7). These actions can 
increase the organisational readiness for change [55], 
which refers to organisational members’ shared resolve to 
implement a change and shared belief in their collective 
capability to do so [56]. Our solutions suggest this com-
munity of practice can be developed as a learning collab-
orative to support knowledge exchange among teachers, 
students, family and wider community partners (e.g., 
coaches, sports clubs).

Our findings suggest that teachers’ capacity to develop 
students’ FMS is limited due to a gap in their initial edu-
cation and ongoing professional development, and this 
gap must be bridged to improve knowledge and apprecia-
tion of FMS. This is in line with the finding from a recent 
study that surveyed primary school staff in the UK, in 
which the majority indicated they have low or no per-
ceived knowledge of FMS and do not recall having train-
ing on FMS [57]. Our findings highlighted three pillars 
of quality PE which affects FMS teaching and learning: 
curriculum, pedagogy, and assessment [44]. These three 
pillars of quality need to be a priority inclusion in initial 
teacher education and continuing professional develop-
ment [58]. One of the solutions suggests initial teacher 
education should aim to link theory to practice in a way 
that offers trainees “in-field” experience for enhancement 
of knowledge and understanding. The solution set also 
advises the modality of FMS training should be continu-
ous rather than “one off” for in-service teachers, since 
long-term practice changes are underpinned by ongoing 
training support [59, 60]. Continuing professional devel-
opment could be offered as an online option to accom-
modate teachers’ timetabling challenges; the positive 
impact of which has been reported in a scale-up of effec-
tive FMS intervention [61]. Although the use of online 
platform needs to be carefully contextualised to meet the 
need of teachers [62].

According to our findings, the knowledge and effi-
cacy of intervention users and individual delivering 
programmes can also be enhanced by supporting their 
capability to adapt the interventions or recommended 
practice (Level 3 actions in Fig.  7). This implies that all 
participants are active partners rather than passive 
receivers of an intervention, and it is by adapting to 
changing circumstances that learning occurs [63]. This 
is also supported by research findings from a long-term 
follow up of a FMS intervention where teacher’s sense of 
ownership of the programme was encouraged by ongo-
ing adaptations [19]. In this context, Intervention deliv-
ery is allowed to and ideally open and adaptive based on 
a common understanding of principles. This series of 
options and actions support a sense of both initiative and 
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belonging among participants, which represents two crit-
ical mechanisms for uptake and sustained practice (i.e. 
improving autonomy and relatedness, as described in Self 
Determination Theory) [64]. This is further reflected in 
one of the option statements in the current study, where 
it is noted that teachers need to get the support to tailor 
interventions so they can also “learn new skills without 
feeling left on their own to deliver a project”.

Implication for research
A cornerstone of the solution roadmap in the current 
study is the establishment of a high-quality evidence base, 
which is needed to frame actions at both policy and prac-
tice levels. FMS intervention research to date has gen-
erated evidence to help physical educators and teachers 
plan for successful strategies [3, 65]. Nevertheless, rarely 
has this been established, embedded, and sustained in the 
intended settings. By directing attention to the ecologi-
cal context of FMS intervention research and participa-
tion, the roadmap provides researchers with a framework 
of critical components and players that need to be con-
sidered when planning and evaluating an intervention, 
as well as a list of strategies to improve implementation. 
There are notable challenges to conducting implementa-
tion and sustainability research which include funding 
and resources constraints, and researcher’s lack of knowl-
edge and incentives [54]. The use of effective planning 
strategies can ensure resources are well allocated (Level 
4 actions in Fig. 7). Notably, resources are not limited to 
funding – also included are tools, expertise, and skills, as 
well as sufficient time. Review and empirical evidence in 
physical activity research suggest that appropriate appli-
cation of implementation theories/frameworks across 
the lifespan of an intervention can support programme 
implementation and sustainability [66–68]. Building 
upon the roadmap and actions identified in the current 
study, the CI method can also be used in a local problem 
situation to identify implementation and sustainability 
levers to catalyse available resources in efforts to advance 
local project work. The roadmap also identifies multiple 
strategies which can be employed to limit the impact of 
identified barriers, pointing to the importance of imple-
menting solutions at higher levels that are likely to influ-
ence solutions at succeeding levels.

