
R E S E A R C H Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Brandes et al. 
International Journal of Behavioral Nutrition and Physical Activity           (2023) 20:99 
https://doi.org/10.1186/s12966-023-01497-z

International Journal 
of Behavioral Nutrition 

and Physical Activity

*Correspondence:
Mirko Brandes
brandes@leibniz-bips.de

Full list of author information is available at the end of the article

Abstract
Background School-based physical activity (PA) promotion is usually conducted by providing one specific 
intervention. In contrast, the ACTIvity PROmotion via Schools (ACTIPROS) toolbox provides a set of twelve evidence-
based PA interventions serving different domains of the Health Promoting Schools framework that primary schools 
can select according to their requirements. In this study, we tested the feasibility of the toolbox approach in primary 
schools.

Methods A two-arm cluster-randomized feasibility trial at primary schools (n = 5 intervention schools [IS], n = 5 
control schools) located in the Federal State of Bremen, Germany, was conducted. Children’s habitual PA (GENEActiv, 
Activinsights Ltd.) and motor skills (Deutscher Motorik Test; DMT) were measured at the beginning (t0: Sept and Oct 
2021) and at the end of the school year (t1: June and July 2022). Between Oct 2021 and July 2022, the ACTIPROS 
toolbox was implemented at IS. Teachers documented intervention choices and implementation within a short 
questionnaire (SIQ) at t1.

Results IS successfully implemented at least one intervention of the toolbox. In total, seven out of twelve possible 
interventions were selected. Two schools decided to replace an intervention with another during the trial. Results of 
the SIQ indicated that IS tended to choose similar interventions while implementation frequency was highly different. 
N = 429 students from two classes per school were recruited. The mean consent rate was 75.1% (n = 322). At t0 and 
t1, n = 304 (94.4%) and n = 256 (79.3%) of consented children took part in the DMT, respectively. The accelerometry 
sample included one class per participating school. At t0 and t1, n = 166 and n = 151 devices were handed out 
to students and n = 133 (80.1%) and n = 106 (70.2%) valid records could be retrieved, respectively. Linear mixed 
models showed an intervention effect of 15.5 min (95% CI: 4.5; 26.6) in children’s daily MVPA at IS between t0 and t1 
compared to controls.
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Background
Physical inactivity is one of the four leading global health 
risks [1] for the most common diseases and leads to a 
reduction in life expectancy [2]. There is robust evidence 
on substantial health benefits for children who are more 
active and engage in higher volumes and intensities of 
physical activity (PA) [3]. Furthermore, a physically active 
lifestyle tracks into adulthood, therefore, the promotion 
of adequate PA at a young age is of great importance for 
the current and future health status [4]. Schools are key 
settings for health promotion as they provide high lev-
els of reach and children spend much of their daytime 
at or in school [5]. PA promotion via schools normally 
offers one intervention to the school and many studies 
have been designed to investigate the effectiveness of 
one specific school-based intervention [6–8]. However, 
a growing understanding of the individual, social and 
organizational determinants influencing children’s activ-
ity behaviours contradicts this ‘one-size-fits-all’ approach 
and does not take setting-specific differences on the indi-
vidual, social and environmental level of schools into 
account. Since substantial efforts were made to design 
and evaluate many different school-based PA interven-
tions with diverse approaches, theoretical background, 
intensity and duration [9], it is possible to offer more than 
one intervention to schools. Therefore, in this feasibility 
study a toolbox approach containing twelve evidence-
based PA promoting interventions has been applied and 
tested. Interventions in the ACTIvity PROmotion via 
Schools (ACTIPROS) toolbox include activities such 
as active breaks during and between school lessons, 
physical education sessions or active travel to school 
initiatives as well as interventions that encompass a com-
bination of different components in line with a ‘whole 
school’ approach [10]. Whilst enormous efforts have 
been undertaken in developing and evaluating differ-
ent school-based interventions to promote PA amongst 
children, crucial questions regarding the individual 
needs of different schools remain to ensure a successful 
implementation and sustainability [11]. One definition 
of ‘Implementation science’ which is a fairly new field of 
study “is the study of methods to promote the adoption 
and integration of evidence-based practices, interven-
tions, and policies into routine health care and public 

health settings” [12]. In this regard, the general aim of the 
ACTIPROS study is to put a stronger emphasis on locally 
fit solutions for the promotion of PA at primary schools 
through the ACTIPROS toolbox approach. As a first step 
before considering a cluster randomized controlled trial 
(CRCT) to determine effectiveness it is important to 
explore whether the toolbox approach is feasible and that 
a potential RCT is sufficiently powered to detect a change 
in the target behaviour [13]. Furthermore, the piloting 
stage allows to identify any aspects of the toolbox that 
can be improved before progressing to a full trial. In line 
with the updated framework for developing and evalu-
ating complex interventions by the Medical Research 
Council guidance [13], the design and conduct of this 
feasibility study were guided by the following research 
questions:

  • Does a heterogeneous sample of local primary 
schools use the contents of the ACTIPROS toolbox?

  • In case that an intervention fails, do schools 
successfully switch to a different intervention?

  • Is it feasible to conduct a CRCT evaluation of the 
ACTIPROS toolbox that is designed to improve PA 
among primary school students?

To answer those research questions, the following objec-
tives were formulated: to [1] give a detailed description 
of the development of the ACTIPROS toolbox and to 
evaluate the implementation compliance (e.g. number 
of applied sessions), [2] evaluate the recruitment rate of 
students, [3] estimate the likely accelerometer and motor 
skill data provision rate, [4] examine a potential change 
in PA and cardiorespiratory fitness (CRF) as well as pos-
sible side effects on motor abilities, and [5] estimate the 
sample size for an adequately powered CRCT to evaluate 
the ACTIPROS toolbox.

