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Abstract
Background The actions required to achieve higher-quality and harmonised global surveillance of child and adolescent 
movement behaviours (physical activity, sedentary behaviour including screen time, sleep) are unclear.
Objective To identify how to improve surveillance of movement behaviours, from the perspective of experts.
Methods This Delphi Study involved 62 experts from the SUNRISE International Study of Movement Behaviours in the 
Early Years and Active Healthy Kids Global Alliance (AHKGA). Two survey rounds were used, with items categorised 
under: (1) funding, (2) capacity building, (3) methods, and (4) other issues (e.g., policymaker awareness of relevant WHO 
Guidelines and Strategies). Expert participants ranked 40 items on a five-point Likert scale from ‘extremely’ to ‘not at all’ 
important. Consensus was defined as > 70% rating of ‘extremely’ or ‘very’ important.
Results We received 62 responses to round 1 of the survey and 59 to round 2. There was consensus for most items. The two 
highest rated round 2 items in each category were the following; for funding (1) it was greater funding for surveillance and 
public funding of surveillance; for capacity building (2) it was increased human capacity for surveillance (e.g. knowledge, 
skills) and regional or global partnerships to support national surveillance; for methods (3) it was standard protocols for 
surveillance measures and improved measurement method for screen time; and for other issues (4) it was greater awareness 
of physical activity guidelines and strategies from WHO and greater awareness of the importance of surveillance for NCD 
prevention. We generally found no significant differences in priorities between low-middle-income (n = 29) and high-income 
countries (n = 30) or between SUNRISE (n = 20), AHKGA (n = 26) or both (n = 13) initiatives. There was a lack of agreement 
on using private funding for surveillance or surveillance research.
Conclusions This study provides a prioritised and international consensus list of actions required to improve surveillance 
of movement behaviours in children and adolescents globally.
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Key Points 

This study used a Delphi process with 62 international 
experts in child and adolescent movement behaviours to 
identify the actions needed to improve global surveil-
lance of movement behaviours in childhood and adoles-
cence.

There was a high degree of agreement for almost 
all items in the Delphi Survey. The top priority was 
increased funding for surveillance – this would underpin 
the other priority actions identified: establishment of 
regional hubs to support surveillance, development of 
standardised surveillance protocols, improved measure-
ment methods, improved human capacity in surveillance 
of human movement behaviours, and greater stakeholder 
awareness of World Health Organisation (WHO) move-
ment behaviour guidelines and strategies.

Respondents did not reach consensus on where the 
funding of surveillance should come from. There may 
be a need to establish a globally accepted framework for 
using funding from private and public sources for move-
ment behaviour research and surveillance.

1 Introduction

The monitoring of health behaviours and/or health out-
comes, usually in national surveys – ‘surveillance’ – is a 
fundamental pillar of public health [1–4]. The surveillance 
of movement behaviours (physical activity, PA; sedentary 
behaviour and sleep) is essential for many reasons: to pro-
vide an understanding of the extent to which guidelines are 
being met; to allow identification of inequalities and tem-
poral trends, to evaluate the effects of policy or other envi-
ronmental changes (such as the impact of movement restric-
tions to limit the spread of infectious disease), to allocate 
resources appropriately and to permit cross-country compar-
isons [1, 3]. The importance of movement behaviours to the 
current and future health of children and adolescents makes 
surveillance vital. Evidence-based guidelines now exist for 
healthy levels of screen time, sleep duration and time spent 
in physical activity for children under 5 and for school-
age children and adolescents [5–10]. A renewed focus on 
improving surveillance of the movement behaviours in chil-
dren and adolescents is appropriate because PA levels were 
typically well below the World Health Organization (WHO) 
guidelines prior to the coronavirus disease 2019 (COVID-
19) pandemic [11–13] and declined during the pandemic 
[14–16], while time spent in sedentary behaviour increased 
during the pandemic [17–19].

Despite the importance of movement behaviour surveil-
lance in childhood and adolescence globally, surveillance 
has focused on physical activity only (with no surveillance 
or very limited surveillance of sedentary behaviour and sleep 
in many countries), and surveillance of physical activity has 
been characterised as inadequate [1, 3]. The review of inter-
national physical activity surveillance by Aubert et al. [3] 
found eight inter-continental surveillance systems for physi-
cal activity in children and/or adolescents. None of these had 
data on those under 5 years, few had data on those under 
10 years, only two had a track record of continuity/sustain-
ability, and all tended to under-represent minorities (such as 
rural dwellers, those not attending school, those with chronic 
disease or disability) and under-represent or exclude those 
from low-and-middle-income countries (LMICs)[3]. Aubert 
et al. [3] also found that, even where surveillance data were 
available, the information provided was often very limited, 
derived from methods which may be invalid/unreliable and 
culturally inappropriate in many settings [1, 3], and based 
on small and often unrepresentative samples, with the most 
recent data collection over a decade ago. Methodological 
difficulties and uncertainties have contributed to limitations 
in surveillance. For example, there are marked differences 
in time spent in physical activity between surveillance initia-
tives derived from self- or parent-report versus those from 
device-based measures [1, 3], and regardless of the method 
used, cross-country comparisons and national physical activ-
ity level rankings vary substantially across intercontinental 
surveillance systems findings [3].

