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Abstract 

The primary objective of this study was to evaluate the efficacy of a pilot intervention 

using a game centered approach for improvement of physical activity (PA) and 

physical education (PE) outcomes simultaneously, and if this had an impact on 

enjoyment of PE. A group-randomized controlled trial with a 7-week wait-list control 

group was conducted in one primary school in the Hunter Region, NSW, Australia. 

Participants (n = 107 students; mean age = 10.7 years, SD 0.87) were randomized by 

class group into the Professional Learning for Understanding Games Education 

(PLUNGE) pilot intervention (n = 52 students) or the control (n = 55) conditions. 

PLUNGE involved 6 × 60 min PE lessons based on Game Centered curriculum 

delivered via an in-class teacher mentoring program. Students were assessed at 

baseline and 7-week follow-up for fundamental movement skills (FMS) of throw and 

catch, game play abilities of decision making, support and skill performance; in-class 

PA; and enjoyment of PA. Linear mixed models revealed significant group-by-time 

intervention effects (p<0.05) for throw (effect size: d=0.9) and catch (d=0.4) FMS, 

decision making (d=0.7) and support (d=0.9) during game play, and in-class PA 

(d=1.6). No significant intervention effects (p>0.05) were observed for skills outcome 

during game play (d=-0.2) or student enjoyment (d=0.1). Game Centered pedagogy 

delivered via a teacher professional learning program was efficacious in 

simultaneously improving students’ FMS skills, in-class PA and their decision 

making and support skills in game play. 
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Introduction 

Physical activity (PA) research within the physical learning domain of the primary school 

setting has been influential in moving physical education (PE) practice towards health 

related outcomes (Kirk and Haerens, 2014). Teachers are encouraged to keep classes highly 

physically active due to the physical (Janssen and LeBlanc, 2010), psychological (Eime et 

al., 2013) and academic (Singh et al., 2012) benefits of adequate amounts of moderate-to-

vigorous physical activity (MVPA). A focus on the development of motor skills is also 

promoted due to evidence from cross-sectional studies of a positive association between 

fundamental movement skill (FMS) competency and PA levels (including MVPA) in 

children and adolescents (Lubans et al., 2010; Barnett et al., 2011). 

 Due to this research, school based PA interventions within PE classes often 

emphasize the improvement of motor skill competency (Dudley et al., 2011), which is 

generally performed through direct instruction of motor skills (in isolation) before 

integration of skills into game play (Rink et al., 1996). Atencio et al (2014) speculated 

whether such a linear and reductionist approach was useful for young learners, and Sproule 

et al (2011) have advocated moving classroom achievement beyond simply the body’s 

capacity to move in ‘correct’ ways. As this approach often produces classes low in MVPA 

(Fairclough and Stratton, 2005), a common intervention strategy is to add physical fitness 



activities for the improvement of MVPA within lessons (Lonsdale et al., 2013), a practice 

which may further limit student learning in favor of immediate cardio respiratory outcomes. 

Physical education and sport pedagogy (PESP) research, whilst increasing in 

volume recently, has focused on learners and learning, and teachers and teaching within the 

physical domain (Kirk and Haerens, 2014). Outcomes from this research have rightly 

focused on areas of learning embedded within many PE syllabus documents, for example: 

Technical skills (Turner, 1996; Nathan and Haynes, 2013), game knowledge (Tallir et al., 

2005; Nathan and Haynes, 2013), game performance (Gray and Sproule, 2011; Harvey et 

al., 2010), and affective outcomes (Gray and Sproule, 2011; Jones et al., 2010). Whilst the 

volume of research has increased in this field, the traction (application to teaching practice) 

gained within a school setting has been limited (Kirk and Haerens, 2014), with narrow 

acceptance more broadly of pedagogical models other than direct instruction within schools 

(Tinning, 2015; Larsson and Karlefors, 2015).  

