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A movement and music programme in early childhood education and care to promote physical activity, gross and fine motor and musical skills: study protocol for a randomised controlled trial
On behalf of the MoviMusi Project Team
Background
The early childhood education and care (ECEC) environment is an important setting for providing children with daily opportunities for movement and music, supporting holistic child development in the early years (Guan et al., 2020; Inkeri Ruokonen & Reunamo, 2021; Vega-Perona et al., 2022). Toddler education (1-3 years) requires specific training and sensitivity (Martínez-Bello, Vega-Perona, Robles-Galán, et al., 2023) that enable educators to differentiate between structured physical activity (PA) and free play opportunities as well as between the different sources of knowledge, barriers, and facilitators associated with them (Martínez-Bello, Vega-Perona, Robles-Galán, et al., 2023). In the area of music education, some authors have found that following a musical play-focused professional development program, teachers learned how to scaffold and facilitate musical play, which improved their teacher efficacy and their overall music education offerings (Nieuwmeijer et al., 2023). However, others authors have found that including music in the ECEC context is hindered by possibly insufficient and/or inappropriate initial and in-service training, as well as uncertainty and lack of confidence in implementing music activities (Inkeri Ruokonen & Reunamo, 2021). Thus, the ECEC community needs further training and support in implementing both movement and music education in everyday practice (Bautista et al., n.d.).
Recent years have seen an increasing number of studies analysing the impact of the childcare environment on young children's PA levels and patterns (Hunter et al., 2019; Zhang et al., 2021). Some studies have examined the determinants of PA in the early years, with a particular focus on meeting the 24-hour PA guidelines (Arts et al., 2023; Rollo et al., 2020). Others have analysed the correlates of PA during school hours (Bates et al., 2020; Lee et al., 2021; Vega-Perona et al., 2022) and in specific contexts such as free outdoor play (Alhassan et al., 2022; Dinkel et al., 2019; Predy et al., 2021), as well as the impact of active modes of transport on PA (Martínez-Bello, Vega-Perona, Estevan, et al., 2023).
The literature shows that young children's levels of gross motor skills (GMS) are positively associated with cognitive development (Veldman et al., 2019), but the prevalence of below-average motor skills in young children is higher than reported in normative samples (Veldman et al., 2018). In addition, studies show that targeted development programmes can improve GMS in young children (Veldman et al., 2015). 
Other studies have examined how music education relates to children's everyday activities and developmental orientations in ECEC (Christiane Nieuwmeijer & van Oers, 2023). Music and singing are considered an important part of everyday education for young children (Inkeri Ruokonen & Reunamo, 2021). When caregivers receive music training, the children in their care seem to increase their visual, vocal and physical engagement behaviours, and music training appears to be effective in improving caregivers' attitudes towards implementing music activities with young children (de l’Etoile, 2001). By the other hand, Peñalba et al. (2020) analized the implementation of a musical workshop (Active Musical Room) in an early childhood education setting (Peñalba et al., 2020). The authors found that involving musical materials and sound-producing objects can enhance the natural inclinations and exploratory drive of toddlers. Taken together, then, music and play may be among the best sources of early interaction, learning, and well-being (Inkeri Ruokonen & Reunamo, 2021).
The study
ECEC settings are important determinants of children's behaviour. Ecological models help to contextualise and explain how the different environments in which children interact on a daily basis (school, home, and peer relations) have the capacity to influence children's development (Bronfrenbrenner, 1979). To date, there are no studies evaluating the implementation of a holistic programme in the ECEC context in the areas of movement behaviour, motor, and musical skills. A pending line of research is the identification of the key correlates of changes in movement behaviour throughout the early years (Carson et al., 2023), which would generate knowledge crucial to developing policy interventions that promote general wellbeing in young children. Thus, this study focuses on the importance of home and ECEC settings in the development of movement behaviour through a critical analysis of how curricular practices can be more effective in influencing children's holistic development.
Aims
The main aim is to examine the impact over time of a holistic movement and music programme on correlates of movement behaviour, gross and fine motor skills, and musical skills in young children (1-3 years). The secondary aims are to examine the impact of the movement and music programme on the perceptions of the educational community, as well as the barriers and facilitators they perceive in the process of  baseline assessment, construction, and implementation of the movement and music programme in their own ECEC community.
Hypotheses
Our research set out to test the following hypotheses: 1. Girls and boys (1-2 years) will perform the same amount of PA during the school day. 2. The implementation of a music and movement intervention programme will increase children's PA during the school day. 3. The music and movement intervention programme will have an impact on higher levels of children's GMS as well as a variety of musical processes in the intervention group. 4. The ECEC community will be actively involved in the co-creation process of the movement and music intervention programme.