In a recent paper based on the experience from the Active 
Healthy Kids Global Alliance (AHKGA) initiative [1], the 
components of high-quality movement behaviour surveil-
lance were described. This encompassed surveys carried 
out regularly on a sustainable basis and frequent enough to 
be informative; inclusive of all ages from birth to the end 
of adolescence; nationally representative; large enough to 
identify inequalities (by age, gender, socio-economic sta-
tus, ethnic group, urban or rural setting, chronic disease 
and disability) and with the inclusion of LMICs as well as 
high-income countries (HICs); use of valid, reliable and 
culturally appropriate methods of measurement of physical 
activity, sedentary behaviour and sleep; and results inter-
preted and reported accurately and made available to all 
stakeholders reasonably soon after data collection. While 
that paper attempted to describe what high-quality surveil-
lance would consist of [1] there is a currently a dearth of 
evidence on how to achieve it, i.e. how to transform existing 
surveillance efforts into more robust surveillance systems. In 
other words, previous studies identified a number of prob-
lems with surveillance systems globally, but did not identify 
the solutions to these problems, or the extent to which the 
surveillance research community globally would agree on 
and prioritise solutions.The aim of the present study was 
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therefore to identify what actions are required to improve 
current movement behaviour surveillance to provide much 
more comprehensive and accurate national and international 
surveillance in future.

2  Methods

2.1  Participants and Recruitment

Participants in the present study were involved in one or both 
of the major long-term international movement behaviour 
surveillance initiatives for young children and school-age 
children adolescents, i.e. the International Study of Move-
ment Behaviours in the Early Years (SUNRISE) [20] and 
the AHKGA [11, 21], respectively. The SUNRISE study was 
formed in 2018 with the primary scientific aims of estimat-
ing the global prevalence of meeting physical activity, sed-
entary behaviour and sleep guidelines for 3- and 4-year-olds 
and identifying the correlates of meeting those guidelines. 
Other aims included building global capacity in surveillance 
of movement behaviours in the early years [20]. To esti-
mate the prevalence of meeting guidelines in SUNRISE, a 
standardised protocol has been established which combines 
device-based measurement and parent-report, piloted in 
urban and rural settings in participating countries [20]. To 
avoid over-representation of high-income countries (HICs), 
entry to SUNRISE was initially restricted so that LMICs 
would form at least 60% of participating countries [20]. The 
SUNRISE initiative is co-ordinated from the University of 
Wollongong in Australia, but led by a leadership group 
which is balanced concerning gender, age and country level 
of economic development [20], and it currently includes over 
70 participating countries. The SUNRISE initiative has no 
core/permanent funding and is not currently a sustainable 
intercontinental surveillance system. The University of Wol-
longong has Australian grant funding for the study until the 
end of 2025, and participating countries have had variable 
success in funding pilot studies with samples of approxi-
mately 100 children and main studies samples of around 
1000 children.

The AHKGA Global Matrix initiative has involved 
around 70 countries and jurisdictions since its inception in 
2014. The primary scientific aims of the AHKGA are to 
report on multiple indicators of physical activity and sed-
entary behaviour, and the influences on those behaviours 
internationally [11], with a view to prompting improve-
ments in physical activity and sedentary behaviour. The 
AHKGA Global Matrix also aims to build capacity in child 
and adolescent physical activity and sedentary behaviour 
surveillance and promotion globally [21]; it is led by an 
international board balanced with respect to gender, age 
and country level of economic development. The AHKGA 

Global Matrix reports data on school-age children and ado-
lescents (5–17-year-olds), typically every 2–4 years, but 
many of the participating countries also report data on those 
under 5 years. Data are summarised as report card grades 
for each indicator, based on a harmonised development pro-
tocol. Each report card team grades the best available data 
for each indicator, using a standardized grading scheme and 
harmonized indicator benchmarks then submit its grades for 
external peer review from AHKGA. Grades can be derived 
using either or both self/parent report or device-based meas-
urement, so long as the method is deemed appropriate for 
the population in which it is being used and with no major 
bias. The AHKGA Global Matrix has no core funding as an 
international surveillance initiative and depends on a combi-
nation of research and knowledge exchange grants and sup-
port in kind at national and international level.

Both the SUNRISE and AHKGA initiatives included 
50–70 actively participating countries when the present 
study started recruitment at the end of 2022. In some coun-
tries and jurisdictions, the leads/co-leads for SUNRISE and 
the AHKGA were the same individuals. To avoid excessive 
representation in the sample from particular countries, we 
capped participation to one representative per country per 
initiative so that the maximum response from any partici-
pating country came from two individuals, one representing 
SUNRISE and one representing the AHKGA (see Fig. 1). 
We invited and permitted participation only from leads and/
or co-leads of each initiative to ensure that participants had 
enough expertise in movement behaviour surveillance.

To recruit participants, a brief news item was included 
in the December 2022 e-newsletters of SUNRISE and the 
AHKGA. This news item explained the purpose of the study 
and the expectations of study participants, it included links 
to relevant publications [1, 3], links to the study informa-
tion and consent forms, and contact details for the lead 
researchers and a link to round 1 of the survey. The sur-
veys asked participants to provide information about their 
sociodemographic (e.g. nationality and gender) and profes-
sional characteristics (e.g. current field of work and type 
of organisation). All participants gave electronic informed 
written consent and were aware that participation was vol-
untary and that they could withdraw at any point during the 
survey without any consequences. The study was approved 
by the University of Strathclyde, Glasgow Scotland, School 
of Psychological Sciences and Health Research Ethics Com-
mittee (reference 03.05.10.2022).