There has been a call recently for PESP research to take an interdisciplinary path to 

further legitimize the field of PESP (Kirk and Haerens, 2014). There are only two studies 

having investigated the use of an alternate pedagogical approach for the improvement of in-

class MVPA (Smith et al., 2014; Miller et al., 2015), and there is no research investigating 

whether PE associated outcomes can be achieved simultaneously with PA outcomes using 



an alternate pedagogical approach. This study contributes to work within PESP and PA 

simultaneously by investigating the effect of a student-centered games based approach to 

teaching games and sports upon outcomes associated with PE and PA research domains. As 

such this study provides a start to the conversation into the contribution that student 

centered pedagogies (rather than a reductionist approach of providing activity and skills) 

can make towards the health outcomes of students through PE. 

A game centered approach (GCA) situates learning within game play (Kirk and 

MacPhail, 2002), the goal of which is to better connect the learners and their skills (both 

physical and cognitive) to the demands of the game. This approach asks learners to interact 

with the individual (physical attributes, functional characteristics), environmental (physical 

and social conditions), and task (rules, equipment) constraints placed upon them (Chow et 

al., 2007). Each individual can/may react differently to the constraints placed upon them, 

thus this pedagogical approach is said to be non-linear (Atencio et al., 2014).  

The traditional paradigm within teaching has been concerned with the linear 

transmission and acquisition of knowledge and skills (Biesta, 2010). Students exposed to 

non-linear pedagogy are viewed as emerging ‘in and through’ learning processes ‘in unique 

and unpredictable ways’ rather than in predictable linear progression (Biesta, 2010: 6). 

Responding to the constraints within game play requires the learner to process information 



(perception) and provide movement responses (action), forming a perception-action 

coupling (Gibson, 1979). This process contextualizes learning of skills within the games 

they will be played in, with skills learnt more likely to be transferrable to actual game 

performance situations (Chow and Atencio, 2012).  

This approach stems from pedagogical practice that challenges the sport-as-

technique model of teaching game and sports (Kirk, 2010), and stems from approaches 

such as Teaching Games for Understanding (Bunker and Thorpe, 1982), Game Sense (den 

Duyn, 1997) and the Tactical-decision learning model (Gréhaigne et al., 2005). Each of 

these models, whilst nuanced, is based on the premise that game understanding and 

decision making is not dependent on the prior development of sport specific movement 

techniques (Stolz and Pill, 2014). Additionally, and importantly for potential PA outcomes 

within a games and sports PE context, the active nature of game play used within these 

approaches can provide pupils with short bouts of intermittent activity that can stimulate 

physiological changes that benefit children’s health (Ratel et al., 2004; Coyle, 2005).  

The ability to improve outcomes associated with PE and PA domains through the 

use of a GCA is of great interest, and there is a lack of previous investigation of outcomes 

related to PA research (FMS and in-class PA levels) within the GCA field. The 

Professional Learning for Understanding Games Education (PLUNGE) pilot intervention 



was developed to improve the FMS (throwing & catching), game skills (decision making, 

support and skill outcome), and in-class PA of participants through exposure to GCA 

curriculum. PLUNGE was facilitated through a professional learning process involving 

teacher education and mentoring within the teachers’ PE classes.  

The aim of this research was to evaluate the efficacy of the PLUNGE 6-week pilot 

intervention for the simultaneous improvement of PA related outcomes (FMS of throw and 

catch, and in-class PA) and PE related outcomes (decision making, support and skill 

outcomes during game play). Additionally, as enjoyment has been identified as a possible 

mediator for PA (Salmon et al., 2009), the impact of PLUNGE in influencing enjoyment 

during PE classes was included. PLUNGE was evaluated using a group randomized control 

trial (RCT) with a 7-week wait-list control group. 

While the professional development programme itself is of great interest and 

relevance as generalist teachers (non PE specialists responsible for all student content) 

report low levels of teaching efficacy and describe PE programs as inadequate for 

achieving outcomes (Morgan and Hansen, 2008), this article focuses on the intervention 

and its efficacy. We hypothesized that participants in the PLUNGE intervention, compared 

to those in the control group, would display more favourable changes in FMS, game play 

abilities, in-class PA and higher PE enjoyment levels over the 7-week study period.  