Methods
Study design and recruitment
This study was a two-arm cluster-randomized feasibil-
ity trial, stratified by district and matched for area-level 
deprivation, with pre-/post measurements of habitual PA, 
CRF and motor skills conducted at ten primary schools, 
with schools as the unit of allocation. Trial design, analy-
sis and interpretation was guided by the extension to ran-
domised pilot and feasibility trials of the Consolidated 

Conclusions All IS were able to implement at least one intervention from the toolbox, and unsuitable interventions 
were successfully replaced in a timely manner, highlighting the feasibility of implementing the ACTIPROS toolbox. 
Good consent rates for accelerometer and motor skills data were achieved. Results indicate a substantial increase in 
MVPA associated with the ACTIPROS toolbox and need to be tested in a larger sample.

Trial registration German Clinical Trials Register DRKS00025840.

Keywords Physical activity, School-based health promotion, Toolbox, Accelerometry, Fitness, Primary schools, Health 
promoting schools
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Standards of Reporting Trials (CONSORT) 2010 state-
ment and the ‘CONSORT 2010 checklist of information 
to include when reporting a pilot or feasibility trial [see 
Additional file 1]’ was used [14]. An embedded process 
evaluation was additionally undertaken, using qualita-
tive data, but its results will be reported elsewhere. The 
recruitment procedures were developed in cooperation 
with local stakeholders. On average, ~ 25 pupils attend 
one class in Bremen primary schools. Based on previous 
experiences with research in Bremen primary schools, 
we aimed to approach 10 classes for the intervention and 
10 classes for the control group to address a minimum of 
200 pupils per group (= 400 pupils in total), which was 
deemed sufficient for the purposes of our feasibility study. 
It was further decided that the intervention and control 
classes should cover all five Bremen districts and that 
they should be matched by area-level deprivation index, 
ranging from 1 – highest social index, to 5 – lowest social 
index. Consequently, this study aimed at recruiting five 
intervention and five control schools while two classes 
per school were needed. In May 2021, letters were sent to 
all state-funded primary schools in Bremen and Bremer-
haven (Germany) via e-mail by the Bremen Senator for 
Children and Education, inviting each school to register 
two classes for our study. Figure 1 illustrates the selection 
process among all primary schools that provided positive 
feedback and showed interest in participation.

The implementation of the random allocation sequence 
was generated by MB by using MS Excel 2013 ran-
dom number generator (Mersenne-Twister algorithm). 
Given the procedure as described in Fig. 1, the random 
sequence automatically assigned the schools to inter-
vention school or control school. Recruitment of pupils 
was done via letters to the parents of the selected classes 
which were provided in seven different languages (Ger-
man, English, Turkish, Russian, Bulgarian, Arabic, Kurd-
ish) and contained a study information, the baseline 
questionnaire, and the informed consent. Parents were 
asked to provide written informed consent for their child 
which children had to return at school and children gave 
verbal assent on the measurement day. Inclusion crite-
ria at the individual level were apparently healthy chil-
dren aged 6 to 10 years with written parental informed 
consent and data on motor skills from at least one time-
point. After the baseline assessment, we implemented 
our toolbox approach in both classes at each interven-
tion school over the course of one school year. Classes at 
control schools followed their usual routine. All children 
received certificates for participating in our data col-
lection at t0 and t1, respectively. Control schools were 
offered to select an intervention from the ACTIPROS 
toolbox at the end of the study. The Bremen University 
ethics committee approved the study (ref: 2021-17).

Intervention: The ACTIPROS toolbox
Using a toolbox approach, the overall aim of ACTIPROS 
was to disseminate evidence-based PA and CRF pro-
moting interventions via primary schools. Following the 
World Health Organisation Health Promoting Schools 
(WHO HPS) framework, the toolbox was envisaged to 
include a wide range of different interventions, includ-
ing behavioural and environmental interventions, single 
and multicomponent interventions, and multilevel inter-
ventions e.g. those that include family or community 
components. The findings of our scoping review on evi-
dence-based interventions for the promotion of PA and 
CRF in the school setting served as the basis for develop-
ing the ACTIPROS toolbox [15]. In total, data of N = 178 
interventions were extracted and interventions were 
mapped according to the WHO HPS framework [15]. 
Among other outcomes, we extracted data on author’s 
conclusions on effectiveness regarding PA, sedentary 
behaviour and CRF outcomes [15]. All interventions 
that were deemed effective in regard to PA and CRF out-
comes were considered for inclusion in the ACTIPROS 
toolbox (n = 73). In a second step, further criteria for the 
selection of interventions to promote PA and CRF among 
school children were determined via a three-round Del-
phi study with local stakeholders and international sci-
entific experts [11]. Since the crucial question remains 
as to which interventions work in the ‘real world’ with 
the potential to be successfully implemented and sus-
tained long-term, we deemed stakeholders’ views equally 
important as compared to the views of scientific experts 
to design an ACTIPROS toolbox that contains interven-
tions that are considered suitable and practicable by both 
groups. After scoring the interventions according to the 
elaborated criteria, the interventions were rank-ordered. 
Subsequently, authors (n = 36) of the interventions were 
contacted top down, starting with the highest-ranked 
intervention, and were asked to provide their interven-
tion materials and consent to include the intervention 
into the ACTIPROS toolbox. Fifteen of the contacted 
authors (42%) responded to our request. One author 
could not provide complete intervention materials and 
two interventions could solely be provided in languages 
other than English or German. Consequently, we received 
intervention materials of twelve evidence-based PA and 
CRF promoting interventions that could be adapted and, 
if necessary, translated into German language. Those 
twelve interventions were added to the toolbox version 
1.0 containing a brief description in bullet point form for 
each intervention, so that schools can find suitable inter-
ventions quickly. The idea of ACTIPROS was to familiar-
ize schools with the HPS framework and likewise with 
the complexity of different school-based interventions, 
to support schools in selecting suitable interventions for 
their individual needs and to accompany them during the 
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implementation process. Therefore, the brief description 
in the toolbox contained information about the six differ-
ent areas of the HPS framework covered by the respective 
intervention. In this feasibility trial, the research team 
guided each intervention school in working with the tool-
box and provided the adapted and translated intervention 
materials of the twelve original interventions. For further 
information on the individual interventions, please refer 
to the references of the original publications (Table  1). 
For better reporting of interventions, we included the 
‘Template for intervention description and replication 

(TIDieR) checklist [see Additional file 2]’ [16] but in case 
of our highly flexible toolbox approach and due to space 
constraints, we could not describe all included inter-
ventions in detail and had to refer to the original inves-
tigations of the included interventions. Through regular 
telephone contacts, researchers were quickly informed 
about implementation problems and assisted, if neces-
sary, to switch to another intervention. Main character-
istics of the included interventions in the ACTIPROS 
toolbox v1.0 are summarized in Table 1. Further informa-
tion on the toolbox can be found on the project’s website: 

Fig. 1 Selection process of participating intervention and control schools
Notes: IS = intervention school
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www.actipros.de. This feasibility study tested the usabil-
ity of the German version of the ACTIPROS toolbox. 
Future plans also foresee an English version that can be 
used internationally.