2.2  Leadership Group, Development of the Survey 
and Pilot Study

Developing the survey involved pre-identifying items for 
expert consideration and categorising those items. A leader-
ship group of 12 authors from one or both of the SUNRISE 
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Study or the AHKGA, representing countries across a range 
of geographical areas and economic development (C.A., 
Ethiopia; R.A., Scotland; S.A., France and Pacific; J.Y.C., 
Philippines; R.L., Canada; S.K.L., Israel; N.M., Zimbabwe; 
A.D.O., Australia; J.J.R., Scotland; C.T., Japan; M.T., Can-
ada; D.A.W., Thailand), developed the survey items and item 
categories. This process involved J.J.R. and S.A. using the 
published critique of current international surveillance [3] to 
identify potential solutions to all major problems identified 
in that critique [3], and then operationalising the potential 
solutions to each problem as an initial list of potential survey 
questions and categories. To finalise the survey questions 
and categories, this initial list was shared with all members 
of the leadership group in an email – the leadership group 
discussed online/provided comments via email until there 
was agreement on the content of the survey, i.e. the questions 
and categories which would be included. To ensure opti-
mal survey methods, four members of the leadership group 
piloted two different survey options (Word Forms versus 
Qualtrics). Additionally, they piloted two different response 
scales (three-point versus five-point Likert responses). Fol-
lowing the pilot, the four members of the leadership group 
shared their views with the rest of the leadership group and 
there was unanimous agreement that Qualtrics should be 
used for the present study as it was slightly easier to use than 
Word Forms and provided better access to numerical data 
and plots. The five-point Likert scale was chosen because 
it permitted a more nuanced set of options for respondents 
than the three-point scale: a wider range of response options 
was considered more informative, i.e. more likely to identify 
subtle differences in respondent preferences.

2.3  Delphi Study

This study used an online modified Delphi process [22–25]. 
The modification to the original Delphi technique was that 
the items which participants were asked to rate were identi-
fied in advance and classified into the four categories by the 
Leadership Group (Funding; Capacity Building; Methods; 
Other Issues) as described above. Each category in the sur-
vey contained open questions to allow respondents to sug-
gest additional survey items, recommend removal of items, 
and to provide more detailed responses. The main goals of 
this Delphi study were to identify whether and where con-
sensus among experts was achieved, and to identify respond-
ent priorities [22–25]. Agreement of > 70% of participants 
is widely regarded as indicative of consensus [23] and was 
used in the present study. The number of survey rounds 
required in a Delphi Study varies, but often depends on when 
consensus is reached [22–25]. In the present study, consen-
sus was reached for most survey items following round 1, 
but a second survey (round 2) was offered so that partici-
pants could reflect on their responses with knowledge of 

the responses from their peers. Data collection was stopped 
after round 2 of the survey due to consensus being reached 
for most survey items, including those rated as highest prior-
ity, and the present study conclusions are based on round 2 
results. Although high participant retention between survey 
rounds is considered important to the rigour of Delphi Stud-
ies, the precise degree of retention required is unclear. It has 
been argued that retention of at least 70% between survey 
rounds ensures rigour of the Delphi technique [24], so efforts 
were made to achieve at least a 70% retention rate by using 
reminders to participants (one email reminder for Round 1, 
and two reminders for Round 2).

The survey was provided in English only (Supplementary 
File) and consisted of 40 close-ended questions (some of 
which had several parts, giving 52 questions in round 1 and 
53 in round 2), split into four categories: (1) funding; (2) 
capacity building; (3) methods; (4) other issues (e.g. greater 
policymaker awareness of movement behaviour guidelines, 
links to non-communicable disease (NCD) prevention). 
Participants were asked to rank each item on the five-point 
Likert scale: ‘extremely important’ (5, highest), ‘very impor-
tant’, ‘moderately important’, ‘slightly important’, ‘not at all 
important’ (1, lowest). ‘Don’t know/prefer not to say’ was 
also offered as an option. Round 1 of the survey was open 
for 4 weeks from mid-December 2022 until mid-January 
2023, with a reminder email sent to participants 1 week 
before the deadline. In round 2, participants were emailed a 
summary of the responses to round 1 that included the top 
ten endorsed items and bottom five rated items, the ratings 
for all 52 items, and a summary of responses to the open 
questions. Participants were asked to read this documenta-
tion before completing round 2. Round 2 was opened for 
5 weeks from mid-February 2023 until the end of March 
2023, and reminder emails were sent 1 and 2 weeks before 
the deadline.

2.4  Data Analysis and Interpretation

Descriptive statistics were used to report the participants’ 
characteristics, including gender, occupation, level of 
economic development of the country they represented 
and organisation (SUNRISE, AHKGA or both). Sum-
mary responses are provided in the Supplementary Files. 
Responses for all items were converted to numbers (1.0–5.0) 
for the quantitative analysis. Consensus (agreement) was 
defined as the achievement of > 70% of the sample rating 
either ‘extremely important’ or ‘very important’ as noted 
above.

We examined two potential differences in priority rat-
ings within our sample. First, by country level of economic 
development – between LMICs versus HICs. We used World 
Bank 2022–2023 Classifications [26] to classify each par-
ticipating country by level of economic development and 
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Mann–Whitney U tests to assess the statistical significance 
of median differences in responses between LMICs and 
HICs. Second, we considered potential median differences 
in responses between the initiative which participants rep-
resented (SUNRISE or AHKGA or both). The significance 
of median differences in responses between initiatives was 
tested using Kruskal–Wallis Tests. Jamovi (www. jamovi. 
org) was used for statistical analyses and a p level of 0.05 
used to define statistical significance.