Methods 

Study design 

The study was a two-armed group RCT. Class units (teacher and their students) were 

randomly allocated to one of two groups: the PLUNGE 6-week pilot intervention 

(treatment) or a wait-list control group. Outcome measures were obtained from all 

participants at baseline and 7-weeks (post-test). Measurements were taken during school 

hours by trained staff, using the same instruments at each time point. Participants and 

assessors were blind to group allocation at baseline assessment. The wait-list control group 

received no information or intervention before attending the follow-up assessments. The 

design, implementation and reporting of the PLUNGE study conform to the Consolidated 

Standards of Reporting Trials (CONSORT) guidelines for randomized trials (Moher et al., 

2010). Ethics approval for this study was obtained from the University of Newcastle and 

the Diocese of Maitland-Newcastle Catholic Schools Office ethics’ committees. All 

participants provided written informed consent and the study was conducted from 

September to December 2012. 

Recruitment and Participants 

One primary school from the Newcastle Maitland Catholic Diocese, NSW Australia, was 



invited to participate in the study. Four teachers of Stage 2 or 3 classes (9 – 12 years of age) 

from the school were invited to participate in the study. To maintain generalizability of 

results to the majority of generalist primary school teachers, a teacher was excluded from 

the study if they: i) held an external sports coaching qualification, or ii) held a tertiary PE 

teaching qualification. All students from the classes of consenting teachers were invited to 

participate. Only students consenting to involvement in the study were involved in 

assessment sessions. All students in the intervention group participated in that group’s PE 

classes regardless of consent as they were considered part of the normal school PE 

schedule.  

Intervention 

The goal of the PLUNGE program was to improve the FMS (throwing & catching), game 

skills (decision making, support and skill outcome), in-class MVPA, and enjoyment of 

physical activity of the participants through exposure to GCA curriculum. A short 

intervention period was chosen due to the pilot nature of the program, with lesson content 

for the 6-week intervention period (1 hour per week) developed by the research team.  

In line with design recommendations for non-linear pedagogy (Tan et al., 2011), the 

complexity of game based activities increased progressively across the intervention period 

to ensure the tactical complexity of activities was not above the ability levels of 



participants. Initial activities were focused on target activities in pairs, with movement into 

small and large group invasion game structures throughout the intervention. Table 1 

outlines the focus and overviews the content of the designed curriculum. 

The curriculum was delivered as part of a professional learning program involving a 

2.5 hour information session for the participating teacher, followed by in-class mentoring in 

which the lead researcher assisted the teacher in delivery of content for the first four weeks 

of the six week intervention period. The mentor had greater involvement in the first two 

lessons, demonstrating the setup, management and teaching components of several 

activities in the first lesson to provide a model of practice for the classroom teacher. The 

mentor progressively withdrew instructional assistance of the class across the four sessions, 

providing only instructional/teaching suggestions and feedback to the teacher in the final 

two sessions. 

Professional learning was a combination of a training model (Kennedy, 2005) for 

standardized content delivery, followed by a mentoring model (Kennedy, 2005; Rhodes and 

Beneicke, 2003) which is underpinned by situated learning theory (Lave and Wenger, 

1991) and moves to contextualize the theoretical content presented to teachers. Table 2 

outlines the content delivered to teachers and the focus of in-class mentoring / student 

learning throughout the intervention period. 



The development of PE and PA outcomes during intervention activities was 

addressed via three areas of focus: i) how to move, with FMS used as a framework for 

development of movement patterns during activities, ii) how to play, focusing on space, 

support, decision making and tactical development to achieve success within a game, and 

iii) how we play, focusing on a definition of a successful activity involving team-work, 

contributions by all players, reduction of over competitive behaviors and support for team 

mates regardless of performance outcomes.  

Control condition 

Teachers in the control condition were asked to teach from the Games and Sports strand of 

the syllabus (Board of Studies NSW, 2007) from baseline to follow-up assessment to match 

the strand of the intervention curriculum. Teachers were also asked to focus on the throw 

and catch FMS in their planned activities. There was no specification given as to the 

pedagogical approach used by the control teachers as this group gave an indication of 

standard practice among these teachers. 

Measures 

Outcome measures were obtained from all participants at baseline and 7-weeks (post-test). 

The primary outcome was object control proficiency (throw and catch) at 7-week follow-



up, with a range of secondary measures also assessed. 

