
REGISTERED REPORT PROTOCOL

Registered report protocol for an e: Health

motor skills and physical activity intervention

in early childhood education centers- e: Motor

skills At Playtime (MAP)

Kara K. PalmerID
1*, Lu Wang2

1 School of Kinesiology, University of Michigan, Ann Arbor, Michigan, United States of America, 2 School of

Public Health, University of Michigan, Ann Arbor, Michigan, United States of America

* palmerka@umich.edu

Abstract

Background

Children have alarmingly low levels of competency in fundamental motor skills (FMS) and

high levels of physical inactivity. e:health interventions, interventions delivered electroni-

cally, are useful tools for intervention in the home through parents, but less is known about

the effects of these interventions in early childhood education centers or settings. Therefore,

we created the Motor skills At Playtime (MAP) e:health intervention (e:MAP) to be delivered

in an early childhood education setting. The goals of this pilot study on e:MAP are to (1)

determine the intervention effects on children’s FMS and physical activity and (2) explore

the teachers’ perceptions and ability to facilitate e:MAP.

Methods

This pilot study uses a pretest/posttest randomized cluster control design. We will recruit

at least 64 children (3.5–5 years of age) enrolled in a single early childhood education

center. Children will be randomly assigned at the level of the classroom to an e:MAP

group (n~30) or a control group (n~30). Children in classrooms assigned to e:MAP will

complete an 8-week intervention. We will collect measures of child FMS and physical

activity, and teacher’s perceptions of the program before (pretest) and after the interven-

tion (posttest). FMS measures include process (Test of Gross Motor Development-3rd

Edition) and product-oriented scores. Physical activity will be assessed using a 7-day

accelerometer wear protocol. Teachers’ perceptions will be assessed through a brief sur-

vey. Lastly, we will collect data on teachers’ ability to facilitate e:MAP through a daily

survey.

Potential significance

This study will yield novel insights into the effectiveness and feasibility of a health interven-

tion in an early childhood education setting. Results from this work will expand our
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knowledge of how to harness e:health modalities, which have the potential to significantly

expand the distribution and scalability of FMS interventions.

1. Introduction

Physical activity (PA) is an essential component of a healthy lifestyle yet alarmingly, only 20%

percent of adolescents meet global physical activity recommendations [1]. The lack of PA is

concerning as physical inactivity is linked to the manifestation of non-communicable diseases

[2]. There are currently predicted to be 499.2 million new yet preventable noncommunicable

diseases occurring by 2030 if physical inactivity is not addressed [2]. Consistent physical inac-

tivity is seen across the lifespan, even in children. Currently, less than half of young children

(i.e., children 3–5 years old) are meeting recommended PA guidelines [3, 4], and only 11.26%

of children this age are meeting 24-hour movement guidelines, which include daily PA recom-

mendations [5]. More locally, it is reported that in the state of Michigan, only 23% of children

currently meet national PA recommendations [6]. Therefore, low levels of PA are both a global

and local concern, and it is paramount we address this problem.

Children need competency in fundamental motor skills (FMS) to be active, but these skills

are frequently overlooked in intervention and programmatic approaches to improve PA. FMS

are gross motor skills that allow children to propel or manipulate their bodies and objects in

space (e.g., running, throwing), and are building blocks for more advanced movement and

engagement in PA [7–10]. FMS are reciprocally and inseparably linked to current and future

PA [11–17]. There is a common misconception that these skills naturally emerge. However,

evidence supports that FMS are not learned in the absence of instruction [18], and approxi-

mately 77% of children have delayed or impaired motor skills [19]. While a child at any age

with a motor delay or impairment is concerning, the early childhood years (3–5 years) are an

important developmental period and are part of the critical window of development for FMS

[7–9]. Due to the developmental nature of these skills, skills learned during this period have

the capacity to support future health, whereas failing to learn these skills at a young age could

have negative ramifications for future health.

Despite this, young children are failing to learn FMS [18–21]. which is alarming from a

public health and developmental perspective. Evidence-based and theoretically grounded

interventions are needed to address these deficits. These interventions should capitalize on the

conceptual and logical link between FMS and PA whereby engaging in FMS is engagement in