Given the substantial amount of data generated and 
the priority placed on final survey rounds in Delphi stud-
ies [22–25], the Results section below focusses on round 2 
survey data and analyses. However, data from both rounds 
of the survey can be found below or in the Supplementary 
Files.

3  Results

3.1  Participant Characteristics

The process of recruitment and retention of participants 
through the study is summarised in Fig. 1. Participant char-
acteristics are summarised in Table 1 for both survey rounds. 

A total of 62 participant responses were recorded in round 1 
and 59 participants in round 2 (retention rate of 95%). Of the 
59 round 2 respondents, 29 were from LMICs and 30 from 
HICs. The broad extent of global coverage of responses is 
shown in Fig. 2. Respondents in round 2 were spread across 
SUNRISE (n = 20), AHKGA (n = 26) and both (n = 13), 
representing a recruitment rate of approximately 60% of all 
countries in SUNRISE and AHKGA in 2022. All those who 
consented to participate completed the survey. The gender 
split between the respondents was equal, with 29 males and 
29 females (1 respondent did not declare gender) in round 2. 
We did not collect data on career stage/age of study partici-
pants, but most respondents worked in research/academia; 
mostly in established academic posts (n = 35) so probably 
largely mid-career or later, with a smaller number in gradu-
ate or doctoral research posts (n = 18), or in government and 
non-governmental organisations, or other posts (n = 6).

3.2  Participant Responses

Figure 3 shows the top two priorities in each of the four 
response categories in round 2 by the highest percentage 
of agreement. These top priorities were similar in round 1 
(Supplementary File). The top priorities from round 2 by 
category averaged 96% agreement (extremely or very impor-
tant) and were as follows: funding – more funding for sur-
veillance at national level and public funding sources; capac-
ity building – greater human capacity (knowledge, skills) 
in physical activity and health as a subject and setting up 
international or regional hubs to support surveillance; meth-
ods – availability of standard protocols for surveillance of 
movement behaviours and improved methodology for meas-
urement of screen time; and other issues – greater use of 
‘soft resources’ (WHO guidelines, policies and strategies 
for movement behaviours at national level) and advocacy for 
greater recognition at the national level of the link between 
child and adolescent movement behaviours and non-com-
municable disease (NCD) prevention.

Table 2 summarises the top ten rated items, with no 
restriction on the category of item, in round 2. Agreement 
for the top ten items overall averaged 97%. The two highest 
rated priorities in the funding category were included in the 
top ten priorities overall (increased funding, increased public 
funding). Four of the top ten items were in the methods cat-
egory, including the top two rated priorities in this category 
mentioned above (availability of standard measurement pro-
tocols, improved measurement of screen time, surveys large 
enough to identify inequalities in time spent in the move-
ment behaviours, surveys which are much more inclusive 
for children and adolescents with disability). Four of the top 
ten priorities were in the ‘other issues’ category including 
the top two rated items in this category mentioned above: 
linkage at national/policy level between the movement 

Fig. 1  Flow chart describing recruitment of participants. AHKGA, 
Active Healthy Kids Global Alliance; SUNRISE, International Sur-
veillance Study of Movement Behaviours in the Early Years

http://www.jamovi.org
http://www.jamovi.org
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behaviours and NCD prevention, and greater use of move-
ment behaviour guidelines and strategies at national levels. 
The other priority items were greater awareness of the link-
age between the movement behaviours and child and adoles-
cent development, and better partnerships at national level 
between those responsible for surveillance and those with 
expertise in movement behaviour measurement. The need to 
improve human capacity in movement behaviours (educa-
tion, training, research experience) reached 93% agreement. 

The 70% threshold to define consensus was reached for most 
of the items in the survey.

We found no statistically significant differences between 
ratings from respondents representing LMICs versus HICs 
for any of the top-rated items (Supplementary File). We 
found only one statistically significant difference in median 
responses between respondents representing SUNRISE 
versus AHKGA versus both initiatives (Supplementary 
File), which was that the methods item ‘Need to improve 

Table 1  Participant 
characteristics, survey rounds 
1 and 2

Round 1 (n = 62) Round 2 (n = 59)

Country status
 Low-middle income 32 (52%) 29 (49%)
 High income 30 (48%) 30 (51%)
Gender
 Male 30 (48%) 29 (50%)
 Female 32 (52%) 29 (50%)
Initiative
 SUNRISE study 23 (37%) 20 (34%)
 AHKGA 26 (42%) 25 (42%)
 Both initiatives 13 (21%) 13 (24%)
Working sector
 Academia – graduate or doctoral or postdoctoral 

researcher
18 (28%) 18(31%)

 Academia – established academic post 37 (60%) 35 (59%)
 Government/policy 3 (5%) 2 (3%)
 Non-governmental organization 3 (5%) 3 (5%)
 Other 1 (2%) 1 (2%)

Fig. 2  Countries with participant(s) in the present Delphi study
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measurement of screens other than TV’ was rated very 
slightly lower in respondents representing SUNRISE than 
those representing the AHKGA.

The survey item with by far the lowest (26%) agreement 
that it was ‘very’ or ‘extremely’ important (and the only 
item with < 30% of respondents rating as ‘very or extremely 
important’) was obtaining funding for surveillance from pri-
vate/commercial sources. The open text option for this item 
also received several conflicting comments. Some respond-
ents were much more concerned than others about using 
private/commercial funding for surveillance, and/ or for sur-
veillance research, and some also expressed concerns that 
government funding of surveillance might encourage bias.