The systems of solutions identified across the road-
map highlight that the research process needs to be open, 
emergent, and reflexive with participants treated as active 
partners and learners rather than receivers, which includes 
incorporating participant voices in the formative planning 
process (Level 3 actions in Fig. 7). Intervention evaluation 
also needs to consider affective outcomes such as moti-
vation underlying participant engagement in addition to 

primary intervention outcomes, to understand more com-
plex affective and motivational dynamics as an interven-
tion unfolds. Ultimately, this evidence may contribute to 
establishing the benchmarks of quality FMS programmes 
which can be considered in future research and practice.

When planning for intervention translation, research-
ers also need to consider the economic and societal 
impacts that may be relevant to stakeholders, as these 
factors are key for sustainability (Level 4 actions in 
Fig.  7). The overall impact should be communicated 
through a variety of channels to spread the word about 
the benefits of the intervention and new practice. These 
include preparing intervention champions to demon-
strate leadership in the authentic implementation and 
maintenance of intervention practices [53].

Strength and limitations
A particular strength of this study is that it is, the first 
to deploy a meta-analytical CI approach to identify 
barriers to implementation and sustainability of FMS 
interventions, and a system of options and an action 
roadmap to address the complexity of the societal issue. 
By producing a synthesis from experts across three 
intervention groups using the CI method, the current 
study highlights options and an action roadmap that is 
potentially applicable to a broad variety of FMS inter-
vention contexts where similar implementation and 
sustainability issues exist.

In response to the COVID-19 pandemic restrictions, 
this study is one of the first efforts to implement CI 
online and thus demonstrates the utility of implementing 
CI via this mode of delivery. Central to CI is the facilita-
tion of systems thinking in a group and management of 
group dynamics [29]. Adaptation of the CI process to an 
online format has a few implications. One potential in 
running CI using a video conferencing tool is the partial 
restriction on a facilitator’s ability to regulate discussion 
flow using the full range of verbal and non-verbal cues 
possible in face-to-face sessions [69]. Specific to Ses-
sion 3, to prevent technical difficulties, all participants 
were asked to turn off the camera and to contribute their 
inputs in turn (e.g., reasoning during ISM structuring) 
upon the facilitator’s invite. While this turn-taking and 
facilitator invitation process is similar to face-to-face CI 
work, and while the verbal reasoning process is central 
to systems modelling work, in the absence of seeing par-
ticipants’ non-verbal responses and the associated group 
dynamic, having the cameras off made it more challeng-
ing for the facilitator to ‘step in’ and steer the conversa-
tion. In addition, our study sample, although possessing 
expertise and experience in the domain of FMS interven-
tions (as shown in Table  1), were primarily academics. 
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Future research including a broad range of stakeholders 
(e.g., head teachers, classroom teachers, parents, and stu-
dents) is encouraged to further understand barriers to 
implementation and sustainability of FMS interventions 
and options to address barriers.

Conclusions
The current study highlights the complexity of implemen-
tation and sustainability of FMS interventions and pro-
vides a system of options and a roadmap of actions that 
help navigate through the complexity. This study contrib-
utes to building the knowledge base of strategies required 
to support research-to-practice translation in FMS inter-
ventions. Further application of the CI process and emer-
gent action roadmaps will help researchers, practitioners, 
and policy makers to design and operationalise future 
projects in more systemic and relational terms and sup-
port more robust implementation and sustainability of 
FMS interventions at local and national levels.

Abbreviations
FMS: Fundamental Movement Skills; PE: Physical Education; WHO: World 
Health Organisation.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12966- 021- 01214-8.

Additional file 1. 

Acknowledgements
We sincere thank all participants for taking part in Collective Intelligence 
workshops. We would also like to acknowledge and thank Dr. Owen Harney 
for advising on the methodology.

Authors’ contributions
JM and MH led the design of the study with all authors contributing to the study 
design and ethics submission. JM recruited study participants. JM and/or MH 
led the collective intelligence workshops. All authors reviewed the initial set of 
barriers and solutions and suggested on the final representation. JM drafted the 
manuscript with all authors contributing to the review and edit. All authors have 
critically read and approved the final manuscript. MD and LB provided senior 
supervision and mentorship on research activity planning and execution. 

