City University eJournal of Academic Research (CUeJAR)
e-ISSN : 2682-910X OPEN

CUeJAR Homepage: https://www.city.edu.my/CUJAR ACCESS

Effectiveness of Curriculum-Based Intervention on Primary Students’ Fundamental Movement

Skills: A Systematic Literature Review

Li Gan!, Hamdan Mohd Ali?

L2Faculty of Education & Liberal Studies, City University Malaysia

Abstract: FMS is the building block for lifelong physical activity. The purpose of this
systematic review is to evaluate the effectiveness of curriculum-based interventions on the
development of FMS among primary school children based on empirical evidence from 2020
to 2024. Under the PRISMA protocol, a comprehensive literature search was conducted on
various databases for the selection of 16 studies based on the PICOS criteria, which included
randomized controlled trials and quasi-experimental studies conducted on children aged 6-12
vears. The results of this systematic review revealed that curriculum-based interventions are
significantly effective in the development of FMS when compared to the traditional PE
curriculum. The results of this systematic review revealed the following findings: Locomotor
skills were found to be significantly improved among primary school children, showing
increased sensitivity among females. Object control skills were also found to be significantly
improved among primary school children, but the performance of both genders differed.
Overall FMS proficiency was also found to be significantly improved among younger children
aged 6-7 years, but the older children showed a ceiling effect. From the results of this
systematic review, it is evident that structured teacher-led PE is an essential factor in the
mastery of FMS among primary school children. Curriculum should be designed keeping in
mind the importance of early-stage interventions and the inclusion of gender-specific teaching
strategies for the development of FMS.

Keywords: Fundamental Movement Skills;, Primary School; Curriculum-Based Intervention;

Physical Education; Systematic Review.

1. Introduction

Fundamental movement skills (FMS), are commonly classified into three categories, including
locomotor skills, object-control skills, and stability skills (Gallahue et al., 2012). These skills
form the basic movement patterns that underpin children’s participation in physical activity
and sport. These skills such as running, jumping, throwing, and catching usually develop in

early childhood and are regarded as key prerequisites for lifelong participation in sports
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activities. A large number of studies have shown that mastering FMS is positively correlated
with higher levels of physical activity participation, better physical fitness, stronger motor
ability, and a healthier weight status in children (Stodden et al., 2008). Conversely, insufficient
development of FMS may lead to reduced participation in physical activities and an increased
risk of sedentary behavior.

The primary school years are a crucial period for mastering and refining FMS. During this
period, children experience rapid neuromuscular development, enhanced neural plasticity, and
improved cognitive abilities, which collectively create a sensitive period for FMS learning
(Stodden et al., 2008). Therefore, primary schools play a core role in providing systematic and
equitable opportunities for the cultivation of FMS, especially through the PE curriculum.
Compared with extracurricular- or family-based programs, curriculum-based interventions in
the school context have the advantages of providing a more structured instructional approach.
In addition, PE teachers equipped with professional knowledge are capable of providing
corrective feedback, which may enhance both skill acquisition and learning motivation.

In the past few years, a number of research studies have examined the effectiveness of
curriculum-based intervention programs on the FMS development of primary students. The
intervention programs used in the research were diverse in nature, ranging from skill-specific
training programs to sports training programs, gamified learning, interdisciplinarity, and
incentive learning. The results obtained in the research were mostly positive in nature,
indicating the effectiveness of intervention programs on the development of locomotor skills,
object control skills, and FMS proficiency in students. However, the results were inconsistent
in nature, and the moderating variables were not clearly identified (Robinson et al., 2015).

While some reviews have assessed the effects of general physical activity interventions or
motor skills development, few reviews have addressed curriculum-based interventions
implemented in the school setting of primary school PE programs during the past few years.
With the rapid changes that have taken place regarding curriculum reform and pedagogy, an
updated review of more contemporary empirical research is warranted, especially regarding
the need to synthesize the results of randomized and quasi-experimental school-based studies
that assessed the overall effects of curriculum-based interventions for the development of FMS.