4  Discussion

4.1  Main Findings and Implications of Study 
Findings

The present study found an international consensus over the 
actions required to achieve high- quality national and inter-
national surveillance of the movement behaviours (physical 
activity, sedentary behaviour, sleep) in children and adoles-
cents across diverse countries around the world. The consen-
sus was global, extended across levels of economic develop-
ment, and across surveillance expertise in early childhood, 
later childhood and adolescence.

Increased funding at the national level for surveillance 
was rated as a top priority, highlighting the significant 
underfunding of movement behaviour surveillance in coun-
tries across all levels of economic development, not just in 

Fig. 3  Top two priorities in 
round 2 for each of the four cat-
egories. Percentage agreement 
for each of the items is reported 
in blue. NCD, non-communica-
ble diseases

Table 2  Top ten rated items 
from all sections of survey 
round 2, ranked 1 from 1–10

SUNRISE is the International Study of Movement Behaviours in the Early Years. NCD, non-communica-
ble disease

Item Percentage rating ‘very’ 
or ‘extremely’ important

Funding More national funding 100
Methodology Standard protocols like SUNRISE 100
Methodology Ability to measure time spent with screens other than television 98
Other issues Linkage of surveillance to NCD prevention 98
Funding Government funding 96
Other issues Greater national use of existing policies/programmes/strategies 96
Methods Surveys large enough to identify inequalities 96
Methods Greater inclusion of groups currently under-represented 95
Other issues Better partnerships between surveillance experts in academia and 

government departments doing surveillance at national level
95

Other issues Linkage of surveillance to child/adolescent development 95
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LMICs. While methodological improvements for surveil-
lance were rated as high priorities these are also depend-
ent on increased funding to a large extent. The inadequate 
size and representativeness of current surveillance systems 
could be addressed by improved funding. Increased fund-
ing will also be required to deal with the highest priority 
methodological problems, notably the need to develop and 
validate new ways of measuring screen time: 98% of the 
sample rated this as either extremely or very important. 
Respondents prioritised the need for larger and more inclu-
sive surveys so that a proper understanding of inequalities 
(e.g. among children and adolescents with disability, urban 
versus rural populations) can be achieved. Surveillance that 
includes important sub-groups, such as those living with dis-
ability, indigenous populations and individuals from LMICs, 
can help identify and address health inequalities. There was 
also very high level of agreement on the need to improve 
measurement of a number of other variables, e.g. physically 
active play, compliance with muscle-strengthening guidance 
(Supplementary File). The need for standardised surveil-
lance protocols that can be used across countries was also 
a high priority.

How the findings of the present study should be imple-
mented is a matter for stakeholders to decide, but a number 
of priority actionable steps have been identified: research 
effort/funding should be directed to improved methodology 
for measurement of screen time, physical activity play and 
other variables (Supplementary File); advocacy should be 
used to increase funding for surveillance; regional or global 
networks for surveillance need to be formed or existing net-
works need long-term funding so they can be expanded/
sustained; a framework for ethical use of government and 
non-government funding in surveillance should be devel-
oped; global capacity in movement behaviour research and 
surveillance should be increased by greater availability of 
education and training opportunities and greater opportuni-
ties to work with existing surveillance collaborations; new 
standardised protocols for surveillance should be agreed 
upon; and advocacy and partnership building at a national 
level should be undertaken so that the importance of the 
movement behaviours (for NCD prevention, for example) is 
understood more widely, and so that awareness of national 
and international movement behaviour guidelines and strate-
gies is increased.

4.1.1  Implications for Future Surveillance

The current model of movement behaviour surveillance 
within national health surveys in many countries requires 
re-evaluation and upgrading [1, 3]. The common practice 
of assessing the time spent in movement behaviours and 
intensity of physical activity by using non-validated, or even 

demonstrably invalid [1], questionnaire items within national 
health surveys has many limitations. There is empirical evi-
dence that this approach has failed in some countries, e.g. 
by producing misleading data on physical activity levels, 
with unintended adverse consequences for public health 
policy [1]. Alternative national and international surveil-
lance approaches are likely to be needed. More device-based 
surveillance will be useful [24, 25] but device-based meas-
urement is not a simple solution. For example, choices made 
when processing accelerometry data can have profound con-
sequences for apparent levels of physical activity [3]. For 
some countries, informative device-based surveillance of 
physical activity with accelerometers is already well-estab-
lished [3], and accelerometry can also measure time spent 
sedentary. Accelerometry cannot measure screen time but 
can measure time spent sleeping and accelerometer-meas-
ured sedentary time may be a proxy for screen time in the 
absence of more direct and accurate measures. A discussion 
of the advantages and disadvantages of device-based surveil-
lance of the movement behaviours is beyond the scope of the 
present manuscript. In summary, devices may be essential 
for accurate measurement of overall time use and intensity of 
physical activity. Devices are useful to validate self-reports 
or parent-proxy reports of the movement behaviours [1, 3] 
but inherently lack the ability to capture qualitative informa-
tion regarding the context, type, or purpose of the activity 
undertaken, restraining the depth of insights available for 
informing the development of physical activity policies. 
Devices alone are unlikely to provide comprehensive meth-
ods for all surveillance requirements. Devices might also 
complement subjective methods in surveys.

A risk of the growth of device-based surveillance is that 
the increased cost relative to subjective methods could lead 
to increased inequality in global surveillance, with reduced 
access to devices in LMICs relative to HICs. International 
movement behaviour partnerships like the SUNRISE study 
[20] can make device-based surveillance much more equi-
table. SUNRISE depends on the sharing of accelerometry 
equipment and expertise in accelerometer use. A major bar-
rier to equipment sharing in the SUNRISE study, reflected 
by respondents in our surveys, has been the difficulties (cost, 
time, customs clearance, loss of or damage to devices) asso-
ciated with shipping equipment across international borders 
and that is a practical problem future regional or global sur-
veillance hubs would face.