PA and gaining FMS competency supports future PA engagement. Encouragingly, successful

interventions have been used to teach FMS to young children [18, 22–26]. These interventions

vary in terms of dose and implementation strategies; however, meta-analytic data supports

that most successful interventions are shorter than 6-months in duration and implemented by

non-school personnel (aka researchers) [22]. While it makes sense that individuals with exper-

tise in motor development would implement highly effective interventions, limiting interven-

tions to those implemented by personnel external to the early childhood education center or

school setting limits the distribution of these programs. Therefore, there is a need to transition

intervention efforts to those that can be completed within school or other settings (e.g., home)

without the researcher’s presence. In the school setting, teachers likely play an important role

in intervention implementation and outcomes. A recent review found that teachers can effec-

tively implement physical education interventions/programs with small to moderate improve-

ments in children’s (ages 5–12 years) FMS [27]. We have also seen several groups working to

capitalize on the potential for teachers and deliver FMS interventions through teachers. For
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example, there is recent work to translate the Children’s Health Activity Motor Program from

a researcher-implemented program in early childhood centers [28] to a school- or program-

staff-led intervention in afterschool settings, a train-the-trainer model [29]. Even though this

work is with older children (i.e., elementary school), physical educators or educators with

some background in movement, and still includes some ongoing research support, this work is

encouraging and demonstrates the timeliness of research efforts to create interventions that fit

within the school setting.

Early childhood education centers have unique challenges that must be addressed when

creating interventions that could be completed in this setting without external support. In the

United States, research supports that teachers in early childhood education have little knowl-

edge about movement guidelines and the importance of structured movement and FMS-build-

ing movements in early childhood [30]. This finding mirrors meta-analytic work from a more

global perspective [31]. In their systematic review and meta-analyses of>2,300 educators in

>260 centers, Jerebine et al [31] reported the two largest barriers early childhood educators

face in implementing movement programs are opportunity and capability. Therefore, inter-

ventions created for this population should be designed to address these barriers. These pro-

grams should fit within current gross motor opportunities within the school and provide

educators with training and resources whilst simultaneously limiting the additional burdens

on teachers or school staff.

To address these barriers while still creating evidence-based interventions, we propose a

change in the modality in which the intervention is delivered. e:health and m:health interven-

tions- interventions that are delivered electronically (e:health) or with the use of mobile devices

(m:health) are powerful tools and could be highly effective modalities to deliver motor skill

interventions in school settings. These interventions may be effective at improving children’s

physical activity behaviors [32, 33], and, currently, there are several m:health interventions

that have improved health outcomes in children such as weight outcomes [34] and motor skills

and physical activity in young children [35, 36]. The Promoting Lifelong Activity in Youth

(PLAY) project is an app-based intervention delivering 12 hours of theoretically grounded

intervention content to children through their parents [35, 36]. Families in the PLAY project

reported improvements in the children’s motor skills [36]. Additional research in schools also

supports that school-based interventions delivered using these e:health or m:health modalities

have positive effects on children’s health behaviors including PA and fruit and vegetable con-

sumption [37]. Thus, e:health and m:health modalities are effective, and more research on how

these modalities could be used to deliver FMS and PA interventions in early childhood educa-

tion settings is needed.

Researchers creating interventions should also carefully consider theoretical underpinnings

to be used in their design. Three of the main theories used in FMS interventions include

Dynamic Systems Theory, Achievement Goal Theory, and Self-Determination Theory [26].

While there is some evidence to support that theoretically, grounded and atheoretical settings

interventions are equally effective for improving motor outcomes [26], researchers should

consider additional benefits of grounding programs in theory. Integrating Achievement Goal

Theory could lead to increased persistence in the face of difficulty [38], positive attitudes

toward learning [39, 40], or belief in the direct positive link between effort and outcome [39,

41]. Therefore, it is arguably better to select and use a theory within the design of intervention

programs to help elicit not only FMS gains but also improvements in non-motor outcomes

that could advantage the learner. One of the most well-researched theoretical approaches in

FMS interventions is integrating Achievement Goal Theory by teaching skills in a mastery-

motivational climate [23]. Interventions using mastery-motivational climates have immediate

and sustained benefits on children’s movement and health outcomes [23]. These programs
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also improve psychosocial outcomes (e.g., self-regulation and perceived competence) linked to

current health and school readiness [42–44].

Interventions using Achievement Goal Theory interventions vary in terms of dose (ranging

from 9 weeks to 9 months [23]. To the best of our knowledge, all but one intervention [45]

designed with Achievement Goal Theory has been implemented by trained researchers. In this

study, a non-motor expert who was still an external person went into the schools and delivered

the program, which was delivered during children’s 30-minute outdoor free play period 3 days

a week for 15 weeks (1,350 minutes total) [45]. The nonmotor expert completed a 6-hour

training prior to the intervention and was responsible for demonstrating all motor skill sta-

tions as well as setting up skill stations on the playground. The non-motor expert did not pro-

vide any additional feedback or instruction on the playground. Due to the instructional

differentiation between the implementation of this program and other work using Achieve-

ment Goal Theory, the authors reported this program a a pseudo-mastery climate. After the

intervention, children who completed this program exhibited positive changes in their loco-

motor skills. This work also reported that the intervention was highly feasible and was imple-

mented correctly the majority of the time (>95% of sessions) [45]. Therefore, FMS

interventions implemented by non-motor experts in a pseudo-mastery climate might be an

important approach to addressing current limitations of the scope of sustainability and scal-

ability. More research in this area is warranted.