Fundamental movement skills. Object control was specifically targeted in the PLUNGE 

intervention as these skills are more strongly associated with adolescent physical activity 

levels (Cohen et al., 2014; Barnett et al., 2009). Object control skills were measured using 

selected scales from the Test of Gross Motor Development, Second Edition (TGMD-2) 

(Ulrich, 2000). Skills were filmed for evaluation, and one assessor evaluated all skills. 

Assessor training included rating of children performing each FMS on a video previously 

rated by a panel of experts (>95% agreement rate required). Five percent of the sample at 

each assessment time point was repeat rated for intra-rater reliability (99% and 98% 

agreement respectively), and against ratings from a member of the research team for quality 

control purposes (Kappa = 0.98; 95% CI - 0.97 to 0.99).  

Enjoyment. Enjoyment was measured using a modified version of the Factors Influencing 

the Enjoyment of Physical Education questionnaire (Motl et al., 2001). The questionnaire 

consisted of 10 statements that begin with the stem “When I am in PE class”…..with a 

following statement: e.g. “Learning new skills is something that I”. Students were asked to 

select their relevant feeling about PE classes by circling the relevant response on a 5-point 

likert-type scale (1 = “Dislike a lot” to 5 = “Enjoy a lot”). A score was computed by 

summing the score of the 10 items. Two items were excluded from the original 



questionnaire. These items referred to students getting changed prior to and showering after 

PE lessons, which was not applicable in the studied setting. 

In-class physical activity. Student in-class activity patterns were measured during two 

lessons per assessment period using the System for Observation of Fitness Instruction Time 

(SOFIT) (Pope et al., 2002). The PA levels of four randomly selected students, the lesson 

context, and teacher behavior were coded every 20 seconds throughout entire lessons. The 

SOFIT measure provided a simultaneous record of: i) student activity levels, ii) lesson 

context in which they occurred, and iii) teacher behavior. Detailed description of the 

procedure for this instrument and the validity of student activity level coding have 

previously been published (McKenzie et al., 1992; Honas et al., 2008; Pope et al., 2002). 

The percentage of class time spent in MVPA was used for analysis. One trained staff 

member conducted all observations. Initial training included classroom lectures and 

discussion, videotape assessment, and field practice. During training, the observer became 

certified by reaching an inter-observer agreement criterion of 85% on all variables on pre-

coded “gold-standard” videotaped lessons, as described by McKenzie et al (2004). SOFIT 

observation was chosen over the use of ambulatory recording devices (accelerometer or 

pedometer) due to the pilot nature of this investigation and a lack of access to these devices. 

Game play skills. Student game play ability was measured on a random sample of students 



(n = 32) using modified game performance coding scales (Gray and Sproule, 2011) during 

small sided invasion games. Eight pupils from each class were recorded on video playing a 

4-minute 4v4 invasion game (2 x female; 2 x male participants) at both pre and post 

intervention assessment periods. With the exception of one of the students from each study  

group, who were absent for the post assessment game, and were replaced by another 

student (same gender) from the same class, the players in each team were the same for both 

games and each team played against the same opposition. 

The invasion game used for assessment was a modified version of netball. The aim 

of the game was to move the ball across the space (1/2 basketball court) to a team mate 

within a 1 meter end-zone. A team had to complete five passes prior to any/or all team 

mates moving to the end-zone space to receive a scoring pass. Players could not run with 

the ball or pass back to the player they received the ball from. Possession would change if 

the ball was dropped, intercepted, interrupted by the defense or was thrown or caught out of 

bounds. A 15cm dimpled ball was used, and teams were separated by the use of singlet 

style fluorescent bibs, which were numbered 1-8 for the purpose of analysis.  

Measurement scales for game play decision making and skill performance are 

outlined in Table 3 and 4 respectively. All of the players involved were coded for the full 

game period. An individual player was observed from start to finish of the game, and their 



off-ball (support) or on-ball (decision and skill) performance was coded for each game 

segment (the period from when a player received the ball, to when the ball has reached its 

target, been intercepted, been interrupted, hit the ground or gone out of bounds). The game 

play file was paused at the beginning of a game segment to observe the context of the 

game, and the support or decision and skill performance evaluated as positive (good) or 

negative (poor) for that segment. 