Alternative models of movement behaviour surveillance 
that do not depend on national health surveys might also be 
very informative. For example, the FitBack initiative https:// 
www. fitba ckeur ope. eu/ en- us/ has provided valuable national 
and international surveillance of child and adolescent physi-
cal fitness, based on measurements made mainly in physical 
education classes [1, 29]. This model might be considered 

https://www.fitbackeurope.eu/en-us/
https://www.fitbackeurope.eu/en-us/
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more widely for countries where school attendance is uni-
versal. Other non-traditional approaches to surveillance 
might also be helpful, e.g. greater use of ‘Citizen Science’ 
[30]. Citizen Science surveillance initiatives might involve 
community members using smartphone apps to track and 
report their own or their child’s physical activity, sedentary 
behaviour or sleep patterns. These approaches harness the 
collective power of diverse perspectives and large-scale 
data collection, potentially offering real-time, contextu-
alized insights into movement behaviours within specific 
communities, combining device-measured quantitative 
information and self/proxy-reported qualitative information 
on the setting, contex and type of behaviour/activity. The 
validity and reliability of citizen science-derived results are 
bolstered through meticulous validation protocols, rigorous 
data quality checks and collaborative efforts between sci-
entific experts and participants, and would require actions 
to develop standardised methodologies, cross-verification 
processes and quality assurance [30].

Regardless of the model chosen, surveillance systems 
should generate good quality information that can drive the 
development of effective actions in policy and practice [31]. 
A greater focus on the surveillance of specific domains and 
contextual factors (e.g. active transportation, active/outdoor 
play) might be more practical than surveillance of time 
spent in moderate-to-vigorous-intensity physical activity 
(MVPA). That type of approach would be informative for 
population-level monitoring of trends over time and under-
standing inequalities and responses to changes in policy. A 
shift in emphasis to surveillance of domains and contexts 
would also allow countries to focus on the domains that are 
of highest priority to them. Our respondents emphasised the 
importance of avoiding a narrow focus, on surveillance of 
MVPA only for example. They recommended that surveil-
lance is not restricted to individual data, but that actions 
are required to expand the measurement and monitoring of 
the ‘upstream’ influences on the movement behaviours (e.g., 
parent/peer/school and policy environment) that is lacking 
in many national and international movement behaviour sur-
veillance systems and initiatives at present [1, 3].

Respondents recommended establishing more effective 
national partnerships to promote child and adolescent move-
ment behaviours in the public health and sports science/
sports medicine agendas. This would include increasing 
policymaker and practitioner awareness and use of WHO 
guidelines and strategies [4, 5, 10] and more emphasis on 
policy implementation in relation to the movement behav-
iours in childhood and adolescence. These improvements 
will need advocacy for movement behaviours by researchers 
and an increase in knowledge exchange between experts in 
surveillance and child and adolescent movement behaviours 
and policymakers and practitioners in health and other rel-
evant areas (e.g. education, childcare, transport, planning). 

The AHKGA Global Matrix initiative has shown that physi-
cal activity policy development is generally positive, but 
policy implementation and evaluation are lacking in many 
countries [11]. The present study shows the high priority 
placed by experts in surveillance on the need for greater 
policymaker and practitioner awareness of the importance 
of child and adolescent movement behaviours, particularly 
on issues already high on the global public health agenda: 
NCD prevention, child and adolescent development and the 
right of children to play [1].The WHO Global Status Report 
on Physical Activity in 2022 highlighted the need for well-
implemented policy on physical activity in all countries, 
underpinned by robust surveillance [32], anchored to the 
Sustainable Development Goals.

Substantive changes in surveillance are clearly required 
globally, but these might be more achievable than one might 
think with a harmonised approach that builds on interna-
tional partnerships. For example, existing international 
surveillance initiatives for the movement behaviours and/or 
related health outcomes in childhood and adolescence (e.g., 
SUNRISE, the AHKGA Global Matrix, FitBack) already 
include many of the elements required for high quality sur-
veillance [1]. These initiatives make use of international 
collaboration to share expertise and measurement equip-
ment, build human capacity in surveillance and discipline 
expertise and they support regional and national surveillance 
via regional or international knowledge exchange/research 
hubs/peer support networks. Initiatives of this kind could be 
expanded and made more sustainable by long-term funding 
and partnership with key existing organisations (e.g., WHO 
Geneva, regional WHO offices) to sustain surveillance.

The WHO ‘STEPwise approach to surveillance’ (STEPS) 
[33] does not use methods which would be applicable to 
movement behaviour surveillance in the age groups covered 
by the present study, but the approach taken by WHO STEPS 
to develop a global surveillance system might prove useful 
as a model for future global surveillance in children and ado-
lescents. STEPS is a globally comparable, standardised and 
integrated surveillance tool by which countries can collect, 
analyse and disseminate core information on NCDs across 
a wide range of environmental and cultural settings. STEPS 
has succeeded largely via a combination of funding, and 
support/co-ordination from regional and international WHO 
offices, providing a good example of the kind of shared inter-
national infrastructure and collaboration required for more 
informative global surveillance of the movement behaviours 
of children and adolescents [32, 33]. Developing a STEPS-
like international system will be much more challenging 
in some countries than others as engagement with existing 
WHO-based surveillance of movement behaviours and NCD 
risk factors varies greatly between countries, but success 
in some countries provide hope [34] https:// www. who. int/ 
teams/ nonco mmuni cable- disea ses/ surve illan ce/ data.