Funding
Jiani Ma is supported by a Cotutelle Doctoral Studentship of Coventry Univer-
sity and Deakin University. The conduct of data collection workshop was sup-
ported by Barry Gidden Fund. The funding bodies had no roles in the design, 
data collection/analysis and results interpretation of this study.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article and its supplementary information files.

Declarations

Ethics approval and consent to participate
Ethics approval was granted by Ethics Committees of Coventry University 
(P90462) and Deakin University (HEAG-H 173_2020). All participants provided 
their written consents prior to engaging in the CI process.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests

Author details
1 Centre for Sport, Exercise and Life Sciences, Faculty of Health and Life 
Sciences, Coventry University, Coventry, UK. 2 School of Health and Social 
Development, Institute for Physical Activity and Nutrition, Deakin University, 
Melbourne, Australia. 3 School of Psychology, National University of Ireland, 
Galway, Ireland. 4 Institute for Physical Activity and Nutrition, School of Exercise 
and Nutrition Sciences, Deakin University, Melbourne, Australia. 

Received: 26 June 2021   Accepted: 14 October 2021

References
 1. Brusseau T, Fairclough S, Lubans D, editors. The routledge handbook of 

youth physical activity. Routledge; 2020.
 2. World Health Organization T. Global recommendations on physical activ-

ity for health. World Health Organization; 2010.
 3. Gallahue DL, Ozmun JC, Goodway J. Understanding motor develop-

ment : infants, children, adolescents, adults. McGraw-Hill; 2012.
 4. Robinson LE, Stodden DF, Barnett LM, et al. Motor competence and 

its effect on positive developmental trajectories of health. Sport Med. 
2015;459(45):1273–84. https:// doi. org/ 10. 1007/ S40279- 015- 0351-6.

 5. Stodden DF, Goodway JD, Langendorfer SJ, Roberton MA, Rudisill ME, 
Garcia C, Garcia LE. A developmental perspective on the role of motor 
skill competence in physical activity: An emergent relationship. Quest. 
2008;60(2):290–306.

 6. World Health Organization. Guidelines on physical activity, sedentary 
behaviour and sleep for children under 5 years of age. World Health 
Organization; 2019.

 7. Bolger LE, Bolger LA, O’Neill C, et al. Global levels of fundamental motor 
skills in children: a systematic review. J Sports Sci. 2020. https:// doi. org/ 
10. 1080/ 02640 414. 2020. 18414 05.

 8. Lai SK, Costigan SA, Morgan PJ, et al. Do school-based interventions 
focusing on physical activity, fitness, or fundamental movement skill 
competency produce a sustained impact in these outcomes in children 
and adolescents? A systematic review of follow-up studies. Sport Med. 
2014;44:67–79. https:// doi. org/ 10. 1007/ s40279- 013- 0099-9.

 9. Morgan PJ, Barnett LM, Cliff DP, et al. Fundamental movement skill 
interventions in youth: a systematic review and meta-analysis. Pediatrics. 
2013;132:e1361–83. https:// doi. org/ 10. 1542/ peds. 2013- 1167.

 10. Jiménez-Díaz J, Chaves-Castro K, Salazar W. Effects of different movement 
programs on motor competence: a systematic review with Meta-
analysis. J Phys Act Health. 2019;16:657–66. https:// doi. org/ 10. 1123/ JPAH. 
2018- 0179.

 11. Lorås H. The effects of physical education on motor competence in 
children and adolescents: A systematic review and meta-analysis Sports. 
2020;8. https:// doi. org/ 10. 3390/ sport s8060 088.

 12. Durlak JA, DuPre EP. Implementation matters: a review of research on 
the influence of implementation on program outcomes and the factors 
affecting implementation. Am J Community Psychol. 2008;41:327–50. 
https:// doi. org/ 10. 1007/ s10464- 008- 9165-0.