Measures
Implementation process
To explore whether a heterogeneous sample of local pri-
mary schools was able to use the ACTIPROS toolbox, 
we tracked the implementation of interventions over the 
course of one school year at each intervention site. Mem-
bers of the research team were in contact with each inter-
vention site over the course of the implementation period 
and documented the implementation process. Through 
personal and telephone contact schools reported their 
intervention choices, implementation issues and changes 
to the initial planning while working with the toolbox. 
Complementary, at t1, teachers of intervention classes 
were asked to fill out a short implementation question-
naire (SIQ) where they had to document intervention 
choices, for how long each intervention was implemented 
and how often intervention sessions took place. Teachers 
were asked to return the SIQ either electronically or via 
mail and up to three reminders were send to teachers by 
the research staff between July and September 2022.

Physical activity and motor skill data
In order to assess the feasibility of collecting acceler-
ometer and fitness data and the likely change in MVPA 
and CRF that could be expected from taking part in the 
program, all participating children took part in the Ger-
man Motor Ability Test (DMT 6–18) and half of the 
participants (one class per school) were asked to use a 
wrist-worn GENEActiv accelerometer (Activinsights Ltd, 
Kimbolton, UK) for seven consecutive days, 24 h per day, 
at t0 (Sept and Oct 2021) and t1 (June and July 2022), 
respectively.

The DMT 6–18 [17] is a motor ability test recom-
mended by the German Society of Sport Science to test 
the general fitness of children between the age of 6 to 18 
years. This test battery includes eight fitness indicators 
(6-minute run, sit-ups, push-ups, broad jump, 20-meter 
sprint, jumping sideways, balancing backwards, stand 
and reach). The items are covering multiple motor abili-
ties, such as leg strength and coordination, as well as 
flexibility [17]. It is a frequently used test, particularly 
in German primary schools. DMT data collection took 
place at both time points at each school’s gym. Due to 
space constraints, the 20 m sprint could not be assessed 
in one school (control group). Furthermore, children 
were able to voluntarily decline participating in any of the 
individual test components since the DMT does not fore-
see calculation of a total score.

The GENEActiv accelerometer includes a triaxial accel-
eration sensor (ADXL345) with a ± 8-g dynamic range, 
is light weight and waterproof and has been shown to 
provide valid estimates of PA intensities among children 
[18]. All accelerometers were initialized according to the 
manufacturer’s guidelines and operated with 100  Hz. 
Children were instructed to wear the accelerometer at 
their non-dominant wrist on seven consecutive days 
and to not remove it while sleeping, showering or bath-
ing. Non-wear time was estimated on the basis of the 
standard deviation and value range of each accelerom-
eter axis, calculated for moving windows of 60 min with 
15-minute increments [19, 20]. By using a 60-minute 
time window, the method aims to detect periods of moni-
tor non-wear time lasting for more than 1 h which are the 
periods that would most impact summary measures [19]. 
For the analysis of a potential effect of the toolbox on 
children’s MVPA, only data of children with a wear time 
of at least 16 h per day on at least 4 days were included in 
the analysis as previously outlined by Antczak et al. [21]. 
Cut-points for the non-dominant wrist proposed by Phil-
lips et al. [18] were used to estimate mean daily minutes 
of MVPA.

Weight and height
At t0 and t1, children’s height was measured to the near-
est 1 cm using a stadiometer (Seca® type 213 stadiometer, 
Invicta Plastics Ltd., Leicester, UK) and children’s body 
weight was measured to the nearest 0.1  kg (Tanita BC 
420-MA, Tanita Corporation, Tokyo, Japan). Children 
were then classified as underweight/normal or over-
weight/obese according to age- and sex-specific cut-offs 
derived from percentile curves by Cole and Lobstein [22].

Demographics
Parental education and children’s sex, age, and migration 
background were assessed at baseline by a parental (or 
legal guardians) questionnaire. This questionnaire was 
provided in seven different languages and was handed 
out by the teachers to all participating children. Chil-
dren were asked to give the questionnaire to their parents 
and to return the completed questionnaire at school and 
to give it back to their teacher. The research team col-
lected all completed questionnaires at schools. If infor-
mation on education was available from both parents/
legal guardians, parental education was classified into 
low, medium, and high according to Lampert et al. [23], 
otherwise it was set to missing. Data on migration back-
ground was compiled based on information on the coun-
try of birth and the nationality of both parents. Children 
classified as having a two-sided migration background 
had parents who both had immigrated to Germany and/
or parents who were not German citizens; children clas-
sified as having a one-sided migration background had 

http://www.actipros.de
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one parent that had immigrated to Germany and/or did 
not hold German citizenship [24]. If information on the 
country of birth or the nationality of one parent was not 
available, migration background of the child was set to 
missing.