https://www.who.int/teams/noncommunicable-diseases/surveillance/data
https://www.who.int/teams/noncommunicable-diseases/surveillance/data
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Advances in surveillance will allow regional, national 
and global stakeholders to confidently identify and respond 
to trends in movement behaviours and inequalities in these 
behaviours [32, 35]. Improved surveillance would also allow 
stakeholders to assess the impact of policy change or societal 
change, for example, the impacts of climate change, eco-
nomic crises, political instability and pandemic mitigation 
measures [11, 36]. Greater collaboration between experts 
in movement behaviours and policymakers might also pre-
vent unintended harms from policy, or at least identify unin-
tended policy consequences. For example, in Canada, a well-
meaning policy, the ‘Child Fitness Tax Credit’, a $500 tax 
credit for registering a child in an eligible physical activity 
programme, had limited impact other than increased socio-
economic inequalities in health [37], also illustrating the 
need for more robust evaluation of movement behaviour-
related policy. The process of developing higher quality sur-
veillance systems is not ‘just’ about monitoring as a passive 
data collection exercise. Surveillance tends to reveal previ-
ously unnoticed public health problems, which in turn tends 
to lead to new policy or more informed policy [1]. Research-
ers could also develop much better-informed research ques-
tions if surveillance was of higher quality.

Figure 4 illustrates how the present study findings might 
lead to actions which improve national and international sur-
veillance. The foundation of the conceptual model in Fig. 4 
is increased funding for surveillance. The model is not a 
simple linear pyramid but incorporates feedback loops. For 
example, more effective researcher advocacy is likely to be 
needed to achieve increased funding for surveillance, and to 

ensure that improved surveillance translates to meaningful 
changes in policy and practice. More advocacy for move-
ment behaviour funding and surveillance may be uncom-
fortable for movement behaviour researchers, but merits 
greater effort. A number of the priorities identified in the 
present study might be addressed by more effective advo-
cacy, e.g. greater policymaker awareness of WHO guidelines 
and strategies, and of the linkage between the movement 
behaviours and NCD prevention. There is increasing expec-
tation in HICs that research funding will include knowledge 
exchange, and that the work of the researcher does not end 
when the paper is published [38]. Capacity for knowledge 
exchange in public health is limited in LMICs at present, 
but there are useful examples [39], and guidance on devel-
oping more effective knowledge exchange is available [40]. 
Successful movement behaviour surveillance research and 
knowledge exchange can occur within the same project [37] 
and greater effort in knowledge exchange can have impact 
in public health policy and practice, including in physical 
activity and health [41, 42]. One likely reason for public 
underfunding of child and adolescent movement behaviour 
surveillance and policy action, even in HICs with well-estab-
lished surveillance systems such as Canada, is that these 
behaviours are being perceived as the responsibility not of 
government or society, but of the individual/family [43]. 
Future advocacy and knowledge exchange might therefore 
emphasise the importance of ‘upstream’ socio-ecological 
influences, above the level of the individual/family, and the 
key role for public policy in shaping the socio-ecological 
environment [44].

Fig. 4  Conceptual model for 
improving national and interna-
tional surveillance and achiev-
ing a society with more active 
children and adolescents
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4.1.2  Funding Issues Other than the Need for Increased 
Funding

Increased and sustained funding is the foundation of 
improved national and international movement behaviour 
surveillance, but funding was also the only survey item with 
marked disagreement between participants, both in their 
ratings and comments. While 93% of respondents agreed 
that greater public funding was either ‘very important’ 
or ‘extremely important’, only 26% felt that it was either 
very or extremely important to seek funding from private/
commercial sources. A number of strongly held concerns 
were expressed over accepting funding from commercial 
organisations with interests counter to public health such 
as tobacco, sugar, infant formula and soft drinks. Funding 
from commercial organisations may provide an opportu-
nity to advance the current inadequate state of national and 
international movement behaviour surveillance, but brings 
a risk of bias [45, 46]. Private funding can lead some to 
dismiss the findings of research or surveillance funded by 
commercial organisations, regardless of the efforts made to 
minimise bias. ‘Big Food’ has undoubtedly tried to delay or 
even avoid progressive public health policies [47]. There are 
less obvious vested interests in movement behaviours (‘Big 
Tech’ or ‘Big Cars’) [48], which might encourage an exces-
sive focus on food as the main source of our major public 
health problems.

The reality for many respondents to the present study is 
that private/commercial funding of surveillance or surveil-
lance research is the only option, and this does not just apply 
to LMICs. There may be no choice between commercial and 
non-commercial funding, but a decision about whether to 
conduct surveillance or surveillance research or not. There 
is potential for commercial vested interests to take advan-
tage of gaps in funding for movement behaviour surveillance 
and research. Accepting funding for movement behaviour 
surveillance research should not be in conflict with other 
public health objectives (e.g. diet or substance use related). 
It seems possible to carry out successful movement behav-
iour surveillance projects funded by private donors which 
do not lead to public health conflicts [49]. However, sustain-
able surveillance is likely to require government funding 
in most countries. Some respondents in the present study 
commented that striking a balance between academic and 
commercial interests that do not disadvantage public health 
is what is desirable and felt that striking such a balance was 
realistic. Intolerance of movement behaviour research and 
surveillance that is funded from commercial sources may 
also enforce a Westernised lens on a global issue. Countries 
have unequal availability of public and non-governmental 
organisation funding for research and failing to accept com-
mercial funding if it is the only source of funding might 
lead to increasing inequality in global movement behaviour 

research and surveillance. Finally, some respondents noted 
that public/governmental funding brings its own problems 
such as pressure to avoid criticism of government policy or 
lack of government policy, or loss of editorial independence.