 13. Koorts H, Eakin E, Estabrooks P, et al. Implementation and scale up of 
population physical activity interventions for clinical and community 
settings: the PRACTIS guide Implementation and scale up of population 
physical activity interventions for clinical and community settings: the 
PRACTIS gui. 2018;15:1–11. https:// doi. org/ 10. 1186/ s12966- 018- 0678-0.

 14. Milat AJ, Bauman A, Redman S. Narrative review of models and success 
factors for scaling up public health interventions: BioMed Central Ltd.; 2015.

 15. Rabin BA, Brownson RC, Kerner JF, Glasgow RE. Methodologic challenges in 
disseminating evidence-based interventions to promote physical activity. 
Am J Prev Med. 2006;31:24–34. https:// doi. org/ 10. 1016/j. amepre. 2006. 06. 009.

 16. Foweather L, Rudd JR. Fundamental movement skill interventions. 
Routledge Handb Youth Phys Act. 2020:715–37. https:// doi. org/ 10. 4324/ 
97810 03026 426- 45.

https://doi.org/10.1186/s12966-021-01214-8
https://doi.org/10.1186/s12966-021-01214-8
https://doi.org/10.1007/S40279-015-0351-6
https://doi.org/10.1080/02640414.2020.1841405
https://doi.org/10.1080/02640414.2020.1841405
https://doi.org/10.1007/s40279-013-0099-9
https://doi.org/10.1542/peds.2013-1167
https://doi.org/10.1123/JPAH.2018-0179
https://doi.org/10.1123/JPAH.2018-0179
https://doi.org/10.3390/sports8060088
https://doi.org/10.1007/s10464-008-9165-0
https://doi.org/10.1186/s12966-018-0678-0
https://doi.org/10.1016/j.amepre.2006.06.009
https://doi.org/10.4324/9781003026426-45
https://doi.org/10.4324/9781003026426-45


Page 16 of 17Ma et al. Int J Behav Nutr Phys Act          (2021) 18:144 

 17. Barnett LM, van Beurden E, Morgan PJ, et al. Six year follow-up of students 
who participated in a school-based physical activity intervention: a lon-
gitudinal cohort study. Int J Behav Nutr Phys Act. 2009;61(6):1–8. https:// 
doi. org/ 10. 1186/ 1479- 5868-6- 48.

 18. Zask A, Barnett LM, Rose L, et al. Three year follow-up of an early child-
hood intervention: is movement skill sustained? Int J Behav Nutr Phys 
Act. 2012;91(9):1–9. https:// doi. org/ 10. 1186/ 1479- 5868-9- 127.

 19. Lander N, Salmon J, Morgan PJ, et al. Three-year maintenance of a 
teacher-led programme targeting motor competence in early adolescent 
girls. J Sports Sci. 2020. https:// doi. org/ 10. 1080/ 02640 414. 2020. 17630 59.

 20. Adolph KE, Franchak JM. The development of motor behavior. Wiley 
Interdiscip Rev Cogn Sci. 2017;8.

 21. Chambers DA, Glasgow RE, Stange KC. The dynamic sustainability frame-
work: addressing the paradox of sustainment amid ongoing change. 
Implement Sci. 2013. https:// doi. org/ 10. 1186/ 1748- 5908-8- 117.

 22. Littlecott HJ, Moore GF, Gallagher HC, et al. From complex interventions 
to complex systems: using social network analysis to understand school 
engagement with health and wellbeing. Int J Environ Res Public Health. 
2019;16:1694. https:// doi. org/ 10. 3390/ ijerp h1610 1694.

 23. Lopes L, Santos R, Coelho-e-Silva M, et al. A narrative review of motor 
competence in children and adolescents: what we know and what we 
need to find out. Int J Environ Res Public Health. 2020;18:18. https:// doi. 
org/ 10. 3390/ ijerp h1801 0018.

 24. Rudd JR, O’Callaghan L, Williams J. Physical education pedagogies 
built upon theories of movement learning: how can environmental 
constraints be manipulated to improve children’s executive function and 
self-regulation skills? Int J Environ Res Public Health. 2019;16. https:// doi. 
org/ 10. 3390/ ijerp h1609 1630.

