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Abstract: Background: Fundamental movement skills (FMS) underpin children’s physical activity 

and healthy development, yet few observational tools capture the specific movements children 

demonstrate during child-led outdoor play, including outdoor loose parts play (OLPP). Purpose: 

Our purpose of this study was to develop and pilot Movement Observations during Play (MOP), 

an observational measure designed to document school-aged children’s FMS during play and 

examine its preliminary inter-rater reliability (IRR). Methods: MOP was developed through a 

review of relevant literature and adaptation of the Observational System for Recording Physical 

Activity in Children-Environmental (OSRAC-E). OSRAC-E movement categories were expanded 

to include 14 additional distinct movements, and 15 FMS were added based on the literature, 

stakeholder consultation, and iterative reliability rounds. MOP was then used in field-based 

observations across four outdoor play sites in Nova Scotia, Canada with children between the ages 

of 3–12 years. Two observers independently recorded children’s movements occurring within 15-

second play events, and IRR was assessed across sites. Results: MOP captured 46 unique FMS 

across locomotor, object control, and stability categories. During reliability rounds, 40 of 46 skills 

(86.9%) were observed, suggesting the measure captures a broad range of movements expressed 

during outdoor play. Agreement for recording at least one of the same movements within a play 

event was high across sites (κ = 0.93–0.98; overall κ = 0.96). Observers also consistently recorded 

two of the same movements within a 15-second play event. Agreement for three or more matched 

movements was lower and more variable. Additional analyses showed strong consistency for 

commonly observed movements such as walking, standing, running, carrying, and holding, with 
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agreement improving across sites over time. Conclusions: MOP shows promise as an observational 

measure for documenting a wide range of FMS during child-led play, including OLPP, and for 

examining how children express movement in these play contexts. 

Keywords: children; fundamental movement skills; loose parts; outdoor play; observations  

 

Abbreviations: FMS: fundamental movement skills; PA: physical activity; OLPP: outdoor loose parts 

play; BM: behavioural mapping; PLEY: physical literacy in early years; MOP: movement observations 

during play 

1. Introduction  

1.1. Fundamental movement skills (FMS) in the context of outdoor play 

Outdoor play offers endless opportunities for movement, helping children develop fundamental 

movement skills (FMS), which are associated with increasing physical activity (PA) and supporting 

overall physical health in childhood [1–3]. FMS are the foundation for more advanced movements 

required for PA, sports, games, and exploration [4]. Drawing from the work of Goodway and 

colleagues [4], FMS include locomotor skills, object control/ball/manipulative skills, and 

balance/stability skills. Locomotor skills are defined as movements where the body travels through 

space between two distinct points and include movements such as walking, running, and jumping. 

Object control skills involve movements where the body interacts with objects, manipulating them and 

using their movements to guide the object between two spatial points. Balance/stability skills are 

centered around limb-based motions and include movements such as balancing, stretching, and 

bending. FMS develops through maturation, instruction, habitual activit ies such as walking, and 

physical activities like outdoor play and sports [4]. These types of movements are important for 

fostering PA participation. 

1.2. Association between outdoor loose parts play (OLPP) and children’s FMS 

Adding loose parts (LP) to children’s play environments is hypothesized to enhance the diversity 

of play, and foster inventiveness, creativity, and discovery [5]. LP are characterized as “natural or 

manufactured materials with no specific set of directions that can be used alone or combined with other 

materials, moved, carried, combined, redesigned, lined up, and taken apart and put back together in 

multiple ways and used for play” [6]. In the context of play, LP can offer a wide range of opportunities, 

enabling children to interact with materials in diverse and imaginative ways that suit their interests, 

needs, preferences, or motivations [5]. Children can perceive and use LP in ways that suit them and 

their play needs, contributing to diverse use of FMS.  

Several studies, predominantly comprising quasi-experimental and observational research, have 

explored the value of outdoor loose parts play (OLPP) to children’s health and development, particularly 

their movement skill development [5,7–13]. Findings demonstrate that children move in diverse ways 

and use a combination of movements when engaging in OLPP, leading to the development of more 

intricate movement patterns [7]. In a study examining the impact of an OLPP intervention on 
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preschoolers’ physical literacy (Physical Literacy in the Early Years (PLEY) project) [14], the repetition 

of movements enabled children to practice FMS, learn from mistakes, and build confidence, which 

motivated them to engage in more diverse movements [7], supporting their physical literacy [8]. While 

the findings demonstrate the value of OLPP in supporting children’s FMS development and broader 

concepts like physical literacy, they are based on educators’ perceptions of children’s movements 

during OLPP. The authors note how typical quantitative assessments of children’s FMS (e.g. , Test of 

Gross Motor Development-3) [15] may not be appropriate for examining the role of OLPP in children’s 

FMS development, as they do not include many of the movements that children engage in during this 

type of play (e.g., pulling, pushing, carrying, and lifting) [8]. 

1.3. Observational approaches to understanding outdoor play 

Observational methods have been used to provide valuable insights into outdoor play [5,9,10,16–18] 

and have the potential to enhance our understanding of FMS, especially during OLPP. One approach 

to systematic observation is behavioral mapping (BM), which involves direct observation and 

recording of behaviors occurring in a particular setting at a specific time [19]. BM enables researchers 

to gather a comprehensive record of behaviors exhibited in the space being used and identify patterns 

and trends of particular behaviors [20]. Measures such as the Tool for Observing Play Outdoors 

(TOPO) [21] have been used with the BM approach, and have enabled researchers to collect 

quantitative behavioural and environmental data, enhancing our understanding of the dynamics and 

patterns of play in these settings. 

The TOPO tool is an observational tool developed to capture children’s play behaviors in outdoor 

settings [21]. The TOPO tool has well defined, distinct outdoor play typologies, and physical play is a 

focus of the measure [21]. The significance of examining physical play lies in the extent of PA involved 

and the variety of movements children engage in. This category of play behavior includes four sub-

types of physical play: fine motor, gross motor, vestibular, and rough and tumble play. These subtypes 

capture and examine physical play in a more nuanced manner, specifically how children use large 

muscle groups (e.g., gross motor) and smaller muscle groups (e.g., fine motor), along with their 

vestibular systems (e.g., balancing on one foot or climbing), during play activities. 

While the TOPO tool is valuable for understanding the contribution of OLPP to broader 

movements, it does not provide a high level of specificity of FMS that children demonstrate during 

OLPP. For example, as outlined in Loebach and Cox’s paper [21], gross motor skills include activities 

such as climbing, running, throwing, catching, lifting, or carrying. The TOPO’s play typology would 

not be able to identify these specific FMS, nor the FMS category they fell into (e.g., locomotor and 

object control); rather, FMS would be amalgamated into the category of gross motor skills. Identifying 

specific FMS and categories of FMS that children engage in during OLPP ensures a more profound 

understanding and appreciation of OLPP’s contribution to children’s FMS development, including the 

movement pattern complexity that OLPP appears to foster.  