Regardless of the source of funding, unbiased population 
health research is highly beneficial to society. The level of 
disagreement over funding sources observed in the present 
study suggests that there may be a need to establish a glob-
ally accepted framework for future surveillance and surveil-
lance research. This could include a written agreement that 
the funder will not influence the design and methods, will 
not be involved in data interpretation and reporting, will not 
own the data and will not use the funding of surveillance 
to promote harmful products. Some WHO guidance on the 
use of commercial funding is available [50] and useful mod-
els for managing funding from private/commercial sources 
for nutrition research are also emerging [51, 52]. Move-
ment behaviour researchers have a responsibility to keep 
advocating for increased funding for surveillance, to share 
their research findings widely with relevant stakeholders, 
and to demonstrate the economic and other benefits which 
will derive from movement behaviour surveillance. Future 
research could examine which commercial sources are 
most acceptable to surveillance researchers (e.g., food ver-
sus banking versus insurance), while also establishing best 
practice guidelines when engaging in private/commercially 
sponsored research, similar to recent efforts from nutrition 
researchers [52].

4.2  Study Strengths and Weaknesses

Our study presents strengths that include novelty, timeliness 
and importance of the topic–particularly in the wake of the 
adverse impact of the COVID-19 pandemic on the move-
ment behaviours of children and adolescents [14–19] and 
with relatively recent evidence-based 24-h guidelines for the 
movement behaviours from birth to the end of adolescence 
[5–10]. High-quality, evidence-based movement behaviour 
guidelines are not matched by high quality global surveil-
lance at present [3]. A further strength is the wide global 
reach in terms of geographical representation and level of 
economic development, almost equal numbers of respond-
ents from LMICs/HICs and equal numbers of women 
and men, which is very rare in this field of research [53]. 
Respondents drew on expertise across the age range from 
early childhood to the end of adolescence and response rates 
from the two international initiatives were fairly high. Lastly, 
our findings suggest that there are many important research 
and surveillance gaps, including the need for a framework 
with which to use private/commercial funding and the need 
for better surveillance measures of screen time and physi-
cally active play.
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Weaknesses of the present study include the restriction 
of inclusion to SUNRISE and AHKGA Report Card partici-
pants. This decision was taken largely on practical grounds 
given that these two global initiatives provided an expert 
constituency that was easily identifiable and relatively easy 
to contact and would prevent the over-representation from 
any participating countries or regions. Since both initiatives 
are global, the inclusion of respondents from SUNRISE and 
AHKGA ensured wide geographical reach and avoided the 
under-representation of LMICs, typical of most biomedical 
research. SUNRISE and AHKGA focus on 3–17-year-olds, 
so different priorities could have been identified for toddlers 
and infants. However, many of the improvements suggested 
by respondents in the present study (e.g. improved human 
capacity, better understanding of the movement behaviours 
and how to measure them, increased funding of surveillance, 
more sophisticated methods) would likely apply to surveil-
lance in infants and toddlers too [1, 3]. In addition, many 
of the survey respondents also have expertise in movement 
behaviour surveillance in infants and toddlers. Restricting 
inclusion to those involved in the SUNRISE and AHKGA 
initiatives may have limited generalisability though; for 
example, responses may have differed from researchers who 
work outside the initiatives, including those who work exclu-
sively in physical activity (not the other movement behav-
iours), or in adults rather than children and adolescents.

While the sample size for the present study was large 
relative to the global pool of paediatric movement behav-
iour surveillance experts, and for Delphi studies based on 
international expertise, the sample size for statistical com-
parisons was small. This may have limited our ability to 
detect differences, but Delphi Studies aim to identify con-
sensus and statistical inferences are usually of secondary 
importance [20–22, 54]. We used a modified Delphi Study 
with items offered to participants that were identified by the 
international leadership group of the study prior to the round 
1 survey rather than being completely open at the start of 
the process. The modified Delphi design is now relatively 
common [25] and was intended to produce a more efficient 
process than a traditional Delphi design in the present study, 
but it may have constrained survey responses. However, par-
ticipants were invited to suggest additional items to those 
provided to them at round 1, and only one new item was 
suggested and added (the linkage of movement behaviours to 
academic attainment, categorised under other issues). There 
was also possible acquiescence bias in responses as the study 
leadership group included those who lead the SUNRISE and 
AHKGA initiatives, though participants were informed that 
individual survey responses would be treated as anonymous 
and not be shared with the present study leadership group in 
an effort to minimise this source of bias.

5  Conclusions

This study fulfils an important practical purpose in identi-
fying the actions required for the desired transformation in 
the surveillance of movement behaviours throughout child-
hood and adolescence. The findings underscore the impor-
tance of several specific actions, namely increased funding, 
enhanced human capacity, improved technology accessi-
bility and methods, and greater use of support networks. 
By implementing these actions, the transformative changes 
envisioned for movement behaviour surveillance [1, 3] can 
become more attainable. The present study also suggests 
that experts wish to avoid a narrow surveillance focus, for 
example only on MVPA, and that guidance on the use of 
commercial and government funding in physical activity 
research and surveillance is required.
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