 25. Getchell N, Schott N, Brian A. Motor development research: designs, 
analyses, and future directions. J Mot Learn Dev. 2020;8:410–37. https:// 
doi. org/ 10. 1123/ JMLD. 2018- 0029.

 26. Koorts H, Rutter H. A systems approach to scale-up for population health 
improvement. Heal Res Policy Syst. 2021;19:27.

 27. Rutter H, Cavill N, Bauman A, Bull F. Systems approaches to global and 
national physical activity plans. Bull World Health Organ. 2019;97:162–5.

 28. Warfield JN, Cardenas AR (2002) A Handbook of Interactive Management. 
http:// dl. acm. org/ citat ion. cfm? id= 560690. Accessed 9 Jun 2021.

 29. Hogan MJ, Johnston H, Broome B, et al. Consulting with citizens in the 
Design of Wellbeing Measures and Policies: Lessons from a Systems 
Science Application. Soc Indic Res. 2015. https:// doi. org/ 10. 1007/ 
s11205- 014- 0764-x.

 30. Hogan M, Johnston H, Broome B, Noone C. On the design of national 
wellbeing measures and policies. In: Crisis and renewal of civilizations: 
the 21st century crisis of ideas and character; 2015. p. 277–94.

 31. RezaeiZadeh M, Hogan M, O’Reilly J, et al. Core entrepreneurial compe-
tencies and their interdependencies: insights from a study of Irish and 
Iranian entrepreneurs, university students and academics. Int Entrep 
Manag J. 2017;13:35–73. https:// doi. org/ 10. 1007/ s11365- 016- 0390-y.

 32. Groarke JM, Hogan MJ. Enhancing wellbeing: an emerging model of the 
adaptive functions of music listening. Psychol Music. 2016;44:769–91. 
https:// doi. org/ 10. 1177/ 03057 35615 591844.

 33. Hogan M, Harney O, Broome B. Integrating argument mapping with 
systems thinking tools: advancing applied systems science. In: Advanced 
Information and Knowledge Processing. London: Springer; 2014. p. 
401–21.

 34. Hogan MJ, Dwyer CP, Harney OM, et al. Metacognitive skill develop-
ment and applied systems science: a framework of metacognitive skills, 
self-regulatory functions and real-world applications. Intell Syst Ref Libr. 
2015;76:75–106. https:// doi. org/ 10. 1007/ 978-3- 319- 11062-2_4.

 35. Hogan M, Ojo A, Harney O, et al. Governance, transparency and the col-
laborative design of open data collaboration platforms: understanding 
barriers, options, and needs. In: Public Administration and Information 
Technology: Springer; 2017. p. 299–332.

 36. Ma J, Hogan MJ, Eyre ELJ, et al. Using collective intelligence to identify 
barriers to implementing and sustaining effective fundamental move-
ment skill interventions: a rationale and application example. J Sports Sci. 
2021;39:1–8. https:// doi. org/ 10. 1080/ 02640 414. 2020. 18413 95.

 37. Palinkas LA, Horwitz SM, Green CA, et al. Purposeful sampling for qualita-
tive data collection and analysis in mixed method implementation 
research. Adm Policy Ment Heal Ment Heal Serv Res. 2015;42:533–44. 
https:// doi. org/ 10. 1007/ s10488- 013- 0528-y.

 38. Warfield JN. An introduction to systems science: World scientific; 2006.
 39. Hogan M, Hall T, Harney O. Collective intelligence design and a new 

politics of system. Civ Educ. 2017;6:51–78.
 40. Phillippi J, Lauderdale J. A guide to field notes for qualitative research: 

context and conversation. Qual Health Res. 2018;28:381–8. https:// doi. 
org/ 10. 1177/ 10497 32317 697102.

 41. Van Lente E, Hogan MJ. Understanding the nature of oneness experi-
ence in meditators using collective intelligence methods. Front Psychol. 
2020;11:2092. https:// doi. org/ 10. 3389/ fpsyg. 2020. 02092.

 42. Powell BJ, Waltz TJ, Chinman MJ, et al. A refined compilation of imple-
mentation strategies: results from the expert recommendations for 
implementing change (ERIC) project. Implement Sci. 2015;101(10):1–14. 
https:// doi. org/ 10. 1186/ S13012- 015- 0209-1.