There is a particular need for interventions to promote FMS and PA in children who are at

risk for current or future health disparities. There are several risk factors associated with poorer

FMS and PA in preschoolers, including being from a family with lower SES or an ethnic minor-

ity [19, 46–50]. This discrepancy is alarming as these preschoolers are also at risk for other health

disparities, including unhealthy weight status [51, 52], inflammation [53], and poorer future car-

diovascular health [49]. Additionally, children from low-income families are less prepared for

school and underperform compared with children from non-low-income families [54–56].

Movement is central or strongly associated with all these outcomes [57–63]. supporting the

need for interventions to promote both FMS and PA specifically in these at-risk populations.

In conclusion, there is a need for FMS interventions that can be implemented in the

absence of a researcher’s presence. e:Health and m:health interventions to promote FMS are

an emerging and exciting area of research, and more work is needed to examine how these

modalities could be used to deliver FMS and PA interventions in early childhood education

settings. This research is particularly needed for children who are at risk for future health dis-

parities, such as children in federally subsidized early childhood education centers serving

low-income families. This study addresses this need by creating the e:Motor skills At Playtime

(MAP) intervention. e:MAP is an FMS intervention grounded in Achievement Goal Theory

and is specifically designed to be implemented through an e:health modality within early child-

hood education settings. The purpose of this pilot study was twofold. First, we will determine

the effects of e:MAP on health outcomes, including FMS and PA, in children who are at risk

for future health disparities. Secondly, we will gain insight into the usability and potential sus-

tainability of e:MAP within the early childhood education setting by exploring how teachers

perceive the program as well as their ability to facilitate the program.

Goal 1: Determine the effects of the MAP e:health program on children’s health outcomes

(FMS and PA).

Goal 2: Explore teachers’ perceptions of and ability to facilitate the MAP e:health program

within an early childhood education setting.
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2. Materials & methods

2.1. Sample

All children enrolled in preschool classrooms at a single Head Start/Great Start Preschool in

Michigan will be recruited. Based on initial MAP work [45], we completed a sample size calcu-

lation using an alpha level of 0.05 and a desired power of 80% when comparing the two groups

to detect an effect size of Cohen’s d = 0.8 [64]. This estimated effect size represents a meaning-

ful change in children’s motor skills and is higher than meta-analytic reports of average effects

sizes from motor interventions [18, 22]. The calculation yielded a minimum of 54 children

needed (27 per group). To account for 20% lost to follow-up, we will recruit 32 children per

group. We will try our best to minimize the loss of follow-up, and this extra recruitment will

help us maintain statistical power with any unexpected smaller detectable group differences in

the outcome. Due to the nature of research in a school setting, children will be randomized at

the level of the classroom. We will recruit from a minimum of 6 classrooms.

To be enrolled, children must meet the following at the time of study enrollment: 3.5–5.0

years old, able to understand simple verbal instructions in English, and be physically capable

of completing the motor skills assessment. Children who have a physical or intellectual

impairment that would inhibit them from successfully completing the motor skill assessment

will be excluded.

2.1.1 Recruitment

Study recruitment will begin in August 2024 and be completed in three ways: (1) by teachers

using approved scripts during school home visits, (2) by the research team during parent/

school open house events, and (3) through materials distributed through backpacks during the

first month of school. Students will be enrolled on a first-come, first-served basis. If we have

recruited 90 children, recruitment will end, and no additional students will be enrolled.

2.2. MAP e:Health

2.2.1. Theoretical underpinnings. Motor Skills at Playtime (MAP) is a high-autonomy

intervention designed to be implemented within the established gross motor opportunities in

schools [45]. MAP is rooted in Achievement Goal Theory [39, 65–67] and is delivered through

a pseudo-mastery motivational climate. Specifically, a full mastery climate includes six specific

components or structures commonly known as the TARGET structures (task, authority, rec-

ognition, grouping, evaluation, and time) [67] (see Table 1). MAP implements four of the six

target structures (task, authority, grouping, and time) [45]. The two structures not included

(recognition and evaluation) were removed to (1) increase the sustainability and scalability of

the program and (2) fit within the m:health modality. This removal is key as we are asking

teachers and schools to facilitate, not implement, the program; however, by removing these

structures, we recognize we can no longer claim this program as a mastery-motivation climate.