A percentage of positive performance was used to determine the quality of each 

student’s involvement in each of the game assessment periods for decision, support and 

skill categories (e.g. good decisions / (good decisions + poor decisions) x 100). All players 

scored within each of the positive and negative game categories during each of the 

assessment periods, avoiding the problem of a 0 or 100% index during analysis as 

addressed by Memmert and Harvey (2008).  

One researcher performed assessment of game performance videos. Reliability was 

assessed by recoding a random selection of 20% of student game play video (10% of 

control and intervention groups) from pre and post assessment periods one week after the 

initial coding took place. Consistent with the procedures adopted by Blomqvist, Vanttiinen, 

and Luhtanen (2005), a percent agreement reliability test was used (number of 

agreements/number of agreements + number of disagreements). Intra-rater reliability of 



game coding displayed similar levels to those previously reported for similar game play 

assessment instruments (Blomqvist et al., 2005; Gray and Sproule, 2011), with all 

agreement levels above 90%. Agreement of decision making coding was 95% and 91% for 

baseline and follow-up time points respectively, and agreement of skill performance coding 

was 95% at baseline and 92% for follow-up time points. 

Instruction classification and intervention fidelity. Inadequate description of intervention 

procedures (van Sluijs et al., 2008) and intervention fidelity (Harvey and Jarrett, 2013) have 

been identified as issues in quality reporting of intervention effects. Evaluation of the style 

of instruction used by the teachers in both the intervention and control condition was 

performed using lesson observation scales (Turner and Martinek, 1992). Two PE lessons 

per teacher were observed by the lead researcher prior to and at the end of the intervention 

period (weeks 5 and 6). The lesson was judged against three skill based format statements 

and four game based format statements to obtain the percentage of agreement for each of 

these sets of statements (e.g. lesson agreement with one of four game based statements and 

two of three skill statements = 25% game agreement and 66% skills agreement, indicating a 

greater skills based lesson focus). These agreement values were used to indicate: i) if the 

style of instruction undertaken at each time period was in line with a skill based or game 

centered approach, and ii) if the fidelity of the instruction undertaken by the intervention 



group teachers was in line with the true nature of the intervention. 

Sample size 

Calculation of sample size was based on a change in FMS performance. As this was the 

first intervention focused on improving FMS using GCA-based pedagogy, our power 

calculation was based on a previous FMS intervention targeting motivational climate in the 

primary school setting (Martin et al., 2009). Martin and colleagues reported a moderate 

effect size for their intervention on object control motor skill proficiency using the Test of 

Gross Motor Development II (TGMD-2). Using an alpha of 0.05 and power of 80%, it was 

determined that a sample size of approximately 104 was needed to detect a between group 

difference of 1 unit (SD = 1.8) for the TGMD-2 throw skill test. 

Randomization 

Randomization by class was performed after baseline assessments, with two classes 

allocated to the intervention conditions and two classes randomized to the control (7-week 

wait-list) condition. Randomization was performed by an independent 3rd party using a 

coin toss, with all assessors being blinded to treatment conditions at baseline and post-test 

assessments. 



Analysis  

Statistical analyses were completed using PASW Statistics 21 (SPSS Inc.Chicago, IL) 

software and alpha levels were set at p < 0.05. All variables were checked for normality 

and satisfied the criteria. Independent samples t-tests were used to compare differences 

between intervention and control groups at baseline. Linear mixed models were fitted to 

compare intervention and control groups for continuous variables. Mixed models were used 

to assess primary outcomes for the impact of group (intervention or control), time (treated 

as categorical with levels baseline and follow-up) and the group by-time interaction. 

Potential gender effects were explored using a group-by-time-by-gender interaction term in 

the mixed model. However, as there were no significant interactions for any of the 

outcomes, this term was removed from the final models. A repetition variable was included 

in the model assessing in-class activity to determine if there was a difference in the lessons 

between first and second delivery. Differences of means and 95% confidence intervals 

(CIs) were determined using the linear mixed models. Analyses included all randomized 

participants. Cohen (1988)'s d was used to determine effect sizes (d = (M1 – M2) /  

pooled). 