Statistical analysis
This trial aimed at assessing the feasibility of data collec-
tion and information on the implementation of a toolbox 
with evidence-based PA and CRF promoting interven-
tions, therefor, the analyses focused on addressing key 
issues of feasibility rather than estimating group differ-
ences in outcomes. To be included in the final analysis, 
students were required to have data on at least one motor 
skill item on at least one timepoint as well as information 
on age and sex. As the study population consisted of dif-
ferent age groups, age and gender standardized z-scores 
based on normative data from [17] were calculated for 
each motor skill item. To describe the study sample and 
changes over the course of one school year in primary 
and secondary outcomes, descriptive statistics, includ-
ing means, standard deviations, frequencies and percent-
ages, were calculated for both groups and time points. To 
estimate recruitment and data provision rates, descrip-
tive summary statistics were calculated by school class 
and trial arm at baseline and follow-up, respectively. To 
estimate the impact of the toolbox on MVPA and CRF at 
the end of the school year, we used mixed effects linear 
regressions accounting for repeated measures includ-
ing time effect, group effect and the intervention effect 
as interaction of time and group. Mixed linear models 
were conducted with the 6-min-run z-score and MVPA 
as dependent variables adjusted by group, sex, migrant 
status, highest parental education, and BMI z-score 
where the second model was further adjusted for valid 
wear time. Based on some evidence of a differentiated 
effect of PA promoting interventions for boys and girls 
on MVPA, we re-ran the second model stratified by sex. 
Statistical analyses were based on the intention-to-treat 
principle and results were reported at the level of indi-
vidual children. Sensitivity analyses with complete case 
vs. intent-to-treat analyses were conducted. Since this 
was a feasibility study, point estimates and 95% con-
fidence intervals were described and interpreted and 
p-values were not presented. Statistical analyses were 
conducted using SAS 9.4 (SAS Institute Inc, Cary, NC) 
and particularly the GLIMMIX procedure to estimate 
linear mixed models. Power calculations were conducted 
to determine the sample size required to detect changes 
in the two primary outcomes PA and CRF at the post-
test assessments. All calculations were based on 80% and 
90% power with alpha levels set at P ≤ 0.05. Our sample 
size calculation for the PA outcome was based on values 
from the Kinder-Sportstudie (KISS) [25] using a standard 

deviation of SD = 33 and an intraclass correlation coef-
ficient of ICC = 0.08. For the CRF outcome, we used the 
standard deviation of SD = 130 from the normative data 
of the DMT [17] and the intraclass correlation coefficient 
(ICC = 0.03) from the KISS study [25]. Potential sample 
sizes for a future trial were calculated in R (version 4.2.1) 
[26] using the CRTsize package (version 1.2) [27].

Results
Selection and implementation of interventions from the 
ACTIPROS toolbox
The selection and implementation process of the 
ACTIPROS toolbox is documented in Table 2. Seven out 
of twelve interventions included in the ACTIPROS tool-
box were chosen by the ten intervention classes while 
each intervention class was able to implement at least 
one intervention during the study phase. At two schools, 
two interventions were terminated prematurely and were 
replaced by another intervention, in both cases with the 
help of the research team. A third intervention had to be 
cancelled due to restrictions following the SARS-CoV-2 
pandemic. Seven out of ten intervention classes (70%) 
filled out the SIQ. Data from the SIQ confirmed that each 
reporting intervention class implemented up to three 
toolbox interventions between November 2021 and July 
2022. One teacher reported that he/she continued imple-
menting the toolbox until the end of September 2022. 
Intervention classes tended to choose similar interven-
tions from the toolbox (Table 2). Therefore, the average 
duration of intervention implementation and frequency 
of implementation for the three most frequently imple-
mented interventions are reported here. In first place, 
five intervention classes implemented “The Daily Mile” 
with a mean duration of 22 weeks and a mean frequency 
of 32 intervention sessions (range: 8 to 81). The second 
most frequently chosen intervention was “Bizzy Break!” 
(mean duration: 15 weeks) with a mean frequency of 46 
intervention sessions (range: 20 to 72). Three interven-
tion schools implemented “Be smart. Join in. Be fit.“ with 
mean duration of 15 weeks while on average five inter-
vention sessions took place (range: 2 to 9) (Table 2).

Overview of participating schools, consent rates and data 
provision
School and student recruitment and retention are pre-
sented in Fig.  2. Recruitment and baseline data provi-
sion rates by school class are summarized in Table  3. 
The mean consent rate across all classes was 75.3% 
(n = 323) and varied between 37.5% and 100%. One par-
ent in the control group withdrew his/her consent dur-
ing the implementation phase resulting in a consent 
rate across all classes and in the accelerometry sample 
of 75.1% (n = 322) and 75.5% (n = 176), respectively. Of 
all consenting parents, n = 248 (77.0%) filled the baseline 
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questionnaire. Parents in most cases preferred to fill 
the questionnaire in German language (n = 216, 89.3%). 
At t0 and t1, n = 304 (94.4%) and n = 256 (79.3%) of con-
sented children took part in the DMT, respectively. At t0, 
N = 166 accelerometers devices were handed out to study 
participants. 164 (98.8%) of those devices were returned 
and n = 133 (80.1%) of the downloaded datasets fulfilled 
our wear time criteria of at least 16 h on at least 4 days. 
At t1, n = 151 devices were handed out to study partici-
pants, n = 143 (94.7%) of the devices were collected, and 
n = 106 records (70.2%) could be retrieved that fulfilled 
our wear time criteria.

Participant characteristics
Descriptive characteristics of the study participants 
by trial arm at t0 and t1, respectively, are described in 
Table 4. The trial arms were well balanced at baseline in 
regard to the mean age of the participants with slightly 
differing proportions of boys, overweight children as well 
as families with high educational backgrounds (Table 4). 
In regard to the primary outcome, at baseline, children 
in the intervention group were slightly more active than 
children in the control (104.7 vs. 99.1  min per day of 
MVPA) and performed better in the 6-min run (16.3 vs. 
15.2 laps).