Our purpose of this paper is to describe the development process of Movement Observations 

during Play (MOP), an observational measure that can be used to document the FMS that school-aged 

children engage in during OLPP. We also report preliminary field-based inter-rater reliability for MOP 

using a BM protocol and explore how piloting MOP within BM can inform refinements to future 

observational procedures. 
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2. Methods 

In the following section the development process of an observational measure of children’s FMS 

during outdoor play and outline the procedure for piloting it in the field. In Phase 1, we outline the 

process of identifying observational tools for recording children’s FMS within play contexts through 

a literature review. In Phase 2, we provide an overview of how FMS were identified for the 

observational measure, using literature and data reviews. In Phase 3, we describe the selected sites for 

piloting the observational measure, the designated observers, and the preliminary reliability rounds 

conducted to assess initial inter-rater reliability. 

2.1. Phase one: Literature review 

A literature review of observational tools used to measure children’s FMS was conducted to 

develop an observational measure tailored to observing the specific movements (FMS) children engage 

in during outdoor play, including OLPP. Consultations were conducted with a university librarian 

(SM), and medical subject heading (MeSH) terms were identified to assist with the literature review. 

MeSH terms are keywords that help identify articles relevant to a particular research area. MeSH terms 

such as “fundamental movement skills”, “outdoor play”, and “motor skills” were used when 

conducting this review. Tools that assess children’s FMS through observation were used to inform 

which movements are typically included in these tools. This served as a reference point to ensure that 

the observational measure captured a comprehensive range of FMS. This review also helped determine 

which tools are most appropriate for use in outdoor play and OLPP contexts, and how they can be 

modified to better reflect the unique characteristics of these contexts.  

2.2. Phase two: Establishing FMS in outdoor play 

In Phase two, we focused on establishing the specific FMS typically seen during outdoor play, 

including during OLPP, and integrating them within the adapted observational measure. Building on 

the initial literature search, an additional literature review was conducted, specifically focused on FMS 

exhibited by children during outdoor play, with a particular emphasis on movements associated with 

OLPP. To guide the identification and classification of movements, we adopted the FMS framework 

defined by Goodway and colleagues [4]. According to this framework, FMS are categorized into three 

domains: locomotor skills (e.g., running, jumping, skipping), object control skills (e.g., throwing, 

pulling, kicking), and stability skills (e.g., balancing, squatting, kneeling) [4]. These domains and 

definitions provided consistency throughout the review and were used to inform the selection of 

relevant movements and the structure of the adapted observational measure. The selected FMS 

framework reflects a widely accepted categorization of movement, making it an appropriate way to 

understand FMS in children. Additionally, this framework includes stability skills as a distinct category 

alongside locomotor and object control skills, enabling a more comprehensive understanding of the 

full range of movements children use during OLPP.  

The review was conducted between January 2021-September 2021 using the following databases: 

PubMed, Google Scholar, EBSCOhost, and CINAHL. Search terms included variations and 

combinations of the following keywords: fundamental movement skills, outdoor play, outdoor loose 

parts play, physical literacy, movement, locomotor, object control, stability, gross motor, and fine 
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motor. These terms were selected to capture broad and specific conceptualizations of FMS in the context 

of outdoor play and OLPP. Various approaches used in previous studies to examine OLPP and describe 

children’s movements were identified and used to inform the development of the MOP by helping to 

identify and categorize the types of movements children typically exhibit during OLPP [9–12,18].  

In addition to the literature review, qualitative focus group data collected from the PLEY 

project [7,8,12,13], which centered on early childhood educators’ perceptions of OLPP, were 

examined. Within focus groups, educators discussed the OLPP intervention and its influence on 

children’s physical development, specifically their movements, including FMS used within p lay 

activities. A content-focused review of the transcripts was conducted by the author, with attention to 

educators’ descriptions of children’s movement patterns, including specific FMS used during OLPP. 

The author systematically extracted and documented references to different types of movements 

children were observed using during OLPP. To complement this, videos captured during a PLEY 

knowledge dissemination event were also reviewed by the author [22]. These videos were analyzed 

through close observational review, with the goal of identifying additional movements exhibited by 

children that may not have been mentioned in the focus groups. This analysis provided a list of FMS 

that were commonly observed during OLPP. 

2.2.1. Development process and evidence supporting content of the Movement Observations during 

Play (MOP) measure 

Throughout the development of MOP, several steps were taken to strengthen the measure’s 

content and feasibility for field use. These steps were adapted from Loebach and Cox (2020), which 

described the development of the TOPO observational tool since both tools examine outdoor play 

behaviors [21]. In developing MOP, the authors consulted with Drs. Loebach and Cox to gain deeper 

insight into their approach, particularly during the early stages of tool development. This consultation 

helped ensure that the MOP development process aligned with the methodology used in creating TOPO. 

The development approach primarily focused on incorporating two key strategies: Synthesizing evidence 

through triangulation and peer review or debriefing of the data and research process. 

Triangulation, a method of cross-verifying findings using multiple methods, data sources, or 

perspectives, helps strengthen confidence in the content and its definitions [23]. Triangulation was 

used through various means to develop this observational measure. This included conducting 

literature reviews to identify the appropriate tool for adaptation and to identify additional FMS 

observed during OLPP. Additionally, it involved cross-referencing the PLEY data and gathering 

input from outdoor play stakeholders (researchers, educators, community partners) on MOP.  

Peer review and debriefing of the data and research process were conducted to improve clarity 

of definitions and coding rules of MOP. Throughout the development stages, ongoing discussions 

with outdoor play stakeholders were maintained, fostering a collaborative environment for sharing 

perspectives and collective expertise. This iterative process facilitated the identification of any 

missing FMS and enables the inclusion of additional descriptions to enhance the definition of FMS. 

Together, these steps strengthened the overall quality of MOP. 
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2.3. Phase three: Piloting the usability of the Movement Observations during Play (MOP) measure 

The final phase focused on piloting MOP and collecting preliminary inter-rater reliability data of 

the observational measure in outdoor environments to ensure it could adequately capture the FMS that 

children engage in during outdoor play, including OLPP. Reliability testing was limited to an initial 

assessment of inter-rater reliability, examining agreement between two independent observers during 

real-time field observations. Intra-rater reliability, which examines the consistency of the same observer 

coding the same events at different points in time (e.g., using video recordings) was not assessed. 