Methods 
Design and procedure
This cluster-randomised controlled trial will be performed over a 24-month period. Baseline measurements will be taken in the first year of the project (pre-implementation), and the longitudinal evaluation of the implementation of the movement and music programme in the second year. At the end of year 1, public ECEC centres will be randomised to an intervention or control group by an independent researcher, using a computer-generated randomisation sequence. At the same time, the correlates of movement behaviour and the assessment of gross and fine motor and musical skills will be shared with the ECEC community (dissemination phase). From there, and following a participatory approach between researchers and the ECEC community (principals, educators, and families), a holistic movement and music programme will be designed and implemented in the second year of the project. The development of the programme will follow three axes (training, participation, and implementation). The educational community’s perceptions about the barriers and facilitators associated with the correlates of movement behaviour will be taken into account, as will the results of the assessment of gross and fine motor and musical skills identified in the first year of the project, with a special focus on the structured and unstructured opportunities for movement and music both in the ECEC settings and at home. During the second year, the holistic programme will be implemented; at the end of year 2 (20-24 months), the main outcome variables (movement behaviour, motor skills and musical skills) will be assessed to measure longitudinal impact.
Setting and participants
The study will take place in the capital cities of three Spanish regions: Valencia, Murcia, and Toledo, chosen because they reflect the diversity of the Spanish educational system. Official data show a population of around 800,000 people in Valencia, 500,000 in Murcia and 90,000 in Toledo. The inclusion criteria for participating institutions are: public ECEC centres, located in the metropolitan area of any the three study cities, catering to young children at all three levels of the first ECEC cycle (0-1 years, 1-2 years, and 2-3 years), and authorisation to operate by the competent authority. Government records show that there are 40 public ECEC institutions in Valencia, 20 in Murcia, and 12 in Toledo. A letter of invitation will be sent to the Education Council and the ECEC institutions in each city, explaining the main aims of the project.
Sample size 
The sample size for participation in the study will be calculated according to the following considerations. The primary outcome will be the mean amount of moderate to vigorous PA (MVPA) that children do during the school day in ECEC settings. Previous studies (Vega-Perona et al., 2021) show that on average, young children (2-3 years) perform about 40 min (standard deviation [SD] 15.8) of MVPA during ECEC. We expect that the movement and music intervention programme will increase daily MVPA by 8 min. Moreover, we know that the average class size in ECEC settings is 13 young children. Thus, for a significance level of 5%, power of 90%, standard deviation of 7 min, average expected difference of 8 min, cluster size of 13 young children, and an intraclass correlation of 0.35, and using the formula presented by Campbell and Walters (2014) for comparing the means of two populations for cluster-randomised trials, we obtain a sample size for the three cities of 24 ECEC institutions (12 intervention group and 12 control group). For both groups, 5 ECEC centres will participate in Valencia, 4 in Murcia, and 3 in Toledo. Assuming that there are approximately 13 toddlers in each classroom, a total of 130 toddlers will participate in Valencia, 104 in Murcia, and 78 in Toledo. The inclusion criteria for the toddlers are: aged 14 to 22 months, regularly attending the ECEC centre, ability to walk independently, of typical development, and with parents who give their consent.
Randomization
The allocation of ECECs to the intervention versus control group will be randomised in a blinded procedure at the end of the first year, following the baseline assessment. Once ECEC centres meeting the selection criteria are identified, they will be randomised to one of the trial arms (SPSS version 28.0).
Experimental intervention: characteristics of the movement and music programme
A multi-component, multi-level programme (MoviMusic) will be designed and implemented in each city by the 12 ECEC centres in the intervention group. Accompanied by members of the intervention team, the educational community will be empowered to identify areas for improvement and make the necessary changes in their centres. In addition, the intervention programme will aim to address the main barriers and facilitators identified during the first year (baseline assessment) in relation to movement and music curricular practices. The programme will have three axes: 
(1) Training. Educators and families will actively participate in a series of seminars and training workshops on the promotion of PA as a healthy behaviour and the use of music as a didactic resource to strengthen holistic education both inside and outside ECEC. The main results of the baseline assessment of the correlates of movement behaviour will be shared with the educational community. Training activities will be implemented once the information from the diagnostic phase has been collected, i.e. 6 months after the start of the study. 
(2) Participation. Each ECEC institution will be supported as they design a movement and music programme to offer children better opportunities to learn about the body, its possibilities of action, and musical skills. The training and participation axes will be implemented over a period of two months (at the beginning of the second year). The intervention, despite having general guidelines for all ECECs, will be flexible enough to allow each ECEC centre to identify their own needs and consider local sensitivities. We consider that this is the only way to ensure that each ECEC institution is sufficiently involved to benefit from of the project. 