Table 2 Documentation of the selection and implementation process at intervention classes
Name of intervention [German title in AC-
TIPROS toolbox v1.0] ¥

Total 
times 
selected 
(n)

Reasons for 
inclusion

Reasons for 
exclusion

Aban-
doned 
(Y/N)

Reason for 
termination

Mean 
dura-
tion (in 
weeks)

Average 
number of 
sessions 
(min; max)

Walking bus program [Der laufende Schulbus] 
(13)

2 Low effort Parental 
involvement 
difficult, high 
traffic volume

Y Parents did not 
participate

- -

Bicycle trains, cycling and physical activity 
[Der Fahrrad-Zug zur Schule] (14)

2 Low effort Parental 
involvement 
difficult, high 
traffic volume, 
few bicycle 
skills

Y Parents did not 
participate

- -

Physical activity and skills intervention (SCORES) 
[Gemeinsam Fit] (15)

- - High effort - - -

The Daily Mile [Die tägliche Meile] (16) 5 Low effort, 
outdoors

Time 
constraints

N 22 32 (8; 81)

Bizzy Break! [Bewegte Pause] (17) 4 New content, 
manageable 
time required, 
easy to 
implement

N 15 46 (20; 72)

Physical activity, children and the environment 
(PACE) [Aktiver Pausenhof ] (18)

- - - - - -

Food & Fun After School [Bewegungsspiele nach 
der Schule] (19)

- - No afternoon 
service

- - -

Kid’s Choice Program [Sternchen für Bewegung] 
(20)

- - Reward system - - -

GoKids [Fitnessstunde im Studio] (21) 1 - - Y Restrictions 
following the 
SARC-CoV-2 
pandemic

- -

Lunchtime Enjoyment Activity and Play [Be-
wegung, Spiel und Spaß] (22)

2 - - N # N/A*

Be smart. Join in. Be fit. [Fitness für Kids] (23) 3 No physical 
education 
teachers at 
school, external 
qualified 
trainers

N 15 5 (2; 9)

APPLE Schools [Bewegte Schule] (24) - - - - - -
Notes: ¥ selected interventions are marked in bold font * N/A = not applicable, this intervention did not foresee any sessions; # no information available due to 
missing short implementation questionnaires from intervention sites
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Changes in physical activity and motor skills
Linear mixed models showed an intervention effect of 
15.5  min (95%CI: 4.5,26.6) in children’s daily MVPA at 
intervention schools between t0 and t1 compared to con-
trols (Fig. 3), which was also reflected in a higher amount 

of children who met the PA guidelines at t1 compared 
to t0 in the intervention group (85% vs. 63.2%) while 
there was no such trend in the control group (52.4% vs. 
61.4%) (Table 3). The adjusted mean difference in MVPA 
between the two groups was smaller for girls than for 

Fig. 2 Flow diagram for ACTIPROS trial (based on CONSORT 2010 flow diagram)
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boys indicating that boys possibly benefitted more from 
the toolbox approach than girls did (Fig. 3). There was no 
trend towards an increase in CRF in favour of the inter-
vention group (-0.1, 95% CI: -2.8; 2.6) (Fig. 3). At follow-
up, children’s z-score in the intervention group increased 
by 3.5 points (95% CI: 0.6; 6.3) in the 20 m sprint com-
pared to children in the control group (Fig. 3). Sensitivity 
analysis based on complete case analysis were very simi-
lar to the intent-to-treat analysis in the point estimates 
and 95% confidence intervals. For further details see 
‘Adjusted between-group differences in physical activ-
ity and cardiorespiratory fitness at follow-up, complete 
case analysis’ and ‘Adjusted between-group differences in 
physical activity and cardiorespiratory fitness at follow-
up, intent-to-treat analysis’ [Additional files 3 and 4].

For the power calculation of the MVPA and CRF out-
come, we assumed a cluster size of n = 12 and n = 15 stu-
dents per class, respectively. Power calculation resulted 
in a study sample of n = 552 with n = 46 clusters (i.e., 
classes) to detect an achievable between-group differ-
ence of 11 min per day of MVPA and a sample of n = 300 
with n = 20 clusters (classes) to detect a between-group 
difference of 62 m on the 6-min run. Further details can 
be found in ‘Sample size calculation for a future definitive 
trial’ [Additional file 5].

Discussion
To the best of our knowledge, this is the first study that 
systematically compiled evidence-based interventions 
to promote PA and CRF via primary schools into a tool-
box and that piloted the feasibility of working with such 
a toolbox in the school setting. We obtained promising 
results in terms of recruitment, data collection and gen-
eral acceptance of working with the ACTIPROS tool-
box. A heterogeneous sample of local primary schools 
that was ranked and selected by a social index could be 
included. Intervention schools implemented up to three 
different interventions from the toolbox over the course 
of one school year. In case of any problems regarding 
intervention implementation, participating schools were 
able to successfully switch to another intervention.

Furthermore, we found that among the 10 interven-
tion classes, seven out of twelve possible interventions 
were selected. Thus, schools in our sample had different 
interests and needs in the field of PA and CRF promo-
tion, which could be met with a selection of different 
programs. Generally, intervention sites tended to choose 
smaller and less complex interventions in our feasibility 
study. While current scientific literature favours so called 
‘complex interventions’ that address multiple levels at the 
same time [28], our impression was that schools need 
smaller interventions that can serve as ‘door openers’ and 

Table 3 Participant recruitment, consent rate and baseline data provision rates by school class
School class Arm N pupils Grade Provided 