2.3.1. Observational approach: Behavioral Mapping (BM) 

We used a BM approach with the observational measure. BM is an observational approach where 

behaviors observed can be recorded at a particular place during a particular time [19]. BM observations 

can be place-based or person-based, depending on the research question [20]. Place-based observations 

focus on the environment, examining how different settings influence behavior [20]. In contrast, 

person-based observations concentrate on individual behaviors and movements, tracking how specific 

people engage with their surroundings [20]. We utilized a place-based approach to pilot the use of 

MOP and how it can be used in different outdoor settings with diverse environmental and playground 

features. Members of the research team received BM training from Dr. Janet Loebach and Dr. Adina 

Cox, who provided guidance on the use of BM approaches in outdoor play settings. This training 

informed the team’s use of place-based observation, scan sampling, and basemap-based recording 

within this study. 

2.3.2. Sampling structure and unit of analysis 

Observations were collected using a 15-second scan of children’s play activities. The unit of analysis 

for inter rater reliability testing was the play event (i.e., each 15-second scan), which was independently 

coded by two observers in real time. Observations were event-based rather than participant-based, meaning 

scans captured whichever child(ren) were engaged in play within the observers’ field of view at the time 

of the scan. Because scanning was event-based, it is possible that the same child was observed across scans 

within a session or across sessions. Child identifiers were not recorded during scanning (particularly at the 

public park site), which prevented confirming the total number of unique children represented in the full 

dataset and quantifying the extent of repeated observations. 

2.3.3. Observer training and practice 

Before preliminary inter-rater reliability testing, observers completed training and practice 

sessions to support the consistent use of MOP in real-time outdoor play settings. This phase focused 

on testing and refining the proposed observational measure prior to field-based reliability rounds. To 

enhance the observation and coding of children’s movements (FMS), the research team engaged in 

coding practice using outdoor play videos provided by Dr. Loebach and Dr. Cox as part of the BM 

training module. 

During the training sessions, the lead author presented 15-second videos of children playing with 

LP materials. Each video was viewed twice. After viewing each video, coders independently 
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completed the Google Form by inputting the movements they observed. Once all coders submitted 

their responses, the lead author displayed the results to compare coding decisions across observers. 

When codes did not match, coders were asked to explain their coding decision. These discussions were 

used to clarify movement definitions, refine coding decision rules, and determine whether additional 

movements needed to be added to the measure. No study data were collected during these practice 

sessions; rather, the purpose was to familiarize coders with MOP and refine the movement definitions 

prior to reliability testing. 

Online coding practice continued until general consistency was observed among coders.  

Following these practice sessions, coders transitioned to using the tablets that would be used 

during field observations. These sessions enabled coders to become familiar with using the tablets, 

applying the BM protocol in real time, and identifying the location of observed behaviors on the site 

basemaps. Once coders were comfortable using the tablets and identifying behaviors on the basemaps, 

the team proceeded with the preliminary reliability rounds. 

2.3.4. Preliminary reliability rounds 

Preliminary inter-rater reliability of MOP was assessed through multiple reliability rounds at each 

of the four study sites, each consisting of three one-hour sessions conducted over three consecutive 

days. Reliability rounds occurred sequentially, starting with Site A, followed by Sites B, C, and D. In 

each reliability round, two (2) observers watched the same child in the outdoor play space for a span 

of 15-second and then independently used MOP to code the FMS (up to five separate movements) 

demonstrated during the play event. Both observers then collectively moved through the observation 

period by simultaneously observing one child for 15 seconds and, immediately afterward, taking up to 

1 minute to code the FMS observed during that child’s play event. Once coding was complete, they 

moved on to another child and repeated this process over the full 1-hour observation period. A one-

hour reliability round was conducted per day for three days at each study site. The lead researchers 

served as an observer in all sessions, ensuring consistency and continuity across all rounds. The second 

observer remained consistent across sites with the exception of two instances where they were 

unavailable; in these cases, another trained member of the research team substituted to ensure the 

reliability round could proceed as planned. In total, 12 hours of reliability rounds were conducted. A 

detailed description of the observational measure can be found in Appendix A. Data collection for this 

project was approved by Dalhousie University’s Research Ethics Board (REB #2021–5783). 

2.4. Site descriptions 

In total, four sites were selected to conduct the reliability rounds. These sites were chosen based 

on their participation in the overarching study this paper is part of, and their suitability for piloting and 

evaluating the observational measure in diverse outdoor play environments. While all sites supported 

unstructured outdoor play for children aged 3 to 12, they varied in key characteristics such as setting 

(urban vs. suburban), type (public park, school, or childcare center), and the design of the outdoor 

space (e.g., inclusion of fixed equipment, natural elements, or loose parts). This range enabled the 

observational measure to be piloted across outdoor play contexts. 
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2.4.1. Site A: Urban park 

The first site where the observers conducted their reliability rounds was in a large urban green 

space in the city of Halifax, Nova Scotia, Canada. This also included a fixed playground structure, an 

outdoor pool, a baseball field, and walking paths. Children who were visiting the park during the time 

of the observations were observed for the reliability rounds. 

2.4.2. Site B: Urban private school 

Site B was a private school in Halifax, Nova Scotia, with students from Pre-primary to Grade 12. 

The school includes two distinct outdoor play spaces. The first space is dedicated to pre-primary and 

primary school children (ages 3 to 5 years) and features a fixed playground structure placed on a gravel 

surface. This play area also includes trees and bushes, providing natural elements within the 

environment. The second play space is newly renovated and incorporates natural elements such as 

trees, bushes, a large pavement area, and a human-made hill. A fence encloses the play space. This 

play space serves children from Grades 1–6 (ages 6 to 12 years). 

2.4.3. Site C: Suburban childcare center 

This site was the outdoor play yard of an after-school program which serves students from pre-

primary to grade 5 (ages 4 to 11 years). The site has a fixed playground, a large green space, a soccer 

field and a baseball field. The children engage in diverse outdoor experiences, exploring the woods, 

participating in gardening activities, and using LP. Additionally, the site includes a spacious open area 

featuring trees, bushes, and rocks, primarily used by school-aged children (ages 5–11 years). 

2.4.4. Site D: Urban childcare center 

Site D was the outdoor play yard of an after-school program serving children between the ages 

of 5–12 years and affiliated with the Boys and Girls Club, a prominent charitable organization 

dedicated to providing a safe and supportive environment for children and youth. The site has outdoor 

play areas, including a renovated basketball court where the children actively participate in structured 

activities such as basketball. Additionally, a large parking lot serves as a play area, and a small section 

of green space with garden boxes offers another space for children to play. 