Thus, the purpose of the systematic literature review was to assess the effectiveness of
curriculum-based interventions on the development of fundamental movement skills among
primary students. More specifically, the review aimed to: (a) examine the general
characteristics of the literature, such as the sample, the intervention, and the outcome
measurement tools used; (b) examine the effectiveness of curriculum-based interventions on
locomotor skills, object control skills, and the development of FMS as a whole; and (¢) examine
the potential patterns that could be identified, which could be used to inform the development
of the curriculum in the future. The systematic literature review aimed to provide practical

implications to educators, curriculum developers, and policy makers seeking to promote the
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development of motor skills among primary students, which would, in turn, promote physical

activity participation in the future.

2. Literature review

2.1 FMS development in primary school contexts

Past studies have consistently proven the effectiveness of structured instructional settings over
unstructured free play in the promotion of FMS development in children. Although past
theoretical models of motor skill development focused on the sequences of motor competence
in children, recent empirical studies have focused on effective strategies in a school context.
Primary school PE is widely acknowledged as an essential context for structured motor skill
development. Compared to unstructured physical activity contexts, structured school contexts
offer curriculum alignment, instruction, and supervision. This shift in perspective from theory
to intervention-based evidence has sparked interest in curriculum-based strategies

implemented in PE contexts.

2.2 Types of curriculum-based interventions for FMS

The most well-known is the SPARK program, which stands for Sports, Play, and Active
Recreation for Kids. Empirical studies have documented that students in PE classes where the
SPARK program was incorporated showed significant improvements in FMS compared to
those in conventional PE classes (Mostafavi et al., 2013). Najafabadi et al. (2018) also
documented the effectiveness of the SPARK program in improving motor and social skills in
children. While these programs have been documented to be effective in promoting the
development of motor skills in children, their sustainability and cross-cultural applicability
have not been well documented.

Play-based pedagogical programs have increasingly been recognized as effective in the
teaching and development of FMS in children. A study comparing the effectiveness of
structured skill-based play, planned active play, and free play in teaching FMS documented that
the use of well-designed instruction in play contexts resulted in significant improvements in
FMS (Roach & Keats, 2018).

Game-based teaching and instruction have also been documented to be effective in the
development of FMS in children. For instance, Ningrum et al. (2024) documented the
effectiveness of the sports game model in improving children’s FMS. A recent meta-analysis
study conducted by Sun and Chen (2024) confirmed the effectiveness of sports games in
promoting the development of FMS in children. However, the varying periods and intensity of
the intervention and the tools used to assess the outcomes have made it difficult to identify the
key elements in the teaching and development of FMS in children.

Apart from the aforementioned general skill-based programs, there have also been attempts

to explore sport-specific programs, like badminton-based or volleyball-based programs. Such
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programs may also indirectly promote object control skills through the practice of the sport
itself.

There have also been attempts to explore the effectiveness of interdisciplinary approaches
that combine PE with other subjects, like mathematics or music, which may have cognitive and
motivational benefits too.

Even though the results of the aforementioned studies have been encouraging, there is still
a lack of integrated knowledge on the effectiveness of the different intervention programs.
Though the results of the majority of the curriculum-based intervention programs have been
encouraging, there have also been attempts to explore programs that have failed to show
significant results. For example, Bonvin et al. (2013) studied the effectiveness of a multilevel

curriculum program and failed to show significant results on the improvement of motor skills.

2.3 Previous systematic reviews and existing gaps

There have been several systematic reviews on FMS intervention in children. Riethmuller et
al. (2009), Veldman et al. (2016), and others have established the fact that motor skills are
enhanced through FMS intervention in early childhood. However, more recent systematic
reviews have attempted to identify the moderating factors in FMS intervention in children, such
as the duration of the intervention and the qualification of the teacher (Zhang et al., 2024). Xin
et al. (2021) have established the fact that the vast majority of curriculum-based interventions
have led to significant improvements in FMS in children. Morgan et al. (2013) have established
the fact that the results have demonstrated large effects in locomotor skills and FMS in children,
highlighting the need to have PE specialists in FMS intervention.

There are several limitations in the existing literature on the topic, which need to be
overcome in the present study. Firstly, the existing literature has included the results of studies
conducted on preschool and primary school children together, which may not be accurate in
the case of primary school children. There is also the limitation of including the results of
studies conducted in the community and extra-curriculum contexts, which may not be accurate
in the case of PE contexts in schools. Furthermore, the fact that the past few years have
witnessed significant developments in the area of curriculum innovation and technology has to

be borne in mind in the present study.