consent
Completed parental questionnaire Motor skill data Valid acc data

N % n % of consented n % of consented n % of consented

1 I 24 3 18 75.0 17 94.4 18 100.0  N/A N/A

2 I 24 3 15 62.5 11 73.3 13 86.7 12 80.0

3 I 22 1 22 100.0 16 72.7 21 95.5 14 63.6

4 I 24 1 6 25.0 4 66.7 4 66.7  N/A N/A

5 I 22 4 22 100.0 10 45.5 22 100.0 17 77.3

6 I 19 3 12 63.2 7 58.3 11 91.7  N/A N/A

7 I 16 1 11 68.8 6 54.5 10 90.9  N/A N/A

8 I 19 4 16 84.2 13 81.3 16 100.0 14 87.5

9 I 23 3 22 95.7 16 72.7 22 100.0 19 86.4

10 I 24 1 20 83.3 17 85.0 18 90.0  N/A N/A

11 C 24 4 9 37.5 5 55.6 9 90.0 6 60.0

12 C 24 4 11 45.8 10 90.9 10 90.9 10 90.9

13 C 21 2 16 76.2 13 81.3 16 100.0  N/A N/A

14 C 19 3 13 68.4 11 84.6 13 100.0 11 84.6

15 C 28 2 25 89.3 14 56.0 24 100.0  N/A N/A

16 C 18 3 13 72.2 9 69.2 12 92.3 6 46.2

17 C 22 1 22 100.0 19 86.4 20 90.9  N/A N/A

18 C 20 3 15 75.0 13 86.7 13 86.7 10 66.7

19 C 18 3 16 88.9 15 93.8 15 93.8  N/A N/A

20 C 18 3 18 100.0 16 88.9 17 94.4 14 77.8

All 429 322 75.1 242 75.2 304 94.4  N/A N/A

Acc sample1 233 176 75.5 133 75.6
Note: 1Accelerometry was only applied in every second class (n = 11), not in the full sample. Relative values refer to the accelerometry sample, not to the full sample

Acc: accelerometer; I: intervention group; C: Control group; N/A: not applicable
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afterwards they might continue with more complex ones. 
It is also striking that two interventions that were aban-
doned were the only interventions that required parental 
participation. In addition, some schools excluded inter-
ventions that had foreseen parental participation as they 
saw little chance of success of these interventions. The 
scientific literature strongly recommends PA promot-
ing interventions that include parental participation and 
parental participation is widely reported as an impor-
tant factor regarding the effectiveness of PA promotion 
in children [8, 29, 30]. However, little is known on fac-
tors that foster parental participation and that can be 
effectively communicated with school staff. In summary, 
results of this study show that it is feasible a) to recruit 
students to participate in a CRCT examination of the 
ACTIPROS toolbox and b) to collect accelerometer and 
motor skills data at two timepoints in this target group. 
Last but not least, one of the most important ques-
tions remains whether individually positively evaluated 

interventions, put together as a toolbox, can also demon-
strably increase children’s PA behaviour. This cluster-
randomized feasibility study gives some initial results 
showing an intervention effect of 15.5 min of MVPA per 
day in favour of children from the intervention group. 
We regard this a promising finding and are therefore 
strongly interested in conducting an adequately powered 
trial CRCT with the aim to evaluate the effectiveness of 
our ACTIPROS toolbox .

Strengths and limitations
One strength of this pilot study is that we tested the fea-
sibility and acceptability of our ACTIPROS toolbox in a 
heterogenous sample of local primary schools. Recruit-
ment of schools which was supported by the Bremen 
Senator for Children and Education went well and none 
of the participating school classes dropped out during 
the study period. Furthermore, we provided our paren-
tal study materials in seven different languages to avoid 

Table 4 Descriptive data of study participants by trial arm at t0 and t1
Variable T0 T1

CG IG CG IG

n MW ± SD / % n MW ± SD / % n MW ± SD / % n MW ± SD / %
Age (years) 149 8.4 ± 0.9 153 8.3 ± 1.3 136 9.1 ± 0.9 128 8.9 ± 1.3

Height (m) 149 1.3 ± 0.1 153 1.3 ± 0.1 136 1.4 ± 0.1 128 1.4 ± 0.1

Weight (kg) 149 32.6 ± 8.5 153 31.8 ± 8.8 136 35.5 ± 9.2 128 34.2 ± 9.6

Body-Mass-Index (kg/m²) 149 18.1 ± 3.4 153 17.7 ± 3.1 136 18.5 ± 3.5 128 17.9 ± 3.2

BMI category

Normal weight/underweight 87 58.4 93 60.8 77 56.6 78 60.9

Overweight/obese 62 41.6 60 39.2 59 43.4 50 39.1

Sex

Boys 78 52.3 86 56.2 73 53.7 72 56.3

Girls 71 47.7 67 43.8 63 46.3 56 43.8

Migration background

No migration background 57 38.3 49 32.0 49 36.0 46 35.9

One-sided migration background 25 16.8 30 19.6 23 16.9 22 17.2

Two-sided migration background 37 24.8 35 22.9 36 26.5 29 22.7

Missing 30 20.1 39 25.5 28 20.6 31 24.2

Highest parental education

Low 13 8.7 20 13.1 11 8.1 16 12.5

Medium 56 37.6 35 22.9 50 36.8 28 21.9

High 37 24.8 52 34.0 34 25.0 49 38.3

Missing 43 28.9 46 30.1 41 30.1 35 27.3

Physical fitness

6-min run (laps) 148 15.2 ± 2.4 150 16.3 ± 2.4 136 15.4 ± 2.6 128 15.9 ± 2.8

6-min run (distance in m) 148 820.2 ± 131.2 150 879.0 ± 129.8 136 830.5 ± 141.5 128 860.3 ± 150.7

6-min run z-score 148 93.3 ± 9.7 150 98.2 ± 10.6 136 92.0 ± 10.5 128 94.5 ± 10.7

Physical Activity1

MVPA (min per day) 57 99.1 ± 32.9 76 104.7 ± 32.4 42 96.1 ± 29.4 60 128.9 ± 42.5

Meeting guideline (≥ 90 min of MVPA per day) 35 61.4 48 63.2 22 52.4 51 85.0

Not meeting guidelines (< 90 min of MVPA per day) 22 38.6 28 36.8 20 47.6 9 15.0
MVPA = moderate-to-vigorous physical activity
1MVPA and adherence to PA guidelines by accelerometry was only assessed in every second class (n = 20), not in the full sample. Relative values refer to the accelerometry sample, not 
to the full sample
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language barriers. Regarding participation in the DMT 
and provision of valid accelerometer data we received 
good response rates that are in line with those of simi-
lar studies while questionnaire data provision rates were 
lower in our study [31, 32]. One limitation is that due 
to moderate response rates for the parental question-
naires there was a lack of information on educational and 
migration background of some participating children. 
Also, in this cluster-randomized feasibility trial, stratified 
by district and matched for area-level deprivation, the 
two groups showed small differences in regard to baseline 
MVPA and CRF levels. Generalizability of our findings is 
limited due to the design and the specific contexts of our 
school sample. To further answer the question whether 
different schools can use the ACTIPROS toolbox and 
adapt it to their individual needs, future trials are needed 
to more broadly examine the feasibility and ultimately 
the effectiveness of the ACTIPROS toolbox approach in 
different contexts.