 43. Waltz TJ, Powell BJ, Matthieu MM, et al. Use of concept mapping to char-
acterize relationships among implementation strategies and assess their 
feasibility and importance: results from the expert recommendations for 
implementing change (ERIC) study. Implement Sci. 2015;10:109. https:// 
doi. org/ 10. 1186/ s13012- 015- 0295-0.

 44. Cook CR, Lyon AR, Locke J, et al. Adapting a compilation of implemen-
tation strategies to advance school-based implementation research 
and practice. Prev Sci. 2019;20:914–35. https:// doi. org/ 10. 1007/ 
s11121- 019- 01017-1.

 45. Moullin JC, Dickson KS, Stadnick NA, et al. Ten recommendations for 
using implementation frameworks in research and practice. Implement 
Sci Commun. 2020;1:1–12. https:// doi. org/ 10. 1186/ s43058- 020- 00023-7.

 46. Broome BJ. Collective Design of the Future: structural analysis of tribal 
vision statements. Am Indian Q. 1995;19:205. https:// doi. org/ 10. 2307/ 
11851 68.

 47. Klepac Pogrmilovic B, Ramirez Varela A, Pratt M, et al. National physical 
activity and sedentary behaviour policies in 76 countries: availability, 
comprehensiveness, implementation, and effectiveness. Int J Behav Nutr 
Phys Act. 2020;17. https:// doi. org/ 10. 1186/ s12966- 020- 01022-6.

 48. Office for Standards in Education. School Inspection Handbook: hand- 
book for inspecting schools in England under section 5 of the Education 
Act 2005. Available at: https:// assets. publi shing. servi ce. gov. uk/ gover 
nment/ uploa ds/ system/ uploa ds/ attac hment_ data/ file/ 730127/ School_ 
inspe ction_ handb ook_ secti on_5_ 270718. pdf.

 49. Jones L, Green K. Who teaches primary physical education? Change 
and transformation through the eyes of subject leaders. Sport Educ Soc. 
2017;22:759–71. https:// doi. org/ 10. 1080/ 13573 322. 2015. 10619 87.

 50. The United Nations Educational, Scientific and Cultural Organization. 
How to influence the development of quality physical education policy 
: a policy advocacy toolkit for youth. The United Nations Educational, 
Scientific and Cultural Organization; 2021.

 51. Daly-Smith A, Quarmby T, Archbold VSJ, et al. Using a multi-stakeholder 
experience-based design process to co-develop the creating active 
schools framework. Int J Behav Nutr Phys Act. 2020;17:13. https:// doi. org/ 
10. 1186/ s12966- 020- 0917-z.

 52. Ward G, Griggs G. Primary physical education: a memetic perspective. 
Eur Phys Educ Rev. 2018;24:400–17. https:// doi. org/ 10. 1177/ 13563 36X16 
676451.

 53. Cassar S, Salmon J, Timperio A, et al. A qualitative study of school leader 
experiences adopting and implementing a whole of school physical 
activity and sedentary behaviour programme: transform-us! Health Educ 
ahead-of-p. 2020. https:// doi. org/ 10. 1108/ HE- 05- 2020- 0031.

 54. Daly-Smith A, Quarmby T, Archbold VSJ, et al. Implementing physically 
active learning: future directions for research, policy, and practice. J Sport 
Heal Sci. 2020;9:41–9. https:// doi. org/ 10. 1016/j. jshs. 2019. 05. 007.

 55. Weiner BJ. A theory of organizational readiness for change. Implement 
Sci. 2009;4:1–9. https:// doi. org/ 10. 1186/ 1748- 5908-4- 67.

 56. Shea CM, Jacobs SR, Esserman DA, et al. Organizational readiness for 
implementing change: a psychometric assessment of a new measure. 
Implement Sci. 2014;9:1–15. https:// doi. org/ 10. 1186/ 1748- 5908-9-7.

 57. Eddy L, Hill LJB, Mon-Williams M, et al. Fundamental movement skills and 
their assessment in primary schools from the perspective of teachers. 
Meas Phys Educ Exerc Sci. 2021:1–14. https:// doi. org/ 10. 1080/ 10913 67x. 
2021. 18749 55.