Results 

Overview 

The flow of participants through the study process is reported in Fig. 1. The study sample 

included 107 students from four classes at one primary school. There were no significant 

differences between control and intervention groups at baseline for age, gender (%), FMS 

(throw or catch), enjoyment of physical activity, in-class activity (% MVPA & time 

management) or for any of the game assessment indices (decision, support or skills) (Table 

5). The mean age of participants was 10.7 (SD 0.9) years and all participants were born in 

Australia and spoke English at home. 

Intervention fidelity 

Pre intervention coding of lesson observation scales displayed identical code agreement 

among intervention and control groups (13% game / 92% direct), indicating that the 

observed lessons were in greater agreement with the coding of scales seen for skills based 

lesson instruction. Coding of lessons at the end of the intervention period displayed 19% 

game / 42% direct agreement for the control group and 88% game / 0% direct agreement 

for the intervention group, indicating that the control group lessons remained in greater 

agreement of skills lesson coding, and intervention group lessons had shifted to greater 



agreement with Game Centered instruction, in line with the intention of the intervention. 

Outcome effects 

There was a significant treatment effect for change in object control FMS at 7-week follow-

up for the throw (p < 0.001, d = 1.0) and the catch (p = 0.028, d = 0.4) (Table 6). The 

intervention group displayed a mean increase of 1.46 (95% CI = 0.98 – 1.95) units for the 

throw, and an increase of 0.61 (95% CI = 0.18 – 1.04) units for the catch. For in-class 

activity patterns, significant beneficial treatment effects were found from baseline to 

follow-up for MVPA (p = 0.001, d = 1.6). The intervention group increased lesson MVPA 

by 26.3% (95% CI: 16.7 – 35.8), for a total MVPA of 50% (95% CI: 59.63 – 40.37) during 

post-intervention observation.  

For game play outcomes, significant beneficial treatment effects were found from 

baseline to follow-up for decision making (p = 0.039, d = 0.7) and support (p = 0.010, d = 

0.9) outcomes, however there were no between group differences for the skills outcome (p 

= 0.624, d = -0.2).  For the enjoyment outcome, there were no significant group-by-time 

interaction effects (p = 0.635, d = 0.1). 

Discussion 

The aim of this research was to investigate if PA related outcomes (FMS of throw and 



catch, and in-class PA) and PE related outcomes (decision making, support and skill 

outcomes during game play) could be improved simultaneously using a GCA, and if this 

had an impact on enjoyment of PE. The PLUNGE intervention resulted in a significant 

beneficial intervention effect for throw and catch FMS, game play outcomes of decision 

making and support and in-class PA, but there was no significant change in the enjoyment 

or game play skill performance outcomes over the study period.  

The novel aspect of the PLUNGE intervention was that a focus on effective 

pedagogical practice using a game based curriculum produced simultaneous development 

of FMS, game play outcomes and improved levels of in-class physical activity. This study, 

and a subsequent trial (Miller et al., 2015) are the only studies to investigate the concurrent 

effects achieved in PA and PE fields through a focus on quality pedagogical practice, and 

curriculum concerned with more than just development of motor skills and activity levels. 

As such, this study provides a starting point of evidence for the legitimacy of PESP in the 

improvement of future health outcomes for young people. This is not to say that studies in 

PESP have not previously contributed to the PA and health outcomes of students, just that 

outcomes in domains other than PESP have not been investigated to date. 

Motor and game skill outcomes 

The improvement in FMS observed in this investigation was in line with previous school 



based interventions (van Beurden et al., 2003; Martin et al., 2009). The PLUNGE 

intervention produced improvements in FMS in a relatively short time frame, supporting 

findings that improvements in FMS are not necessarily dependent on intervention volume 

(Morgan et al., 2013).  

Current research suggests strong FMS performance as the foundation for a 

physically active lifestyle (Barnett et al., 2009; Cohen et al., 2014; Lubans et al., 2010). It 

must be recognized however that good sports performance requires strong cognitive and 

decision making skills (Nevett et al., 2001a), with expert performers developing more 

effective recognition and response to game situations (Janelle and Hillman, 2003). 