(3) Implementation. The specific actions of the MoviMusi Programme will be put into practice in each ECEC institution. These specific actions will be implemented from the second year onwards and will run until the end of the second year. Finally, at the end of year 2, the impact of the intervention programme on the primary and secondary variables will be evaluated, and the results will be shared with other ECEC institutions and educational authorities so that they inform the development of public policies in curricular design and teacher training. 

Each of these axes will be coordinated by a member of the research team, who will be responsible for making the activities of each axis more dynamic, with the support of other members of the team.
Control group
In the three cities, 12 ECEC institutions will participate in the control group. The centres will follow their usual curricular programme and will be visited to identify the curricular movement and music practices they are implementing, to assess the quality of the school environment and to measure PA, gross and fine motor skills, and music skills at baseline and at the end of the study.
Outcome measures
Primary outcome measure
Three main outcome variables are envisaged: (a) movement behaviour (PA, sedentary behaviour, and sleep time); (b) gross and fine motor skills; and (c) musical skills.
Secondary outcome measures
For toddlers, secondary outcome variables are: (a) MVPA, total PA and sedentary time during outdoor play and structured PA sessions; (b) play patterns during outdoor free play; and (c) movement and music behaviours after ECEC hours.
For families, secondary variables are: (a) perceived barriers and facilitators to PA in young children; (b) perceived barriers and facilitators to the inclusion of music at home; and (c) the means of transport to ECEC settings and barriers to active commuting. 
For ECEC educators, the secondary variables are: (a) perceived barriers and facilitators for the inclusion of movement and music as curricular practices in the ECEC institution; (b) perceived impact of the implementation of the movement and music programme.
Finally, for the ECEC setting, the secondary variable is the quality index of the ECEC environment.
Instruments
Identification of sociodemographic variables
Families will be asked to complete an ad hoc questionnaire to collect sociodemographic data.
Anthropometric measurements
Height and weight will be measured using standardised procedures. Children will be weighed (kg) using a portable scale without shoes or heavy clothing, and their height (cm) will be measured using a portable stadiometer without shoes. The BMI z-score will be assessed using World Health Organization (WHO) reference data, and the children will be classified as underweight, normal weight, overweight, or obese, using reference data from Cole et al. (Cole & Lobstein, 2012).
Measurement of PA
Accelerometry (Actigraph model) will be used to objectively assess PA. Children will wear an accelerometer for one week during ECEC hours. Accelerometer data will be downloaded and converted to 15-s epoch files using ActiLife software (version 6.4, ActiGraph Inc, Pensacola, FL, USA).
Gross and fine motor skills evaluation
Participants' motor skills will be assessed using the Peabody Developmental Motor Scales, 3rd edition. The  PDMS-3  is  a standardized instrument to assess both gross and fine motor skills. 

Assessment of musical skills
[bookmark: _GoBack]Musical skills will be assessed using a observational approach based on the five fundamental musical processes (listening, singing, instrumental interpretation, improvisation/composition and movement) (Miyamoto, 2007). 
Observational System for Recording Physical Activity in Children
The OSRAC-P is a direct observation system designed to collect information about children's PA and the contextual circumstances surrounding it. We will use a modified version of the OSRAC-P to assess young children's PA behaviour during unstructured outdoor play.
Assessment of school quality with regard to curricular practices in movement and music
We will apply the Infant/Toddler Environment Rating Scale (ITERS-3) (Harms et al., 2007), which was designed to evaluate the quality of the ECEC setting for children aged 6 weeks to 30 months. The ITERS-R covers different aspects of quality: physical layout, materials and activities, routines, supervision, interaction, and planning.
Movement behaviours after ECEC hours
The Preschool-aged Children's PA Questionnaire (Pre-PAQ) (Dwyer et al., 2011) is a questionnaire designed to measure habitual PA and sedentary behaviour in the child's home environment.
Modes of transport to and from ECEC institution
The modes of transport used for commuting to and from the ECEC centre will be evaluated through a questionnaire (Martínez-Bello, Vega-Perona, Estevan, et al., 2023; Terrón-Pérez et al., 2018).
Barriers to active commuting
Barriers to active commuting will be assessed using an adapted version of the BATACE scale (BArreras en el Transporte Activo al Centro Educativo in Spanish, translated as: barriers to active transport to educational centres) for preschool and toddler parents (Martínez-Bello, Vega-Perona, Estevan, et al., 2023; Terrón-Pérez et al., 2018). 