 58. Lander N, Morgan PJ, Salmon J, Barnett LM. Teachers perceptions of a fun-
damental movement skill (FMS) assessment battery in a school setting. 
Meas Phys Educ Exerc Sci. 2016;20:50–62. https:// doi. org/ 10. 1080/ 10913 
67X. 2015. 10957 58.

https://doi.org/10.1186/1479-5868-6-48
https://doi.org/10.1186/1479-5868-6-48
https://doi.org/10.1186/1479-5868-9-127.
https://doi.org/10.1080/02640414.2020.1763059
https://doi.org/10.1186/1748-5908-8-117
https://doi.org/10.3390/ijerph16101694
https://doi.org/10.3390/ijerph18010018
https://doi.org/10.3390/ijerph18010018
https://doi.org/10.3390/ijerph16091630
https://doi.org/10.3390/ijerph16091630
https://doi.org/10.1123/JMLD.2018-0029
https://doi.org/10.1123/JMLD.2018-0029
http://dl.acm.org/citation.cfm?id=560690
https://doi.org/10.1007/s11205-014-0764-x
https://doi.org/10.1007/s11205-014-0764-x
https://doi.org/10.1007/s11365-016-0390-y
https://doi.org/10.1177/0305735615591844
https://doi.org/10.1007/978-3-319-11062-2_4
https://doi.org/10.1080/02640414.2020.1841395
https://doi.org/10.1007/s10488-013-0528-y
https://doi.org/10.1177/1049732317697102
https://doi.org/10.1177/1049732317697102
https://doi.org/10.3389/fpsyg.2020.02092
https://doi.org/10.1186/S13012-015-0209-1
https://doi.org/10.1186/s13012-015-0295-0
https://doi.org/10.1186/s13012-015-0295-0
https://doi.org/10.1007/s11121-019-01017-1
https://doi.org/10.1007/s11121-019-01017-1
https://doi.org/10.1186/s43058-020-00023-7
https://doi.org/10.2307/1185168
https://doi.org/10.2307/1185168
https://doi.org/10.1186/s12966-020-01022-6
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/730127/School_inspection_handbook_section_5_270718.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/730127/School_inspection_handbook_section_5_270718.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/730127/School_inspection_handbook_section_5_270718.pdf
https://doi.org/10.1080/13573322.2015.1061987
https://doi.org/10.1186/s12966-020-0917-z
https://doi.org/10.1186/s12966-020-0917-z
https://doi.org/10.1177/1356336X16676451
https://doi.org/10.1177/1356336X16676451
https://doi.org/10.1108/HE-05-2020-0031
https://doi.org/10.1016/j.jshs.2019.05.007
https://doi.org/10.1186/1748-5908-4-67
https://doi.org/10.1186/1748-5908-9-7
https://doi.org/10.1080/1091367x.2021.1874955
https://doi.org/10.1080/1091367x.2021.1874955
https://doi.org/10.1080/1091367X.2015.1095758
https://doi.org/10.1080/1091367X.2015.1095758


Page 17 of 17Ma et al. Int J Behav Nutr Phys Act          (2021) 18:144  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 59. Lander N, Eather N, Morgan PJ, et al. Characteristics of teacher training in 
school-based physical education interventions to improve fundamental 
movement skills and/or physical activity: a systematic review. Sport Med. 
2017;47:135–61. https:// doi. org/ 10. 1007/ s40279- 016- 0561-6.

 60. Lander N, Koorts H, Mazzoli E, et al. The feasibility and impact of embed-
ding pedagogical strategies targeting physical activity within undergrad-
uate teacher education: transform-Ed! Pilot Feasibility Stud. 2019;5:125. 
https:// doi. org/ 10. 1186/ s40814- 019- 0507-5.

 61. Lonsdale C, Sanders T, Parker P, et al. Effect of a scalable school-based 
intervention on cardiorespiratory fitness in Children: A Cluster Rand-
omized Clinical Trial. JAMA Pediatr. 2021. https:// doi. org/ 10. 1001/ jamap 
ediat rics. 2021. 0417.