Activities within the PLUNGE intervention were designed to promote variability of 

movement in authentic learning contexts to maintain a perception-action coupling (Gibson, 

1979). These activities produced improvements in FMS without isolation of these 

movement skills from the activities they are to be used in, promoting a more contextual 

learning experience. 

For game play outcomes, the increase in positive support play observed is supported 

by previous GCA research findings (Chatzopoulos et al., 2006; Gray and Sproule, 2011; 

Harvey et al., 2010). Likewise, the improvement of decision making during an invasion 



game is supported by previous investigations utilizing a GCA (Chatzopoulos et al., 2006; 

Gray and Sproule, 2011; Nevett et al., 2001b; Tallir et al., 2007).  

The lack of improvement in the skill performance outcome replicates findings from 

Gray and Sproule (2011). Skills indices of 67% and 69% at baseline for control and 

intervention groups respectively indicates that skill performance outcomes were relatively 

high initially in this group (near 7/10 effective), producing a possible ceiling effect (Stone 

et al., 1998). Most likely, as identified in a review released after this study was undertaken 

(Miller, 2015), and given the pilot nature of this program, this result appears common in 

intervention volumes lower than eight hours (Gray and Sproule, 2011; Harvey et al., 2010; 

Turner and Martinek, 1992). Greater intervention volumes are recommended for future 

interventions, particularly given the positive effect on support play and decision making 

within game assessment observed in this study. 

In-class physical activity 

Only two studies have previously reported on efforts to simultaneously improve motor 

skills and in-class physical activity: Sports, Play, and Active Recreation for Kids (SPARK) 

(McKenzie et al., 1998; Sallis et al., 1997), and Move it, Groove it (MIGI) (van Beurden et 

al., 2003). Both reported motor skill and in-class physical activity improvements. The 

improvement in MVPA (26.3%; 95% CI: 16.7 – 35.8), and the follow-up result (50%; 95% 



CI: 40.37 – 59.63) is consistent with intervention based studies of similar age groups, using 

the SOFIT measure for MVPA analysis (McKenzie et al., 2004; Sallis et al., 1997; 

Verstraete et al., 2007).  

Previous school based interventions (McKenzie et al., 2004; Sallis et al., 1997; 

Verstraete et al., 2007) have used a mix of fitness integration and modified teaching 

strategy (e.g. shorter instruction times, reduced management etc.) to improve MVPA levels. 

Integration of fitness activities into PE lessons displays the greatest increase in MVPA 

undertaken in PE lessons (Lonsdale et al., 2013), however whilst this practice has 

immediate health benefits, fitness based activities have little influence on the development 

of motor skills (particularly object manipulation skills) or the cognitive abilities needed to 

be a skilled sports performer (Nevett et al., 2001a; Janelle and Hillman, 2003). The novel 

aspect of the PLUNGE intervention was that a focus on effective pedagogical practice and 

student involvement in active game play produced improved levels of in-class physical 

activity and FMS development whilst improving cognition during game play. 

Enjoyment 

There was no significant change in the enjoyment outcome in this investigation. Only two 

previous investigations have measured changes in enjoyment using a GCA, with one 

reporting a positive effect (Chatzopoulos et al., 2006), the other not (Tjeerdsma et al., 



1996). Mean scores at baseline for this measure were high among both groups (means 

scores: both groups > 42/50) and may have resulted in the creation of a ceiling effect (Stone 

et al., 1998). The high scores indicate that the students in this study enjoyed doing PE 

(regardless of the curriculum or pedagogical style), limiting the scope of the intervention to 

improve this construct, particularly during the short time frame undertaken. Furthermore, 

the enjoyment scale used in the student questionnaire (adapted version of the 12-item 

Factors Influencing the Enjoyment of Physical Education Questionnaire) (Moore et al., 

2009) did not specifically target  the types of physical activity that the students were 

involved in, and as a result may not be sensitive enough to detect true intervention effects 

in this study.  