Therefore, we have termed this particular implementation as a pseudo-mastery climate. See

Table 1 for a full description of the TARGET structures and their application and examples of

application in MAP.

2.2.2. Components of e:MAP. The e:MAP program contains two distinct parts: (1)

instructional videos and (2) motor skill activities.

Children will view instructional videos in their classrooms prior to engaging in their estab-

lished gross-motor playtime at the school. This time is typically outdoor recess or free play in a

large gym or open space if the weather inhibits outdoor play. The instructional videos contain

all instructional elements of the program and are delivered electronically through a private
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YouTube channel. These videos adhere to tenents of Achievement Goal Theory, such as

including a description of how to self-modify the FMS tasks based on the needs of the learners

and peer-modeling [67]. In total, there are 48 videos that are classified to the user as sessions.

Users are given a suggested order to view the sessions but can self-select their own sessions if

they prefer. Each session video is approximately 3 minutes in length and includes a video with

two motor skills (one locomotor skill and one object control skill). The skills are first intro-

duced and explained by an adult, and then three skill demonstrations are provided. The first

skill demonstration is of the adult correctly executing the skill. The second and third demon-

strations are of a preschool-aged boy [5 years] and a girl [3 years]. The order of the child dem-

onstrations is randomly assigned as to which child demonstration is presented first. After the

completion of the demonstrations, the user hears an explanation and sees visual prompts on

how to adjust the skill practice to make it easier or harder (task of the TARGET structures).

The overall user experience within each session was designed to adhere to effective design fea-

tures within e:health interventions (see Table 2) [68].

The second part of the e:MAP program is the motor activities. Each skill included in the

videos has a pre-determined set of two to three possible activities, and the corresponding activ-

ities are set up during children’s outdoor recess or free play in a large gym or open space if the

weather inhibits outdoor play. Facilitators are provided with all the necessary instructions and

equipment to set up all activities. The organization and design of these activities were curated

to take less than five minutes to complete all set-up associated with a single session.

2.2.3 Facilitation of MAP. The e:MAP program will be implemented four days a week for

8 weeks (30 min/session, 4 sessions/week, 8 weeks, total 960 minutes). Teachers of classrooms

randomly assigned to the MAP condition will facilitate the program. Teachers will be responsi-

ble for selecting and playing a session video prior to each gross motor playtime and setting up

the corresponding stations. Teachers will also complete a brief survey reporting on the pro-

gram facilitation (see “2.3.4 Teacher Facilitation”).

Table 1. TARGET Structures and their Inclusion in MAP m:health.

Structure Conceptual Definition Inclusion in MAP m:health Example

Task Design movement tasks and

instructional activities to

encompass a variety of levels

All activities are designed to incorporate a minimum of

three levels of difficulty (e.g., easy, medium, or hard).

The videos include a full verbal description of easy and

hard activities and invite participants to “choose the easy

[insert name of skill], hard [insert name of skill], or

something in the middle”.

Audio included on instructional video:

“It’s simple to make throwing easier or harder. It is easier

to throw at big targets or targets that are close to you. It is

harder to throw at small targets or targets that are far away

from you. So you can choose. Do easy throws, hard

throws, or something in the middle. Choose what is right

for you.”

Authority Shared decision making.

Children actively participate in

the instructional process

Motor skills are added to the extant gross motor play.

Children have authority in how they play during that

time.

We also encourage teachers to include children when

selecting the session number for the day.

Ask the children if they want to do session 1 (throw and

run) or session 3 (throw and gallop).

Recognition Feedback/praise is provided

individually and in private

Not included Not included

Grouping Self-selection of peer interactions Motor skills are added to the extant gross motor play.

Children have the authority to select what peer(s) they

play with or if they play by themselves.

Have the children self-select peer groups during extant

gross motor play.

Evaluation Self- or individual standards for

progress

Not included Not included

Time Flexibility in schedules; flexible

pace of learning

Motor skills are added to the extant gross motor play.

Children have the authority to select where they spend

their time during the play period.

Children can select to play with MAP stations or continue

to play without them. Teachers will report back daily on if

the children did or did not play with MAP stations.

https://doi.org/10.1371/journal.pone.0308047.t001
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2.2.4 e:Health platform. All e:MAP sessions were made available through a private You-

Tube channel. The full library will be available to teachers the early childhood education cen-

ters at the start of the intervention.