 62. Lander N, Lewis S, Nahavandi D, et al. Teacher perspectives of online 
continuing professional development in physical education. Sport Educ 
Soc. 2020. https:// doi. org/ 10. 1080/ 13573 322. 2020. 18627 85.

 63. Holmes BJ, Best A, Hunter D, et al. Mobilising knowledge in complex 
health systems: a call to action. Evid Policy. 2017;13:3–539. https:// doi. 
org/ 10. 1332/ 17442 6416X 14712 55375 0311.

 64. Deci EL, Ryan RM. Self-determination theory. In: handbook of theories of 
social psychology: volume 1: SAGE publications Inc.; 2012. p. 416–37.

 65. Tompsett C, Sanders R, Taylor C, Cobley S. Pedagogical approaches to 
and effects of fundamental movement skill interventions on health 
outcomes: a systematic review. Sport Med. 2017;47:1795–819. https:// doi. 
org/ 10. 1007/ s40279- 017- 0697-z.

 66. Cassar S, Salmon J, Timperio A, et al. Adoption, implementation and 
sustainability of school-based physical activity and sedentary behaviour 
interventions in real-world settings: a systematic review. Int J Behav Nutr 
Phys Act. 2019;161(16):1–13. https:// doi. org/ 10. 1186/ S12966- 019- 0876-4.

 67. Ma J, Lander N, Eyre ELJ, et al. It’s not just what you do but the way 
you do it: a systematic review of process evaluation of interventions to 
improve gross motor competence. Sport Med. 2021;2021:1–23. https:// 
doi. org/ 10. 1007/ S40279- 021- 01519-5.

 68. Sutherland R, Campbell E, McLaughlin M, et al. Scale-up of the physical 
activity 4 everyone (PA4E1) intervention in secondary schools: 12-month 
implementation outcomes from a cluster randomized controlled 
trial. Int J Behav Nutr Phys Act. 2020;17:1–14. https:// doi. org/ 10. 1186/ 
s12966- 020- 01000-y.

 69. Hogan M, Harney O, Razzante R. Responding to the need for online col-
lective intelligence facilitation: a framework for systems thinking facilita-
tors. Syst Res Behav Sci. 2020. https:// doi. org/ 10. 1002/ sres. 2752.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s40279-016-0561-6
https://doi.org/10.1186/s40814-019-0507-5
https://doi.org/10.1001/jamapediatrics.2021.0417
https://doi.org/10.1001/jamapediatrics.2021.0417
https://doi.org/10.1080/13573322.2020.1862785
https://doi.org/10.1332/174426416X14712553750311
https://doi.org/10.1332/174426416X14712553750311
https://doi.org/10.1007/s40279-017-0697-z
https://doi.org/10.1007/s40279-017-0697-z
https://doi.org/10.1186/S12966-019-0876-4
https://doi.org/10.1007/S40279-021-01519-5
https://doi.org/10.1007/S40279-021-01519-5
https://doi.org/10.1186/s12966-020-01000-y
https://doi.org/10.1186/s12966-020-01000-y
https://doi.org/10.1002/sres.2752


BioMed Central publishes under the Creative Commons Attribution License (CCAL). Under
the CCAL, authors retain copyright to the article but users are allowed to download, reprint,
distribute and /or copy articles in BioMed Central journals, as long as the original work is
properly cited.


	Enhancing the implementation and sustainability of fundamental movement skill interventions in the UK and Ireland: lessons from collective intelligence engagement with stakeholders
	Enhancing the€implementation and€sustainability of€fundamental movement skill interventions in€the€UK and€Ireland: lessons from€collective intelligence engagement with€stakeholders
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Participants
	Data collection
	Data analysis

	Results
	Category analysis of€barriers
	Structural models generated in€each session
	Session 1
	Session 2
	Session 3

	Meta-analysis of€three structural models: influence map of€barriers
	Position score
	Antecedent and€succedent score
	Influence score

	Analysis of€options

	Discussion
	Implications for€policy
	Implication for€practice
	Implication for€research
	Strength and€limitations

	Conclusions
	Acknowledgements
	References