Conclusions
In this study we successfully recruited 6 to 10-year-
old pupils to participate in interventions from the 
ACTIPROS toolbox and the associated control arm. 
We were able to demonstrate the feasibility of collect-
ing accelerometer and motor skills data at two time-
points. We also showed that the provision of a toolbox 
with different interventions for the promotion of PA 
and CRF based on a comprehensive scoping review and 
mapped according to the WHO HPS framework was 

well appreciated by school staff. All intervention classes 
from a heterogenous sample of local primary schools 
were able to implement at least one intervention from the 
ACTIPROS toolbox, and unsuitable interventions were 
successfully replaced in a timely manner. The data dem-
onstrate that the ACTIPROS toolbox has the potential to 
positively affect children’s MVPA, but a future full trial is 
needed to provide reliable evidence. We estimated that 
for such a trial a sample of 552 children, recruited from 
46 classes would be needed to detect an 11  min differ-
ence in daily MVPA.

Abbreviations
CRF  Cardiorespiratory fitness
CI  Confidence interval
CONSORT  Consolidated Standards of Reporting Trials
ICC  Intracluster correlation coefficient
MVPA  Moderate-to-vigorous physical activity
PA  Physical activity
CRCT  Cluster randomized controlled trial
SD  Standard deviation
WHO  World Health Organization
HPS  Health Promoting Schools

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12966-023-01497-z.

Additional file 1: CONSORT checklist for pilot trials

Additional file 2: Template for intervention description and replication 
(TIDieR) checklist

Additional file 3: Adjusted between-group differences in physical activity 
and cardiorespiratory fitness at follow-up, complete case analysis

Fig. 3 Forest plot of adjusted mean differences with 95% confidence intervals for outcomes (see additional files 3 and 4 for further details)

 

https://doi.org/10.1186/s12966-023-01497-z
https://doi.org/10.1186/s12966-023-01497-z


Page 13 of 14Brandes et al. International Journal of Behavioral Nutrition and Physical Activity           (2023) 20:99 

Additional file 4: Adjusted between-group differences in physical activity 
and cardiorespiratory fitness at follow-up, intent-to-treat analysis

Additional file 5: Sample size calculation for a future definitive trial

Acknowledgements
We would like to thank Ramona Siebels, Nina Ristau, Beate Schütte, Lea 
Martens, and Linda Gehrs for their support during data collection. We further 
would like to thank Ursel Prote for her support with the data management.

Authors’ Contributions
BB made substantial contributions to the conception, design of the study, 
analysed the data and drafted the manuscript. LS helped to collect the data 
and to edit the manuscript. CB made contributions to the manuscript and 
provided support in the analyses and interpretation of the data. HB and HZ 
made contributions to designing the study and reviewed the manuscript. 
MB made substantial contributions to the conception, designed the study, 
coordinated the data collection, and made contributions to the manuscript 
and interpretation of the data. All authors read and approved the final version 
of the manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This work 
was supported by the Federal Ministry of Health, Germany, grant number 
1504/54401. The funders had no role in designing the study and have not 
been involved in conducting the research.

Data Availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethical approval and consent to participate
This study was approved by the Bremen University ethics committee (ref: 
2022-08). Parents had to provide written informed consent for their child and 
children had to give verbal assent on the measurement day.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Prevention and Evaluation, Leibniz Institute for 
Prevention Research and Epidemiology - BIPS, Achterstraße 30,  
28359 Bremen, Germany
2Faculty 11 – Human and Health Sciences, University of Bremen, Bremen, 
Germany

Received: 4 April 2023 / Accepted: 23 July 2023

References
1. WHO. Global health risks: mortality and burden of disease attributable to 

selected major risks Geneva2009 [Available from: http://www.who.int/health-
info/global_burden_disease/GlobalHealthRisks_report_full.pdf.

2. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT, et al. Effect of 
physical inactivity on major non-communicable diseases worldwide: an anal-
ysis of burden of disease and life expectancy. Lancet. 2012;380(9838):219–29.

3. Janssen I, Leblanc AG. Systematic review of the health benefits of physical 
activity and fitness in school-aged children and youth. Int J Behav Nutr Phys 
Act. 2010;7:40.

4. Telama R. Tracking of physical activity from childhood to adulthood: a review. 
Obes Facts. 2009;2(3):187–95.

5. Messing S, Rutten A, Abu-Omar K, Ungerer-Rohrich U, Goodwin L, Burlacu 
I, et al. How can physical activity be promoted among children and adoles-
cents? A systematic review of reviews across settings. Front Public Health. 
2019;7:55.

6. Watson A, Timperio A, Brown H, Best K, Hesketh KD. Effect of classroom-
based physical activity interventions on academic and physical activity 
outcomes: a systematic review and meta-analysis. Int J Behav Nutr Phys Act. 
2017;14(1):114.

7. Slingerland M, Borghouts L. Direct and indirect influence of physical edu-
cation-based interventions on physical activity: a review. J Phys Act Health. 
2011;8(6):866–78.

8. Dobbins M, Husson H, DeCorby K, LaRocca RL. School-based physical activity 
programs for promoting physical activity and fitness in children and adoles-
cents aged 6 to 18. Cochrane Database Syst Rev. 2013;2013(2):Cd007651.

9. Brandes B, Busse H, Sell L, Christianson L, Brandes M. A scoping review on 
characteristics of school-based interventions to promote physical activity 
and cardiorespiratory fitness among 6- to 10-year-old children. Prev Med. 
2022;155:106920.

10. Russ LB, Webster CA, Beets MW, Phillips DS. Systematic review and Meta-
analysis of multi-component interventions through schools to increase 
physical activity. J Phys Act Health. 2015;12(10):1436–46.