2.5. Data analysis 

2.5.1. Analysis of inter rater reliability data 

Data were organized and analyzed using SPSS Version 28 [24]. MOP the recording of up to five 

different movements within a single 15-second play observation. For recording purposes, these were 

entered into five movement fields (Movement 1 to Movement 5). These fields served only as slots for 

documenting multiple movements observed and were not intended to represent the sequence in which 

movements occurred. Because observations involved a 15-second scan, followed by a recording period 

(up to 1 minute), the order in which movements were documented was not treated as meaningful. 
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Observers may have recorded the same movements in different sequences depending on their recall of 

the play event. Therefore, during analysis, movements were matched across observers based solely on 

whether the same FMS was identified within the same 15-second observation scan, regardless of the 

order in which it was recorded. For example, if Observer 1 recorded “running” as Movement 1 and 

Observer 2 recorded “running” as Movement 4 during the same scan, this was treated as agreement 

for that movement. Each recorded movement within the corresponding 15-second scan was therefore 

coded as either “agree” or “not agree.” For instance, if Observer 1 recorded striking, pulling, running, 

lifting, and digging, and Observer 2 recorded walking, running, digging, lifting, and pulling, then 4 of 

the 5 movements were considered to agree. This approach was used to determine whether the same 

movement was identified during the same observational scan, rather than whether it was recorded in 

the same order. 

Kappa statistics were used to assess the preliminary inter-rater reliability of MOP by examining 

the extent to which two observers identified the same FMS within the same 15-second observation. 

For each observation (scan), movements recorded by the two observers were matched to determine 

whether the same FMS had been identified, regardless of the movement field in which it was entered. 

These matched data were then used to calculate kappa coefficients, which estimate the level of 

agreement between observers beyond chance. A kappa value nearing 1 indicates higher agreement and 

greater reliability, whereas a value nearing 0 indicates lower agreement and less reliability [25]. 

Agreement was interpreted as follows: 0.00–0.20, no agreement; 0.21–0.39, minimal agreement; 0.40–

0.59, weak agreement; 0.60–0.79, moderate agreement; 0.80–0.90, strong agreement; and above 0.90, 

almost perfect agreement [25]. 

2.5.2. Descriptive analyses of observer agreement 

Additional analyses were conducted to support interpretation of the kappa findings. These 

included calculation of percent agreement between raters for commonly observed movements, as well 

as examination of the number of shared recordings of FMS, or no FMS, identified by both observers 

within each play event. These supplementary analyses were used to provide a more descriptive 

understanding of observer agreement across scans and to contextualize the kappa coeffi cients, 

particularly for movement categories that occurred more frequently. 

3. Results 

In this section, we present findings from the development and preliminary piloting of the MOP 

measure. It begins with results from the literature reviews that informed the measure’s design, followed 

by findings from the reliability rounds. These include the number of movements recorded using MOP, 

inter-rater reliability results, percent agreement among observers, and the number of shared FMS or 

instances of no FMS observed by both observers during each play event. Additionally, the most 

commonly observed movements are reported. Together, these findings provide insight into the initial 

piloting of MOP and its inter-rater reliability by illustrating how many movements were captured and 

offering guidance on applying the MOP observational protocol effectively in the field. 
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3.1. Development of the observational measure: Selection of a tool for modification 

A total of nine observational tools were identified and considered in the development of MOP. 

These tools were assessed based on specific inclusion criteria: (1) The ability to observe and record 

FMS in the context of outdoor play, (2) inclusion of specific movements (e.g., pulling, jumping) rather 

than prompted or structured movements/tasks (e.g., sliding across a line), and (3) alignment with 

movements typically observed during outdoor play and OLPP that reflect recognized categories of 

FMS (locomotor, object control, and stability). To ensure that the observational measure was 

comprehensive, consultations were held with a research team member (HC) with expertise in 

children’s physical literacy, PA, and OLPP. During these consultations, they reflected on the identified 

tools, their recording methods for FMS, and how these methods fit the context of outdoor play and 

OLPP. After several consultations, the Observational System for Recording Physical Activity-

Elementary School (OSRAC-E) tool [26] was selected for its specificity in recording movement types 

during outdoor play. Developed as an extension of the Observational System for Recording Physical 

Activity-Preschool (OSRAC-P) [27], OSRAC-E collects PA data in elementary school environments. 

OSRAC-P, in turn, was created by integrating and revising two observational systems: the Children’s 

Activity Rating Scale (CARS) and CASPER-II [27,28]. OSRAC-P records a child's activity level (e.g., 

fast, moderate, and stationary) and type of activity (e.g., running, sit ting, walking, and riding) in 

preschool settings while capturing social factors (i.e., initiator of activity, group composition, and 

prompts for PA) and nonsocial environmental circumstances (i.e., child location and indoor and 

outdoor contexts) associated with the activity. Although there are several components to the OSRAC-

P and the OSRAC-E, the only component selected and adapted from the tool for the development of 

MOP was activity type. 

The OSRAC-E tool originally included 17 movement categories [26]. Upon reviewing the 

detailed definitions provided for each of these movements, the researcher identified additional distinct 

movements embedded within these definitions. For example, movements such as kneeling, squatting, 

and sitting were extracted from broader categories of sit/squat and treated as individual movement 

types. Fourteen of these movements were extracted and categorized as individual movement types, 

and an additional 15 (step up, step down, sliding, rolling a ball or object, striking, dribbling with hands, 

dribbling with feet, lifting, holding, carrying, digging, stirring, shaking, balancing, and shaking the 

body) were included from the literature review, consultations with stakeholders, and reliability rounds 

enabling a more detailed and comprehensive observational measure. The MOP now includes 46 

movement types that are organized into the three categories of FMS as outlined by Goodway and 

colleagues [4]: Locomotor, object control, and stability, resulting in 18 movements in the locomotor 

category, 15 movements in the object control category, and 13 movements in the stability category. 

The movements added to MOP were primarily within the object control category. These additions 

included specific actions related to interacting with LP, such as digging or holding objects. A few 

movements were added to the stability and locomotor categories (balancing, shaking (body), step up 

and step down). The final measure, MOP, can be found in Appendix A. 

MOP was developed for use in place-based, outdoor settings to capture children’s natural 

movement during unstructured play. MOP is designed to capture up to five FMS during each 

observation of children’s outdoor play, including OLPP. The decision to allow the recording of up to 

five different movements provides flexibility, considering the dynamic nature of outdoor play and the 

potential for multiple movements to occur during a single observation (scan). The decision was made 
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to use a 15-second scan during the outdoor play activities in alignment with the TOPO protocol [21]. 