3. Methodology

This study used a systematic literature review research design to thoroughly evaluate the
effectiveness of curriculum-based intervention programs on the FMS of primary students. The
entire process was carried out according to the PRISMA protocol to ensure the transparency,
rigor, and reproducibility of the study in selecting the relevant data. The PRISMA diagram

shows the entire process.



3.1 Eligibility criteria

The inclusion criteria of this current review were informed by PICOS (population, intervention,
comparison, outcome, and study design) framework. The use of these criteria is to ensure the
validity, applicability and completeness of the systematic review (Amir-Behghadami & Janati,
2020). The inclusion criteria for the selected articles of this review were as follows: (1) The
population were typically developing primary school students; (2) The interventions were
curriculum-based and carried out in a primary school context, with the presence of PE teachers
or assessors; (3) Comparison of any kind; (4) The main outcomes were FMS with at least one
skill component, which must be measured using well-established FMS assessment tools; (5)
The study design involved randomized control trials (RCT), experimental and quasi-

experimental design studies and all articles had to be published in either English or Chinese.

3.2 Search strategy

The search process started in January 2024 and identified studies of recent years from January
2020 to January 2024 via the following electronic databases: Google Scholar, Scopus, and
CNKI. The primary search terms included: “fundamental movement skills” OR “fundamental
motor skills” OR “basic movement skills” OR “basic motor skills” OR “gross movement skills”

OR “gross motor skills” AND “curriculum” OR “curricula” OR “program” OR “teaching”.
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Studies included (n=16)
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Figure 1. PRISMA Flowchart

3.3 Study selection

After the comprehensive search of the aforementioned databases, all potential articles were
incorporated into Zotero 5.0 software for duplicate checking. Two authors (Li and Sun)
conducted the initial screening by independently assessing their titles and abstracts for the
relevance of the curriculum-based interventions and excluding those that did not meet the
pre-determined eligibility criteria. The remaining identified articles were reviewed in full text
and discussed by the two authors to obtain consensus on their inclusion in the systematic review.
Finally, a total of 428 records were initially identified through database searching. After
removing 96 duplicates, 332 articles remained for title and abstract screening. Following
screening, 48 articles were retained for full-text review. Finally, 16 studies met all eligibility

criteria and were included in the systematic review.

4. Results

4.1 Population characteristics

The summary of the population characteristics of the 16 included studies is presented in the
Table 1 in accordance with the following aspects: (1) grade level. Of the 16 included studies,
three articles reported primary students without mentioning the specific level of grade (Dewi
& Verawati, 2022; Duncan et al., 2023; Yang, 2023). The remaining 13 studies reported the
grade levels, including the first grade (Magistro et al., 2022), second grade ( Idamokoro et al.,
2024; Duncan et al., 2024; Pham et al., 2021), third grade (Nicolosi et al., 2024), fourth grade
(Gustian et al., 2024; Wu & Wang, 2023), fifth grade (Fauzi et al., 2023), and a mixture of
various grades (Costello & Warne, 2020; Duncan et al., 2020; Kelly et al., 2021; Xia et al.,
2021). (2) Sample size. The sample size ranged from 30 (Dewi & Verawati, 2022) to 300 (Xia
et al., 2021) primary students, with a median of 82 (Magistro et al., 2022). (3) Gender. Among
them, only one study focused on male students (Gustian et al., 2024), and two didn’t mention
gender (Dewi & Verawati, 2022; Setiawan et al., 2024). (4) Age. The students’ age ranged from
6 years to 12 years.