11. Brandes M, Brandes B, Sell L, Sacheck JM, Chinapaw M, Lubans DR, et al. How 
to select interventions for promoting physical activity in schools? Combin-
ing preferences of stakeholders and scientists. Int J Behav Nutr Phys Act. 
2023;20(1):48.

12. National Institutes of Health NCI. About Implementation Science 2022 [Avail-
able from: https://cancercontrol.cancer.gov/is/about.

13. Skivington K, Matthews L, Simpson SA, Craig P, Baird J, Blazeby JM, et al. 
A new framework for developing and evaluating complex interventions: 
update of Medical Research Council guidance. BMJ. 2021;374:n2061.

14. Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, et 
al. CONSORT 2010 statement: extension to randomised pilot and feasibility 
trials. BMJ. 2016;355:i5239.

15. Brandes B, Busse H, Sell L, Christianson L, Brandes M. A scoping review on 
characteristics of school-based interventions to promote physical activity 
and cardiorespiratory fitness among 6- to 10-year-old children. Prev Med. 
2021;155:106920.

16. Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, et al. Better 
reporting of interventions: template for intervention description and replica-
tion (TIDieR) checklist and guide. BMJ: Br Med J. 2014;348:g1687.

17. Bös K, Schlenker L, Büsch D, Lämmle L, Müller H, Oberger J et al. Der 
Deutsche Motorik-Test (DMT 6–18). Hamburg: Czwalina; 2009.

18. Phillips LR, Parfitt G, Rowlands AV. Calibration of the GENEA accelerometer 
for assessment of physical activity intensity in children. J Sci Med Sport. 
2013;16(2):124–8.

19. Sabia S, van Hees VT, Shipley MJ, Trenell MI, Hagger-Johnson G, Elbaz A, 
et al. Association between Questionnaire- and accelerometer-assessed 
physical activity: the role of sociodemographic factors. Am J Epidemiol. 
2014;179(6):781–90.

20. da Silva IC, van Hees VT, Ramires VV, Knuth AG, Bielemann RM, Ekelund U, et 
al. Physical activity levels in three brazilian birth cohorts as assessed with raw 
triaxial wrist accelerometry. Int J Epidemiol. 2014;43(6):1959–68.

21. Antczak D, Lonsdale C, Del Pozo Cruz B, Parker P, Sanders T. Reliability of 
GENEActiv accelerometers to estimate sleep, physical activity, and sedentary 
time in children. Int J Behav Nutr Phys Act. 2021;18(1):73.

22. Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-offs for 
thinness, overweight and obesity. Pediatr Obes. 2012;7(4):284–94.

23. Lampert T, Muters S, Stolzenberg H, Kroll LE, Ki GGSSG. [Measurement of 
socioeconomic status in the KiGGS study: first follow-up (KiGGS Wave 1)]. 
Bundesgesundheitsbl. 2014;57(7):762–70.

24. Schenk L, Ellert U, Neuhauser H. [Children and adolescents in Germany with 
a migration background. Methodical aspects in the german health interview 
and examination survey for children and adolescents (KiGGS)]. Bundesge-
sundheitsbl. 2007;50(5–6):590–9.

25. Kriemler S, Zahner L, Schindler C, Meyer U, Hartmann T, Hebestreit H, et al. 
Effect of school based physical activity programme (KISS) on fitness and 
adiposity in primary schoolchildren: cluster randomised controlled trial. BMJ. 
2010;340:c785.

26. R Core Team. R: a language and environment for statistical computing. 
Austria: R Foundation for Statistical Computing. Vienna; 2017.

http://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf
http://www.who.int/healthinfo/global_burden_disease/GlobalHealthRisks_report_full.pdf
https://cancercontrol.cancer.gov/is/about


Page 14 of 14Brandes et al. International Journal of Behavioral Nutrition and Physical Activity           (2023) 20:99 

27. Rotondi M, Donner A. Sample size estimation in Cluster Randomized Educa-
tional trials: an empirical Bayes Approach. J Educational Behav Stat - J EDUC 
BEHAV STAT. 2009;34:229–37.

28. Langford R, Bonell C, Jones H, Pouliou T, Murphy S, Waters E, et al. The World 
Health Organization’s Health promoting schools framework: a Cochrane 
systematic review and meta-analysis. BMC Public Health. 2015;15(1):130.

29. Waters E, de Silva-Sanigorski A, Burford BJ, Brown T, Campbell KJ, Gao Y et al. 
Interventions for preventing obesity in children. Cochrane Database Syst Rev. 
2011(12).

30. Santos F, Sousa H, Gouveia ÉR, Lopes H, Peralta M, Martins J, et al. School-
Based family-oriented Health Interventions to promote physical activity 
in children and adolescents: a systematic review. Am J Health Promotion. 
2023;37(2):243–62.

31. Jago R, Sebire SJ, Davies B, Wood L, Edwards MJ, Banfield K, et al. Randomised 
feasibility trial of a teaching assistant led extracurricular physical activity 
intervention for 9 to 11 year olds: action 3:30. Int J Behav Nutr Phys Activity. 
2014;11:114.

32. Sebire SJ, Jago R, Banfield K, Edwards MJ, Campbell R, Kipping R, et al. Results 
of a feasibility cluster randomised controlled trial of a peer-led school-based 
intervention to increase the physical activity of adolescent girls (PLAN-A). Int 
J Behav Nutr Phys Act. 2018;15(1):50.

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


	Use of a toolbox of tailored evidence-based interventions to improve children’s physical activity and cardiorespiratory fitness in primary schools: results of the ACTIPROS cluster-randomized feasibility trial
	Abstract
	Background
	Methods
	Study design and recruitment
	Intervention: The ACTIPROS toolbox
	Measures
	Implementation process
	Physical activity and motor skill data
	Weight and height
	Demographics


	Statistical analysis
	Results
	Selection and implementation of interventions from the ACTIPROS toolbox
	Overview of participating schools, consent rates and data provision
	Participant characteristics
	Changes in physical activity and motor skills

	Discussion
	Strengths and limitations

	Conclusions
	References