In practice rounds, no more than five FMS were observed in a 15-second scan. Notably, there is no 

hierarchical order (e.g., the time and sequence of the observed FMS), which provides flexibility to the 

observer; the FMS observed during a 15-second scan do not need to be recorded in the sequence in 

which they occur. The observer simply records all FMS that they observed during the child’s 15 -

second of play. The decision not to include a hierarchical order in the measure’s design is to enable 

observers to simply watch the child’s play unfold and then take time afterward to record those FMS 

they saw the child using within their play, rather than trying to record the sequence of FMS that are 

being used in real-time (which could compromise the quality of the observation). 

3.2. Pilot testing of MOP 

3.2.1. Overview of movements observed 

A total of 40/46 (86.9%) of the FMS included within MOP were recorded during the reliability 

rounds. The most common FMS observed across all sites were walking, carrying, and holding. 

Observers were extremely consistent in the number of FMS recorded during each 15-second scan 

(difference between observers <1%); 87% of observations had a second movement recorded, 50% had 

a third movement recorded, and 17% had four movements recorded; only 5% of observations included 

five movements. The option of “Other” was available to observers when a movement was observed 

that was not included in MOP. During the reliability rounds, the “Other” category was selected only 

in two scans. 

3.2.2. Descriptive data by site 

Table 1 presents the descriptive data of the observations collected during the reliability rounds. 

While age and gender were not analyzed as part of the inter-rater reliability analysis, they were 

included to provide contextual information about the observed sample. In total, 250 play events were 

observed. The number of play events involving males and females was relatively similar at Sites A 

and B. However, at Sites C and D, males were observed in a significantly higher number of play events. 

A chi-square test was conducted to examine the distribution of gender and grade level across the four 

sites. Results revealed significant differences in gender and grade distributions across sites (χ²(9) = 

438.71, p < 0.001), indicating that the representation of gender and grade levels varied by location. 

Reliability rounds were conducted sequentially, beginning with Site A in April 2022, followed by Site 

B (April 2022), Site C (May 2022), and Site D (May 2022). 
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Table 1. Descriptive data by site. 

 Site A (April 2022) Site B (April 2022) Site C (May 2022) Site D (May 2022) 

 # of play 
events 

% of play 
events 

# of play 
events 

% of play 
events 

# of play 
events 

% of play 
events 

# of play 
events 

% of play 
events 

Total play events  44  70  66  70  

Gender         

Male 22 50.0 36 51.4 39 59.1 55 78.6 

Female 21 47.7 34 48.5 27 40.9 15 21.4 

Null/Incomplete data 1 2.3 0 0 0 0 0 0 

Grade         

Pre-primary-Primary n/a n/a 66 94.3 9 13.6 9 12.9 

    Grades 1–3 n/a n/a 4 5.7 42 63.6 61 87.1 

    Grades 4–6 n/a n/a 0 0 15 22.7 0 0 

Note: N/A indicates data not available.  

3.2.3. Inter-rater reliability of MOP 

Table 2 provides an overview of the preliminary inter rater reliability of the observational measure, 

specifically, the initial agreement among observers in capturing up to five FMS during each 15-second 

observation of children’s outdoor play behavior. The movement entry fields (Recorded 1 of the same 

movements-Recorded 5 of the same movements) represent the recording slots used to document multiple 

movements observed during a single scan and do not reflect the order in which movements occurred. 

Results are presented for each site (Sites A–D) and for the total inter rater reliability (IRR). Total 

reliability round observations ranged from a low of 44 (Site A) to a high of 70 (Site B). 

Table 2. Inter-rater reliability (Cohen’s kappa statistic) by site and number of movements recorded.  

 Recorded 1 of the 
same movements  

Recorded 2 of the 
same movements 

Recorded 3 of the 
same movements  

Recorded 4 of the 
same movements 

Recorded 5 of the 
same movements  

Site A  0.95 0.62 0.31 0.13 / 
Site B 0.98 0.57 0.28 0.09 0.15 
Site C 0.93 0.90 0.43 0.40 0.19 
Site D 0.96 0.97 0.98 0.79 0.76 
Total IRR 0.96 0.78 0.52 0.37 0.49 

Note: Using Kappa statistics, the results show the level of agreement between the two observers. A value between 0 and 0.2 signifies no 

agreement, 0.21 to 0.39 signifies minimal agreement, 0.40 to 0.59 signifies weak agreement, 0.60 to 0.79 signifies moderate a greement, 

0.80 to 0.90 signifies strong agreement, and above 0.90 signifies almost perfect agreement [29].  

The preliminary reliability results indicate a moderate to high level of agreement among observers 

in capturing one or two of the same FMS within a short (15-second) play observation (Total IRR = 

0.96, 0.78, respectively), and declining levels of agreement thereafter (i.e., Recorded 3–5 of the same 

movements; total IRR = 0.52, 0.37, 0.49, respectively). While the inter-rater reliability of the measure 

varied across the four sites (reliability rounds were conducted first in Site A, followed by Sites B, C, 

and D), the level of agreement among observers generally increased over time (that is, IRR agreement 

was generally higher at the last two sites observed).  

To complement the Kappa statistics shown in Table 2, Table 3 presents the percent agreement for 

the most frequently observed movements. While Cohen’s kappa accounts for agreement expected by 
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chance, percent agreement provides a descriptive indication of how often observers coded the same 

movement during observations [25]. Together, these metrics offer a more complete understanding of 

observer consistency [25]. Agreement was high across commonly coded movements, including 

walking (84.9%), standing (83.3%), holding (80.1%), running (95.6%), and carrying (93.2%). 

Agreement was also strong for balancing (91.6%) and very high for sitting (98.4%), squatting (96.8%), 

and jumping (99.2%).   

Table 3. Percent agreement between raters for commonly observed movements. 

Movements Frequency Observed Among Raters Percent Agreement 

Walking 41.8%–45.8% 84.9% 
Standing 30.3%–36.7% 83.3% 
Holding 20.4%–23.5% 80.1% 
Running 21.9%–22.3% 95.6% 
Carrying 15.9%–17.9% 93.2% 

Balancing 12.7%–14.7% 91.6% 
Sitting 12.7%–13.5% 98.4% 
Squatting 9.6% 96.8% 
Jumping 9.6% 99.2% 

To further describe agreement between observers, we examined the number of shared MOP 

movement entries recorded within each 15-second play event across the four reliability sites. During 

each play event, observers could record up to five movements; therefore, agreement was summarized 

based on how many of the five possible movement entries were shared between observers. A shared 

entry was defined as either both observers recording the same movement within the same play event, 

regardless of the order in which it was entered, or both observers indicating that no additional 

movement was observed. Therefore, a score of zero shared entries indicates that the observers did not 

record any of the same movements, or shared absence of movement, within that play event. Overall, 

agreement increased across the reliability rounds conducted from April to May 2022. At Site A, 

observers recorded three to four shared entries in 70.5% of play events, increasing to 74.6% at Site B. 