4.2 Intervention characteristics

The intervention characteristics of all included articles are presented based on the following
aspects: (1) intervention categories. Seven studies utilized play-based intervention such as
traditional games including modified Kasti game (Gustian et al., 2024) and bebentengan and
boy-boyan games (Fauzi et al., 2023), SPARK program (Costello & Warne, 2020), or
incorporated gamification elements in the PE course (Duncan et al., 2024; Setiawanet al., 2024).
Three articles focused on sport-specific training, including badminton (Duncan et al., 2020;
Duncan et al. 2023) and air volleyball (Cui, 2023). Two used structured intervention programs,
such as KDL curriculum (Xia et al., 2021). Two utilized interdisciplinary approach to integrate
PE with other subjects, including mathematics (Magistro et al., 2022) and music (Nicolosi et
al., 2024). And one article implemented novel instructional approach, such as the goal-oriented
teaching (Wu & Wang, 2023) and the motivation-oriented teaching (Kelly et al., 2021). (2)
intervention length. The intervention length of most included articles ranged from 4 to 12
weeks, with the exception of two articles where the intervention periods were one year (Xia et
al., 2021) and two year (Magistro et al., 2022). (3) intervention duration. Thirteen studies
reported the intervention duration ranging from 30 minutes to 80 minutes, while three studies
did not mention it (Setiawan et al., 2024; Dewi & Verawati, 2022; Duncan et al., 2024). (4)
intervention frequency. The intervention frequency reported by most identified articles was two
times per week. (5) Intervention and Control group. The majority of the included studies had
control group, which typically intervened primary students with regular PE curriculum. Only
three studies that did not have control group (Duncan et al., 2020; Fauzi et al., 2023; Gustian
et al., 2024). Of these, there were two main types of curriculum design. The first type included
deliberate FMS training components that were either delivered as a standalone program or
incorporated into the PE curriculum as part of the intervention with other subjects, exercises or
PA-related activities. Another approach typically involved indirectly training FMS through a
curriculum-based physical activity intervention, such as moderate-to-vigorous exercises,

specific sport training, and various types of games.

4.3 Outcome assessment

4.3.1 FMS assessment tool

Almost all included studies used the standardized assessment tool Test of Gross Motor
Development (TGMD) to measure the FMS of participants, with the exception of one article
using the Fundamental Motor Skills Quotient (FMSQ) (Costello & Warne, 2020) and another
article using Manipulative Skills Test (Setiawan et al., 2024). More specifically, one study
employed the first edition TGMD-1 (Nicolosi et al., 2024), four study employed the second
edition TGMD-2 (Dewi & Verawati, 2022; Duncan et al., 2020; Gustian et al., 2024; Pham et
al., 2021), and the remaining eleven studies utilized the most recent edition TGMD-3 (Xia et
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al.,2021; Kelly et al., 2021; Magistro et al., 2022; Duncan et al., 2023, 2024; Fauzi et al., 2023;
Wu & Wang, 2023; Cui, 2023; Idamokoro et al., 2024). The TGMD mainly assessed locomotor
skills, object-control skills and the overall FMS scores (Maeng et al., 2016). The FMSQ
required students to perform four movement skills including right and left leg hop, overarm

throw, broad jump and sprint run (Hands & Mclntyre, 2015).

4.3.2 Effects of curriculum-based intervention on locomotor skills

The assessment results for locomotor skills were reported in nine out of sixteen studies included
in this review (Duncan et al., 2020, 2023; Xia et al., 2021; Wu & Wang, 2023; Idamokoro et
al., 2024; Kelly et al., 2021; Magistro et al., 2022; Nicolosi et al., 2024; Pham et al., 2021).
The locomotor skills subtest in TGMD involved six skills including run, gallop, hop, skip, slide
and horizontal jump. All these studies showed significant improvements in locomotor skills.
Specifically, five studies observed significant greater improvements in curriculum-based
intervention group compared with the traditional PE curriculum group (Duncan et al., 2020;
Xia et al., 2021; Wu & Wang, 2023; Magistro et al., 2022; Pham et al., 2021). Moreover,
Duncan et al. (2020) found that the intervention had a different effect on locomotor skills based
on gender, with female students benefiting more immediately after the intervention, but male
students catching up in the following weeks. However, Kelly et al. (2021) found no significant

differences in locomotor skills when analyzed by gender.

4.3.3 Effects of curriculum-based intervention on object-control skills

In the sixteen reviewed studies, nine studies that described the results of locomotor skills
subtest also reported on the effects of curriculum-based intervention on primary students’
object-control skills (Duncan et al., 2020, 2023; Xia et al., 2021; Wu & Wang, 2023;
Idamokoro et al., 2024; Kelly et al., 2021; Magistro et al., 2022; Nicolosi et al., 2024; Pham et
al., 2021). The findings are consistent across all studies, demonstrating significant

improvements in primary students who underwent curriculum-based intervention.