Environmental characteristics
At each ECEC institution, the playground area (m2) will be measured using maps from Google Earth and analysed using Geographic Information System software (ArcGIS 10.2). Playground density (toddlers/m2) and total free play space (m2) will be calculated, as described elsewhere (Gubbels et al., 2018; Terrón-Pérez et al., 2019). 
Focus groups with educators
In each ECEC setting, educators will participate in two focus groups, one at baseline and another following programme implementation, to gather their perceptions about the place and purpose of movement and music practices in their classrooms.
Focus groups with families
In each ECEC setting, families will participate in two focus groups, one at baseline and another following programme implementation, to find out how they promote opportunities for movement and music practice, to the presence of music in their daily life and musical motor expectations, as well as their perceptions of barriers and facilitators to movement and music practice outside of school hours. 
Identifying the role of the public administration in promoting movement and musical skills in ECEC
A content analysis of the official curriculum will be performed to analyse the strategies adopted by the authorities to promote movement and musical practices in ECEC. Similarly, at the end of each project year, representatives of the educational authorities will be invited to the meetings disseminating the results, where the outcomes of the different phases of the project will be shared.
Qualitative data analysis
The data from the focus groups will be analysed through a qualitative approach. Pseudonyms will be used to protect the privacy of the participants. Themes will be identified using a deductive coding scheme with pre-categorisation and categorisation of data.
Ethical considerations 
Study approval will be sought and obtained by the Ethics Committee of the University of Valencia, respecting the Declaration of Helsinki. Once the centre’s principal has been informed of the study, a meeting will be held with the educators. Parents will sign a written informed consent authorising their participation and that of their children.
Statistical methods 
A descriptive analysis of the different study variables (means, standard deviations, percentages, etc.) will be carried out, as well as the correlations between the aforementioned variables. Similarly, differential analyses of the study variables (PA, motor skills, musical processes) will be performed, taking into account the different sociodemographic variables to be analysed (e.g. gender, age, ECEC institutions, etc.). Contingency tables and chi-square statistics will be used to analyse the direct observation of PA levels.
Identification of critical points and contingency plan
The following potential challenges have been identified, and strategies to avert or overcome them devised. (a) The implementation of research and innovation programmes in cooperation with ECEC institutions must respect the internal culture of the centres. The research team will proactively inform the ECEC institutions that the intention of the project is not to impose specific curricular activities, but rather to support directors and educators in making their own decisions and adapting their educational activities and strategies. (b) The lack of commitment from families to complete the information requested in the questionnaires may be a challenge, highlighting the fact that the research project is the result of a collaboration between the ECEC sector and the university. (c) The loss of information collected through accelerometry may be a conditioning factor, as absences are quite common in the ECEC setting. Nevertheless, educators will be informed about the possibility to continue the measurements on later days, if planning allows it. (d) Although the research team members have close contacts with the public administration offices in each of the participating cities, the dynamics of communication with these authorities may have a different pace compared to the communication between university actors. e) Implementing this project in three different capitals may be difficult. However, one member of the project team will be responsible for each city and will be accountable for performing the various measurements and activities of the project.
Dissemination
The dissemination of the project results will take place at three levels. The first level will take place at each ECEC institution, sharing both the outcomes of the baseline assessment and those of the evaluation of the implementation of the movement and music programme. At the second level, a joint social event will be organised to disseminate the results of the baseline assessment for the three cities. This event will be open to the public and free of charge. Similarly, when the schools have started to adopt the intervention programmes, the main characteristics of these programmes will be shared. At the third level, following the assessment at the end of the programme implementation, the impact of the programmes will be disseminated through a conference open to the public. Finally, the research team, in collaboration with the ECEC institutions, will prepare a set of guidelines for good practice to promote opportunities for movement and music, which can serve as an example for other ECEC institutions and for the development, implementation, and evaluation of population-level policies in ECEC settings.
Discussion 
Recognising that the early years of life are critical for motor, cognitive, and emotional development, this research project aims to fill a knowledge gap during a period of childhood that has rarely been explored, either nationally or internationally (1-3 years), and to position movement and music teaching practices as key contexts in the curriculum development of infant and toddler education. Carson et al. (2023) (Carson et al., 2023) suggested that a highly desirable line of future research would include the measurement of how interventions change the composition of movement behaviours, as well as the development and evaluation of movement behaviour interventions with children aged <3 years (i.e. infants and toddlers). Therefore, carrying out a baseline assessment; designing a holistic movement and music programme intervention through participatory means; and subsequently evaluating its impact on movement correlates, GMS, and music skills can generate knowledge to guide better curriculum practice and policy both nationally and internationally.
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