Agreement improved further at Sites C and D, with observers recording four or more shared entries in 

87.7% of play events at Site C and up to five shared entries in 87.1% of play events at Site D. Full 

agreement across all five movement entries also increased over time, from 11 of 44 play events at Site  

A to 61 of 70 play events at Site D. These findings suggest that observer agreement strengthened across 

the reliability rounds, with observers becoming increasingly consistent in identifying the same 

movements, as well as agreeing when no additional movement was observed during a play event. 

4. Discussion 

Our primary aim of this study was twofold. First, we sought to develop a preliminary 

observational measure, MOP, for recording various FMS as children engage in outdoor play, including 

OLPP, in response to the lack of observational tools designed for this context. Our second aim of the 

study was to pilot MOP within the field and assess the preliminary inter-rater reliability of the 

observational measure. 
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4.1. Development of MOP 

The development of MOP involved several stages, including reviewing observational tools to 

identify those that could be adapted, while incorporating additional FMS identified through the 

literature review, stakeholder consultations, and data review processes. This resulted in the 

identification of 46 unique FMS across three movement categories. Although the OSRAC-E tool 

served as the foundation for MOP, the process of adapting and extending it was critical to the tool’s 

contribution. Specifically, broader OSRAC-E movement categories were unpacked to identify 14 

distinct embedded movements, and a further 15 movement types were incorporated based on the 

literature review, stakeholder consultations, and reliability rounds. These additions enabled MOP to 

provide a more detailed and contextually relevant way of observing movement during outdoor play 

and OLPP than would have been possible using the original broad OSRAC-E categories alone. This 

was important because it enabled MOP to capture a wider range of movement expressions that were 

likely to occur in child-led outdoor play, thereby strengthening its usefulness for research and practice. 

4.2. Pilot testing of MOP 

4.2.1. Most FMS within MOP were observed 

In the reliability rounds, we found that 40 of 46 FMS from MOP were observed, indicating that 

the incorporated movements were relevant and adequately captured the range of children’s FMS. This 

suggests that our literature and data review processes were thorough and effective in identifying the 

types of movements children engage in during outdoor play. While outdoor play is highly dynamic 

and influenced by environmental factors that can afford a wide variety of movements, our results of 

this study suggest that MOP was well-suited to capture the FMS most commonly demonstrated within 

our specific outdoor play contexts. Although other movements, such as pivoting, twisting, or dodging, 

have been noted in different studies and environments [30], the high use of the FMS identified in MOP, 

along with minimal reliance on the “Other” category, indicates that the observational measure 

effectively reflected the movements observed during outdoor play within our contexts. These results 

help validate the process we used to develop a comprehensive observational measure. 

4.2.2. The number of observations per site increased over time 

The number of observations per site varied. This variation was largely due to the research team 

becoming more accustomed to the measure over time. As a result, fewer observations were made at 

the first site, while the highest number was recorded at the last site. Although the observers adhered to 

the 15-second observational scan protocol, they took additional time to record and discuss the observed 

movements to ensure consistency. As a result, during this round, two additional movements were 

added to MOP: step up and step down. This indicates that spending more time enabled additional 

movements exhibited during outdoor play to be identified, which were initially overlooked during the 

practice sessions. Allowing additional time to record and discuss the movements during this round 

demonstrated a deliberate effort by the field team to ensure consistent observation and recording of 

FMS among all observers. This process helped clarify any ambiguities arising from observing outdoor 

play and aligned the observers’ understanding of the different FMS. Identifying two additional 
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movements refined and expanded MOP, making it more comprehensive and capable of capturing a 

broader range of FMS. 

4.2.3. Observers consistently recorded up to two of the same movements, and inter-rater reliability 

increased over time 

Overall, there was substantial inter-rater agreement among observers in recording at least one 

movement within each play observation across the four sites, and most sites show moderate to almost 

perfect agreement for recording at least two movements. In contrast, the agreement among the raters 

for recording three to five of the same movements varied, ranging from weak to almost perfect. Site A 

showed a decline in reliability from recording one of the same movements to recording four of the 

same movements, with a substantial drop from 0.950 in recording one of the same movements to a 

very low 0.133 in recording four of the same movements. Site B showed similar trends, with almost 

perfect agreement for recording one of the same movements to weak agreement for recording two of 

the same movements and minimal to no agreement for recording three of the same movements, and 

recording four and five of the same movements, respectively. Site C demonstrated consistently higher 

Kappa values for recording one of the same movements to recording five of the same movements 

compared to Sites A and B, signaling a more uniform and consistent agreement among observers. This 

improvement could be due to having additional time to practice, as observers had already used the 

observational measure at two other sites. Finally, Site D displayed higher kappa values across 

recording one of the same movements to recording five of the same movements. This suggests a greater 

consensus among observers at Site D compared to the other sites and greater agreement through 

continued practice over time. 

In the development of the TOPO tool, the researchers observed a similar increase in reliability 

over time [21]. During the second round of reliability testing, the researchers made refinements to 

address any coding discrepancies [21]. The overall preliminary inter-rater reliability throughout the 

study from Site A to Site D suggests an upward trend in agreement levels. However, this pattern should 

be interpreted cautiously because reliability rounds were conducted sequentially across sites. As a 

result, improvements in inter rater reliability may reflect increased observer familiarity and practice 

with MOP over time, but they may also reflect confounding differences between sites, including play-

space layout, available play materials and loose parts, environmental characteristics, and the age 

groups or play behaviors of the children present during observation sessions. This pattern may reflect 

the potential influence of ongoing use and practice on reliability, emphasizing the importance of 

familiarity and experience in enhancing observer agreement. However, because observer practice and 

site-level differences could not be disentangled in this study, this interpretation should be considered 

a possible explanation rather than a definitive conclusion. Moreover, including regular feedback during 

practice sessions and opportunities to discuss and align our understanding of the movements we were 

observing and recording and having several practice sessions likely contributed to this improvement. 