2.3 Assessments

2.3.1 FMS. We will measure FMS using a battery that yields both process- and product-

oriented motor skill scores.

Children will complete the Test of Gross Motor Development, 3rd edition (TGMD-3) [10].

The TGMD-3 is a valid and reliable process-oriented assessment used to measure motor skills

in children ages 3 through 10 years. The TGMD-3 measures performance on seven ball skills

(1-hand strike, 2-hand strike, dribble, toss, kick, throw, and catch) and six locomotor skills

(run, gallop, hop, skip, slide, and jump). Administration and scoring of the TGMD will be

done according to the test manual. Children will receive a digital demonstration of the skill

before the practice trial [69]. If a child does not understand the specific motor skill during the

practice trial, the child will be given a second live demonstration of the skill. All test trials will

be coded by an expert coder with>10 years of experience working with the TGMD. Total raw

scores for the locomotor subscale (0–44), ball skill subscale (0–56), and total TGMD (0–100)

will be calculated.

Table 2. Design Features Associated with Effective e:health Interventions57 and their Inclusion in MAP m:health.

Feature Inclusion and Examples in MAP m:health

Social context and

support

All videos include recordings of a person speaking to the audience. The videos also include

an adult model interacting with preschool-aged children (one boy [5 years] and one girl [3

years]).

Contacts with

intervention

Teachers work with interventionists directly during a 2-hour professional development

session before the start of the school year.

Tailoring and targeting All videos include modeling from a younger [3 year old girls] and older [5 year old boy]

model. This allows children at different ages and stages of development to see a model

more closely resembling them (tailoring).

The videos also include clear verbal instructions for how to practice for each skill could be

tailored to suit the needs of the user [see TARGET structure “task” in Table 1].

Self-management Children are encouraged to monitor their only preferences and current skill levels to

engage in the intervention in a meaningful and fun way. [see TARGET structures “Task”,

“Grouping” and “Time” in Table 1]

Entertainment The videos include music and animation as appropriate for a child audience.

The in-person sessions that pair with each video are designed for children ages 3–7 years

and include age-appropriate and engaging equipment (e.g.., colorful scarves, hula hoops,

chalk, etc),

Aesthetics The videos include color and music as appropriate for young audiences. They also include

verbal descriptions and modeling from peers.

Updated information Teachers will complete a daily facilitation survey. Interventionists will be present at the

school four times across the school year (August, October, Feb, and May).

Usability The videos are all pre-made and ready for use. The corresponding skill stations are

predesigned so that all the necessary equipment for each skill is stored in a designated

location. Teachers are provided withtwo or three choices of station setups that are possible

to use in conjunction with each skill.

Credibility Schools are provided with an overview pamphlet of the program prior to the start of the

school year. This pamphlet includes a list of credentials of the designers of the

intervention.

Information

architecture

All videos are available through a private YouTube Channel. Participants are allowed to

self-navigate through the intervention.

Program exposure The intervention will be available to the intervention classrooms from October–end of the

school year.

https://doi.org/10.1371/journal.pone.0308047.t002
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For five skills- throwing, kicking, standing long jump (SLJ), running, and hopping, we will

simultaneously collect product scores. Final scores will include max throwing speed (m/s),

max kicking speed (m/s), max jumping distance (cm), max running speed (m/s), and average

of max hopping speed on the preferred and non-preferred foot (m/s) [70, 71]. Scores for

throwing, kicking, standing long jump (SLJ), and running will be collected from the TGMD-3

test trials [71]. Max hopping speed for the preferred foot will also be assessed from the TGMD-

3 test trials, but children will complete two additional hop trials on the non-preferred foot to

determine max speed on the non-preferred foot to be used in the final hop score [71].

The final scores used in the main analyses will be the total TGMD raw score, the total

summed product score (sum of z-scored product scores) [70]. and a total motor competence

score. Motor competence score will be created by standardizing all 13 skills included in the

process score (e.g., TGMD-3 skills) and all 5 product scores, adding standard scores, and then

scaling from 0 to 100, with 100 representing higher motor competence.

2.3.2 Physical activity. Physical activity will be measured with ActiGraph accelerometers

(Actigraph, Pensacola, FL, USA) secured by a hospital band on participants’ non-dominant

wrists for one full week (i.e., 5 weekdays and 2 weekend days). The devices will be placed on

the child during the school day and set to start recording at midnight. The devices will be

removed after seven full days of recording. The devices will be calibrated to collect data at 30

hz, the standard frequency used with accelerometers. Data will be reduced using Actilife soft-

ware and physical activity behaviors will be determined using cut-points by Johansson et al

[72]. The final outcome will be minutes of total and MVPA across the whole day and school

day. To be included in the overall physical activity outcome, children will need 3 weekdays + 1

weekend with at least 10 hours of valid wear time[73, 74].