Professional learning 

Physical education continuing professional development has typically been characterized 

by fragmentation (Armour and Duncombe, 2004). The goal of the PLUNGE intervention 

was to align theoretical content with practical delivery through a process that involved the 

teachers as a learner and a teacher (Darling-Hammond and McLaughlin, 1995). It is beyond 

the scope of this article to focus heavily on the professional development component, 

however the fidelity and in-class PA results indicate that teachers were able to: i) present 

the GCA curriculum in the intended way after the mentoring process, and ii) teach GCA 



based lessons that were more active than their baseline lessons from the same syllabus 

strand. It must be acknowledged that lesson coding scales only indicate that teachers made 

a shift away from skills based instruction and do not indicate the degree to which 

intervention teachers focused on motor skills, game skills or sociocultural aspects within 

the activities undertaken. Longer term follow-up is required to evaluate longer term 

changes to teaching practice, and effects on student outcomes. 

With regard to sustainability, whilst initially very intensive (one half day and four in-class 

sessions), the PLUNGE model could be implemented via a trained mentor working with 

several schools, with ongoing support reduced dramatically after the initial mentoring of 

teachers. This process would promote longer term PE quality and PA outcomes through 

ongoing teacher support (Armour and Duncombe, 2004), and may be viable as an isolated 

intervention, or as part of a multi-component school program. 

Strengths and Limitations 

The PLUNGE intervention represents a novel method of exposing students to quality PE 

using a game centered pedagogical approach. Previous GCA investigations have reported 

positive effects on student outcomes, however there have been no studies reporting on the 

efficacy of non-linear pedagogy for improvements in both PA and PE outcomes 



simultaneously. With the positive results observed from this investigation, the use of non-

linear GCA curriculum is considered viable in the delivery of quality PE in primary 

schools, as is professional learning for delivery of this pedagogy among primary school 

teachers. 

Despite the novelty of this study, there are some limitations that should be noted. 

First, this was a pilot investigation, and thus the intervention period was relatively short and 

the sample size relatively small. Second, due to budget constraints, in-class PA was not 

measured across all lessons during the study period. Finally, quantitative process evaluation 

was not undertaken to report the feasibility of the program from the teacher’s perspective. 

Future research 

The simultaneous development of FMS and game play skills in this study offers further 

opportunity for PESP research to contribute to the improvement of health outcomes for 

children. There is a positive association between FMS competency and PA levels in 

children and adolescents (Lubans et al., 2010; Barnett et al., 2011), however effective 

sports performance involves more than just motor movement skills (Janelle and Hillman, 

2003). The association between the abilities of students to play games (game play skills) 

and PA levels (current and future) is of interest.  



In addition, perceived sports competence is considered as a mediator of the 

relationship between FMS competency and PA in young people (Barnett et al., 2008; 

Barnett et al., 2011), and interventions targeting both perceived and actual FMS 

competency are recommended in preventing the PA decline typically observed during 

adolescence (Morgan et al., 2013). Holt’s (2002) assertions that mastery of less complex 

versions of adult games using a GCA may provide positive affective experiences and 

feelings of competence should be investigated further for the relationship with PA levels. 

As actual competence is said to precede perceived competence (Harter, 1978; White, 1959), 

the ability to improve both FMS and game skills demonstrated by the current investigation 

provides a starting point for the potential development of perceived sports competence and 

physical activity levels in young people through exposure to a GCA. 

Conclusion 

A non-linear GCA intervention simultaneously produced significant PA and PE outcomes. 

Intervention efficacy was produced through professional learning involving education and 

mentoring of primary school teachers during delivery of the intervention to students. This 

investigation begins to provide a rationale for PESP to contribute effectively to the health 

outcomes of young people through: i) promoting effective pedagogical practice and ii) 



using curriculum that is focused on the learning of movement skills other than motor 

movement patterns.  

It is suggested that the longer term sustainability of the positive efficacy observed 

should be tested with future investigations of a larger scale for longer periods. With the 

positive link between physical self-perception and improved long term physical activity 

outcomes in children and adolescents (Barnett et al., 2008; Lubans et al., 2010), 

measurement of the effects of GCA based interventions on physical self-perception and PA 

levels should be undertaken.
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