The consistent improvement in these preliminary inter-rater reliability results across sites demonstrates 

the value of training and repeated use of the observational measure. The findings also suggest that 

initial discrepancies can be mitigated over time, leading to more accurate and consistent data 

collection. Similarly, it could also reflect the adaptability of MOP to different settings and contexts;  

however, further testing is needed to confirm its robustness and versatility. 
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4.2.4. Observers appeared most consistent when identifying at least one shared movement  

The almost perfect agreement for recording one of the same movements suggests that observers 

were able to reliably capture at least one of the same movements during the short (15-second) play 

observation; the level of agreement between observers weakened as the number of recorded 

movements increased. High reliability for recording one of the same movements may suggest that 

observers were well-acquainted with the 46 different FMS included in MOP. This familiarity may have 

supported their ability to identify and select the observed movement during the 15-second scan, which 

highlights the importance of practice and familiarity with MOP before its application in the field. The 

progression in inter-rater reliability for recording two of the same movements may also suggest that 

over time and with practice, observers were able to recall at least two movements during each 

observational scan. Similarly, during a 15-second scan, the number of movements the observer can 

observe and the observer’s natural limitations in recalling and recording these movements come into 

play. The results indicate that despite these constraints, both observers could reliably identify and recall 

at least two movements performed during the play observation. This finding supports the assumption 

that during short, discrete moments of play (15-second), there is a high likelihood that two trained 

observers will detect and record at least two of the same movements. However, as the complexity of 

play increases, often characterized by rapid or overlapping movements, the likelihood of full 

agreement between observers may diminish. There may have been lower reliability in recording three 

to five of the same movements, where movements occurred simultaneously or overlapped, making it 

challenging for observers to isolate and identify specific movements. Therefore, it is essential to ensure 

that observers are familiar with all 46 types of movements in MOP and can identify these movements, 

especially in combination with other movements. Similarly, using additional methods, such as video 

recording or including an open-text within MOP to briefly narrate the observed play during the 15-

second scan, may help capture movements missed during the 15-second scan. 

4.2.5. Observers were consistent in recording typical FMS used during outdoor play 

In addition to the kappa statistics, percent agreement was examined for the most frequently 

observed movements to provide a descriptive indication of observer consistency. High percent 

agreement was observed for commonly coded movements, including walking, standing, running, 

carrying, and holding, as well as for stability-based movements such as balancing, sitting, squatting, 

and jumping. Agreement was particularly high for several movements (e.g., jumping and sitting), 

suggesting that observers were consistently able to identify clearly defined and visually distinct 

movements during the short observations. These findings complement the kappa results by 

demonstrating that while agreement for recording three to five movements was lower, observers were 

nonetheless highly consistent in identifying the most frequently occurring movements during play. 

4.2.6. Most play events involved one or two movements, despite the capacity to record up to five 

The findings suggest that when observing outdoor play, particularly with LP, up to two 

movements were typically recorded. This trend is also reflected in the data, where observations 

involving the recording of one movement or two movements were most common. Additionally, the 

analysis of play events showed that over time, there was an increasing consensus regarding the number 
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of movements observed (or not observed) across all five categories during each play event. This 

indicates that both observers consistently recorded up to two movements while consistently not 

recording three to five movements.  

Together, these results suggest that observers were generally consistent in identifying common 

movements, but that capturing multiple movements within a brief observation period remained      more 

challenging. Despite these challenges, the decision to enable the recording of up to five movements per 

15-second observation was appropriate, as children’s play is often complex and fluid, involving 

transitions between movements or multiple movements occurring at once. Moreover, environmental 

factors such as the design of the outdoor play space or the presence of loose parts can influence the types 

of movements children use, as noted by Lim31. Allowing up to five entries per observational scan 

enables observers to capture this dynamic range of movements, given the environment they are in.  

4.2.7. Loose parts may increase movement complexity and observational challenge 

A discrepancy was noted in the number of observational scans between observers at Sites B and 

C. Unlike the other two sites, these locations included a diverse range of LP, such as balls and skipping 

ropes, integrated into their play spaces. This suggests that the presence of LP may involve a greater 

variety of movements within a single play event, which could make observational scans more 

challenging. The complexity of movement involved in LP, such as the greater variety of movements 

or the use of different movement skill sequences, can lead to differences in how observers interpret 

and record the type of movement. Therefore, when observing a setting with LP, it is important to 

provide ample time for recording the movements observed, and ideally the observer should be in a 

location where they can visibly observe the child engaging with the LP to ensure the accuracy of the 

recorded movements. 

4.3. Implications of the Movement Observations during Play measure 

The development of MOP is significant as it aims to provide a better understanding of how 

outdoor play spaces, specifically those incorporating LP, may support the development of FMS in 

children. This observational measure represents an innovative approach to studying FMS within 

the context of outdoor play and OLPP. Our findings from this study provide preliminary support 

for the inter-rater reliability and feasibility of MOP across outdoor play settings and over time. 

However, because formal criterion and construct validation were not conducted, these findings 

should be interpreted as an initial step in the development of the measure rather than evidence of 

full measure validation. As with any observational measure, its effectiveness in practice is 

strengthened through repeated use and observer familiarity. Regular training and practice with the 

MOP measure may improve observer accuracy and consistency, especially when used in dynamic, 

fast-paced play environments.  

Examining the FMS children use during outdoor play has the potential to offer valuable insights 

into how to support and enhance their physical development. Understanding these skills in the context 

of outdoor play, including OLPP, may help researchers and practitioners better understand how 

environmental affordances can facilitate physical growth and encourage more PA participation. Prior 

research indicates that OLPP can significantly enrich children’s development by providing 

opportunities for movement [7,8,13]. Environments featuring elements like climbing structures, LP, 
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and open spaces enable children to engage in many FMS, such as balancing, jumping, throwing, and 

climbing. These dynamic settings may provide opportunities for children to practice and refine motor 

skills, build confidence, and increase motivation to engage in physical activities, which may contribute 

to their overall physical literacy. However future validation work is needed before broader claims can 

be made about the use of MOP in intervention design, practice, or outdoor play space planning. 

5. Conclusions 

In conclusion, this study provides an observational measure, MOP, tailored to capture FMS in 

school-aged children during outdoor play and OLPP. We outlined the comprehensive process of 

developing the measure, informed by a thorough literature review and data analysis, to include 

movements that are typically used during outdoor play and OLPP. The results of the rounds 

demonstrate preliminary support for the inter-rater reliability of MOP, with moderate to high 

agreement for recording up to two movements within a short (15-second) observational scan of 

children’s outdoor play and notable improvements in reliability with continued practice of the measure. 

Additional agreement analyses strengthened this interpretation by showing high observer consistency 

for commonly observed FMS, including movements typically seen during outdoor play. These 

analyses also suggested that most play events involved one or two recorded movements, indicating 

that MOP was able to capture the movements most frequently expressed during play while enabling 

the documentation of additional movements during a single play event. By including 46 unique FMS 

in MOP, many specific to OLPP, this comprehensive measure enables diverse FMS that emerge during 

children’s outdoor play and OLPP to be documented and explored. Together, these findings support 

MOP as a promising observational measure and highlight the importance of observer training and 

practice in achieving consistent outcomes. When using MOP, the duration of the observation period 

may impact the detail and accuracy of the recorded behaviors. It is important to consider additional 

methods that could help capture this, such as video recording or field notes. Overall, this research 

contributes valuable insights into how children’s FMS can be observed and understood during outdoor 

play and OLPP. It also offers a movement-specific observational measure to support future research 

and interventions aimed at promoting children’s movement in outdoor play settings.  