2.3.3 Teacher perceptions. To determine teachers’ perceptions of MAP, we will ask them

to complete two surveys- before the intervention (baseline; 7-question survey) and after the

intervention (posttest, 9-question survey). Surveys were created for this project but were mod-

eled after previous research studies that examined preschool teachers’ perceptions and experi-

ence with classroom-based interventions [75]. Surveys will ask how teachers perceive the

following: (1) the importance of the program (n = 2 questions), (2) the ability of the program

to help them address their goals regarding child gross motor and physical development (n = 1

question), (3) the appropriateness of the content (n = 2 questions), and (4) the ease of use of

the program content (n = 2 questions). The post-test assessment also asks teachers two ques-

tions about their beliefs regarding the future use of the program.

2.3.4 Teacher facilitation. We will send teachers a daily, 8-question survey asking about

their facilitation of the program (see S1 File). We will also ask teachers to take daily photos of

the motor skill activities on the provided tablet. This survey plus pictures is a proxy for inter-

vention fidelity. Questions were designed to include 11 of the 12 TiDIER structures[76, 77].

Specifically, the survey includes information on the name of the program, materials, proce-

dures, provider, mode of delivery, where/location, when/how much, tailoring, modifications,

planned activities, and actual activities [76, 77]. Primary outcomes of interest will be teacher-

reported facilitation as assessed as a percent of sessions and session components fully and cor-

rectly executed.

2.3.5. e:Health platform feasibility, usability, and engagement. Feasbility and usability

of the private YouTube channel will be assessed using the System Usability Scale [78–80].

Teachers in e:MAP classrooms will be asked to complete this survey three times: before the

start of the program, one week after the start of e:MAP, and at the end of e:MAP. Engagement

with the platform will be collected as the number of video views on e:MAP sessions weekly

starting at the beginning of the intervention.
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2.4 Timeline

This study will take place across the 2024–2025 school year. See Fig 1 for a full description of

the study procedures and timeline.

2.5 Ethics approval

The Institutional Review Board at the University of Michigan has reviewed all study proce-

dures. All study procedures involving collecting data from children have been approved

(HUM00242675), and all study procedures involving teachers have been deemed exempt

(HUM00252364).

2.6 Study procedures

This study will take place at a single early childhood center in the Midwestern United States

during the 2024–2025 school year. The center is federally subsidized and provides high-quality

early childhood education to children from low socioeconomic backgrounds. The center has

agreed to partner on this research project and was consulted on all aspects of the study. The

center will receive half of the equipment and be granted continued access to the program after

the cessation of the project.

Before the start of the 2024–2025 school year, the research staff will attend the teacher pro-

fessional development and provide a 1 to 2-hour overview of the project and the e:MAP pro-

gram. In this session, we will review the purpose of e:MAP, the components of e:MAP, how to

access and use the e:health platform, teacher facilitation expectations, and the recruitment

plan. We will address any questions teachers or school staff have regarding the project. We will

also be on-site once a month during the intervention period to address any concerns or assist

with any technical difficulties. If teachers are not completing at least three e:MAP sessions per

week, a member of the research team will contact them to offer additional support.

All teachers of classrooms with children who are eligible to enroll in the study will complete

an initial survey on their perception of the programs (August 2024). Recruitment will start in

August (see recruitment strategies #1 & #2) and September (recruitment strategy #3). Baseline

testing of children’s outcomes (FMS and PA) will be completed in October 2024. Classrooms

will then be randomly assigned to a MAP condition or a standard of care condition. Class-

rooms assigned to e:MAP will complete the intervention from November 2024 –February

2025. During this time, teachers whose classrooms are randomly assigned to the e:MAP pro-

gram will facilitate the program by playing a daily e:MAP session video on a tablet provided to

the classroom and setting up motor skills stations using the provided equipment and instruc-

tions. These teachers will also complete a daily facilitation survey. We will then complete post-

test child health outcomes and surveys on teachers’ perceptions of MAP in February–March

2025.