4.3.4 Effects of curriculum-based intervention on overall FMS proficiency

Of the sixteen reviewed studies, fourteen of them reported a significant improvement on the
overall FMS proficiency following the curriculum-based intervention. However, one studies
by Duncan et al. (2024) found no obvious differences between the integrated curriculum
intervention and regular PE curriculum. This may be due to a lack of structured activities in the
intervention program. Additionally, Duncan et al.’s (2023) another study employing Shuttle
Time program identified an age-related difference regarding the effects on FMS development,
with significant improvement in primary students aged six to seven years, but no differences
were found in students aged ten to eleven years. A reasonable explanation for this is that early

childhood represents a sensitive and critical period for FMS development. In contrast,
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relatively older children are likely to have already achieved high levels of FMS development,
potentially resulting in a ceiling effect in terms of scoring on FMS assessment (Cupeiro et al.,
2020).

5. Discussion

5.1 Effects of curriculum-based intervention on locomotor skills

All of the reviewed papers indicated that curriculum-based intervention significantly improved
primary students’ locomotor skills. Notably, research findings from three studies indicated a
gender difference in terms of the improvement extent, with female students demonstrating
greater improvement in locomotor skills compared to male students (Wu & Wang, 2023;
Duncan et al., 2023; Nicolosi et al., 2024). Moreover, in the study conducted by Idamokoro et
al. (2024), female students exhibited more sustained improvement in locomotor skills than their
male counterparts. It is however noteworthy that the impact of gender differences on locomotor

skills still lacks conclusive evidence (Li et al., 2023).

5.2 Effects of curriculum-based intervention on object-control skills

Objective-control skills are critical for overall development of FMS. The results of this review
empirically demonstrated that curriculum-based interventions can significantly improve
primary students’ object-control skills. Noteworthy, the Shuttle Time program used by Duncan
et al.’s (2023) articulated an explicit more focus on the development of object-control skills,
which are generally more sophisticated and perceptual-demanding than locomotor skills
(Morgan et al., 2013). Furthermore, Two articles indicated that male students had superior
performance in object-control skills compared to female students after the intervention
(Idamokoro et al., 2024; Kelly et al., 2021). The results are consistent with the findings of
previous study that boys tend to outperform girls in object-control skills. This difference is
likely due to boys spending more time engaging in ball games that develop and hone these
skills (Pate et al., 2004). However, contrary to the typical findings, Duncan et al.’s (2023) study
found that female students exhibited significantly better object-control skills than male students

after the intervention.

5.3 Effects of curriculum-based intervention on overall FMS proficiency

Of the sixteen reviewed studies, fourteen of them reported a significant improvement on the
overall FMS proficiency following the curriculum-based intervention. However, one studies
by Duncan et al. (2024) found no obvious differences between the integrated curriculum
intervention and regular PE curriculum. This may be due to a lack of structured activities in the
intervention program. Additionally, Duncan et al.’s (2023) another study employing Shuttle
Time program identified an age-related difference regarding the effects on FMS development,

with significant improvement in primary students aged six to seven years, but no differences
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were found in students aged ten to eleven years. A reasonable explanation for this is that early
childhood represents a sensitive and critical period for FMS development. In contrast,
relatively older children are likely to have already achieved high levels of FMS development,
potentially resulting in a ceiling effect in terms of scoring on FMS assessment (Cupeiro et al.,
2020).

6. Conclusion

This systematic review aims to incorporate recent empirical findings regarding the
effectiveness of curriculum-based interventions for FMS among primary students. The findings
revealed that curriculum-based interventions in PE improve locomotor skills, object control
skills, and FMS development among students. The effectiveness of these interventions depends
on various factors, such as the approach, teacher expertise, age, and gender of the students. The
early stages of primary education may be a crucial period in the development of FMS among
students. Future studies need to employ well-designed high-quality randomized controlled
trials to assess the effectiveness of interventions, as well as the mechanisms of gender and age
differences. Teacher education and curriculum implementation need to be enhanced to improve

the effectiveness of interventions.
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