The strengths and limitations of this study 

One of the strengths of the MOP measure is that it provides a detailed breakdown of play behaviors 

into specific FMS exhibited during outdoor play, including OLPP. Although initially developed in the 

context of OLPP, this observational measure can be used to understand movements during outdoor play, 

given the similar nature of these types of activities. The high level of specificity of MOP enhances our 

understanding of movements during this type of outdoor play, enabling the opportunity to identify FMS 

that emerge, and providing a means to explore their contribution to children’s health.  

MOP also offers versatility in usage. For example, it can function as a standalone direct 

observational measure or be integrated with other observational approaches like BM. It caters to 

researchers aiming to understand children’s FMS during outdoor play or OLPP and practitioners 

working with children, providing insight into how outdoor play spaces and the affordances within these 

influence FMS. Furthermore, while MOP was designed with outdoor environments in mind, its 

comprehensive list of 46 FMS means it could easily be adapted for indoor play environments. For 
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instance, it could be utilized to observe and record movements facilitated in indoor settings such as 

gymnasiums utilizing LP, play centers, or activity spaces. Data collected from MOP may provide 

insight into the types of FMS occurring in a specific play space, informing the design of indoor and 

outdoor environments. The data collected from MOP can also inform the curriculum of programs 

aimed at children, guiding the selection of activities and equipment that promote movements.  

A key strength of MOP is that it builds upon a published and validated observational measure, the 

OSRAC-E, which has been widely used to observe children’s play in elementary school settings [26]. MOP 

extends the utility of OSRAC-E by categorizing movements into FMS categories, locomotor, object 

control, and stability, and by adding additional movements that are commonly observed in outdoor 

play and OLPP. While no formal validation procedure (e.g., criterion or construct validation) was 

conducted for MOP, several steps were taken to ensure that the movements included were 

representative of those commonly used during outdoor play and OLPP. The development of MOP 

followed a comprehensive process modeled after the tool development approach described by Loebach 

and colleagues [21]. While we acknowledge that a formal validation study was beyond the scope of 

this paper, we view this as an important next step and have identified it as a limitation and future 

direction for further development and evaluation of MOP. Moreover, researchers should focus on 

establishing these comprehensive psychometric properties, echoing the validation pathways utilized 

by established play-based learning and development assessment batteries [31]. 

A limitation of MOP is its inability to capture the sequence of movements, as there is no 

hierarchical structure for recording them. While this lack of hierarchy enables flexibility in observation, 

it also means we cannot see how different movements are used together or in sequence. To address 

this issue in future studies, incorporating video or voice recordings, or written descriptions of each 

play event, could help reveal the context and sequence of movements. Understanding the sequence in 

which children use different movements could offer deeper insights into their physical development.  

Similarly, MOP does not provide details on the proficiency of the observed movements. While 

understanding movement proficiency is crucial for assessing how well children perform skills, most 

tools that evaluate FMS do so in a structured manner, such as asking the child to run or skip [32]. 

Although this structured assessment is important, it can sometimes feel unnatural to the child. In 

contrast, an observational measure that examines various FMS during outdoor play, including play 

with LP, addresses this gap in the literature. This enables us to observe FMS in a natural setting, 

providing insights into how children use these skills in their everyday play. 

A key limitation of this study is that only preliminary inter-rater reliability was examined. While 

this provides insight into the consistency between observers, intra-rater reliability, the ability of a 

single observer to consistently code the same events across time, was not evaluated. Thus, researchers 

could incorporate video recordings of observational sessions to enable intra-rater assessments and 

further validate the stability of the observational measure over time. 

In addition, formal criterion and construct validation were not conducted in this study. MOP was 

developed through literature review, expert consultation, pilot testing, observer training, and inter -rater 

reliability testing; however, it was not formally compared against an established criterion measure, nor 

were construct validity hypotheses tested. As a result, the findings should be interpreted as evidence 

of preliminary inter-rater reliability and feasibility rather than full validation of the measure. As such, 

researchers should examine criterion-related validity by comparing MOP with other observational or 

standardized movement measures and construct validity by testing whether MOP produces expected 

patterns across play environments, age groups, or intervention conditions. 
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Because the lead researchers participated as an observer in all inter-rater reliability sessions, there 

is potential for expectancy effects and systematic bias in how movement was observed and recorded 

over time. This is a common limitation in direct observation research [33,34], particularly during tool 

development when a primary developer is closely involved in implementation. To mitigate this risk, 

we used a standardized observation protocol, explicit operational definitions, and paired independent 

coding during each scan, followed by structured discrepancy discussions aimed at clarifying decision 

rules rather than aligning judgments to a preferred outcome. That said, there is some degree of 

observer-related bias that may remain. Researchers should include inter-rater reliability testing led by 

observers who were not involved in tool development and incorporate video-based coding to assess 

intra-rater reliability and further reduce the influence of expectancy effects. 

Children were also not individually identified during observations. This approach was consistent 

with the place-based BM approach and enabled children’s movements to be observed in a naturalistic 

and minimally intrusive way. However, this also means that we could not determine whether some 

children were observed more frequently than others or assess the potential influence of repeated 

observations of the same children. As a result, the data should be interpreted at the observation level 

rather than the individual-child level. Researchers could consider approaches that enable individual-

level tracking while maintaining ethical and practical considerations in naturalistic play settings.  

The inter-rater reliability findings should also be interpreted cautiously because improvements 

over time may have been influenced by observer practice and differences between sites. As observers 

became more familiar with MOP through repeated use, coding consistency may have improved. 

Furthermore, each site differed in layout, play-space features, available LP, and the age group or 

complexity of children’s play behaviors, which may have affected the ease or difficulty of coding. 

Therefore, changes in inter-rater reliability across sessions may not reflect observer learning alone. 

Researchers should examine MOP inter-rater reliability across a wider range of sites and play contexts 

to better understand how setting characteristics influence coding consistency. 

Finally, utilizing MOP to capture FMS observed during play is resource intensive. Given the time 

that needs to be allocated to training, practice, and using this observational measure, it could require a 

lot of time and personnel, in terms of training and data collection. Another limitation is the subjectivity 

that comes with observational approaches. Observations inherently carry subjectivity, where the 

interpretation of the observed behavior is based on the observer’s personal experiences and perceptions. 

Although efforts have been made to minimize this bias through detailed descriptions of each FMS, the 

subjective nature of observations remains a consideration. 
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