Fig 1. Study timeline and procedures.

https://doi.org/10.1371/journal.pone.0308047.g001
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2.7. Safety considerations and adverse events

This study does not pose any additional safety risks for children above what is already present

in outdoor free play. However, should an issue arise, the school administration will report the

event to the researchers using the Adverse Event Report Form (see S2 File). Researchers will

report adverse events to the hosting IRB and follow IRB protocols. Adverse event forms

include nine questions on (#1) the date of the event, (#2) a description of the event, (#3) the

severity of the event [mild; moderate; severe; life-threatening], (#4) if the event was related to

the study [not related; unlikely related; possibly related; probably related; definitely related],

(#5–6) description of the action taken [none; dose modification; medical intervention; hospitali-
zation; intervention discontinued; other], (#7) the outcome of the event [resolved; recovered
with minor sequelae; recovered with major sequelae; ongoing/continuing treatment; condition
worsening; death; unknown], (#8) if the adverse event was expected [yes; no], and (#9) if this

was a serious event [yes; no]. If the event is categorized as a serious event, a second form will be

completed (form link: https://www.nia.nih.gov/sites/default/files/adverse_events_form.pdf).

2.8 Planned analyses

Whole-study and group-specific descriptive statistics, including frequencies and percentages

of categorical variables, along with mean and standard deviation of continuous variables, will

be computed to summarize the sample characteristics. Between-group comparisons will be

conducted at baseline to evaluate the success of randomization using two-sample t-tests. The

post-intervention trajectory of FMS and PA will be assessed for any group differences, and we

will use multilevel linear mixed effect models or generalized linear mixed effect models to

determine covariate-adjusted differences between the MAP group and control group after the

intervention, controlling for the established influence of sex, age, and anthropometrics on

child outcomes [10, 70, 71]. Besides the main effect of each variable, the interaction term

between intervention and sex will also be evaluated to investigate whether the intervention had

a differential effect for boys and girls.

In regard to teacher outcomes, we will use a dependent sample t-test to explore if there are

changes in teachers’ perceptions of the program at posttest. Teacher’s ability to facilitate the

program will be reported as a percentage of sessions where teachers correctly executed MAP.

3. Conclusion and future directions

To the best of our knowledge, this work represents the first e:health intervention using

Achievement Goal Theory to be implemented within an early childhood education center. The

results of this study will provide novel insight into the e:health modality for FMS and PA inter-

ventions in this context. We acknowledge this work is not without limitations, such as recruit-

ing from only one center and only including two time points of data collection. These

decisions were made based on project feasibility, the requirements of the funders, and recom-

mendations from community partners. Lastly, we recognize we are creating a pseudo-mastery

not a full mastery climate. This decision aligned with previous work [45] and was made inten-

tionally to best address known barriers around school interventions [31]; however, it may

limit the comparability of results to full-mastery climates.

While not a limitation, it is worth noting we selected to ground our work in Achievement

Goal Theory and designed the two aspects of the program (i.e., videos and activities) based on

the tenets of this theory. This was one approach, and we recognized that other theories could

also be very powerful to utilize in e:health programs. For example, future programs could con-

sider developing their work based on Self-Determination Theory and design their e:health or

m:health program based on identifiable teacher motivational behaviors recommended for
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these types of interventions [81]. We recommend future work build upon this initial investiga-

tion and continue to examine the effects of this or similar e:health interventions in larger sam-

ples, using a longer study timeline with retention tests, or using different/diverse theoretical

approaches in their design.

Even with these limitations, completing this work will yield new knowledge. Specifically,

these results will provide insight into how e:health movement interventions could be used to

promote health in children at risk for future health disparities. These results will also provide

insight into the potential for e:health interventions as an effective and potentially sustainable/

distributable intervention modality. This work will provide much-needed insight into the fea-

sibility/usability, teachers’ perceptions, and teachers’ ability to facilitate e:health programs.

Supporting information

S1 File. Daily MAP e:Health facilitation survey.

(PDF)

S2 File. Adverse event form (e:MAP).

(PDF)
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61. Haapala EA, Väistö J, Ihalainen JK, González CT, Leppänen MH, Veijalainen A, et al. Associations of

physical activity, sedentary time, and diet quality with biomarkers of inflammation in children. Eur J

Sport Sci. 2022; 22: 906–915. https://doi.org/10.1080/17461391.2021.1892830 PMID: 33599556

62. Eisenmann JC. Physical activity and cardiovascular disease risk factors in children and adolescents: an

overview. Can J Cardiol. 2004; 20: 295–301. PMID: 15054507

63. Lean AS, Leon AS. Physical activity and cardiovascular health: a national consensus. Champaign, Ill.:

Human Kinetics; 1997.

64. Sample Size Calculator. https://clincalc.com/stats/samplesize.aspx

65. Ames C. Classrooms: Goals, structures, and student motivation. J Educ Psychol. 1992; 84: 261–271.

https://doi.org/10.1037/0022-0663.84.3.261

PLOS ONE MAP e:Health

PLOS ONE | https://doi.org/10.1371/journal.pone.0308047 August 29, 2024 14 / 15

https://doi.org/10.1111/sms.14294
https://doi.org/10.1111/sms.14294
http://www.ncbi.nlm.nih.gov/pubmed/36577657
https://doi.org/10.1111/cch.12793
https://doi.org/10.1111/cch.12793
http://www.ncbi.nlm.nih.gov/pubmed/32557838
https://doi.org/10.1016/j.humov.2015.08.022
https://doi.org/10.1016/j.humov.2015.08.022
http://www.ncbi.nlm.nih.gov/pubmed/26342797
https://doi.org/10.1080/02640414.2020.1822585
https://doi.org/10.1080/02640414.2020.1822585
http://www.ncbi.nlm.nih.gov/pubmed/32967566
https://doi.org/10.25259/GJMPBU%5F10%5F2021
https://doi.org/10.25259/GJMPBU%5F10%5F2021
https://doi.org/10.1016/S0140-6736%2802%2911602-3
http://www.ncbi.nlm.nih.gov/pubmed/12457787
https://doi.org/10.3122/jabfm.2018.04.170261
https://doi.org/10.3122/jabfm.2018.04.170261
http://www.ncbi.nlm.nih.gov/pubmed/29986976
https://doi.org/10.1186/s12887-015-0443-3
http://www.ncbi.nlm.nih.gov/pubmed/26391227
https://doi.org/10.1016/j.bbi.2019.01.018
http://www.ncbi.nlm.nih.gov/pubmed/30738842
https://doi.org/10.1146/annurev.psych.53.100901.135233
http://www.ncbi.nlm.nih.gov/pubmed/11752490
https://doi.org/10.1016/j.pcad.2013.09.012
https://doi.org/10.1016/j.pcad.2013.09.012
http://www.ncbi.nlm.nih.gov/pubmed/24438736
https://doi.org/10.1001/jama.2010.312
https://doi.org/10.1001/jama.2010.312
http://www.ncbi.nlm.nih.gov/pubmed/20332403
https://doi.org/10.5114/aoms.2012.31614
https://doi.org/10.5114/aoms.2012.31614
http://www.ncbi.nlm.nih.gov/pubmed/23185187
https://doi.org/10.1136/bjsports-2011-090333
http://www.ncbi.nlm.nih.gov/pubmed/21791456
https://doi.org/10.1080/17461391.2021.1892830
http://www.ncbi.nlm.nih.gov/pubmed/33599556
http://www.ncbi.nlm.nih.gov/pubmed/15054507
https://clincalc.com/stats/samplesize.aspx
https://doi.org/10.1037/0022-0663.84.3.261
https://doi.org/10.1371/journal.pone.0308047


66. Ames C. Achievement Goals, Motivational Climate, and Motivational Processes. In: Roberts G, editor.

Motivation in Sport and Exercise. Champaign, IL: Human Kinetics; 1995. pp. 161–176.

67. Epstein J L. Effective schools or effective students: Dealing with diversity. In: Haskins R, MacRae D,

editors. Policies for America’s public schools: Teachers, equity, and indicators. New York (NY): Ablex

Publishing; 1988. pp. 89–126.

68. Morrison LG, Yardley L, Powell J, Michie S. What Design Features Are Used in Effective e-Health Inter-

ventions? A Review Using Techniques from Critical Interpretive Synthesis. Telemed E-Health. 2012;

18: 137–144. https://doi.org/10.1089/tmj.2011.0062 PMID: 22381060

69. Robinson LE, Palmer KK, Irwin JM, Webster EK, Dennis AL, Brock SJ, et al. The Use of Multimedia

Demonstration on the Test of Gross Motor Development–Second Edition: Performance and Participant

Preference. J Mot Learn Dev. 2015; 3: 110–122. https://doi.org/10.1123/jmld.2014-0064

70. Palmer KK, Stodden DF, Ulrich DA, Robinson LE. Using Process- and Product-oriented Measures to

Evaluate Changes in Motor Skills across an Intervention. Meas Phys Educ Exerc Sci. 2021; 25: 273–

282. https://doi.org/10.1080/1091367X.2021.1876069 PMID: 34354338

71. Palmer KK, Pennell A, Terlizzi B, Nunu MA, Stodden DF, Robinson LE. Performance Metrics From

Product-Oriented Measures of Fundamental Motor Skills—A Comparison and Developmental Perspec-

tive. J Mot Learn Dev. 2023; 11: 401–423. https://doi.org/10.1123/jmld.2022-0074 PMID: 38500698
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